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OTICE ND
UIREMENTS

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superseded monograph or general chapter in the USP-NF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

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 These versions also are superseded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

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

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

NF. An article isdeemed to be recognized and included in a
compendium when a monograph for the article is published
in the compendium and an official date isgenerally or
specifically assig.ned ~o the monograf?h. ...

The title specified In a monograph IS the otiicia! title for such
article. Other names considered to be synonyms of the official
titles may not be used as substitutes for official titles. Fordrug
products that incorporate a sensor to detect that the product
has been administered, the official title shall be the title
specified in the relevantdrug product rnonoqraph plus the
words "with sensor".

Officialarticles include both official substances and official
products. An officialsubstance is a drug substance, excipient,
dietary ingredient, other ingredient, or component of a
finished devicefor which the monograph title includes no
indication of the nature of the finished form.

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

2.30. Legal Recoqnltlon
The USP and NFare recognized in the lawsand regulations

of many countries throughout the world..Regula~ory
authorities may enforce the standards presented In the USP
and NF, but because recognition ofthe USP and NF may vary
by country, usersshould understand applicable lawsand
regulations. Inthe UnitedStates under the Federal Food,. Drug,
and CosmeticAct(FDCA), both USP and NFare recognized as
official compendia. Adrug with a name recoqnized in USP-NF
must comply with compendial identity standards or be
deemed adulterated, misbranded, or both. See, e.g., FDCA §
501(b) and 502(e)(3)(b); also FDA regulations, 21 CFR §
299.5(a&b). To avoid being deemed adulterated, such drugs
must also comply with compendial standards for strength,
quality, and purity, unlesslabeled to show allrespects inwhich
the drug differs. See, e.g., FDCA § 501(b) and 21 CFR § ,
299.5(c). In addition, to avoid being deemed misbranded,
drugs recognized in USP-NF must also be packaged and

LN

1. TITLE AND REVISION
The full title of this publication (consisting of fivevolumes

and including its Supplements), is. The P~~rmacopeia of th~
UnitedStates ofAmerica, Forty-Third Revision and the National
Formulary, Thirty-Eighth Edition. These titles may be
abbreviated to USP 43, to NF38, and to USP 43-NF 38. The
UnitedStates Pharmacopeia, Forty-Third Revision, and the
National Formulary, Thirty-Eighth Edition, supersede allearlier
revisions. Where the terms "USP," "NF," or "USP-NP' are used
without further qualification during the period in which these
compendia are official, they refer only to USP 43, NF38, and
any Supplement(s) thereto. Th~ same titles, ~ith no furt~er
distinction, apply equallyto print or electronl~ presentation of
these contents. Although USP and NFare published under one
cover and share these General Notices, they are separate
compendia. .

Thisrevision is official beginning May1, 2020 unless
otherwise indicated in specific text.

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

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

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

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

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

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

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

2. OFFICIAL STATUS AND LEGAL RECOGNITION
2.1(}. Official Text
Official text of the USP and NF is published in the USP-NF

Online (www.uspnf.com) in the edition identified as
"CURRENTLY OFFICIAL" and in Accelerated Revisions that
supersede the USP-NF Onlineas described below.
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4726 General Notices

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

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

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

3. CONFORMANCE TO STANDARDS

3.10. Applicabilityof Standards
Standardsfor an article recognized in the compendia (USP

NF) are expressed in the article's monograph, applicable
general chapters, and General Notices. The. identity, stren~~h,
quality, and purityof an article are d~te~mlned by the official
tests, procedures, and acceptance criteria, and ?ther .
requirements incorporated in the mon<;>gra~h, In.appllcable
general chapters, or in the General Notices. Applicable
general chapters" means general chapters numbered below
1000 or above 2000 that are made applicableto an article
through reference in General Notices, a monograph, or
another applicablegeneral chapter numbered below 1000.
Where the requirements of a monograph differ from the
requirementsspecified in these General Notices o~ an
applicablegeneral chapter, the monograph requirements
apply and supersede the requirements of the General Notices
or applicable generalchapters,whether or not the monograph
explicitly states the difference.

General chapters numbered 1000 to ~ 999 are for
informational purposes only. Theycontain no mandatory
tests, assays, or other requirements applicableto any official
article regardless of citation in a general chapter numbered
below'1000, a monograph, or these Genera! Notices. General
chapters numbered above 2000 apply onlyto articles that are
intended for use as dietary ingredientsand dietary
supplements. General chapter citations in NF monographs
referto USP generalchapters.. ..

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

The standards in the relevantmonograph, general
chapter(s), and General Notices apply.at all t!mes in the life of
the article from production to expiration. It IS also.noted that
the manufacturer'sspecifications, and manufact~rlng

practices(e.g. Quality by Design, Process Analytical
Technology a~d Real Time Release Testing initiatives),
generally ar~ followed to ensur~ ~hat th~ a~icle will comply
with compendial standards until It~ exp!ratl?ndate, when
stored as directed. Every compendia! article Incommerce shall
be so constituted that when examined in accordance with
these assays and test procedures, it meets all applicable
pharmacopeial requirements (General Notices, monographs,
and general chapters). Thus, an~ official article isexp~~ted to
meet the compendial standards If tested, and any offlclal
article actually tested as directed in the relevant monograph
must meet such standards to demonstrate compliance.

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

USP 43

similarity to statistical procedures may seem to sugg.est an .
intent to make inference to some larger group of Units, but In
all cases statements about whether the compendialstandard
is met apply onlyto the units tested. Repea,ts, replicates,
statistical rejection of outliers, or extrap<;>latlons of resul~s to
larger populations, as well as the necessity and appropriate
frequencyof batch testing, are neither specified nor
proscribed bythe compendia; such decisions are based on the
objectivesof the testing. Frequency of testing and sampling
are left to the preferences or direction of those ~erfor':ling
compliancetesting, and other users of USP-NF, including
manufacturers, buyers, or regulatoryauthorities.

Official products are prepar~d accor~ing to recognized
principles of good rnanufacturinq practice and from
ingredients that meet USP or NFstandards, where standar~s

for such ingredientsexist(fordietary supplements,see section
3.70.20 Applicabilityof Standards to MedicalDevices, Dietary
Supplements and TheirComponents and Ingredients).

Official s~bstances are prepared according to recognized
principles of good r:'anu~acturin~ 'pra~tice an~ from
ingredientscomplying With speclficatlons desiqned to ensure
that the resultantsubstances meet the requirements of the
compendial monographs.

3.10.10. Applicability of Standards to Drug Products, Drug
Substances, and Excipients

The applicable USP or NFstandard ~pplies to.any .article
marketed in the United States that (1) IS recognized In the
compendiumand (2) is intended or la~eled for useas a drug
or as an ingredient in a drug. Such articles (drug products,
drug substances,and excipients) includeboth human drugs
(whether dispensed by J?rescription, "over t~e counter," or
otherwise), as well as animaldrugs. The applicable standard
appliesto such articles whether or not the added
designation "USP" or "NF" is used. The standards apply
equally to articles bearing ~h~ .official titles or ~~me~ derived
by transposition of the definitive words of official titlesor
transposition in the order of the names of.twoor more drug
substancesinofficial titles,or where there IS useofsynonyms
with the intent or effect of suggesting a significant degree
of identitywith the official title or name.

3. 10.20. Applicability of Standards to Medical Devices,
Dietary Supplements, and Their Components and Ingr~dients

An article recognized in USP or NF shall complyWith the
compendialstandards ifthe article is a medical device,
component intended for a medical device,dietary
supplement, dietary ingredient, or other ingredient that is
intended for incorporation into a dietary supplement, and
is labeledas conforming to the USP or NF.

Generally, dietarysupplements are prepared from
ingredients that meet USP, NF, or Food Chemicals Codex
standards. Wheresuch standards do not exist, substances
maybe usedindietarysupplements ifthey havebeen shown
to be of acceptable food grade qualityusingother suitable
procedures.

3.10.30.Applicability of Standards to the Practice of
Compounding. .

USP compounding practicestandards, Pharmaceutical
Compounding-Nonsterile ~reparati?ns (795) a~d
Pharmaceutical Compoundmg-St.enle Prep?ratlons (!~7), as
appropriate, apply to compounding pr~ctlce or activity
regardless of whether a monograph exists for the
compounded preparation or these chapters are referenced
in such a monograph. Inthe United States,(795~ ~nd (797)
are not applicable to drugs compounded by entities
registered with FDA as outsourcingfacilities as defined by
FDCA § 503B, because such facilities ~re requi~ed to comply
with FDA's current good manufacturing practice
requirements. Compounded preparations, including drug
products compounded byoutsourcingfacilities, mayalsobe
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subject to applicable monographs; see section 2.20 Official
Articles and section 4.70 Monographs.
3.20. Indicating Conformance
Adrug product, drug substance, or excipient may use the

designation "USP" or "NF" in conjunction with itsofficial title
or elsewhere on the label only when (1) a monograph is
provided in the specified compendium and (2) the article
complies with the identity prescribed in the specified
compendium.

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

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

Amedical device, dietary supplement, or ingredient or
component ofa medical deviceor dietarysupplement mayuse
the designation "USP" or "NF" in conjunctionwith its official
title or elsewhereon the labelonly when (1) a monograph is
provided in the specified compendium and (2) the article
complies with the monograph standards and other applicable
standards in that compendium.

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

The designation "USP-NF" may be used on the labelof an
article providedthat the labelalso bears a statement such as
"Meets NFstandards as published by USP," indicating the
particularcompendium to whichthe article purports to apply.

Whenthe letters "USP," "NF,"or "USP-NF" are usedon the
label of an article to indicatecompliancewith compendial
standards, the letters shall appear in conjunctionwith the
official title of the article. The letters are not to be enclosed in
any symbol such as a circle, square, etc., and shall appear in
capital letters.

Ifa dietarysupplement does not complywith allapplicable
compendial requirements but contains one or more dietary
ingredientsor other ingredients that are recognized in USP or
NF, the individual ingredient(s)may be designated as
complyingwith USP or NFstandards or being of USP or NF
quality providedthat the designation is limited to the
individual ingredient(s)and does not suggest that the dietary
supplement complieswith USP standards.

4. MONOGRAPHS AND GENERAL CHAPTERS
4.10. Monographs
Monographsset forth the article's name, definition,

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

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

General Notices 4727

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

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

procedure, and/or acceptance criterion for the same
attribute. Unless otherwisespecified in the monograph, all
tests are requirements. Insome cases, monograph
instructions allow the selection of tests that reflectattributes
of differentmanufacturers'articles, such as different
polymorphic forms, impurities, hydrates, and dissolution.
Monograph instructions indicatethe tests, procedures,and/
or acceptance criteria to be used and the required labeling.

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

4. 10.20.Acceptance Criteria
The acceptance criteria allow for analytical error, for

unavoidablevariations in manufacturingand
compounding, and for deterioration to an extent
considered acceptable under practical conditions. The
existenceof compendial acceptance criteria does not
constitute a basis for a claim that an official substance that

.more nearlyapproaches 100% purity "exceeds"
compendial quality. Similarly, the fact that an article has
been prepared to tighter criteria than those. specified in the
monograph does not constitute a basis for a claimthat the
article "exceeds" the compendial requirements.

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

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

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

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

• Descriptions and specifications of conditions and
practicesfor pharmaceutical compounding,

• General information for the interpretation of the
compendial requirements,

• Descriptions of general pharmaceutical storage,
dispensing, and packaging practices, or

• General guidance to manufacturers of official substances
or official products.

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

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

substance(s)named in defining the required strength of a
compendialarticle isintended to designate the chemical entity
or entities, as given in the complete chemical name of the
article, havingabsolute (100%) purity.

5.20. Added Substances
Added substances are presumed to be unsuitablefor

inclusion in an official articleand therefore prohibited, iftheir
presence impairs the bioavailability, therapeutic efficacy, or
safetyof the official article; or they interfere with the assays
and tests prescribedfor determining compliancewith the
compendial standards (see section 3.20 Indicating
Conformance).

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

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

substancesthat are permitted by the individual monograph.
Suchadded substances shall not exceed the quantity
requiredfor providing their intended effect. Where such
addition is permitted, the label shall indicate the name(s)
and amount(s) of any added substance(s).

5.20.20. AddedSubstances (Excipients and Ingredients)in
Official Products

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

Added substances and excipientsemployed solely to
impart color may be incorporated into official products
other than those intended for parenteralor ophthalmic use,
in accordance with the regulations pertaining to the use of
colorsissued by the FDA, provided such added substances
or excipients are otherwiseappropriate in all respects. (See
also Injections and Implanted Drugs Products (1), Product
Quality Tests Common to Parenteral Dosage Forms, Specific
Tests, Vehicles and addedsubstances, Addedsubstances.)

The proportions of the substances constituting the base
inointment and suppositoryproducts and preparationsmay
be variedto maintaina suitable consistency under different
climatic conditions, provided that the concentrations of
drug substances are not varied and provided that the
bioavailability, therapeutic efficacy, and safetyof the
preparation are not impaired.

5.20.20.1. In Compounded Preparations
Compounded preparationsfor which a complete

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

Wherea monograph for a compounded preparation calls
foran ingredient inan amount expressedon the dried basis,
the ingredientneed not be dried before use ifdue allowance
ismade for the water or other volatile substances present in
the quantity taken.

Specially denatured alcoholformulas are available for use
in accordance with federal statutes and regulations of the
Internal Revenue Service. Asuitableformula of specially
denatured alcohol may be substituted for Alcohol in the
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manufactureof official preparationsintended for internal or
topicaluse, providedthat the denaturant isvolatile and does
not remain in the finished product. A preparation that is
intended for topicalapplication to the skin may contain
specially denatured alcohol, providedthat the denaturant is
either a usual ingredient in the preparation or a permissible
added substance; in either case the denaturant shall be
identified on the label of the.topical preparation. Wherea
processisgiven in the individual monograph, any
preparation compounded using denatured alcohol shall be
identical to that prepared by the monograph process.

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

supplement products provided that the additional
ingredients (1) complywith applicable regulatory
requirements, and (2) do not interfere with the assays and
tests prescribed for determining compliancewith
compendialstandards.
5.30. Description and Solubility
Onlywhere a quantitative solubility test isgiven in a

monograph and is designated as such is it a test for purity.
Amonograph may includeinformation regarding the

article'sdescription. Information about an article's
"descriptionand solubility" also is provided in the reference
table Description and Relative Solubilityof USP and NFArticles.
The reference table merely denotes the propertiesof articles

. that complywith monograph standards. The reference table
isintended primarily for those who use, prepare, and dispense
drugs and/or related articles. Although the information
providedin monographs and the information in the reference
table may indirectly assist in the preliminary evaluation of an
article, it is not intended to serveas a standard or test for
purity.

The approximate solubility of a compendial substance is
indicated by one of the followlnq descriptive terms:

Descriptive Term
Parts of Solvent Required

for 1 Part of Solute

Very soluble Less than 1

Freely soluble From 1 to 10

Soluble From 10 to 30

Sparingly soluble From 30 to 100

Slightly soluble From 100 to 1,000

Very slightly soluble From 1,000 to 10,000

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

5.40. Identification
Acompendial test titled Identification is providedas an aid

in verifying the identityof articles as they are purported to be,
e.g., those taken from labeledcontainers, and tc estabflsh
whether it isthe article named in USP-NF. The Identification
test for a particular article may consistof one or more
procedures.When a compendiaI Identification test is
undertaken, all requirementsof allspecified procedures in the
test must be met to satisfy the requirementsof the test. Failure
of an article to meet all the requirementsof a prescribed
Identification test (i.e., failure to meet the requirementsof all
of the specified procedures that are components of that test)
indicatesthat the article is mislabeled and/or adulterated. .

5.50. Assay .
Assay tests for compounded preparations are not intended

for evaluating a compounded preparation beforedispensing,
but insteadare intended to serveas the official testinthe event
of a question or dispute regarding the preparation's
conformance to official standards.
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5.50.70. Units of Potency(Biological)
Forsubstances that cannot be completely characterized

by chemicalor physical means or that need confirmation of
functionality or tertiary structure, it may be necessaryto
express quantities of biological activityin units of biological
potency, each defined by an authoritative, designated
reference standard. In cases where international reference
materials have been discontinued, international units of
potency may be defined in terms of molecularmass, such as
in the cases of vitaminsA, D, and E.

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

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

Nonmonograph tests and acceptance criteriasuitable for
detecting and controlling impuritiesthat may resultfrom a
change in the processing methods or that may be introduced
from external sources should be employed in addition to the
tests provided in the individual monograph, where the
presence of the impurity is inconsistent with applicable good
manufacturing practices or good pharmaceutical practices.

5.60.70. Other Impurities in USP and NFArticles
Ifa USP or NF monograph includes an assayor organic

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

The presence ofany unlabeled other impurityinan official
substance is a variancefrom the standard ifthe content is
0.1% or greater. The sum of all Other Impuritiescombined
with the monograph-detected impurities may not exceed
2.0% (see Ordinary Impurities(466», unlessotherwisestated
in the monograph.

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

• Fermentation products and semi-synthetics derived
therefrom,

• Radiopharmaceuticals,
• Biologics,
• Biotechnology-derived products,
• Peptides,
• Herbals, and
• Crude products of animal or plant origin.
Anysubstance knownto be toxic shall not be listedunder

Other Impurities.
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5.60.20. ResidualSolvents in USP and NF Articles
All USP and NF articles are subject to relevant control of

residual solvents, even when no test is specified in the
individual monograph. If solvents are used during
production, they must be of suitablequality. Inaddition, the
toxicityand residual level of each solvent shall be taken into
consideration, and the solvents limited according to the
principles defined and the requirements specified in Residual
Solvents (467), usingthe general methods presented therein
or other suitable methods.

5.60.30. Elemental Impurities in USP Drug Products and
Dietary Supplements

Elemental impurities in official drug products are
controlled according to the principles defined and
requirements specified in Elemental Impurities-Limits (232).
Elemental contaminants in official dietary supplements are
controlled according to the principles defined and
requirements specified in Elemental Contaminants in Dietary
Supplements (2232).
5.70. Performance Tests
Where content uniformity determinations have been made

using the same analytical methodology specified in the Assay,
with appropriate allowancesmade for differences in sample
preparation, the average of all of the individual content
uniformitydeterminations may be used as the Assayvalue.

5.80. USP Reference Standards
USP Reference Standards are authentic specimens that have

been approved as suitable for use as comparison standards in
USP or NFtests and assays. (See USP Reference Standards (11 ).)
Where USP or NFtests or assays callfor the use of a USP
Reference Standard, only those results obtained using the
specified USP Reference Standard are conclusive.Where a
procedure calls for the use of a compendial article rather than
for a USP Reference Standard as a material standard of
reference, a substance meeting all of the compendial
monograph requirements for that article shall be used. Ifany
new USP or NF standard requires the use of a new USP
Reference Standard that isnot yet available, that portion ofthe
standard containing the requirement shall not be official until
the specified USP reference material is available.

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

6. TESTING PRACTICES AND PROCEDURES

6.10. Safe Laboratory Practices
In performing compendial procedures, safe laboratory

practicesshallbe followed, including precautionary measures,
protective equipment, and work practices consistent with the
chemicals and procedures used. Before undertaking any
procedure described in the compendia, the analyst should be
aware of the hazards associated with the chemicals and the
techniques and means of protecting against them. These
compendia are not designed to describe such hazards or
protective measures.

6.20. Automated Procedures
Automated and manual procedures employing the same

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

6.30. Alternative and Harmonized Methods and
Procedures

An alternative method or procedure is defined as any
method or procedure other than the compendial method or
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procedure for the article in question. The alternative method
or procedure must be fully validated (see Validation of
Compendial Procedures (1225») and must produce comparable
results to the compendial method or procedure within
allowable limits established on a case-by-casebasis.Alternative
methods or procedures can be developed for anyone of a
number of reasons not limited to simplification of sample
preparation, enhanced precision and accuracy, improved
(shortened) run time, or being better suited to automation
than the compendial method or procedure. Onlythose results
obtained by the methods and procedures given in the
compendia are conclusive.

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

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

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

unlessotherwise specified.
Test procedures may be performed on the undried or

unignited substance and the results calculated on the dried,
anhydrous, or ignited basis, provided a test for Loss on
Drying, or WaterDetermination, or Loss on Ignition,
respectively, isgiven in the monograph. Where the presence
of moisture or other volatile material may interfere with the
procedure, previousdrying of the substance isspecified in the
individual monograph and is obligatory.

The term "solvent-free"signifies that the calculation shall
be corrected for the presence of knownsolventsas determined
using the methods described in (467) unless a test for limitof
organic solvents is provided in the monograph.

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

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

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

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

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

continued until two consecutive weighings, the second of
which is taken after an additional drying period appropriate
to the nature and quantity of the residue, do not differby
more than 0.50 mg per g of substance taken.
6.50. Preparation of Solutions

6.50.10. Filtration
Where a procedure gives direction to "filter" without

further qualification, the liquid shall be passed through
suitable filter paper or equivalent device until the filtrate is
clear. Due to the possibility of filtereffects, the initial
volumes of a filtrate may be discarded.
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6.50.20. Solutions
Unless otherwisespecified, allsolutionsshallbe prepared

with Purified Water.Solutionsfor quantitative measuresshall
be prepared using accurately weighed or accurately
measured analytes (see section 8.20 About).

An expressionsuch as "(1 in 10)" means that 1 part by
volume of a liquid shall be diluted with, or 1 part byweight
Of a solidshall be dissolved in, a sufficient quantity of the
diluent or solvent to make the volume of the finished
solution 10 parts by volume. Forexample, a 1 in 10 solution
is prepared by diluting 1 mLof a liquidor dissolving 1 g of a
solid in sufficient solvent to make 10 mLof the solution.An
expressionsuch as "(20:5:2)" means that the respective
numbers of parts, by volume, of the designated liquids shall
be mixed, unlessotherwise indicated.

6.50.20.1. Adjustments to Solutions
When a specified concentration is called for in a

procedure, a solution of other normalityor molarity may be
used, provided that allowance is made for the difference in
concentration and that the change does not increase the
error of measurement.

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

Unless otherwise indicated, analyte concentrations shall
be prepared to within ten percent (10%) of the indicated
value. In the case in which a procedure is adapted to the
working range of an instrument, solution concentrations
may differfrom the indicated value by more than ten
percent (10%), with appropriate changes in associated
calculations. Anychanges shall fall within the validated
range of the instrument.

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

6.50.20.2. Test Solutions
Information on Test Solutions(TS) is provided inthe Test

Solutions portion of the Reagents, Indicators, and Solutions
section of the USP-NF. Useof an alternative Test Solution
or a change in the TestSolutionused may requirevalidation.

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

approximately 0.2 mL, or 3 drops, of the solution shall be
added unlessotherwise directed.
6.60. Units Necessary to Complete a Test
Unless otherwise specified, a sufficient number of units to

ensure a suitable analytical result shall be taken.
6.60.10. Tablets
Where the procedure of a Tablet monograph directs to

weigh and finely powder not fewer than a given number of
Tablets, a counted number of Tablets shall be weighed and
reduced to a powder. The portion of the powdered Tablets
taken shall be representative of the whole Tabletsand shall,
in turn, be weighed accurately.

6.60.20. Capsules
Where the procedure of a Capsule monograph gives

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

reliability of the resultsdepend, in part, upon the qualityof the
reagents used in the performance of the procedures. Unless
otherwise specified, reagents conforming to the specifications
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set forth in the current edition of Reagent Chemicals published
by the American Chemical Society (ACS) shall be used. Where
such ACS reagent specifications are not availableor where the
required purity differs, compendial specificationsfor reagents
of acceptable quality are provided (see the Reagents,
Indicators, and Solutions section of the USP-NF). Reagents not
covered by any of these specifications should be of a grade
suitable to the proper performance of the method of assay or
test involved.

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

6.80. Equipment
Unless otherwise specified, a specification for a definite size

or type of container or apparatus in a procedure isgiven solely
as a recommendation. Other dimensions or types may be used
if they are suitable for the intended use.

6.80.10. Apparatus for Measurement
yvhere volumetric flasks or other exact measuring,

weighing, or sorting devices are specified, this or other
equipment of atleast equivalent accuracy shall be
employed.

6.80.10.1. Pipet/Pipette
Where a pipet/pipette is specified, a suitable buret may

be substituted. Where a "to contain" pipet/pipette is
specified, a suitable volumetric flask may be substituted.

6.80.10.2. Light Protection
Where low-actinic or light-resistant containers are

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

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

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

6.80.20.1. Chromatographic Tubes and Columns
The term "diameter" refers to internal diameter (10).
6.80.20.2. Tubing

The term "diameter" refers to outside diameter (00).
6.80.20.3. Steam Bath

Where use of a steam bath isdirected, use activelyflowing
steam or another regulated heat source controlled at an
equivalent temperature.

6.80.20.4. Water Bath
Awater bath requires vigorously boiling water unless

otherwise specified.
6.80.30. Temperature Reading Devices
Temperature reading devices suitable for pharmacopeial

tests conform to specifications that are traceable to a
National Institute of Standards and Technology (NIST)
standard or equivalent. Temperature reading devices may
be of the Iiquid-in-glass type or an analog or digital
temperature indicator type, such as a resistance temperature
device, thermistor, or thermocouple. Standardization of
thermometers is performed on an established testing
frequency with a temperature standard traceable to NIST.
For example, refer to the current issue of American Society
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of Testing and Materials (ASTM) standards E1 for
liquid-in-glass thermometers.

7. TEST RESULTS

7~10. Interpretation of Requirements
Analytic~1 results observed in the laboratory (or calculated

from experimental measurements) are compared with stated
acceptance criteria to determine whether the article conforms
to compendial requirements.

The reportable value, which often is a summary value for
several individual determinations, is compared with the
acceptance criteria. The reportable value is the end result of a
completed measurement procedure, as documented.

Where acceptance criteriaare expressed numerically herein
through specification of an upper and/or lower limit,
permitted values include the specifiedvalues themselves but
no values outside the Iimit(s). Acceptance criteria are '
considered significant to the last digit shown.

7.10.5. Nominal Concentrations in Equations
Where a "nominal concentration" is specified, calculate

the concentration based on the label claim. In assay
procedures, water correction is typicallystated in the
Definition and on the label of the USP Reference Standard.
For other procedures, correction for assayed content,
potency, or both is made prior to using the concentration

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

statement of the weight of the analyte that is equivalent to
each mLof the standardized titrant. In such an equivalence
statement, the number of significantfigures in the
concentration of the titrant should be understood to
cor,respond to the number of ~ignificant figures in the
weight of the analyte. Corrections to calculations based on
the blank determination are to be made for all titrimetric
assays where appropriate (see Titrimetry(541».
7.20. Rounding Rules
The observed or calculated values shall be rounded off to

the number of decimal places that is in agreement with the
limit expression. Numbers should not be rounded until the
final calculations for the reportable value have been
completed. Intermediate calculations(e.g., slope for linearity)
may be rounded for reporting purposes, but the original (not
rounded) value should be used for any additional required
calculations.Acceptance criteriaare fixed numbers and are not
rounded.

"Yhen rounding is r.equired, consider only one digit in the
decimal place to the nght of the last place in the limit
expression. Ifthis digit is smallerthan 5, it is eliminated and
the preceding digit is unchanged. Ifthis digit is equal to or
greater than 5, it is eliminated and the preceding digit is
increased by 1.
8. TERMS AND DEFINITIONS

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

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

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

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

Assay limit~98.0%

Assaylimit ~1 01.5%

Limittest ~0.02%

Limittest ~3 ppm

Illustration of Rounding Numerical Values
for Comparison with Requirements

Unrounded Value Rounded Result Conforms

97.96% 98.0% Yes

97.92% 97.9% No

97.95% 98.0% Yes

101.55% 101.6% No

101.460/0 101.5% Yes

101.45% 101.5% Yes

0.025% 0.03% No

0.015% 0.02% Yes

0.027% 0.03% No

3.5 ppm 4 ppm No

3.4 ppm 3 ppm Yes

2.5 ppm 3 ppm Yes

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

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

8.40. Atomic Weights
Atomic weights used in computing molecular weights and

the factors in the assays and elsewhere are those established
by the IUPAC Commission on Isotopic Abundances and
Atomic Weights.

8.50. Blank Determinations
Where it is directed that "any necessary correction" be

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

8.60. Concomitantly
"Concomitantly" denotes that the determinations or

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

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

8.80. logarithms
Logarithms are to the base 10.
8.90. Microbial Strain
A microbial strain cited and identified by its American Type

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

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

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

odor," and variations thereof indicate evaluation of a suitable

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

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

weight;
• For solutions or suspensions of solids in liquids, percent

weight in volume;
• For solutions of liquids in liquids, percent volume in

volume;
• For solutions of gases in liquids, percent weight in

volume.
For example, a 1 percent solution is prepared by dissolving

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

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

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

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

of mL of a solute in 100 mL of solution. .
8.1 SO. Pressure
Pressure is determined by use of a suitable manometer or

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

8.160. Reaction Time
Reaction time is 5 minutes unless otherwise specified.
8.170. Specific Gravity
Specific gravity is the weight of a substance in air at 25°

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

8.180. Temperatures
Temperatures are expressed in centigrade (Celsius)

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

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

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

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

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

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

requirements of the appropriate water monograph in USP
orNF.

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

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

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

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

International System of Units (51) as established and revised
by the Conference generale des poidset mesures. For
compendial purposes, the term "weight" is considered to be
synonymous with "mass."

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

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

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

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

Chart of Symbolsand Prefixes commonly employed for 51
metric units and other units:

Units Symbol Notes

length

meter m

centimeter cm

millimeter mm

Previously referred to as a rnl-
micrometer ~m cron

Previously the symbolrnu(for
nanometer nm millimicron) was used

Angstrom A Equal to 0.1 nm

Mass

kilogram kg
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Units Symbol Notes

gram g

milligram mg

The symbol uq is used in the
USP and NFto represent mi-
crograms, but micrograms
may be represented as
"mcg" for labelingand pre-
scribingpurposes.The term
"gamma," symbolized by j,
frequently is used to repre-
sent microgramsin blo-

microgram IJg chemicalliterature.

nanogram ng

picogram pg

Also referredto as the unified
atomic mass unit and is
equal to 1/12 times the mass

dalton Da of the free carbon 12 atom.

kilodalton kDa

Time

second s

minute min

hour h

Volume

1 Lisequal to 1000 ern' (cu-
liter L bic centimeters)

deciliter dL

1 ml isequal to 1 ern', some-
milliliter mL times referredto as cc

microliter IJL

Tempera-
ture

Celsius °C

Amount of
Substance

Historically referredto as
gram-molecularweight or

mole mol gram-atomicweight

millimole mmol

micromole umol

femtomole fmol

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

equivalent Eq metrology.

milli equiva-
lent mEq

Osmoticpressureof a solu-
tion, related to substance

osmole Osmol concentration.

milliosmole mOsmol

Pressure

pascal Pa

kilopascal kPa

www.webofpharma.com

https://nhathuocngocanh.com/



4734 General Notices

Units Symbol Notes

pounds per
square inch psi

millimeter of
mercury mmHg Equal to 133.322 Pa

Electrical
units

ampere A

volt V

millivolt mV

hertz Hz Unit of frequency

kilohertz kHz

megahertz MHz

electron volt eV

kilo-elec-
tron volt keY

mega-elec-
tron volt MeV

Radiation

SI unit of activity for radionu-
becquerel Bq elides

kilobecquerel kBq

megabec-
querel MBq

gigabecquer-
el GBq

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

millicurie mCi

microcurie IJCi

nanocurie nCi

Other

acceleration
due to grav- Used to expressrate of centri-
ity g fugation

revolutions Usedto expressrate of centri-
per minute rpm fugation

Selected SI Prefixes

Name Symbol Factor

giga G 109

mega M 106

kilo k 103

deci d 10-1

centi c 10-2

milli m 10-3

micro IJ 10-6

nano n 10-9

pico P 10-12

femto f 10-15
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9. PRESCRIBING AND DISPENSING
9.10. Use of Metric Units
Prescriptions forcompendialarticles shall be writtento state

the quantity and/or strength desired in metric units unless
otherwise indicated in the individual monograph [see also
section 5.50.7aUnitsof Potency (Biological) above]. If an
amount is prescribed by any other system of measurement,
onlyan amount that isthe metricequivalentof the prescribed
amount shall be dispensed. Abbreviations for the terms
"Units" or "International Units" shall not be used for labeling
or prescribing purposes.Apothecary unit designations on
labels and labeling shall not be used.

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

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

10. PRESERVATION, PACKAGING, STORAGE, AND
LABELING

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

storage requirementsspecified in Packaging and Storage
Requirements (659), unless differentrequirementsare provided
in an individual monograph.

10.20. Labeling
All articles in USP or NFare subject to the labeling

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

This section contains monographs for articles which are not currently legally marketed in the United States, but which have
been approved by a stringent regulatory authority as defined by the World Health Organization and are used for essential
purposes in other parts of the world. Selection and prioritization of new entries to this section will be accomplished in close
collaboration with stakeholders throughout the global health community. These monographs are not applicable to articles
marketed for use in the United States.

Chlorhexidine Gluconate Topical Gel

DEFINITION
Chlorhexidine Gluconate Topical Gel is prepared from

Chlorhexidine Gluconate Solution. It contains NLT 90.0%
and NMT 110.0% of the labeled amount of chlorhexidine
gluconate (C22H30CI2N,o . 2C6H120 7) . [NOTE-The U.S. Food
and Drug Administration has not reviewed the safety and
efficacy of Chlorhexidine Gluconate Topical Gel and it isnot
approved for marketing in the United States.]

IDENTIFICATION

ASSAY

• time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

• PROCEDURE
Buffer: Dissolve27.6 g of sodium dihydrogen phosphate

and 10 mL of triethylamine in 1.5 L of water. Adjust with
phosphoric acid to a pH of 3.0 and dilute with water to 2 L.

Solution A: Acetonitrile and Buffer (30:70)
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 100 0

9 100 0

10 45 55

15 45 55

16 100 0

21 100 0

Standard solution: 50 IJg/mL of USP Chlorhexidine
Acetate RS in Solution A

Sample stock solution: Nominally 0.4 mg/mL of
chlorhexidine gluconate from Topical Gel, prepared as
follows. Transfer a suitable amount of Topical Gel,
equivalent to 40 mg of chlorhexidine gluconate, to a
1OO-mL volumetric flask. Add about 70 mL of Solution A,
sonicate with intermittent shaking for 30 min, and dilute
with Solution A to volume.

Sample solution: Nominally 80 IJg/mL of chlorhexidine
gluconate from the Sample stock solution in Solution A

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
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ru = peak responseof p-chloroaniline from the
Sample solution

rs = peak responseof p-chloroaniline from the
Standard solution

Cs = concentration of USP p-Chloroaniline RS in the
Standard solution (mg/mL)

Cu = nominal concentration of chlorhexidine
gluconate in the Sample solution(mg/mL)

Acceptance criteria: NMT 0.35%

'F~~I~s~
......... ...•,

(;i~) ...."'I~~J.~i'". '~04iy

0 100 (j

2 lioO Q

p~ 80 :20

3'7 80 ~o

4~ ~Q 30

54 70 30

55 100 '(;j

90 l100 0

res
Suitability requirements
Resolution: NLT 3.0 between chlorhexidine and

p-chloroaniline, System suitability solution
Relative standard deviation: NMT 5.0%, Standard
. solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of p-chloroaniline in the portion

of Topical Gel taken:

Result= (ru/rs) x (CslCu) x 100

Acceptance criteria: 90.0%-110.0%

IMPURITIES

D~~~5~?~:~Y ~:3?n~.;;'~~
,,(ra)fig~t~,qt9r/jQ<tti~hmg~

Column: 4.6-mm x 25-cm; 5-J.lm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 50 J.lL

System suitability
Sample: Standard solution

Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

chlorhexidine gluconate (C22H30C12NlO . 2C6H120 7) in the
portion of Topical Gel taken:

Result= (ru/rs) x (Cs/Cu) x (MrtlMr2) x 100

ru =peak responseof chlorhexidine from the Sample
solution

rs =peak responseof chlorhexidine from the Standard
solution

Cs = concentration of USP Chlorhexidine Acetate RS in
the Standard solution (J.lg/mL)

Cu =nominal concentration of chlorhexidine
gluconate in the Sample solution (J.lg/mL)

Mr1 =molecular weight of chlorhexidine gluconate,
897.76

Mr2 = molecular weight of chlorhexidine acetate,
625.55

• LIMIT OF p-CHLOROANILINE
Solution A, Solution B, Mobile phase, and

Chromatographic system: Proceed as directed in the
Assay.

System suitability solution: 50 uq/rn], of USP
Chlorhexidine Acetate RS and 1 uq/rn], of USP .
p-Chloroaniline RS in Solution A

Standard solution: 1.0 J.lg/mL of USP p-Chloroaniline RS in
Solution A

Sample solution: Nominally 0.4 mg/mL of chlorhexidine
gluconate from Topical Gel, prepared asfollows. Transfera
suitable amount of Topical Gel, equivalent to 40 mg of
chlorhexidine gluconate, to a 1OO-mL volumetric flask.Add
about 70 mL of Solution A, sonicate with intermittent
shaking for 30 min, and dilute with Solution A to volume.
Centrifuge the solution.

System suitability
SafTIples: System suitability solution and §tandard solution

1..<"ri

}t~l~rtg;0xl<i~~~
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SPECIFIC TESTS
• pH (791)

Sample solution: Nominally 1% ofchlorhexidine gluconate
from Topical Gel in water

Acceptance criteria: 5.0-7.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light. Store at controlled room
temperature.

• USP REFERENCE STANDARDS (11)
USP Chlorhexidine Acetate RS
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N-Acetylglucosamine

CSH1SN06 2?1.21
2-(Acetylamino)-2-deoxy-D-glucose;
N-Acetyl-D-Glucosamine [7512-17-6].

DEFINITION
N-Acetylglucosamine contains NLT 98.0% and NMT 102.0%

of N-acetylglucosamine (CSH 1SN06) , calculated on the dried
basis.

IDENTIFICATION

• B. It meets t e requirements in the test for Optical Rotation
(781 S), Specific Rotation.

• C. The retention time of the major peak of the Sample
solution corresponds to that of the Standard. solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Buffer: Transfer 3.5 9 of dibasic potassium phosphate to a
1-L volumetric flask, and add sufficient water to dissolve.
Add 0.25 mLof ammonium hydroxide, dilute with water to
volume, and mix. Adjust with phosphoric acid to a pH of
7.5.

Mobile phase: Acetonitrile and Buffer(75:25)
Diluent: Acetonitrile and water (50:50)
System suitability solution: 1.0 mg/mL of USP

N-Acetylglucosamine RS and 0.6 mg/mL of USP
Glucosamine Hydrochloride RS in Diluent

Standard solution: 1.0 mg/mL of USP
N-Acetylglucosamine RS in Diluent .

Sample solution: 1.0 mg/mL of N-Acetylglucosamine in
Diluent

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm x 15-cm; 3-l.Im packing L8
Column temperature: 35°
Flowrate: 1.5 mL/min .
Injection volume: 10 I.IL

System suitability .
Samples: System suitability solution and Standardsolution

[NoTE-The relative retention times for
N-acetylglucosamine and glucosamine are 1.0 and
about 2.8, respectively.]

Suitability requirements
Signal-to-noise ratio: NLT 10 for the glucosamine peak,

System suitability solution
Resolution: NLT 5.0 between the N-acetylglucosamine

and glucosamine peaks, System suitability solution
Tailing factor: NMT 2.0, Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of N-acetylglucosamine

(CSHlSN06) in the portion of N-Acetylglucosamine
taken:

Result =(rulrs) x (CslCu) x 100

tu = peak response from the Sample solution
ts =peak response from the Standardsolution
Cs =concentration of USP N-Acetylglucosamine RS in

the Standard solution (mg/mL)
Cu =concentration of N-Acetylglucosamine in the

Sample solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride(221): NMT 0.1 %
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1 I.Ig/g
Lead: NMT 10 I.Ig/g

• RELATED COMPOUNDS
Buffer, Mobile phase, Diluent, System suitability solution,

Chromatographic system, and System suitability:
Proceed as directed in the Assay.

Sample solution: 2.5 mg/mL of N-Acetylglucosamine in
Diluent

Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of

N-Acetylglucosamine taken:

Result = (ru/rr) x 100

tu = peak response of each impurity from the Sample
solution

rr =sum of the peak responses from the Sample
solution

Acceptance criteria
Individual impurity: NMT 0.5%
Total impurities: NMT 2.0%
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(2S)-2-(Acetylamino)-3-(4-hydroxyphenyl)propanoic acid)
[537-55-3].

DEFINITION
N-Acetyltyrosine contains NLT 98.5% and NMT 101 .0% of

N-acetyltyrosine (C11H 13N04) , as N-acetyl-L-tyrosine,
calculated on the dried basis.

IDENTIFICATION

• B. OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: 10 mg/mL
Acceptance criteria: NLT +46.0° and NMT +49.0°,

determined at 20°
• C. The R Fvalue of the principal spot of the Sample solution

in the test for OrganicImpurities corresponds to that of
Standardsolution 1.

ASSAY
• PROCEDURE

Sample solution: Dissolveabout 180 mg of
N-Acetyltyrosine, weighed, in 50 mLof carbon dioxide-free
water.

Titrimetric system
(See Titrimetry (541).)
Moder Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Equivalency: Each mL of 0.1 N sodium hydroxide VS is

equivalent to 22.32 mg of N-acetyltyrosine (CllH13N04) .

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %
• CHLORIDE AND SULFATE, Chloride (221)

Sample: 0.7 9
Standard: 0040 mL of 0.01 N hydrochloric acid
Acceptance criteria: NMT 200 ppm

• CHLORIDE AND SULFATE, Sulfate (221)
Sample: 1.2 9
Standard: 0.25 mL of 0.020 N sulfuric acid
Acceptance criteria: NMT 200 ppm

• IRON (241): NMT 20 ppm
• ORGANIC IMPURITIES

Adsorbent: 0.25-mm layer of chromatographic silica gel
mixture

Standard stock solution 1: 8 mg/mL of USP
N-Acetyl-L-tyrosine RS in a mixture of water, glacial acetic
acid, and alcohol (3:3:94)

Standard solution 1: Dilute Standardstocksolution 1 with
alcohol to obtain a solution having a known concentration
of about 0.4 mg/mL.

Standard solution 2: 0.8 mg/mL of USP L-Tyrosine RS
dissolved in a mixture of glacial acetic acid and water (1:1),
and diluted with alcohol

Sample solution: Transfer 0.8 9 of N-Acetyltyrosine to a
1O-mL volumetric flask, dissolve in 6 mL of a mixture of
glacial acetic acid and water (1:1), and dilute with alcohol
to volume.

Applieation volume: 5 I.IL . . ..
Developing solvent system: A mixture of ammonia and

2-propanol (3:7)
Spray reagent: Dissolve0.2 9 of ninhydrin in 100 mLof a

mixture of butanol and 2 N acetic acid (95:5).
Analysis: Proceed as directed for Ch:ori1a~0f!raphy (621),

Thin-Layer Chromatography. After alr-dry.InQ t~e plate,
repeat the development process. After alr-aryl~g a second
time, examine the plate under short-wave UV light, and

223.2

• LIMIT OF GLUCOSAMINE
Buffer, Mobile phase, Diluent, System suitability solution,

Chromatographic system, and System suitability:
Proceed as directed in the Assay.

Standard solution: 0.6 mg/mL of USP Glucosamine
Hydrochloride RS in Diluent

Sample solution: 50 mg/mL of N-Acetylglucosamine in
Diluent

~~yili .
Samples: Standardsolution and Sample solution
Calculate the percentage of glucosamine in the portion of

N-Acetylglucosamine taken:

Result =(rufrs) x (Cs/Cu) x (MdM2) x 100

Acceptance criteria: NMT 1.0%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S)

Sample solution: 20 mg/mL in water, perform the
measurement 3 h after sample preparation.

Acceptance criteria: +39.0° to +43.0°
• pH (791)

Sample solution: 10 mg/mL in water
Acceptance criteria: 6.0-8.0

• Loss ON DRYING (731)
Analysis: Dry a sample at 105° for 2 h.
Acceptance criteria: NMT 0.5%

• MELTING RANGE OR TEMPERATURE (741): '196°-205°
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 103 cfu/g; the total
combined molds and yeasts count does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP N-Acetylglucosamine RS
USP Glucosamine Hydrochloride RS

=peak response of glucosamine from the Sample
solution

= peak response of glucosamine from the Standard
solution

=concentration of USP Glucosamine
Hydrochloride RS in the Standard solution
(mg/mL)

= concentration of N-Acetylglucosamine in the
Sample solution (mg/mL)

=molecular weight of glucosamine, 179.17
=molecular weight of glucosamine hydrochloride,

215.63

N-Acetyltyrosine

CllH13N0 4

N-Acetyl-L-tyrosine;
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COMPOSITION
• CONTENT OF S-ADENOSYl- l-METHIONINE

Solution A: 10 mL of glacial acetic acid in 500 mL of water.
Add 2.06 g of sodium l-hexanesulfonate, and dilute with
water to 1000 mL.

Mobile phase: Acetronitrile and Solution A (15:85)
System suitability solution: 400 IJg/mL each of USP

S-Adenosyl-I-methionine Disulfate Tosylate RS and USP
S-Adenosyl-I-homocysteine RS

Standard solution A: 400 IJg/mL of USP
S-Adenosyl-I-homocysteine RS

Standard solution B: 200 IJg/mL from StandardsolutionA
Standard solution C: 80 IJg/mL from StandardsolutionA
Sample solution: 20 mg of S-Adenosyl-L-methionine

Disulfate Tosylate in 40 mL of water. Stir for 30 min, then
dilute with water to 50.0 mL. Transfer 1.0 mL ofthe solution
to a 1.5-mL microcentrifuge tube, and centrifuge for 1 min.
Use a portion of the supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV260 nm .
Column: 4.6-mm x 15-cm; 3-lJm packing L1
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
. Samples: System suitabilitysolution and StandardsolutionB

[NOTE-The relative retention times for
S-adenosyl-L-homocysteine and
5-adenosyl-L-methionine disulfate tosylate are about
0.68 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between

S-adenosyl-L-homocysteine and
5-adenosyl-L-methionine

Tailing factor: NMT 1.5, Standardsolution B
Relative standard deviation: NMT 2.0% for

S-adenosyl-L-homocysteine, Standardsolution B
Analysis

Samples: StandardsolutionA, StandardsolutionB,Standard
solutionC, and Sample solution
[NOTE-Record the chromatograms, and measure the

area of the S-adenosyl-L-homocysteine peak in all
three Standardsolutionsand the
S-adenosyl-L-methionine disulfate tosylate peak in
the Sample solution.]

Plot a calibration curve of the peak area of the Standard
solutions versus the corresponding
S-adenosyl-L-homocysteine concentration, in mg/mL,
and draw the straight line best fitting the three points.
From the calibration curve, and using the peak area of
S-adenosyl-L-methionine from the chromatogram from
the Sample solution, determine the concentration, C, in
mg/mL, of S-adenosyl-L-methionine as
S-adenosyl-L-homocysteine in the Sample solution.

Calculate the percentage of ClsHz3N60SS+ in the portion of
5-Adenosyl-L-methionine Disulfate Tosylate taken:

Result =(C/Cu) x (Mr1/Mrz) x 100

= concentration of S-adenosyl-L-methionine as
5-adenosyl-L-homocysteine obtained from the
linear regression line (mg/mL)

=concentration ofS-Adenosyl-L-Methionine
Disulfate Tosylate in the Sample solution
(mg/mL)

=molecular weight of 5-adenosyl-L-methionine,
399.44

C

~,,?
.2H,50, •~ '0-

H3C

Ademetionine Disulfate Tosylate-see
S-Adenosyl- L-methionine Disulfate Tosvlate

Former Title: Ademetionine Disulfate Tosylate

record principal and secondary spots. Spray the plate with
Spray reagent, and heat between 100° and 105° for about
15 min. Examine the plate under white light, and record
the principal and secondary spots.

Acceptance criteria: Under the short-wave UV light, any
secondary spot observed from the Sample solution is not
larger or more intense than the principal spot from
Standardsolution 1. After applying the Spray reagent, under
white light, any secondary spot at the locus of tyrosine
from the Sample solution is not larger or more intense than
the principal spot from Standardsolution2.
Individual impurities: NMT 0.5%
Limit of tyrosine: NMT 1.0%

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry a sample at 105° for 3 h.
Acceptance criteria: NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• USP REFERENCE STANDARDS (11)

USP N-Acetyl-L-tyrosine RS
USPL-Tyrosine RS

S-Adenosyl- L-methionine Disulfate
Tosylate

CZZH34N6016S4 . 766.80
5-(Adenosyl)-L-methionine disulfate tosylate;
(3S)-5'-[(3-Amino-3-carboxypropyl)methylsulfonio]-5'-deoxy

adenosine, disulfate-methylbenzenesulfonate [97540-22
2].

DEFINITION
5-Adenosyl-L-methionine Disulfate Tosylate is the disulfate

tosylate mixed salt of a mixture of diastereoisomers of the
5-adenosyl-L-methionine ion. It contains NLT 95.0% and
NMT 105.0% of S-adenosyl-L-methionine disulfate tosylate
(CZZH34N6016S4) calculated through the content of
5-adenosyl-L-methionine (ClsHz3N60SS+), calculated on the
anhydrous basis.

IDENTIFICATION

• B~.fhe retention time of the major peak of the Sample
solution corresponds to that of S-adenosyl-L-methionine in
the System suitability solution, as obtained in the content of
s-adenosyl-I-methionine.
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Mr2 = molecular weight of S-adenosyl-L-homocysteine,
384.41

Acceptance criteria: 49.5%-54.7% on the anhydrous basis,
equivalent to 95.0%-105% of S-adenosyl-L-methionine
disulfate tosylate on the anhydrous basis

• CONTENT OF SULFATE
Mobile phase: 8.0 mM sodium carbonate and 1.0 mM

sodium bicarbonate in water
Standard solution: 0.18 mg/mL of potassium sulfate
Sample solution: 0.5 mg/mL of S-Adenosyl-L-methionine

Disulfate Tosylate
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Ion detector with suppressed conductivity
Column: 4.0-mm x 25-cm; 7-lJm packing L74
Column temperature: 30°
Flow rate: 1 mL/min
Injection size: 25 IJL

System suitability
Sample: Standard solution
Suitability requirements

Column efficiency: NLT 8200 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%

Analysis
Samples: Standard solution and Sample solution

[Note-Measure the area of the sulfate peak.]
Calculate the percentage of sulfate (504) in the portion of

S-Adenosyl-L-methionine Disulfate Tosylate taken:

Result =(ru/rs) x (Cs/Cu) x 100

=peak response of sulfate from the Sample solution
=peak response of sulfate from the Standard

solution
=concentration of sulfate (S04) in the Standard

solution (mg/mL)
=concentration of S-Adenosyl-L-methionine

Disulfate Tosylate in the Sample.soluticn
(mg/mL)

Acceptance criteria: 23.5%-26.5%

SPECIFIC TESTS
• pH (791): 1.0-2.0, in an aqueous solution (1 in 20)
• WATER DETERMINATION, Method la (921): NMT 3.0%
• ISOMERIC RATIO

Buffer: Transfer 4.2 g of citric acid monohydrate and 2.03 g
of sodium dihydrogen phosphate dihydrate to a 1-L
volumetric flask, and dissolve in and dilute with water to
volume.

Mobile phase: 4.0 g of sodium dodecyl sulfate and 440 mL
of acetonitrile. Dilute with Buffer to 1 L.

Standard solution: 1.0 mg/mL of USP
S-Adenosyl-I-methionine Disulfate Tosylate RS

Sample solution: 1.0 mg/mL of S-Adenosyl-L-methionine
Disulfate Tosylate

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.2 mL/min
Injection size: 20 IJL

System suitability
Sample: Standard solution .

[NoTE-The relative retention times for R,S-isomers and
S,S-isomers are about 0.94 and 1.0, respectively.]

USP 43

Suitability requirements
Resolution: NLT1.0 between the S,S-isomer and the

R,S-isomer
Analysis

Samples: Standard solution and Sample solution
Identify the peaks of the S,S- and R,S-isomers of the Sample

solution by comparison with the Standard solution, and
calculate the percentage of the S,S-isomer:

Result = [rss/(rss + rRS)] x 100

rss =areas of the peaks corresponding to the
S,S-isomer in the Samplesolution

rRS = areas of the peaks corresponding to the
R,S-isomer in the Sample solution

Acceptance criteria: NLT 60% and NLT the labeled amount
of the S,S-isomer

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store in a refrigerator.
• LABELING: Label it to indicate the minimum content of

S,S-isomer, as a percentage.
• USP REFERENCE STANDARDS (11)

USP S-Adenosyl-I-methionine Disulfate Tosylate RS
USP S-Adenosyl-I-homocysteine RS

Alanine
-see Alanine General Monographs

L-Alanyl-L-glutamine

CSH1SN304 217.23
L-2-(1-0xo-2-amino-propylamino)-4-amino-4-

oxobutanoic acid [39537-23-0].. .

DEFINITION
L-Alanyl-L-glutamine contains NLT 98.0% and NMT 101.5%

of L-alanyl-L-glutamine (CSH1SN304), calculated on the
anhydrous and solvent-free basis, and excluding alanine and
glutamine.

IDENTIFICATION

Rotation (781 S) in

ASSAY
• PROCEDURE

Sample: 300 mg " .
Blank: Mix 5 mL of formic acid with 50 mLof glacial

acetic acid.
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 5 mL of formic acid, add
50 mL of glacial acetic acid, and titrate with the Titrant.
Perform a Blank determination, and make any necessary
correction.
Calculate the percentage of L-alanyl-L-glutamine

(C8HlsN304) in the Sample taken:

Result, = [(Vs - VB) x N x (F/W)] x 100

Vs =Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank(mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 217.2 mg/mEq
W =Sample weight (mg)

Calculate the percentage of L-alanyl-L-glutamine
(C8H1SN304) in the Sample taken, excluding alanine and
glutamine:

Result, =[(Result, - a - b)]/[(l 00 - Ala - GIn)] x 100

a =Ala x (Mr1/Mr2)

b =GIn x (Mrd Mr3)

Acceptance criteria: 98.00/0-101.5% on the anhydrous and
solvent-free basis, and excluding alanine and glutamine

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221)

Sample: 0.89 g
Standard solution: 0.50 mL of 0.010 N hydrochloric acid
Acceptance criteria: NMT 200 J,Jg/g .

• CHLORIDE AND SULFATE, Sulfate (221)
Sample: 0.98 g
Standard solution: 0.20 mL of 0.010 N sulfuric acid
Acceptance criteria: NMT 200 J,Jg/g

• IRON (241): NMT 10 J,Jg/g
• RESIDUAL SOLVENTS (467)

Acceptance criteria
Isopropanol: NMT 0.5%
[NOTE-For the Acceptance criteria for any other residual

solvents, see Residual Solvents (467).]
• LIMIT OF AMMONIUM

Standard stock solution: Dissolve1.486 g of ammonium
chloride in 500.0 mL of water.

Standard calibration solutions: Transfer0.01,0.1, 1.0, and
10.0 mL of Standardstock solution into separate 100-mL
volumetric flasks, and dilute with water to volume. The final
concentrations are 0.1, 1, 10, and 100 J,Jg/mL of
ammonium ions (NH/), respectively.

Sample solution: Transfer 1.0 g of L-Alanyl-L-glutamine to a
150-mL beaker containing a plastic-coated stirring bar, add
100.0 mL of water, and stir until dissolved.

Electrode system: Use a gas-sensing, ammonia-specific
indicating electrode with internal reference connected to a
pH meter capable of measuring potentials with a minimum

W

V
C

reproducibility of ±0.1 mV (seepH (791». Condition the
electrode according to the manufacturer's instructions.

Analysis
Standard response line: Transfer 100 mL of water into a

150-mL beaker containing a plastic-coated stirring bar,
insert the electrode into the water, stir, and measure the
potential. Add 1 mL of 10 N sodium hydroxide solution,
stir, and measure the potential after stabilization (about
3 min). The potential difference must be below 20 mY.
Transfer 100.0 mL of each of Standardcalibrationsolutions
(0.1, 1, 10, 100 J,Jg/mL of ammonium ions) into separate
150-mL beakers, and add 1 mL of 10 N sodium hydroxide.
Insert the electrode into each solution, stir, and measure
the potential after stabilization (about 3 min). Plot a curve
(four calibration points) of the potential (mY) asfunction
of ammonium ion concentrations (J,Jg/mL).

Sample: Sample solution
Rinse the electrode, insert it into the Sample solution, add

1 mL of 10 N sodium hydroxide, and stir. Check the
pH, which must be above 11; if not, adjust with 10 N
sodium hydroxide. After 3 min, measure the potential,
and determine the corresponding ammonium ion
concentration from the calibration curve.

Calculate the content of ammonium in the portion of the
Sample taken:
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Result= (V x Q/W

= volume of the Sample solution (mL)
= concentration of ammonium ions in the Sample

solutiondetermined from the Standard
response line (J,Jg/mL)

= weight of L-Alanyl-L-glutamine taken to prepare
the Sample solution (g)

Acceptance criteria: NMT 200 J.lg/g
• RELATED COMPOUNDS

Buffer solution: Dissolve 6.84 9 of monobasic potassium
phosphate in 1000 mL of water.

Mobile phase: Acetonitrile and Buffer solution(650:350)
System suitability solution: Transfer 25 mg of USP

L-Alanyl-L-glutamine RS and 5 mg of USP
L-Alanyl-L-alanine RS into a 25-mL volumetric flask, and
dilute with water to volume. Transfer 1.0 mL of this solution
into a 1O-mLvolumetric flask, and dilute with Mobilephase
to volume.

Standard solution 1: 0.025 mg/mL of USP L-Alanine RS in
Mobilephase

Standard solution 2: 0.1 mg/mL of USP Glutamine RS in
Mobilephase

Sample solution: 2.5 mg/mL of L-Alanyl-L-glutamine in
Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L8
Flow rate: 0.7 mL/min
Injection volume: 20 J.lL

System suitability
Sample: System suitability solution

[NOTE-The relative retention times for
t-alanyl-t-alanlne and L-alanyl-L-glutamine are
0.86 and 1.0, respectively.]

Suitability requirements
Column efficiency: NLT 8000 theoretical plates for the

L-alanyl-L-glutamine peak
Resolution: NLT 2.0 between L-alanyl-L-glutamine and

t-alanyl-t-alanlne

=percentage of alanine from the Related
Compounds test

=percentage of glutamine from the Related
Compounds test

=molecular weight of L-alanyl-L-glutamine, 217.2
=molecular weight of alanine, 89.1
=molecular weight of glutamine, 146.1

Ala

GIn
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Analysis
Samples: Standardsolution 7, Standardsolution2, and

Sample solution
Calculatethe percentage of alanine and glutamine in the

portion of the Sample taken:

Result = (rulrs) x (CsICu) x 100

=peak response of alanine or glutamine from the
Sample solution

=peak response of alanine from Standardsolution
1 or glutamine from Standardsolution2

=concentration of USP L-Alanine RS in Standard
solution 7 (mg/mL) or concentration of USP
Glutamine RS in Standardsolution2 (mg/mL)

=concentration of L-Alanyl-L-glutamine in the
Sample solution(mg/mL)

Calculatethe percentage of any other specified and
unspecified impurities in the portion of the Sample
taken:

Result =(rUlrT) x 100

=peak response of each individual impurity
=sum of the responses of all the peaks, excluding

peak responses of alanine and glutamine

Acceptance criteria: See Table 1.

Table 1
Relative Acceptance

Retention Criteria,
Name Time NMT(%)

Cyclo(ala-gln) 0.27 0.2

Alanine 0.55 1.0

Glutamine 0.59 0.5

Ala-ala-gin 1.10 0.3

Ala-glu 2.20 0.2

Any unspecified impurity - 0.1

Total unspecified impurities - . 0.5

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S)

Sample solution: 50 mg/mL in water. Perform the
measurement at 20°.

Acceptance criteria: +9.0° to +11.0°
• WATER DETERMINATION, Method la (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight,

light-resistantcontainers.
• USP REFERENCE STANDARDS (11)

USP L-Alanine RS
USP L-Alanyl-L-alanine RS
USP L-Alanyl-L-glutamine RS
USP Glutamine RS

Alpha Lipoic Acid-see Alpha Lipoic Acid under L.

USP 43

American Ginseng

DEFINITION
American Ginseng consists of the dried roots of Panax

quinquefolius L. (Fam.Araliaceae). It contains NLT 4.0% of
total ginsenosides, calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 20 mg/mL of USP Powdered
American Ginseng ExtractRS in methanol

Standard solution B: 20 mg/mL of USP Powdered Asian
Ginseng ExtractRS in methanol

Sample solution: Transferabout 1.0 g of finely powdered
American Ginseng to a 25-mLflask fitted with a reflux
condenser. Add 10.0 mL of a mixture of methanol and
water (7:13), and heat under reflux for 15 min. Cool, filter,
and dilute the filtrate with methanol to 10.0 mL.

Adsorbent: 0.25-mm layerof silica gel, typically 20 cm long
(TLC plates)

Application volume: 20 IJL
Developing solvent system A: Chloroform, methanol, and

water (13:7:2). Usethe lower phase.
Developing solvent system B: Butyl alcohol, ethyl acetate,

and water (4:1:5). Usethe upper phase.
Derivatization reagent: Dissolve 0.5 mL of anisaldehyde in

10 mLof glacial acetic acid, add 85 mLof methanol, mix,
and carefully add 5 mLof sulfuric acid.

Analysis
Samples: StandardsolutionA, Standard solutionB, and

Sample solution
Developin a chamber containing Developing solventsystem

A until the solvent front has moved 10.5 cm from the
origin. Remove the plates, and allowto dry. Turn the
plates 90°, and develop in a chamber containing
Developing solventsystem 8 until the solventfront has
moved 10.5 cm from the origin. Remove the plates, and
allowto dry. Spraywith Derivatization reagent. Heat the
plates at 105°-110° for 10 min, and examine under white
light.

Suitability requirements: The order, from top to bottom,
of ginsenosides on the chromatographic plates is Rgz (on
left)and Rg, (on right), Rf, Re, Rd, Rc, Rbz (on left)and Rb,
(on right), and Ro. Ginsenosides Rgz, Rg ll Rf, Re, and Rd are
found on the upper halfof the plates; the remaining
ginsenosides are found on the lower half after
chromatographing with Developing solvent system B.
StandardsolutionA does not exhibit a spot for ginsenoside
Rf. Standardsolution 8 exhibits a spot for ginsenoside Rf.

Acceptance criteria: The spots from the Sample solution
correspond to those from StandardsolutionA.

• B. The retention times of the peaksfor ginsenosides Rg"
Re, Rb" Rbz, Rcz, and Rd of the Samplesolutioncorrespond
to those of StandardsolutionA, as obtained in the test for
Contentof Ginsenosides. The ratio of the peak responses for
ginsenosides Rb, to Rb, is lessthan 0.4, and the ratio of the
peak responses for ginsenosides Rg, to Rb, is less than 0.3.
The chromatogram shows no significant peak at the
retention time correspondinq to that for ginsenoside Rf of
Standardsolution 8, as obtained in the test for Contentof
Ginsenosides.

COMPOSITION
• CONTENT OFGINSENOSIDES

Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 1.
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Table 1

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24

77 76 24

Diluent: Alcohol and water (4:6)
Standard solution A: Transfer a quantity of USP Powdered

American Ginseng Extra~t RS, equiv~lent to ab?ut 2 ":1g of
ginsenoside Rb, to a suitable container, and dissolve In
10.0 mL of Diluent.

Standard solution B: Transfer a quantity of USP Powdered
Asian Ginseng Extract RS, equivalen~ to about? mg of
ginsenoside Rg" to a suitable container, and dissolve In

10.0 mL of Diluent.
Sample solution: Reduce 100 g of American Ginseng to a

powder, and transfer about 1.0 g of the po~der, ac~urately
weighed to a 1OO-mL round-bottom flask fitted with a
reflux co~denser. Add 50 mL of Diluent and a few grains of
pumice boil on a water bath under reflux for 1 h, cool, and
filter. Wash the flask and the residue with 20 mL of
Diluent, and pass through the same filter. Combine the
filtrates, and evaporate in a r~tary evaporator. at 50° to
dryness. Dissolve the residue In 10.0 mL of Diluent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm x 15-cm; 3-l-Im packing L1
Guard column: 4.6-mm x 2.0-cm; packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection size: 10 I-IL

System suitability
Sample: StandardsolutionB
Suitability requirements. . . .

Chromatogram similarity: The chromatogram IS similar
to the reference chromatogram provided with the lot of
USP Powdered American Ginseng Extract RS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the six major
ginsenosides, in replicate injections

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution .
Identify ginsenosides Rg" Re, Rb, Rc, Rb2, and Rd In the

Standardsolutions and the Sample solution by comparing
the chromatograms with the refere~ce ch~omatogram
provided with USP Powdered American Ginseng
Extract RS and measure the peak responses.

Calculate the percentages of individual ginsenosides in the
portion of American Ginseng taken:

Result =(ru/rs) x Cs x (V/W) x 100

=peak response of ginsenoside Rg" Re, Rb,
Rc, Rb2, or Rd from the Sample solution

= peak response of ginsenoside Rg" Re, Rb"
Rc, Rb2, or Rd from the appropriate Standard
solution
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Cs =concentration of ginsenoside Rg" Re, Rb,
Rc, Rb2, or Rd in the appropriate Standard
solution (mg/mL)

V = volume of the Sample solution (mL)
W =weight of American Ginseng taken to prepare the

Sample solution (mg)

Calculate the percentage of total ginsenosides in the
portion of American Ginseng taken by adding the
individual percentages.

Acceptance criteria: NLT 4.0% of total ginsenosides on the
dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g. The total
combined molds and yeasts count does not exceed 102 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Fusiform or cylindrical.roots, sometimes .
branched, typically 1-10 cm, sometimes up to 20 cm, In
length and up to 2.5 cm in diameter at the crown, with one
or more stem scars. Externally pale yellow to golden,
rough-textured, with prominent horizontal rings and f~ne

longitudinal ridges as a result of drying. Root scars or fine
rootlets are present. If stem base is present, scales are thin
and perishing (differs from P. gi,!seng, in which ~cales at
base of stem are fleshy and persistent). Fracture IS short;
fractured surface is white to ivory, with distinct aromatic
odor and rings of secretory canals present in secondary
phloem. .

Microscopic
Transverse section of root: Multiple layers of thin-walled

cork cells are pre~ent. Secondary phloem is charact:ri~ed
by conspicuous air lacunae; abundant, starch-containing
storage parenchyma; few sieve elements, found in small
groupings; and rings of schizogenous secretory canals.
Each secretory canal is lined with 6-8 epithelial cells that
lack starch. Xylem is characterized by abundant
starch-containing storage parenchyma and a few
tracheary elements, composed of non lignified tracheids
and slightly lignified spiral or reticulated vessels lacking
secretory canals and found in isolati?n or in small . .
groupings. Druse crystals are sometimes present Within
vascular parenchyma cells. Diarch or triarch primary
xylem is in center of root.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of American Ginseng, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
8.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store protected from heat.
• LABELING: The label states the Latin binomial and, following

the official name, the parts of the plant contained in the
article.
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• USP REFERENCE STANDARDS (11)
USP Powdered American Ginseng Extract RS
USP Powdered Asian Ginseng Extract RS

Powdered American Ginseng

DEFINITION
Powdered American Ginseng isAmerican Ginseng reduced
to a fine or a veryfinepowder. It contains NLT 4.0% of total
ginsenosides, calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 20 mg/mL of USP Powdered
American Ginseng Extract RS in methanol

Standard solution B: 20 mg/mL of USP Powdered Asian
Ginseng ExtractRS in methanol

Sample solution: Transferabout 1.0 .g of Po.wdered
American Ginseng to a 25-mLflask fitted with a reflux
condenser. Add 10.0 mLof a mixture of methanol and
water (7:13), and heat under refluxfor 15 min. Cool, filter,
and dilute the filtrate with methanol to 10.0 mL.

Adsorbent: 0.25-mm layerof silica gel, typically 20 cm long
(TLC plates)

Application volume: 20 IJL
Developing solvent system A: Chloroform, methanol, and

water (13:7:2). Usethe lower phase.
Developing solvent system B: Butyl alcohol, ethyl acetate,

and water (4:1:5). Usethe upper phase.
Derivatization reagent: Dissolve 0.5 mLof anisaldehyde in

10 mLof glacialacetic acid, add 85 mLof methanol, mix,
and carefully add 5 mLof sulfuric acid.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Developin a chamber containing Developing solventsystem

A until the solvent front has moved 10.5 cm from the
origin. Remove the plates, and allow to dry. Turn the

.plates 90°, and develop in a ch~mber containing
Developing solvent system B until the solvent front has
moved 10.5 cm from the origin. Remove the .plates, and
allowto dry. Spraywith Derivatization reagent. Heat the
plates at 105°-110° for 10 min, and examine under white
light.

Suitability requirements: The order, fr?m top t? bottom,
of ginsenosides on the chromatographic plates IS: Rg2 (on
left)and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left) and Rb1
(on right), and Ro. Ginsenosides Rg2, Rg1, Rf, Re, and Rd are
found on the upper halfof the plates; the remaining
ginsenosides are found on the lower half after
chromatographing with Developi.nSl solvent syste,!! B. .
Standard solutionA does not exhibit a spot for qlnsenoslde
Rf. StandardsolutionB exhibits a spot for ginsenoside Rf.

Acceptance criteria: The spots from the Sample solution
correspond to th?se from StandardsolutIon A. .

• B. The retention times of the peaks for qlnsenosides Rg1,

Re, Rb1, Rb2, Rc2, and Rd of the Sample solutioncorrespond
to those of StandardsolutionA, as obtained in the test for
Contentof Ginsenosides. The ratio of the peak responses for
ginsenosides Rb2 to Rb1 is lessthan 0.4, and the ratio of the
peak responses for ginsenosides Rg1 to Rb1 is less than 0.3.
The chromatogram shows no significant peak at the
retention time corresponding to that for ginsenoside Rf of
Standardsolution B, as obtained in the test for Contentof
Ginsenosides.
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COMPOSITION
• CONTENT OF GINSENOSIDES

Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24

77 76 24

Diluent: Alcohol and water (4:6)
Standard solution A: Transfera quantity of USP Powdered

American Ginseng Extract RS, equivalent to about 2 mg of
ginsenoside Rb1, to a suitable container, and dissolve in
10.0 mLof Diluent.

Standard solution B: Transfera quantity of USP Powdered
Asian Ginseng Extract RS, equivalent to about 2 mg of
ginsenoside Rg1, to a suitable container, and dissolve in
10.0 mLof Diluent.

Sample solution: Transferabout 1:0 g of Powdered
AmericanGinseng, accurately weighed, to a 100-mL
round-bottom flask fitted with a refluxcondenser. Add
50 mLof Diluentand a few grains of pumice, boilon a water
bath under reflux for 1 h, cool, and filter.Washthe flask and
the residue with 20 mLof Diluent, and pass through the
same filter. Combine the filtrates, and evaporate in a rotary
evaporator at 50° to dryness. Dissolve the residue in
10.0 mLof Diluent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm x 15-cm; 3-lJm packing L1
Guard column: 4.6-mm x 2.0-cm; packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection size: 10 IJL

System suitability
Sample: Standardsolution B
Suitability requirements. . . .

Chromatogram similarity: The chromatogram IS Similar
to the reference chromatogram provided with ~he lot of
USP Powdered AmericanGinsengExtract RS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the six major
ginsenosides, in replicate injections

Analysis .
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution .'.
Identify ginsenosides Rg1, Re,Rb1, Rc, Rb?, and Rd In th.e

Standardsolutions and the Sample solution by comparrng
the chromatograms with the refere~ce chrornatoqram
provided with USP Powdered AmerrcanGinseng
Extract RS and measure the peak responses~

Calculate the percentages o~ indivi9ualginsenosides in the
portion of Powdered Amerrcan Ginseng taken:

Result =(ru/rs) x Cs x (V/Wj x100
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=peak response of ginsenoside Rg1, Re, Rb1,

Rc, Rb2, or Rd from the Sample solution
= peak response of ginsenoside Rg1, Re, Rb1,

Rc, Rb2, or Rd from the appropriate Standard
solution .

= concentration of ginsenoside Rg1, Re, Rb1,

Rc, Rb2, or Rd in the appropriate Standard
solution (mg/mL)

=volume of the Sample solution (mL)
=weight of Powdered American Ginsengtaken to

prepare the Sample solution (mg)

Calculate the percentage of total ginsenosides in the
portion of PowderedAmerican Ginseng taken by adding
the individual percentages.

Acceptance criteria: NLT 4.0% of total ginsenosides on the
dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 du/g. The total
combined moldsand yeastscount does not exceed 102 du/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Pale yellowish-brown

powder with a slightly aromaticodor; oval parenchymatous
cells packed with starch granulesand occasional druse
crystals of calcium oxalate;yellowish-brown secretory
vessels with yellowish-brown contents

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of PowderedAmerican Ginseng
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 1.0 g of Powdered American Ginseng
Acceptance criteria: NMT 8%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in tight containers,

protected from light, moisture, and heat.
• LABELING: The labelstates the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP PowderedAmerican Ginseng Extract RS
USP PowderedAsian Ginseng Extract RS

Powdered American Ginseng Extract
DEFINITION
PowderedAmerican Ginseng Extract is prepared from the

pulverized dried roots of Panax quinquefolius L. (Fam.
Arallaceae), using suitablesolvents, and dried to a powder.
It contains NLT 10.0% of total ginsenosides, calculatedon
the anhydrous basis. The ratioofstarting crude plant material
to PowderedAmerican Ginseng Extract is between 3:1 and
7:1.
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IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 20 mg/mLof USP Powdered
American Ginseng Extract RS in methanol

Standard solution B: 20 mg/mLof USP PowderedAsian
Ginseng Extract RS in methanol

Sample solution: 20 mg/mL in methanol
Adsorbent: 0.25-mm layerof chromatographic silica gel,

typically 20 cm long (TLC plates)
Application volume: 20 pl,
Developing solvent system A: Chloroform, methanol, and
water (13:7:2). Use the lowerphase.

Developing solvent system B: Butyl alcohol, ethyl acetate,
and water (4:1 :5). Use the upper phase.

Spray reagent: Dissolve 0.5 ml ofanisaldehyde in 10 mL of
glacial acetic acid, add 85 mL of methanol, mix, and
carefully add 5 mL of sulfuric acid.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Develop in a chamber containing Developing solvent system

A until the solventfront has moved 10.5 cm from the
origin. Remove the plates, and allowto dry. Turn the
plates 90°, and develop in a chamber containing
Developing solvent system Buntil the solventfront has
moved 10.5 cm from the origin. Remove the plates, and
allowto dry. Spraywith Spray reagent. Heat the plates at
105°-110° for 10 min, and examine.

Suitability requirements: The order, from top to bottom,
of ginsenosides on the chromatographic plates is: Rg2 (on
left)and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left)and Rb1

(on right), and Ro. Ginsenosides Rg2, Rg1, Rf, Re, and Rd are
found on the upper halfof the plates; the remaining
ginsenosides are found on the lower halfafter
chromatographing with Developing solvent system B.
Standard solution A does not exhibit a spot for ginsenoside
Rf. Standard solution Bexhibits a spot for ginsenoside Rf.

Acceptance criteria: The spots from the Sample solution
correspond to those from Standard solution A.

• B. The retention times of the peaksfor ginsenosides Rg1,

Re, Rb1, Rb2, Rc, and Rd of the Sample solution correspond
to those of Standard solution A, as obtained in the test for
Content ofGinsenosides. The ratioof the peak responsesfor
ginsenosides Rb2 to Rb1 is less than 0.4, and the ratioof the
peak responsesfor ginsenosides Rg1 to Rb1 is less than 0.3.
The Sample solution shows no significant peak at the
retention time corresponding to that for ginsenoside Rf of
Standard solution B, as obtained in the test for Content of
Ginsenosides.

COMPOSITION
• CONTENT OF GINSENOSIDES

Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24
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Table 1 (continued) CONTAMINANTS

p

Cu

·~'P9~~~j~~~C~~1":
Pb9'!]j)J!g9IR~lgIB~q
: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 104 du/g. The total
combined moldsand yeastscount does not exceed 103 dul
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): It meets the requirements of
the "tests for absence of Salmonella species and
Escherichia coli.

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 7.0%
• BOTANICAL EXTRACTS, Residue on Evaporation (565): Meets

the requirements ""
• ALCOHOL DETERMINATION, Method" (611): NMT 0.25%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant from which the
articlewas derived. Label it to indicate the content of total
ginsenosides, the extracting solvent used for preparation,
and the ratio of the starting crude plant material to the
Powdered Extract. It meets the labelingrequirements under
BotanicalExtracts (565).

• USP REFERENCE STANDARDS (11)
USP Powdered American Ginseng ExtractRS
USP Powdered Asian Ginseng Extract RS

American Ginseng Capsules

DEFINITION
American Ginseng Capsulescontain Powdered American

Ginseng Extract. Capsules contain NLT 90.0% and NMT
110.0% of the labeled amount of Extract, calculated as the
sum of ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rd.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Sample solution

Soft-shell gelatin Capsules: Transfer a portion of the
contents of the Capsules, equivalent to 100 mg of
Powdered Extract, to a separatory funnel containing
30 mLof a mixture of hexanes, methanol, and water
(20:15:10), dissolve in this mixture, and collect the lower
layer. Washthe upper layerwith three 15-mLportions ofa
mixture of methanol and water (15:10), and combine the
washingswith the lowerlayer. Evaporate to dryness under
vacuum at 45°-50°. Dissolve the residue in 5 mL of
methanol.

Hard-shell gelatin Capsules: Transfer a portion of the
contents of the Capsules, equivalent to 100 mg of
Powdered Extract, to a conical flask. Extract at 5SO with
three 20-mLportions of a mixtureof methanol and water
(2:8). Evaporate the combined extracts to dryness under
vacuum at 45°-50°. Dissolve the residue in 5 mLof
methanol.

Standard solution A: 20 mg/mL of USP Powdered
American Ginseng Extract RS in methanol

= peak response of ginsenosides Rg" Re, Rb,
Rc, Rb2, or Rd from the Samplesolution

=peak response of ginsenosides Rg" Re, Rb,
Rc, Rb2, or Rd from the appropriate Standard
solution

=concentration of ginsenosides Rg" Re, Rb,
Rc, Rb2, or Rd in the appropriate Standard
solution (mg/mL)

=concentration of Powdered American Ginseng
Extract in the Sample solution (mg/mL)

= labeled amount, in percentage, of each relevant
ginsenoside in USP Powdered American Ginseng
Extract RS

Calculatethe percentage of total ginsenosides in the
portion of PowderedAmerican Ginseng Extracttaken by
adding the individual percentages.

Acceptance criteria: NLT 10.0% of total ginsenosides on
the anhydrous basis

Diluent: Alcohol and water (4:6)
Standard solution A: Transfera quantity of USP Powdered

American Ginseng Extract RS, equivalent to about 2 mg of
ginsenoside Rb, to a suitable container, and dissolve in
10.0 mLof Diluent.

Standard solution B: Transfera quantity of USP Powdered
Asian Ginseng Extract RS, equivalent to about 2 mg of
ginsenoside Rg" to a suitable container, and dissolve in
10.0 mLof Diluent.

Sample solution: Transfer a quantity of PowderedAmerican
Ginseng Extract, equivalent to about 5 mg of ginsenosides,
to a suitable container. Dissolve in 10.0 mLof Diluent,
sonicating for 10 min, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm x 15-cm; 3-lJm packing L1
Guard column: 4.6-mm x 2.0-cm; packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection size: 10 IJL

System suitability
Sample: StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram issimilar
to the Reference Chromatogram provided with the lot
of USP Powdered Asian Ginseng ExtractRS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the 6 major
ginsenosides, in replicate injections

Analysis
Samples: StandardsolutionA, Standardsolution 8, and

Sample solution
Identifyginsenosides Rg" Re, Rb, Rc, R02, and Rd in the

Standardsolutions and the Sample solution by comparing
the chromatograms with the Reference Chromatogram
provided with USP Powdered American Ginseng
ExtractRS, and measure the peak responses.

Calculatethe percentages of individual ginsenosides in the
portion of Powdered American Ginseng Extracttaken:

Result = (r vir s) x (C siC v) x P

Time Solution A Solution B
(min) (%) (%)

77 76 24
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Standard solution B: 20 mg/ml of USP Powdered Asian
Ginseng Extract RS in methanol

Application volume: 20 pt,
Developing solvent system A: The lowerphaseofa mixture

of chloroform, methanol, and water (13:7:2)
Developing solvent system B: The upper phase of a

mixtureof butyl alcohol, ethyl acetate, and water (4:1 :5)
Spray reagent: Dissolve 0.5 ml of anisaldehyde in 10 ml of

glacial acetic acid, add 85 ml of methanol, mix, carefully
add 5 ml of sulfuric acid, and mix.

Analysis
Samples: Sample solution, Standard solution A, and

Standard solution B
Develop the chromatograms in a chamber containing

Developing solvent system A until the solventfront has
moved 10.5 cm from the origin. Remove the plate from
the chamber, and allowto dry. Turn the plate 90°, and
develop in a chamber containing Developing solvent
system 8 untilthe solventfront has moved 10.5 cm from
the origin. Remove the plate from the chamber, and
allowto dry. Spraywith Spray reagent. Heatthe plate at
105°-110°for 10 min,and examine.Theorder, fromtop
to bottom, of ginsenosides on the plates is Rg2 (on left)
and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left) and Rb1

(on right), and Ro.
Ginsenosides Rg2, Rg1, Rf, Re, and Rd are found on the

upper halfof the plates; the remaining ginsenosides are
found on the lower halfafter chromatographing with
Developing solvent system B.

Acceptance criteria: Standard solution A does not exhibit a
spot for ginsenoside Rf. Standard solution 8 exhibits a spot
for ginsenoside Rf. The spots from the Sample solution
correspond to those from Standard solution A.

• B. The retention times of the peaksfor ginsenosides Rg1,

Re, Rb1, Rb2, Rc2, and Rd inthe chromatogram ofthe Sample
solution correspond to those from the Standard solution, as
obtained in the test for Content ofGinsenosides. The ratioof
the peak response for Rb2 to the peak responsefor Rb1 is
less than 0.4; and the ratio of the peak responsefor Rg1 to
the peak responsefor Rb1 is less than 0.3. There is no
significant peakat the retention time correspondingto that
of ginsenoside Rf in the System suitability solution, as
obtained in the test for Content of Ginsenosides.

STRENGTH
• CONTENT OF GINSENOSIDES

Method 1
Diluent: Water and alcohol (3:2)
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24

77 76 24

Standard solution: Asolutionof USP Powdered American
Ginseng Extract RS in Diluent containingthe equivalentof
0.2 mg/ml of ginsenoside Rb,

Dietary Supplements / American Ginseng 4755

Sample solution (soft-gelatin Capsules): Open NlT 20
Capsules, transfer the contents to a suitablecontainer,
and mix to homogenize. Transfer a portion, expected to
contain an amount of Extract equivalentto 12 mg of
ginsenosides, to a suitableflask with a stopper. Add
5.0 ml of tetrahydrofuran, and sonicatefor 5 min. Add
25.0 ml of a mixtureof methanol and water (4:6), and
shakefor 50 min inan automatic shaker. Transfer 15.0 ml
of the obtained emulsion to a centrifugetube with a
stopper, add 800 mg of sodium chloride, shakefor 30 s,
and centrifugeto obtain a clear upper phase. Dilute
1.0 ml of the upper phase with 4 ml ofwater in a suitable
tube, and transfer the solution to a column containing
360 mg of packing l2 that has been previously treated
with 3.0 ml of methanol followed by 8.0 ml of water.
[NOTE-Elute slowly, not faster than 1 drop/s, in allelution
steps. Do not use vacuum.] Rinse the tube with 5 ml of
water, transfer to the column taking the precaution of
slowelution, and discard the eluate. Repeatthe elution
with 5 ml of a mixtureof methanol and water (4:6), and
discard the eluate. Elute the ginsenosides with 5.0 ml of
methanol. Evaporate the solutionunder a stream of
nitrogen at 40° (50 min), and dissolve the residuewith
1.0 ml of a solutionof acetonitrile and water (1 :4).

System suitability solution: 24 mg/ml of USP Powdered
Asian Ginseng Extract RS in Diluent. Filter.

.Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 203 nm
Column

Guard column: 4.6-mm x 2.0-cm; packingII
Analytical column: 4.6-mm x 15-cm; 3-~m packing II

Column temperature: 25°
Flowrate: 1.5 ml/min
Injection size: 10 ~l

System suitability
Sample: System suitability solution (inject20 ~L)

Suitability requirements
Chromatogram similarity: The System suitability solution

chromatogram issimilar to the Reference
Chromatogram providedwith the lot of USP Powdered
Asian Ginseng Extract RS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the sixmajor
ginsenosides, in repeated injections

Analysis
Samples: Standard solution and Sample solution

Identify ginsenosides Rg" Re, Rb, Rc, Rb2, and Rd in the
Standard solution and the Sample solution by
comparing the chromatograms with the Reference
Chromatogram providedwith USP Powdered
American Ginseng Extract RS being used, and measure
the peak responses.

Calculate the quantity, in mg, of each relevant
ginsenoside(Rq, Re, Rb, Rc, Rb2, and Rd) in the
portion of Capsule contents taken:

Result =0.3 x (ru/rs) x C, x P

=peak area for each relevantginsenosidefrom the
Sample solution

= peak area for each relevantginsenosidefrom the
Standard solution

= concentration of USP Powdered American
Ginsenq Extract RS in the Standard solution (mg/
mL)
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T = content of total ginsenosides in the portion of
Capsule contents taken (mg)

Awr =average weight of Capsule contents (mgl
Capsule)

W =weight of the portion of Capsule contents taken
(mg)

LE =content of total ginsenosides, mg, in 100 mg of
the Extract used to prepare the Capsules

L = amount of Extract per Capsule according to label
claim (mg/Capsule)

Acceptance criteria: 90.0%-110.0% of Extract,
calculated as the sum of ginsenosides Rg" Re, Rb,
Rc, Rb2, and Rd

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 du/g. The total
combined molds and yeasts count does not exceed 103 du/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. Store at controlled room temperature.
• LABELING: The label statesthe Latin binomial and, following

the official name, the article from which the Capsules were
prepared. The label also indicates the amount of Extract, in
rnq/Capsule, Label the Capsules to indicate the percentage
of ginsenosides in the Extract contained in the Capsules. For
soft-gelatin Capsules, state the method for Content of

4756 American Ginseng / Dietary Supplements

P =labeled amount, in percentage, of each relevant
ginsenoside in the USP Powdered American
Ginseng Extract RS lot being used

Calculate the content of total ginsenosides, T, in mg, by
adding the amounts of individual ginsenoside.

Calculate the percentage of Powdered Extract with respect
to the label claim:

Result =T x'(Awr/W) x (100/LE) x (100/L)

T = content of total ginsenosides in the portion of
Capsule contents taken (mg)

Awr =average weight of Capsule contents (mg/
Capsule)

W =weight of the portion of Capsule contents taken
(mg)

LE = content of total ginsenosides, mg, in 100 mg of
the Extract used to prepare the Capsules

L =amount of Extract per Capsule according to label
claim (mg/Capsule)

Method 2
Diluent, Solution A, Solution B, Mobile phase, System

suitability solution, Chromatographic system, and
Suitability requirements: Proceed as directed under
Method 1.

Solvent A: Upper phase of a mixture consisting of hexane,
methanol, and water (4:3:2)

Solvent B: Lower phase of a mixture consisting of hexane,
methanol, and water (4:3:2)

Standard solution: Asolution of USP Powdered American
Ginseng Extract RS in Diluent containing the equivalent of
1 mg/mL of ginsenoside Rb,

Sample solution A (for soft-gelatin Capsules): Open NLT
20 Capsules and transfer the contents to a suitable
container. Mix to homogenize and transfer a portion,
expected to contain an amount of Extract equivalent to
15 mg of total ginsenosides, to a 50-mL flask. Add
10.0 mLof Solvent A, and sonicate for 3-5 min at 25°-30°.
Transfer the solution to a 125-mL separatory funnel. To
the residue add 10 mL of Solvent B, and sonicate for 3-
5 min at 25°-30°. Transfer the solution to the same
separatory funnel. Repeat the above procedure twice (the
total volume will be about 60 mL). Shake, and then allow
the phases to separate. Collect the combined lower phase
in a round-bottom flask, andwash the combined upper
phase twice with 10 mL of Solvent B. Evaporate the
combined lower phase to dryness under vacuum at 45°
50°. Transfer the residue to a 1O-mL volumetric flask using
small volumes of methanol, and dilute with methanol to
volume.

Sample solution B (for hard-gelatin Capsules): Weigh the
contents of NLT 20 Capsules, and composite the contents.
Transfer a portion of the composite, expected to contain
an amount of Extract equivalent to 15 mg of total
ginsenosides, to a conical flask. Add 15 mL of methanol,
and shake to mix. Sonicate the mixture at 25°_30° for
30 min. Cool, pass through filter paper, and return the
residue to the conical flask. Add another 15 mL of
methanol, sonicate the mixture at 25°-30° for 30 min, and
filter. Wash the residue with three 15-mL portions of
methanol. Evaporate the combined extracts and washing
to dryness under vacuum at 45°-50°. Transfer the residue
to a 1O-mL volumetric flask using small volumes of
methanol, and dilute with methanol to volume.

Analysis
Samples: Standard solution and Sample solution

P

USP 43

Identify ginsenosides Rg" Re, Rb, Rc, Rb2, and Rd in the
Standard solution and the Sample solution by
comparing the chromatograms with the Reference
Chromatogram provided with USP Powdered
American Ginseng Extract RS, and measure-the peak
responses.

Calculate the quantity, in mg, of each relevant
ginsenoside (Rg" Re, Rb, Rc, Rb2, and Rd) in the
portion of Capsule contents taken:

Result =0.1 x (ru/rs) x C, x P

=peak area for each relevant ginsenoside from the
Sample solution

=peak area for each relevant ginsenoside from the
Standard solution

=concentration of USP Powdered American
Ginseng Extract RS in the Standard solution (mg/
mL)

= labeled amount, in percentage, of each relevant
ginsenoside in the USP Powdered American
Ginseng Extract RS lot being used

Calculate the content of total ginsenosides, T, in mg, by
adding the amounts of individual ginsenoside.

Calculate the percentage of Powdered Extract with
respect to the label claim:

Result =T x (Awr/W) x (100/LJ x (100/L)
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Ginsenosides with which the product complies only if
Method 7 is not used.

• USP REFERENCE STANDARDS (11)
USP Powdered American Ginseng Extract RS
USP Powdered Asian Ginseng Extract RS

American Ginseng Tablets

DEFINITION
American Ginseng Tablets contain Powdered American

Ginseng Extract. Tablets contain NLT90.0% and NMT
110.0% of Extract, calculated as the sum of
ginsenosides Rg" Re, Rb" Rc, Rb2, and Rd.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution A: 20 mg/mL of USP Powdered

American Ginseng Extract RS in methanol
Standard solution B: 20 mg/mL of USP Powdered Asian

Ginseng Extract RS in methanol
Sample solution: Transfer a quantity of finely powdered

Tablets, equivalent to 100 mg of Extract, to a conical flask.
Extract at 55° with three 20-mL portions of a mixture of
methanol and water (2:8). Evaporate the combined
extracts to dryness under vacuum at 45°-50°. Dissolve the
residue in 5 mL of methanol.

Application volume: 20 ~L

Developing solvent system A: The lower phase of a mixture
of chloroform, methanol, and water (13:7:2)

Developing solvent system B: The upper phase of a
mixture of butyl alcohol, ethyl acetate, and water (4:1 :5)

Spray reagent: Dissolve 0.5 mL of anisaldehyde in 10 mL of
glacial acetic acid, add 85 mL of methanol, mix, carefully
add 5 mL of sulfuric acid, and mix.

Analysis
Samples: StandardsolutionA, Standardsolution B,and

Sample solution
Proceed as directed in the chapter. Develop in a

chamber containing Developing solventsystem A until the
solvent front has moved 10.5 cm from the origin.
Remove the plates from the chamber, and allow to dry.
Turn the plates 90°, and develop in a chamber
containing Developing solvent system B until the solvent
front has moved 10.5 cm from the origin. Remove the
plates from the chamber, and allow to dry. Spray with
Spray reagent. Heat the plates at 105°-110° for 10 min,
and examine. The order, from top to bottom, of
ginsenosides on the plates is Rg2 (on left) and Rg, (on
right), Rf, Re, Rd, Rc, Rb2 (on left) and Rb, (on right), and
Ro. Ginsenosides Rg2, Rg" Rf, Re, and Rd are found on
the upper half of the plates; the remaining ginsenosides
are found on the lower half after chromatographing with
Developing solventsystem 8

Acceptance criteria: The chromatogram of Standard
solutionA does not exhibit a spot for ginsenoside Rf.
Standardsolution B exhibits a spot for ginsenoside Rf. The
spots from the Sample solution correspond to those from
StandardsolutionA.

• B. The retention times of the peaks for ginsenosides Rg"
Re,Rb, Rb2, Rc2, and Rdin the chromatogram of the Sample
solutiqn correspond to those from the Standardsolution, as
obtained in the test for Contentof Ginsenosides. The ratio of
the peak response for Rb2 to the peak response for Rb. is
less than 0.4; and the ratio of the peak response for Rg1 to
the peak response for Rb1 is less than 0.3. The Sample
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solution chromatogram shows no significant peak at the
retention time corresponding to that of ginsenoside Rf in
the System SUitability solution, as obtained in the test for
Contentof Ginsenosides.

STRENGTH
• CONTENT OF GINSENOSIDES

Diluent: Water and alcohol (3:2)
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24

77 76 24

Standard solution: A solution of USP Powdered American
.Ginseng Extract RS in Diluent containing the equivalent of
1 mg/mL of ginsenoside Rb1

Sample solution: Accurately weigh and finely powder NLT
20 Tablets. Transfer to a conical flask an accurately weighed
portion of the powder expected to contain an amount of
Extract equivalent to 15 mg of total ginsenosides, add
15 mL of methanol, and shake to mix. Sonicate the mixture
at 25°_30° for 30 min. Cool, pass through filter paper, and
return the residue to the conical flask. Add another 15 mL
of methanol, sonicate the mixture at 25°-30° for 30 min,
and filter. Wash the residue with three 15-mL portions of
methanol. Evaporate the combined extracts and washings
to dryness under vacuum at 45°-50°. Transfer the residue
to a 1O.O-mL volumetric flask, using small volumes of
methanol, and dilute with methanol to volume.

System suitability solution: 24 mg/mL of USP Powdered
Asian Ginseng Extract RS in Diluent. Filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Column

Guard column: 4.6-mm x 2.0-cm; packing L1
Analytical column: 4.6-mm x 15-cm; 3-~m packing L1

Column temperature: 25°
Flow rate: 1.5 mL/min
Injection size: 10 ~L

System suitability
Sample: System suitability solution (inject 20 ~L)

Suitability requirements
Chromatogram similarity: The System suitabilitysolution

chromatogram is similar to the Reference
Chromatogram provided with the lot of USP Powdered
Asian Ginseng Extract RS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the six major
ginsenosides, in repeated injections

Analysis
Samples: Standardsolution and Sample solution

Identify ginsenosides Rg" Re, Rb1, Rc, Rb21 and Rd in the
Standardsolutionand Sample solution by comparing the
chromatograms with the Reference Chromatogram
provided with USP Powdered American Ginseng
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Awr
W
LE

Andrographis
DEFINITION
Andrographis consists of the dried stems and leaves of

Andrographis paniculata (Burm. f.) Nees (Fam. Acanthaceae).
It contains NLT 1.0% of diterpene lactones, calculated on the
dried basis as the sum of andrographolide,
neoandrographolide, 14-deox},'- .
11, 12-didehydroandrographollde, and androqrapanln.

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution 1: Use Standard solution A, prepared as

directed in the test for Content of Diterpene Lactones.
Standard solution 2: Sonicate an amount of USPPowdered

Androqraphls Extract RS, equiva!en.t to about 15 mg of
diterpene lactones, for 10-15 min In 25 mL of methanol,
centrifuge, and use the supernatant.

Sample solution: Use Sample stock solution, prepared as
directed in the test for Content of Diterpene Lactones.

Adsorbent: Chromatographic silica gel mixture with an
averageparticle size of 10-15 urn (TLC plates)

Application volume: 10 fJL, as 5-10 mm bands
Developing solvent system: Chloroform, acetone, and

toluene (2:2:1)
Derivatization reagent: A mixture of 1% vanillin in alcohol

and 10% sulfuric acid in alcohol (1:1)
Analysis

Samples: Standard solution 7, Standard solution 2, and
Sample solution

Use a saturated chamber. Develop until the solvent front
has moved up about 90% of the length of the plate.
Remove the plate from the chamber, dry, treat with
Derivatlzation reagent, heat for 5-10 min at 100°, and
examine under white light.

Acceptance criteria: The Sample solution exhibits three
main grayish-blue zones with RF values of approximately
0.4 0.6 and 0.8 that correspond in position and color to
zo~es i~ Standard solution 2. Standard solution 7 exhibits a
grayish-blue zone due to andrographolide at an RFof about
0.4. The Sample solution exhibits a zone similar in color and
RFvalue to that due to andrographolide in Standard solution
7.

• B. The retention time of the main peak of the Sample
solution obtained in the test for Content of Diterpene
Lactones corresponds to that of andrographolide in
Standard solution A. Identify other diterpene lactone peaks
in the Sample solution by comparison with Standard solution
Band the reference chromatogram provided with the lot of
USP Powdered Andrographis Extract RS being used. The
Sample solution shows additional peaks corresponding to
neoandrographolide, 14-deoxy
11,12-didehydroandrographolide, and andrograpanin.

COMPOSITION
• CONTENT OF DITERPENE LACTONES

Solution A: Dissolve 0.14 9 of potassium dihydrogen
phosphate in 900 mL of water, add 0.5 m.L of phosphoric
acid, dilute with water to 1000 mL, mix, filter, and degas.

Solution B: Acetonitrile, filtered and degassed
Standard solution A: Dissolve a weighed quantity of USP

Andrographolide RS in methanol to obtain a 1.0-mg/mL
solution. Transfer 5.0 mL of this solution to a 10-mL
volumetric flask, dilute with acetonitrile to volume,
and mix.

Standard solution B: Transfer an amount of USP Powdered
Andrographis Extract RS, equivalent to a.bout 25 mg of
diterpene lactones, to a 50-mL volumetric flask, add 25 mL

Extract RS lot being used, and measure the peak
responses.

Calculate the quantity, in mg, of each relevant
ginsenoside (Rg" Re, Rb, Rc, Rb2, and Rd) in the portion
of Tablets taken:

Result = 0.1 x (ru/rs) x Cs x P

=peak area for each relevant ginsenoside from the
Sample solution

= peak area for each relevant ginsenoside from the
Standard solution

= concentration of USP Powdered American
Ginseng Extract RS in the Standard solution (mg/
mL)

=labeled amount, in percentage, of each relevant
ginsenoside in the USP Powdered American
Ginseng Extract RS lot being used

Calculate the content of total ginsenosides, T, in mg, by
adding the amounts of individual ginsenoside.

Calculate the percentage of Powdered Extract with
respect to the label claim:

Result = T x (Awr/W) x (100/L E) x (100/L)

P

L

T = content of total ginsenosides in the portion of
Tablets taken (mg)

=average weight of Tablets (mg/Tablet)
=weight of the portion of Tablets taken (mg)
= content of total ginsenosides, mg, in 100 mg of

the Extract used to prepare the Tablets
=amount of Extract per Tablet according to label

claim (mg/Tablet)

Acceptance criteria: 90.0%-110.0% of Powdered Extract,
calculated as the sum of ginsenosides Rg,,.Re, Rb" Rc, Rb2,

and Rd

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS-NuTRITIONAL AND

DIETARY SUPPLEMENTS (2021): The total aerobic microbial
countdoes not exceed 104 du/g. The total combined
molds and yeasts count does not exceed 10 3 du/g. Meet
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. Store at controlled room temperature.
• LABELING: The label states the Latin binomial and, followinq

the official name, the article from which the Tablets were
prepared. The label also indicates the amount of Extract, in
mg/Tablet. Label the Tablets to indicate the percentage of
total ginsenosides in the Extract contained in the Tablets.

• USP REFERENCE STANDARDS (11)
USP Powdered American Ginseng Extract RS
USP Powdered Asian Ginseng Extract RS
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of methanol, heat gently for 15-20 min, dilutewith
acetonitrile to volume, and mix. Before injection, pass
through a membrane filterof 0.45-lJm or finer pore size,
discarding the first5 mL of the filtrate.

Sample stock solution: Transfer about 2.0 g of finely
powdered Andrographis to a 250-mLflask fitted with a
reflux condenser.Add50 mL of methanol, reflux for15 min,
cool to room temperature, and decant the supernatant.
Repeat until the extract is colorless. Combine the extracts,
filter, concentrate under vacuum, and adjust the volumeto
50.0 mL using methanol.

Sample solution: Transfer 25.0 ml of Sample stock solution
to a 50-mL volumetricflask, dilute with acetonitrile to
volume, and mix. Before injection, pass through a
membrane filterof 0.45-lJm or finer pore size, discarding
the first5 mL of the filtrate.

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80

35 55 45

40 95 5

45 95 5

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV223 nm
Column: 4.6-mm x 25-cm; 5-lJm packing l1
Flowrate: 1.5 mL/min
Injection volume: 20 IJL

System suitability . .
Samples: StandardsolutionA and Standardsolution8
Suitability requirements
The chromatogram of Standardsolution8 issimilar to the

referencechromatogram provided with the lot of USP
PowderedAndrographis Extract RS being used.

Column efficiency: NlT 5000 theoretical plates,
StandardsolutionA

Tailing factor: NMT 1.5 for the andrographolide peak,
StandardsolutionA

Relativestandard deviation: NMT 2.0%, determined
for the andrographolide peak in replicateinjections,
StandardsolutionA

Resolution: NLT 5 between the neoandrographolideand
14-deoxy-11,12-didehydroandrographolide peaks,
Standardsolution 8

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Using the chromatogram of StandardsolutionA, St?ndard

solution8, and the referencechromatogram provided
with the lot of USP PowderedAndrographis Extract RS
being used, identify the retention times of the peaks
corresponding to the differentditerpene lactones.The
approximate relative retention times of the different
dlterpene lactones are provided in Table 2.
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Table 2

Relative
Retention

Analyte Time

Andrographolide 1.00

Neoandrographolide 1.16

14-Deoxy-11,12-didehydroandrographolide 1.31

Andrograpanin 1.50

Separately calculatethe percentages of andrographolide,
neoandrographolide, 14-deoxy-
11,12-didehydroandrographolide, and andrograpanin in
the portion of Andrographis taken:

Result =(ru/rs) x (Cs/W) x 10F

= peak area of each identified diterpene lactone in
the Sample solution

=peak area of andrographolide in Standard
solutionA

= concentration of USP Andrographolide RS in
StandardsolutionA (mg/mL)

=weight of Andrographis taken to prepare the
Sample solution (g)

= conversion factor: 1.00 for andrographolide,
3.90 for neoandrographolide,1.45 for 14-deoxy
11,12-didehydroandrographolide, and 2.65 for
andrograpanin

Acceptance criteria: NLT 1.0% for the sum of the
percentages of andrographolide, neoandrographolide,
14-deoxy-l1,12-didehydroandrographolide, and
andrograpanin, on the dried basis

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities(561): Meetsthe requirements
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Stem isdark green, woody, 2-6 mm in
diameter, bearing numerous branches, showing slightly
swollen nodes, the upper part isdistinctly quadrangular
with four bulges in the four corners, and the lower part is
somewhat rounded; texture isfragile, easily broken;
branches are quadrangular, often narrowly winged in the
upper part. Leaves aresimple,opposite, short, petiolatedor
nearlysessile; lamina iscrumpled and easily broken,
lanceolate or ovate-Ianceolate when whole, 2-7 cm long,
1-3 cm wide,withacuminateapex, reticulate venation,and
cuneate-decurrent base, margin entire or undulate; the
upper surface isgreen, the lowersurfacegrayish-green;
both surfacesare glabrous. Pharmacopeial articleconsists
of dry mixtures of crisp, dark-green broken leaves and
quadrangular stems; leaves are brittle; stems are fracture
short, fibrous.

Microscopic
Transverse section of stems: Epidermal layershows cells

containing round, long-elliptical or clavate calcium
carbonate deposits (cystoliths), 1-4 celled nonglandular
hairsand multicellular, disk-shaped glandular hairs;
collenchyma is belowthe epidermisand in the bulges;
endodermis isdistinct; vascular bundles surround the
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parenchyma of the central pith; smallacicularcrystals of
calcium oxalate are present in the cortex and pith.

Transverse section of leaves: Subsquare or rectangular
upper and lowerepidermal cells; lowerepidermal cellsare
relatively smaller; both epidermal layers show cells
containing cystoliths, nonglandular hairsand glandular
hairssimilar to those of the stem; mesophyll is composed
of 1-2 layers of palisade parenchyma and spongy
parenchyma; looselyarranged spongy parenchyma
appear across the upper part of the midrib; vascular
bundles of midrib are collateral and grooved; cells
containing cystoliths appear above the xylem.

• Loss ON DRYING (731)
Sample: 1.0 9 of finely powdered Andrographis
Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 9 of finely powdered Andrographis
Acceptance criteria: NMT 15%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 8.0%

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 du/g; the total
combined molds and yeasts count does not exceed 103 du/
g; and the bile-tolerantGram-negativebacterialcount does·
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Andrographolide RS
USP Powdered Andrographis Extract RS'

Powdered Andrographis

DEFINITION
Powdered Andrographis is Andrographis reduced to a fine or

veryfine powder. Itcontains NLT 1.0% ofditerpene lactones,
calculated on the dried basis as the sum of the
andrographolide, neoandrographolide, 14-deoxy-
11,12-didehydroandrographolide, and andrograpanin.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution 1: UseStandardsolution A, prepared as

directed in the test for Contentof Diterpene Lactones.
Standard solution 2: Sonicatean amount of USP Powdered

Andrographis ExtractRS, equivalent to about 15 mg of
diterpene lactones, for 10-15 min in 25 mL of methanol,
centrifuge, and use the supernatant.

Sample solution: Use Sample stock solution, prepared as
directed in the test for Contentof Diterpene Lactones.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 IJm (TLC plates)

Application volume: 10 IJL,. as 5-10 mm bands

USP 43

Developing solvent system: Chloroform, acetone, and
toluene (2:2:1)

Derivatization reagent: Amixture of 1% vanillin in alcohol
and 10% sulfuric acid in alcohol (1:1)

Analysis
Samples: Standardsolution 1, Standardsolution2, and

Sample solution
Use a saturated chamber. Develop until the solvent front

has moved up about 90% of the length of the plate.
Remove the plate from the chamber, dry, treat with
Derivatization reagent, heat for 5-10 min at 100°, and
examine under white light.

Acceptance criteria: The Sample solution exhibits three
main grayish-blue zones with RF valuesof approximately
004, 0.6, and 0.8 that correspond in position and color to
the main zones of Standardsolution2. Standardsolution 1
exhibitsa grayish-blue zone due to andrographolide at an
RF of about 004. The Sample solution exhibits a zone similar
in color and RF value to that due to andrographolide in
Standardsolution 1.

• B. The retention time of the main peak of the Sample
solution obtained in the test for Contentof Diterpene
Lactones corresponds to that of andrographolide in
StandardsolutionA. Identifyother diterpene lactone peaks
in the Sample solutionby comparison with Standardsolution
Band the referencechromatogram provided with the lot of
USP Powdered Andrographis ExtractRS being used. The
Sample solutionshows additional peaks corresponding to
neoandrographolide, 14-deoxy-
11,12-didehydroandrographolide, and andrograpanin.

COMPOSITION
• CONTENT OF DITERPENE LACTONES

Solution A: Dissolve 0.14 9 of potassium dihydrogen
phosphate in 900 mLof water, add 0.5 mLof phosphoric
acid, dilute with water to 1000 mL, mix, filter, and degas.

Solution B: Acetonitrile, filtered and degassed
Standard solution A: Dissolve a weighed quantity of USP

Andrographolide RS in methanol to obtain a 1.0-mg/mL
solution. Transfer 5.0 mLof this solution to a 10-mL
volumetricflask, dilute with acetonitrile to volume,
and mix.

Standard solution B: Transferan amount of USP Powdered
AndrographisExtract RS, equivalent to about 25 mg of
diterpene lactones, to a 50-mLvolumetricflask, add 25 mL
of methanol, heat gently for 15-20 min, dilute with

.acetonitrile to volume, and mix. Before injection, pass
through a membrane filter of OA5-lJm or finer pore size,
discarding the first 5 mL of the filtrate. .

Sample stock solution: Transferabout 2.0 9 of Powdered
Andrographis to a 250-mLflask fitted with a reflux
condenser. Add50 mLof methanol, reflux for 15 min, cool
to room temperature, and decant the supernatant. Repeat
until the extract is colorless. Combine the extracts, filter,
concentrate under vacuum, and adjust the volume to
50.0 mL using methanol.

Sample solution: Transfer25.0 mLof Sample stock solution
to a 50-mLvolumetricflask, dilute with acetonitrile to
volume, and mix. Before injection, pass through a
membrane filterof OA5-lJm orfiner pore sizediscardingthe
first 5 mL of the filtrate.

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45
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w
F

= weight of PowderedAndrographis taken to
prepare the Sample solution (g)

= conversion factor: 1.00 for andrographolide,
3.90 for neoandrographolide, 1.45 for 14-deoxy
11,12-didehydroandrographolide, and 2.65 for
andrograpanin

Acceptance criteria: NLT 1.0% for the sum of the
percentages of andrographolide, neoandrographolide,
14-deoxy-ll,12-didehydroandrographolide, and
andrograpanin, on the dried basis

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities(561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: It is a grayish-brown powder.
Microscopic: It reveals cells of the upper ~n.d lower

epidermis of the leaves! s0!11e cells containing large .
cystoliths, up to 36 um In diameterand 180 urn long,With a
hilum-shapedscar in the large end; 1- to 4-celled
nonglandular hairs; disk-shaped glandular hairs, 8-celled
head and veryshort stalk; diacytic stomata mostly on the

,lowerepidermis; stem epidermal cells, some cel!s
containing cystoliths, stomata, nonglandular h~lrs and
glandular hairssimilar to those of the leaves; thin-wailed
parenchyma cells; collenchyma cells; acicular phloem
fibers; tracheids; vessels, with spiral and scalariform
thickening.

• Loss ON DRYING (731)
Sample: 1.0 9 of PowderedAndrographis
Analysis: Dry the Sample at 105°for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 9 of PowderedAndrographis
Acceptance criteria: NMT 15%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble
Extractives, Method 2 (561): NLT 8.0%

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g; the total
combined moldsand yeastscount does not exceed 103 cfu/
g; and the bile-tolerantGram-negative bacterial count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture,and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Andrographolide RS
USP Powdered Andrographis Extract RS

Table 1 (continued)

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 223 nm
Column: 4.6-mm x 25-cm;5-~m packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 ~L

System suitability
Samples: Standardsolution A and StandardsolutionB
Suitability requirements
The chromatogram of Standardsolution B issimilar to the

reference chromatogram provided with the lot of USP
PowderedAndrographis Extract RS being used.

Column efficiency: NLT 5000 theoretical plates,
StandardsolutionA

Tailing factor: NMT 1.5 for the andrographolide peak,
StandardsolutionA

Relative standard deviation: NMT 2.0%, determined
for the andrographolide peak in replicate injections,
StandardsolutionA

Resolution: NLT 5 between the neoandrographolideand
14-deoxy-ll,12-didehydroandrographolide peaks,
Standardsolution B

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Using the chromatogram of StandardsolutionA,Standard
solution B and the reference chromatogram provided
with the I~t of USP Powdered Androqraphis Extract RS
being used, identify the retention times of the peaks
corresponding to the differ~nt ~iterpene lact?nes. The
approximate relative retent~on tl!""es of the different
diterpene lactonesare provided In Table 2.

Table 2

Separately calculatethe percentages of andrographolide,
neoandrographolide, 14-deoxy-
11,12-didehydroandrographolide, an~ andrograpanin in
the portion of Powdered Androqraphis taken:

Result =(rufrs) x (Cs/W) x 10F

Time Solution A Solution B
(min) (%) (%)

25 20 80

28 20 80

35 55 45

40 95 5

45 95 5

Relative
Retention

Analyte Time

Andrographolide 1.00

Neoandrographolide 1.16

14-Deoxy-l1 ,12-didehydroandrographollde 1.31

Andrograpanin 1.50

=peak area of each identified diterpene lactone
from the Sample solution .

=peak area of andrographolide from Standard
solutionA . . .

= concentration of USP Andrographolide RS in
StandardsolutionA(mg/mL)
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Powdered Andrographis Extract

DEFINITION
Powdered Andrographis Extract is prepared from

Andrographis by extraction with methanol or alcohol. The
ratio of plant material to extract is between 15:1 and 10:1.
It contains NLT 90.0% and NMT 110.0% of the labeled
amount of diterpene lactones, calculated on the dried basis
as the sum of and~ographolide, neoandrographolide,
14-deoxy-ll,12-dldehydroandrographolide, and
andrograpanin. The content of 14-deoxy-
11, 12-didehydroandrographolide is NMT 15% of the total
diterpene lactones. It may contain suitable added substances
as carriers.

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution 1: Use Standard solution A, prepared as

directed in the test for Content of Diterpene Lactones.
Standard solution 2: Sonicate for 10-15 min a' quantity of

USP Powdered Andrographis Extract RS, equivalent to
about 15 mg of diterpene lactones, in 25 ml of methanol.
Centrifuge, and use the supernatant.

Sample solution: Sonicate for 10-15 min a quantity of
Po~dered Andrograph.is Extract, equivalent to about 15 mg
of diterpene lactones, In 25 mL of methanol. Centrifuge,
and use the supernatant.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 prn (TLC plates)

Application volume: 10 J,lL, as 5-10 mm bands
Developing solvent system: Chloroform, acetone, and

toluene (2:2:1)
Spray reagent: A mixture containing 1% vanillin in alcohol

and 10% sulfuric acid in alcohol (1:1)
Analysis

Samples: Standard solution 1, Standard solution 2, and
Sample solution
Use a saturated chamber. Develop until the solvent front

has moved up about 90% of the plate. Remove the plate
from the chamber. Dry, and spray with Spray reagent.
Heat for 5-10 min at 100°, and examine under visible
light.

Acceptance criteria: The Sample solution exhibits three
main grayish blue zones with RF values of approximately
0.4, 0.6, and 0.8 that correspond in position and color to
zones in Standard solution 2. Standard solution 1 exhibits a
grayish blue zone due to andrographolide at an RF of about
0.4. The Sample solution exhibits a zone similar in color
and RF value to that due to andrographolide in Standard
solution 1.

• B. The Sample solution in the test for Content of Diterpene
Lactones shows a main peak at a retention time
corresponding to that of andrographolide in Standard
solution A. Identify other diterpene lactone peaks in the
Sample solution by comparison with Standard solution Band
the reference chromatogram provided with the lot of USP
Powdered Andrographis Extract RS. The Sample solution
shows additional peaks corresponding to
neoandrographolide, 14-deoxy-
11, 12-didehydroandrographolide, and andrograpanin.

COMPOSITION
• CONTENT OF DITERPENE LACTONES

Solution A: Dissolve 0.14 9 of potassium dihydrogen
phosphate in 900 mL of water, add 0.5 mL of phosphoric
acid, dilute with water to 1000 mL, mix, filter, and degas.

Solution B: Use filtered and degassed acetonitrile.

USP 43

Standard solution A: Dissolve a weighed quantity of USP
Andrographolide RS in methanol to obtain a solution
having a known concentration of about 1.0 mg/mL.
Transfer 5.0 mLof this solution to a 1O-mL volumetric flask
dilute with acetonitrile to volume, and mix. '

Standard solution B: Transfer an amount of USP Powdered
Andrographis Extract RS, equivalent to about 25 mg of
diterpene lactones, to a 50-mL volumetric flask,add 25 mL
of methanol, heat gently for 15-20 min, dilute with
acetonitrile to volume, and mix. Before injection, pass
through a membrane filter of 0.45-J,lm or finer pore size,
discarding the first 5 mL of the filtrate.

Sample solution: Transfer a weighed amount of Powdered
Andrographis Extract, equivalent to about 25 mg of
diterpene lactones, to a 50-mL volumetric flask, add 25 mL
of methanol, heat gently for 15-20 min, dilute with
acetonitrile to volume, and mix. Before injection, pass
through a membrane filter of 0.45-J,lm or finer pore size,
discarding the first 5 mL of the filtrate.

Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (0/0) (%)

0 95 5

18 55 45

25 20 80

28 20 80

35 55 45

40 95 5

45 95 5

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 223 nm
Column: 4.6-mm x 25-cm; 5-J,lm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 J,lL

System suitability
Samples: Standard solution A and Standard solution 8
SUitability requirements .

The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of
USP Powdered Andrographis Extract RS.

Column efficiency: NLT 5000 theoretical plates,
Standard solution A

Tailing factor: NMT 1.5 for the andrographolide peak
Standard solution A '

Relative standard deviation: NMT 2.0%, determined
from the andrographolide peak for replicate injections,
Standard solution A

Resolution: NLT 5 between the neoandrographolide and
14-deoxy-l1,12-didehydroandrographolide peaks,
Standard solution 8

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using Standard solution A, Standard solution B, and the

reference chromatogram provided with the lot of USP
Powdered Andrographis Extract RS being used, identify
the retention times of the peaks corresponding to
different diterpene lactones. The approximate relative
retention times of the different diterpene lactones are
provided in the following table:
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Relative
Analyte Retention Time

Andrographofide 1.00

Neoandrographolide 1.16

14-Deoxy-ll,12-didehydroandrographolide 1.31

Andrograpanin 1.50

Arginine
-see Arginine General Monographs

Arginine Hydrochloride-see Arginine
Hydrochloride General Monographs .

ORGANIC IMPURITIES

Separately calculate the percentages of andrographolide,
neoandrographolide, 14-deoxy-
11,12-didehydroandrographolide, and andrograpanin
in the portion of Powdered Andrographis Extract
taken:

Arginine Capsules

DEFINITION
Arginine Capsules contain NLT 90.0% and NMT 110.0% of

the labeled amount of arginine or arginine hydrochloride in
an amount equivalent to arginine (C6H14N40z).

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 1.5 mg/mL of USP L-Arginine RS or USP

Arginine Hydrochloride RS in water
Sample solution: Weigh the content of NLT 20 Capsules,

mix, and transfer a portion of the content, equivalent to
about 150 mg of arginine, to a 1OO-mL volumetric flask,
add 80 mL of water, sonicate for 15 min, dilute with water
to volume, mix, and filter.

Application volume: 5 IJL
Developing solvent system: Isopropyl alcohol and

ammonium hydroxide (7:3)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl

alcohol and 2 N acetic acid (95:5)
Analysis: Proceed as directed for Chromatography (621),

Thin-Layer Chromatography. Dry the plate at 100°-105°
until the ammonia disappears completely. Spray with the
Spray reagent, and heat at 100°-105° for about 15 min.
Examine the plate under white light.

Acceptance criteria: The principal spot from the Sample
solutioncorresponds in appearance and RF value to that of
the Standard solution.

• B. The retention time of the major peak of the Sample
solutioncorresponds to that from the Standard solution, as
obtained in the Strength.

STRENGTH
• PROCEDURE

Buffer: 6.9 mg/mL of monobasic sodium phosphate in
water. Adjust with phosphoric acid to a pH of 3.5.

Solution A: 0.5 mg/mL of l-octanesulfonic acid sodium
salt in Buffer

Mobile phase: Solution A and acetonitrile (95:5)
Standard solution: 1.5 mg/mL of USP L-Arginine RS or USP

Arginine Hydrochloride RS in Buffer
Sample solution: Weigh the content of NLT 20 Capsules,

mix, and transfer a portion of the content, equivalent to
about 150 mg of arginine, to a 1OO-mL volumetric flask,
add 80 mL of Buffer, sonicate for 15 min, dilute with Buffer
to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing L7
Flow rate: 0.8 mL/min
Injection size: 10 IJL

System SUitability
Sample: Standard solution

F

W

Result =(ru/rs) x (Cs/W) x 5F

=peak response for each diterpene lactone from
the Sample solution

=peak responsefor andrographolide from Standard
solutionA

=concentration of USP Andrographolide RS in
Standard solution A (mg/mL)

= weight of Powdered Andrographis Extract taken
to prepare the Sample solution (g)

=conversion factor for each analyte (1.00 for
andrographolide, 3.90 for neoandrographolide,
1.45 for 14-deoxy-
11, 12-didehydroandrographolide, and 2.65 for
andrograpanin)

Acceptance criteria: 90.00/0-110.0%, on the dried basis, of
the labeled amount of diterpene lactones calculated as the
sum of the percentages of andrographolide,
neoandrographolide, 14-deoxy- .
11,12-didehydroandrographolide, and andrograpanin

IMPURITIES

•

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 2.0 gat 105° for 3 h: it loses

NMT 5.0% of its weight.
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104cfu/g. The total
combined yeasts and molds count does not exceed 103 cfu/
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): It meets the requirements of
the tests for absence of Salmonella species and
Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial and, followinq
the official name, the part of the plant from which the
article was prepared. It meets other labeling requirements
under Botanical Extracts (565).

• USP RE'FERENCE STANDARDS (11)
USP Andrographolide RS
USP Powdered Andrographis Extract RS
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Suitability requirements
Column efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0% from the

arginine peak, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

arginine in the portion of Capsules taken:

Result= (rufrs) x (CsfCu) x 100

ru =peak response from the Sample solution
rs =peak response from the Standardsolution
Cs = concentration of the Standard solution (mgfmL)
Cu =nominal concentration of Arginine in the Sample

solution (mgfmL)

Acceptance criteria: 90.00/0-110.0% of the labeled amount
of arginine (C6H14N402)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARV

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 100 rpm
Time: 60 min
Standard solution: Proceed as directed in the Procedure for

Strength.
Sample solution: Sample per Disintegration and Dissolution

of Dietary Supplements (2040). Dilute with Medium to a
concentration similar to that of the Standardsolution.

Analysis: Determine the amount of arginine dissolved in the
Procedure for Strength, making any necessarymodifications.

Tolerances: NLT 75% of the labeled amount of arginine
(C6H14N402) is dissolved.

• WEIGHT VARIATION OF DIETARV SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the form of arginine that is used

and the equivalent amount of arginine.
• USP REFERENCESTANDARDS (11)

USP L-Arginine RS
USP Arginine Hydrochloride RS

Arginine Tablets

DEFINITION
Arginine Tablets contain NLT 90.0% and NMT 110.0% of the

labeled amount of arginine or arginine hydrochloride in an
amount equivalent to arginine (C6H14N402)'

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 1.5 mgfmL of USP L-Arginine RS or USP

Arginine Hydrochloride RS in water
Sample solution: Weigh and finely powder NLT 20 Tablets,

mix, and transfer a portion of the powder, equivalent to
about 150 mg of arginine, to a 1OO-mL volumetric flask,
add 80 mL of water, sonicate for 15 min, dilute with water
to volume, mix, and filter.

Application volume: 5 ~L

USP 43

Developing solvent system: Isopropyl alcohol and
ammonium hydroxide (7:3)

Spray reagent: 2 mq/rnt, of ninhydrin in a mixture of butyl
alcohol and 2 N acetic acid (95:5)

Analysis: Proceed as directed for Chromatography (621),
Thin-Layer Chromatography. Dry the plate at 100°-105°
until the ammonia disappears completely. Spray with the
Spray reagent, and .heat at 100°-105° for about 15 min.
Examine the plate under white light.

Acceptance criteria: The principal spot from the Sample
solutioncorresponds in appearance and RF value to that
from the Standardsolution.

• B. The retention time of the major peak of the Sample
solutioncorresponds to that of the Standardsolution, as
obtained in Strength.

STRENGTH
• PROCEDURE

Buffer: 6.9 mgfmL of monobasic sodium phosphate in
water. Adjust with phosphoric acid to a pH of 3.5.

Solution A: 0.5 rnq/rnl, of l-octanesulfonic acid sodium
salt in Buffer

Mobile phase: Solution A and acetonitrile (95:5)
Standard solution: 1.5 mgfmL of USP L-Arginine RS or USP

Arginine Hydrochloride RS in Buffer
Sample solution: Weigh and finely powder NLT 20 Tablets,

mix, and transfer a portion of the powder, equivalent to
about 150 mg of arginine, to a 1OO-mL volumetric flask,
add 80 mL of Buffer, sonicate for 15 min, dilute with Buffer
to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing L7
Flow rate: 0.8 mt/rnln
Injection size: 10 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0% from the

arginine peak, in repeated injections
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of the labeled amount of

arginine in the portion of Tablets taken:

Result=(rufrs) x (CsfCu) x 100

ru = peak response from the Samplesolution
rs = peak response from the Standardsolution
Cs = concentration of the Standardsolution (mgfmL)
Cu = nominal concentration of Arginine in the Sample

solution (mgfmL) .

Acceptance criteria: 90.0%-110.0% of the labeled amount
of arginine (C6H14N402)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARV

SUPPLEMENTS (2040): Meet the requirements for
Dissolution .

Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 100 rpm
Time: 60 min
Standard solution: Proceed as directed in the Procedure for

Strength.
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Sample solution: Sample per Disintegration and Dissolution
of DietarySupplements (2040). Dilute with Medium to a
concentration similar to that of the Standardsolution.

Analysis: Determine the amounts of arginine dissolved in
the Procedure for Strength, making any necessary
modifications.

.Tolerances: NLT 75% of the labeled amount of arginine
(C6H14N402) is dissolved.

• WEIGHTVARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements'

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the form of arginine that is used

and the equivalent amount of arginine.
• USP REFERENCE STANDARDS (11)

USP L-Arginine RS
USP Arginine Hydrochloride RS

Ascorbic Acid-see Ascorbic AcidGeneral Monographs

Ascorbic Acid Chewable Gels

DEFINITION
Ascorbic Acid Chewable Gelscontain ascorbic acid in the form

of ascorbic acid (C6Hs06), sodium ascorbate (C6H7Na06),
calcium ascorbate dihydrate (C12H14Ca012 . 2H20), or their
mixture in an amount equivalent to NLT 90.0% and NMT
150.0% of the labeled amount of ascorbic acid (C6Hs06).

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solutioncorresponds to that of the Standardsolution, as
obtained in the test for Strength.

STRENGTH
• PROCEDURE

[NOTE-Use amber, low-actinic glassware. Use cryogenic
gloves when handling liquid nitrogen.]

Extracting solution: Dissolve 73 g of metaphosphoric acid
in 800 mL of water, add 84 mL of glacial acetic acid, and
dilute with water to 1000 mL.

Mobile phase: 7.8 gil of monobasic sodium phosphate
dihydrate in water. Adjust with phosphoric acid to a pH of
2.5.
[NoTE-Wash the column periodically with methanol

and water using appropriate gradients to eliminate
retained substancesand avoid carryover interferences.]

Standard stock solution: 1 mg/mL of USP Ascorbic Acid RS
in Extracting solution. [NoTE-Sonicate with intermittent
shaking to help dissolve, if necessary. Preparefresh
every time.] '.

Standard solution: Dilute Standard stock solutionwith
Extracting solutionto obtain a solution containing 0.05 mg/
mL of USP Ascorbic Acid RS.

Sample solution: Immerse 25-30 Chewable Gels in liquid
nitrogen in a cryogenic vessel for 10 min. Cool a blender
jar by swirling liquid nitrogen for about 1 min and discard
the contents. Add frozen Chewable Gels to the cooled
blender jar and grind to a fine powder. Transfer a portion
of the powder, nominally equivalent to 25 mg of ascorbic
acid, into a 25-mL volumetric flask. [Nors-Proceed to this
step immediately or keep the powdered Chewable Gels
frozen until use.] Add 15 mL of Extracting solution, mix on a

Dietary Supplements / Ascorbic 4765

vortex mixer until well mixed, and sonicate for 10 min or
until the sample hascompletely dissolved. Cool the solution
to room temperature, dilute with Extracting solution to
volume, and mix well. Quantitatively dilute a portion of the
solution with Extracting solution to obtain a solution
containing 0.05 mg/mL of ascorbic acid. Mix and pass
through a 0.45-l..Im glass microfiber filter, discarding the
first few milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 15-cmi 3.5-l..Im packing L7
Flow rate: 0.8 mL/min
Injection volume: 10 I..IL

System sultabllity
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of vitamin C, as ascorbic acid

(C6Hs06), in the portion of sample taken:

Result= (rv/rs) x (Cs/Cv) x 100

t» = peak area of ascorbic acid from the Sample
solution

rs =peak area of ascorbic acid from the Standard
solution

Cs = concentration of USP Ascorbic Acid RS in the
Standard solution (mg/mL)

Cu =nominal concentration of ascorbic acid in the
Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0%

PERFORMANCE TESTS

• DISINTEGRATION AND DISSOLUTION (2040), Dissolution
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Sample solution: Withdraw a portion of the solution under

test, passthrough a 0.45-l..Im glassmicrofiber filter, and use
the pooled sample as the test specimen.

Analysis: Proceed as directed in Strength, making any

percentage of the labeled amount of ascorbic
acid (C6Hs06) dissolved:

Result=(rv/rs) x (Cs x V/L) x 100

t» =peak area of ascorbic acid from the Sample
solution

rs =peak area of ascorbic acid from the Standard
~u~n .

Cs =concentration of USP Ascorbic Acid RS in the
Standard solution (mg/mL)

V =volume of Medium, 900 mL
L = label claim of ascorbic acid (mg/Chewable Gel)

Tolerances: NLT 75% of the labeled amount of ascorbic
acid is dissolved.
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Ashwagandha Root

• CONTENT OF WITHANOUDES
Solution A: Dissolve 0.14 g of potassium dihydrogen

phosphate in 900 mLof water, add 0.5 mLof
phosphoric acid, dilute with water to 1000 mL, and mix.

Solution B: Acetonitrile, filtered and degassed.
Mobile phase: See Table 1.

Sample solution: Suspend about 1 g ofAshwagandha Root,
finely powdered, in 10 mLofmethanol and sonicate for
15 min. Centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTLC plate)'
Application volume: 2 IJL each of StandardsolutionA and

Standardsolution 8, andl 0 IJL of the Sample solution, as
8-mm bands

Relative humidity: Condition the plate to a relative
humidity of 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene, ethyl acetate, and

glacial acetic acid (55:45:3)
Developing distance: 6 cm
Derivatization reagent: 20 mLof sulfuric acid combined

with 180 mLof ice-cold methanol
Analysis

Samples: StandardsolutionA, Standardsolution 8, and
Sample solution

Apply the Samples as bands and dry in air. Develop in a
saturated chamber and dry in air.Treat the plate with the
Derivatization reagent, heat at 100° for 5 min, and
examine under UV light at 365 nm and under white light.

System suitability: Under UV light at 365 nm, the
derivatized chromatogram of StandardsolutionA displays
in its lower third a blue band due to withanolide A and in
its middle third a grayish-blue band due to ~-sitosterol. The
chromatogram of Standardsolution 8 displays a light gray
to whitish band due to withanone below the withanolide A
band, and a faint light gray band above the ~-sitosterol

band; there is also a light gray band close to the solvent
front. A reddish band slightlyabove the application line is
due to withaferin A. Under white light, the bands due to
~-sitosterol and withanolide Aappear violet-gray.
Additional faint bands may appear.

Acceptance criteria: Under UV light at 365 nm and under
white light, the chromatogram of the Sample solution
displays the bands similarin position and color to those
seen in Standardsolution 8. Additional bands may be
observed, in particular a band just above that due to
withanolide A(light brown under UV light at 365 nm, dark
brown under white light), and a thin band below that
due to ~-sitosterol (light blue under UV light at 365 nm,
violet-gray under white light). Bandsvary in intensity, and
some of those seen in the chromatogram of Standard
solution 8 may be very faint or absent from the Sample
solution.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Withanolides.
Acceptance criteria: The Sample solution shows main peaks

at retention times corresponding to those of withanolide A
and withanoside IV in StandardsolutionA. The Sample
solution shows some of the wlthanolldes listed in Table 2.

COMPOSITION

1 Suitable commercially available plates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.g., Part #1.05642.0001).

Meet thee WEIGHT VARIATION (2091
requirements

SPECIFIC TESTS
epH(791)

Sample solution: Cut the Chewable Gels into small pieces.
Transferabout 15 g of the cut Chewable Gelsinto a50-mL
centrifuge tube, add 15 g of hot (80°-90°) water, close the
cap, place the centrifuge tube into a shaker water bath at
55°, and shake for 50-60 min or until allof the Chewable
Gelsare dissolved. Cool down to 30° and measure the pH.

Acceptance criteria: NMT 4.5
e WATER ACTIVITY

Sample: Slice the Chewable Gels into pieces about 2 mm
thick.

Procedure: Measure the water activityusing the AOAC's
Official Methodsof Analysis, Official Method #978.18.

Acceptance criteria: NMT 0.75

CONTAMINANTS
e MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count is NMT 103 cfu/g, and the total combined
yeasts and molds count is NMT 102 cfu/g.

e ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species, and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers;

protect from heat.
• LABELING: The label states the quantity of ascorbic acid in

mg/Chewable Gel, and the chemical form of ascorbic acid
present in the Chewable Gels.

• USP REFERENCE STANDARDS (11)
USP Ascorbic Acid RS

Ascorbic Acid Tablets-see Ascorbic Acid Tablets
General Monographs

Ascorbic Acid Oral Solution-see Ascorbic Acid
Oral Solution General Monographs

DEFINITION
Ashwagandha Root is the dried mature root of Withania

somnifera(L.) Dunal (Fam. Solanaceae). It contains NLT
0.3% of withanolides, calculated on the dried basisas the
sum of withanolide aglycones, calculated as withanolide A,
and withanolide glycosides, calculated as withanoside IV.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL each of USP ~-Sitosterol RS
and USP Withanolide A RS in methanol

Standard solution B: 20 mg/mL of USP Powdered
Ashwagandha Root Extract RS in methanol. Sonicate for
10 min, centrifuge, and use the supernatant. [Nora-Retain
the supernatant for use in the test for Contentof
Withanolides.]
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Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80

30 95 5

40 95 5

Standard solution A: A composite solution containing
0.1 mg/mL of USP Withanolide A RS and 0.1 mg/mL of USP
Withanoside IV RS in methanol, accurately calculated. Use
gentle heat to aid dissolution.

Standard solution B: Dilute a portion of Standard solutionB
from Identification A with methanol (1:1), and mix well.

B~!9~.~..•,inJ~stio~'.P~~s,f·.~.~ ..~~~g~ ..~·..
~PQIX'~th~r~!,JJfQn~~(Q~e-!lsM'1YS2()19) membrane filter of
0.45-l.Im or finer pore size.

Sample solution: Transfer about 5.00 9 of Ashwagandha
Root, finely powdered and accurately weighed, to a
250-mL round-bottom flask fitted with a reflux condenser.
Add 50 mL of methanol, reflux on a water bath for 15 min,
cool to room temperature, decant, and retain the solvent.
Repeat until the solvent is colorless. Combine the retained
solvents, filter, concentrate under vacuum to about 40 mL,
transfer to a 50-mL volumetric flask, and adjust with

passthrough a
Alin,nl\l.ofhI6rC'i!ltqn¢,";((jSI!\1;M~'ie2Qjr9) filter of 0.45-l.Im or finer
pore milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 227 nm

C~I~'~~'~D,;.~.;..~;~.~",.~}5-cm, end-capped;
~~')Ji!m"";(I.ISPil.M<WS2QJQ) packing L1

Column temperature: 2r
Flow rate: 1.5 mL/min
Injection volume: 20 I.IL

System suitability
Samples: Standardsolution A and Standard solution B
Suitability requirements

Resolution: NLT 1.0 between the withanolide A and
withanone peaks,and NLT 3.0 between the withaferin A
peak and the peak corresponding to coeluting
withanoside V and withanoside VI, Standardsolution B

Tailing factor: NMT 1.5 for the withanolide A peak,
Standard solutionA

Relative standard deviation: NMT 2.0% for the
withanolide A peak in replicate injections, Standard
solutionA

Chromatogram similarity: The chromatogram of
Standard solutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Ashwagandha Root Extract RS being used.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatogram of Standard solution B and the

reference chromatogram provided with the lot of USP
Powdered Ashwagandha Root Extract RS being used,
identify the retention times of the peakscorresponding to
withanolide aglycones and glycosides. The approximate
relative retention times are provided in Table 2.
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Table 2
Relative

Analyte Retention Time

Withanoside IV 0.70

Physagulin D 0.75

27-Hydroxywithanone 0.80

Withanoside V 0.89

Withanoside VI 0.89

Withaferin A 0.92

It~~f~ltti,tPI
"

;

0.96

Withanolide A 1.00

Withanone 1.01

Withanolide B 1.14

Calculate the percentage of withanolide aglycones in the
portion of Ashwagandha Root taken:

Result=(rulrs) x Cs x (VIW) x 100

=su~.:gf0~~ ..e~~~ ..,~~~,~s~!~I!.~.~f~~i.~ .....~r..~~.~~.~.~gl.i~e
A, ~J4;CJ~q?<Y'J\IJth~~tr~mqnqlig~, .(I.I,$P'FMW~.?9J 9)
and withanolide B from the Sample solution

=peak area of withanolide A from Standard
solutionA

=concentration of USP Withanolide A RS in
StandardsolutionA (mg/mL)

=volume of the Sample solution (mL)
=weight of Ashwagandha Root taken to prepare

the Sample solution (mg)

Calculate the percentage of withanolide glycosides in the
portion of Ashwagandha Root taken:

Result=(rulrs) x Cs x (VIW) x 100

=sum of the peak areasof withanoside IV,
withanoside V, and withanoside VI from the
Sample solution

=peak area of withanoside IV from Standard
solutionA

= concentration of USP Withanoside IV RS in
Standard solutionA (mg/mL)

=volume of the Sample solution (mL)
=weight of Ashwagandha Root taken to prepare

the Sample solution (mg)

Add the percentages of withanolide aglycones and
withanolide glycosides.

Acceptance criteria: NLT 0.3% on the dried basis.
[NOTE-Because of inherent variation, some of the
withanolides mentioned in this test may be present in
minor quantities or may be totally absent. The sample will
be deemed compliant if the sum of the withanolides is NLT
0.3%.]

IMPURITI~S

• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental
Impurities: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue
Analysis: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Foreign OrganicMatter: NMT 2.0% '

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements
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Ashwagandha Root Dry Extract

DEFINITION
Ashwagandha Root Dry Extract is prepared from the dried

mature root of Withaniasomnifera (L.) Dunal (Fam.
Solanaceae), using methanol, alcohol, water, or mixtures of
these solvents. It contains NLT 2.5% of withanolides
calculated on the dried basis as the sum of withanollde
aglycones, calculated as withanolide A, and withanolide
glycosides, calculated as withanoside IV. It may contain
suitable added substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL each of USP ~-Sitosterol RS
and USP Withanolide A RS in methanol

Standard solution B: 20 mg/mL of USP Powdered
Ashwagandha Root Extract RS in methanol. Sonicate for
10 min, centrifuge, and use the supernatant [NOTE-Retain
the supernatant for use in the test for Contentof
Withanolides.]

Sample solution: .Suspend about 200 mg of Ashwagandha
Root Dry Extract In 10 mL of methanol and sonicate for
10 min. Centrifuge, and use the super~atant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate)'
Application volume: 2 J.lL each of StandardsolutionA

Standardsolution B, and Sample solution, as 8-mm ba'nds
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene ethyl acetate and

glacial acetic acid (55:45:3) , ,
Developing distance: 6 em
Derivatization reagent: 20 mL of sulfuric acid combined

with 180 mL of ice-cold methanol
Analysis

Samples: Standardsolution A, StandardsolutionBand
Sample solution '

Apply the Samples as bands and dry in air. Develop in a
saturated chamber and dry in air. Treat the plate with the
Derivatizationreagent, heat at 100° for 5 min and
examine under UV light at 365 nm and undefwhite light.

Syst~m ~uitability: Under UV light at 365 nm, the
~e~lvatlzed ch.romatogram of StandardsolutionA displays
In Its lower third a blue band due to withanolide A and in
its middle third a grayish-blue band due to ~-sitosterol. The
chromatogram of Standardsolution B displays a light gray
to whitish band due to withanone below the withanolide A
band, and a faint light gray band above the ~-sitosterol

band; there is also a light gray band close to the solvent
front. A reddish band slightly above the application line is
due to withaferin A. Under white light, the bands due to
~-sitosterol and withanolide A appear violet-gray.
Additional faint bands may appear.

Acceptance criteria: Under UV light at 365 nm and under
white light, the chromatogram of the Sample solution
displays the bands similar in position and color to those
seen in Standardsolution B. Additional bands may be
observed, in particular a band just above that due to
withanolide A (light brown under UV light at 365 nm dark
brown under white light), and a thin band below th;t
due to ~-sitosterol (light blue under UV light at 365 nm
violet-gray under white light). Bands vary in intensity ;nd
some of those seen in the chromatogram of Standard

• LABELING: The label statesthe Latin binomial and
official article name.~~(usP 1~May~2019)

• USP REFERENCE STANDARDS (11) ~
USP Powdered Ashwagandha Root Extract RS
USP ~-Sitosterol RS
USP Withanolide A RS
USP Withanoside IV RS

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed lOs clu/g the total
combined molds and yeasts count does not exceed 103 ciul
g, and the bile-tolerant gram-negative bacterial count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Primary roots are not branched and are
st~aight, co~ical, or finger-like in shape and variable in
thickness with a~e; some carry a crown, consisting of a
number of remains of stem base; the outer surface is buff
to grayish yellow with longitudinal wrinkles; fracture isshort
and uneven; secondary roots are thin and fibrous.

Microscopic: Transverse section of root shows a narrow
band of yellowish crumpled cork, moderate-size cortex
and a wide wood. The cork cells are rectangular, radially
flatt~ned, nonlignified, and filled with starch grains and
reddish-brown content; cork cambium is 2-4 diffused rows
of cells; secondary cortex is formed of 20-25 rows of
thin-walled parenchymatous cells, filled with starch grains
and shows occasional microsphenoidal crystals of calcium'
oxalate; phloem consists of sieve tubes, companion cells,
and phloem parenchyma; vascular cambium consists of
tangentially elongated parenchymatous cells' vessels and
tracheids are in radial rows toward the periphery ot the
wood; medullary rays are uniseriate to 2- to 3-seriate and
are filled with starch grains; scattered vessels in groups are
embedded in the parenchyma; vessels have pitted and
scalariform thickenings, and generally the end walls are
perforated; a few fibers with thick lignified walls are also
found scattered in the wood.

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Ashwagandha Root
Analysis: Dry the Sample at 105° for 3 h. .
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
TotalAsh '

Sample: 1.0 g of finely powdered Ashwagandha Root
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Acid-Insoluble Ash: NMT 1.0% '

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Alcohol-Soluble Extractives, Method 2: NLT 10.0% '

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

1 Suitable commercially available plates are HPTLC Silica Gel 60 F from
EMD Millipore (e.g., Part #1.05642.0001). 254
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solution B may be veryfaint or absent from the Sample
solution.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Withanolides.
Acceptance criteria: The Sample solution showsmain peaks

at retention times corresponding to those of withanolideA
and withanoside IV in StandardsolutionA. The Sample
solution shows some of the withanolides listed in Table 2.

COMPOSITION
• CONTENT OF WITHANOLIDES

Solution A: Dissolve 0.14 g of potassium dihydrogen
phosphate in 900 mL of water, add 0.5 mL of
phosphoric acid, dilute with water to 1000 mL, and mix.

Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80

30 95 5

40 95 5

Standard solution A: Acomposite solution containing
0.1 mg/mLof USP Withanolide ARS and 0.1 mg/mLof USP
Withanoside IV RS in methanol, accuratelycalculated. Use
gentle heat to aid dissolution.

Standard solution B: Dilute a portion of StandardsolutionB
from IdentificationA with methanol (1:1), and mixwell.
Before injection, pass through a polyethersulfone
membrane filter of 0.45-l-Im or finer pore size.

Sample solution: Transfer about 100 mg of Ashwagandha
RootDryExtract, accurately weighed, to a 19-mL
volumetricflask, add about 7 mL of methanol, heat gently
on a water bath for 20 min, cool, dilute with methanol to
volume, and mix. Before injection, pass through a .
polyethersulfone membrane filter of 0.45-l-Im or finer pore
size, discarding the firstfew milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm x 25-cm, end-capped; 5-l-Im packing L1
Column temperature: 27°
Flow rate: 1.5 mL/min
Injection volume: 20I-lL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Resolution: NLT 1.0 between the withanolideAand
withanone peaks, and NLT 3.0 between the withaferin A
peak and the peak corresponding to coeluting
withanosideV and withanosideVI, StandardsolutionB

Tailing factor: NMT 1.5 for the withanolideA peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
withanolideA peak in replicate injections, Standard
solution A

Chromatogram similarity: The chromatogram of
Standardsolution B issimilar to the reference

Dietary Supplements / Ashwagandha 4769

chromatogram provided with the lot of USP Powdered
Ashwagandha Root Extract RS being used.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatogram of Standardsolution Band the

referencechromatogram providedwith the lot of USP
Withanolide A RS being used, identify the retention
times of the peaks corresponding to withanolide
aglyconesand glycosides. The approximate relative
retention times are provided in Table 2.

Table 2
Relative

Analyte Retention Time

Withanoside IV 0.70

Physagulin0 0.75

27·Hydroxywithanone 0.80

Withanoside V 0.89

Withanoside VI 0.89

Withaferin A 0.92

12·Deoxywithastramonolide 0.96

Withanolide A 1.00

Withanone 1.01

Withanolide B 1.14

Calculate the percentage of withanolideaglyconesin the
portion of Ashwagandha RootDry Extract taken:

Result =(ru/rs) x Cs x (V/W) x 100

ru =sum of the peak areas of withaferin A,
12-deoxywithastramonolide, withanolideA,
withanone and withanolide Bfrom the Sample
solution

ts = peak area of withanolideAfrom Standard
solution A

Cs =concentration of USP Withanoside IV RS in
Standardsolution A (mg/mL)

V =volume of the Sample solution (mL)
W =weight of taken Ashwagandha RootDry Extract

to prepare the Sample solution (mg)

Calculate the percentage of withanolideglycosides in the
portion of Ashwagandha Root Dry Extract taken:

Result =Odrs) x Cs x (V/W) x 100

ru =sum of the peak areas of withanoside IV,
withanoside V, and withanosideVI from the
Sample solution

ts =peak area of withanoside IVfrom Standard
solutionA

Cs =concentration of USP Withanoside IV RS in
Standardsolution A (mg/mL)

V = volume of the Sample solution (mL)
W =weight of Ashwagandha Root DryExtract taken

to prepare the Sample solution (mg)

Add the percentages of withanolideaglyconesand
withanolide glycosides.

Acceptance criteria: NLT 2.5% on the dried basis.
[NOTE-Because of inherent variation, some of the
withanolides mentioned in this test may be present in
minor quantities or may be totallyabsent. The sample will
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be deemed compliant ifthe sum of the withanolides is NLT
2.5%.]

IMPURITIES

eng H'.,1J.""lJ't;II.~i
: M~~t~ih~ <r~quirem~~~J;

• BOTANICAL EXTRACTS (565), Preparations, General
Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g and the total
combined moldsand yeasts count does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• LIMIT OF FLAVONOL GLYCOSIDES DERIVED FROM AERIAL

PARTS
Diluent: Methanol and water (1 :1) .
Solution A: Dissolve 0.14 g of potassium dihydrogen

phosphate in 900 mL of water, add 0.5 mL of
phosphoric acid, dilute with water to 1000 mL, and mix.

Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 3.

Table 3
Time Solution A Solution B
(min) (%) (%)

0 90 10

12 80 20

14 10 90

18 10 90

20 90 10

25 90 10

Standard solution A: 20 IJg/mL of USP Kaempferol
3-0-Robinoside-7-0-Glucoside RS in Diluent. Mix well.

Stan~ard solution B: 10 mg/mL of USP Ashwagandha
Aerial Parts DryExtract RS in Diluent. Mix well. Before
injection, pass through a polyethylsulfone filterof 0.45-lJm
or finer pore size.

Sample solution: Transferabout 2.0 g of Ashwagandha
Root DryExtract into a suitable container, add 50 mL of
Diluent, and sonicate for 30 min with intermittent shaking.
Centrifuge to sediment the solids, decant, and save the
supernatant. Repeatthe procedure two more times with
fresh 50-mLaliquots of Diluent. Combine the supernatants
and reduce volume to lessthan 100 mLusing a rotary
evaporator. Transfer the resulting solution into a 100-mL
volumetricflask, adjust with Diluent to volume, and mix
well. Pass through a polyethylsulfone filterof 0.45-lJm or
finer pore size. [NoTE-For the extracts soluble in the
Diluent, triplicateextraction is not recommended. Instead,
accurately transfer the dissolved extract into a 100-mL
volumetricflask, and adjust with Diluent to volume.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 350 nm

USP 43

Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 20 IJL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Column ~ffic!ency: NLT S,O.OO for the kaempferol
3-0-roblnoslde-7-0-glucoslde peak, StandardsolutionA

Tailing factor: NMT 1.5 for the kaempferol
3-0-robinoside-7-0-glucoside peak, StandardsolutionA

Relative standard deviation: NMT 2.0% for the
kaempferol 3-0-robinoside-7-0-glucoside peak in
replicate injections, StandardsolutionA

Chromatogram similarity: The chromatogram of
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP
Ashwagandha Aerial Parts DryExtractRS being used.

Analysis
Samples: StandardsolutionA, StandardsolutionBand

Sample solution '
Using the chromatogram of Standard solutionB and the

reference chromatogram supplied with the lot of USP
Ashwagandha Aerial Parts DryExtractRS being used
identifythe retention times of the three flavonol '
glycosides indicative of aerial parts (see Table 4).

Table 4
Relative Conversion

Flavonol Glycoside Retention Time Factor

Quercetin 3-0-
robinoside-7-a-glucoside 0.86 1.25

Quercetin 3-0-rutinoside-
7-0-glucoside 0.90 1.39

Kaempferol 3-0-
robinoside-7-O-glucoside 1.00 1.00

Calculate the percentage of the three specifiedflavonol
glycosides in the portion of Ashwagandha Root Dry
Extracttaken:

Result =Cs x [I:(r; x F;)]/rs x (V/W) x 100

=concentration of kaempferol 3-0-robinoside
7-O-glucoside in Standard solutionA (mg/mL)

= peak area of each specified flavonol glycoside
from the Sample solution

=respectiveconversionfactor for each specified
flavonol glycoside in the Sample solution

= peak area of kaempferol 3-0-robinoside-
7-O-glucosidefrom Standard solutionA

= volume of the Sample solution (mL)
= weight of Ashwagandha Root DryExtracttaken

to prepare the Sample solution (mg)

Acceptance criteria: NMT 0.04% on the dried basis.
• Loss ON DRYING (731)

Sample: 2.0 9 of Ashwagandha RootDry Extract
Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: NMT 6.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
controlled room temperature.

• LABELING: The labelstates the Latin binomialand the official
article name. It meets other labeling requirements under
BotanicalExtracts (565).
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• USP REFERENCE STANDARDS (11)
USP Ashwagandha Aerial Parts DryExtractRS
USP Powdered Ashwagandha Root ExtractRS
USP Kaempferol 3-0-Robinoside-7-0-Glucoside RS
USP ~-Sitosterol RS
USP WithanolideA RS
USP Withanoside IV RS

DEFINITION

S};l, reduced to a fine or veryfine
powder. It contains NlT 0.3% of withanolides, calculated
on the dried basis as the sum of withanolide aglycones,
calculated as withanolide A, and withanolide glycosides,
calculated as withanoside IV.

IDENTIFICATION

• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 0.2 mg/ml each of USP ~-Sitosterol RS

and USP WithanolideA RS in methanol
Standard solution B: 20 mg/ml of USP Powdered

Ashwagandha Root ExtractRS in methanol. Sonicate for
10 min, centrifuge, and use the supernatant. [NoTE-Retain
the supernatant for use in the test for Contentof
Withanolides. ]

Sa~J?I.t!~~.I~!.i~~::~~~~~:~g,about 1 g of ~~!!~~~~~~~~~
~g~~~g~g~r"'"(9SR.J"MaYi?9i9) in 10 ml of
sonicate for 15 min. Centrifuge, and use the supernatant.

Chromatographic system .
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTlC plate)'
Application volume: 2 ~l each of StandardsolutionA and

Standardsolution B, and 10 ~l of the Sample solution, as
8-mm bands

Relative humidity: Condition the plate to a relative
humidity of 33%.

Temperature: Ambient, not to exceed 300

Developing solvent system: Toluene, ethyl acetate, and
glacial acetic acid (55:45:3)

Developing distance: 6 cm
Derivatization reagent: 20 ml of sulfuric acid combined
with 180 ml of ice-cold methanol

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Applythe Samples as bands and dry in air. Develop in a

saturated chamber and dry in air.Treat the plate with the
Derivatization reagent, heat at 1000 for 5 min, and
examine under UV light at 365 nm and under white light.

System suitability: Under UV light at 365 nm, the
derivatized chromatogram of StandardsolutionA displays

, Suitablecommercially available platesare HPTLC Silica Gel 60 FZS4 from
EMD Millipore (e.g., Part #1.05642.0001).
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in its lower third a blue band due to withanolide Aand in
its middle third a grayish-blue band due to ~-sitosterol. The
chromatogram of StandardsolutionB displays a light gray
to whitish band due to withanone below the withanolideA
band, and a faint light gray band above the ~·sitosterol

band; there isalso a light gray band close to the solvent
front. A reddish band slightlyabove the application line is
due to withaferin A. Under white light, the bands due to
~-sitosterol and withanolide Aappear violet-gray.
Additional faint bands may appear.

Acceptance criteria: Under UV light at 365 nm and under
white light, the chromatogram of the Sample solution
displays the bands similar in position and color to those
seen in Standardsolution B.Additional bands may be
observed, in particulara band just above that due to
withanolide A(light brown under UV light at 365 nm, dark
brown under white light), and a thin band below that
due to ~-sitosterol (light blue under UV light at 365 nm,
violet-gray under white light). Bandsvary in intensity, and
some of those seen in the chromatogram of Standard
solution B may be veryfaint or absent from the Sample
solution. ..

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Withanolides.
Acceptance criteria: The Sample solutionshows main peaks
.at retention times corresponding to those of withanolide A
and withanoside IV in StandardsolutionA. The Sample
solution shows some of the withanolides listed in Table 2.

COMPOSITION

• CONTENT OF WITHANOLIDES
Solution A: Dissolve 0.14 g of potassium dihydrogen

phosphate in 900 ml of water, add 0.5 ml of
phosphoric acid, dilute with water to 1000 ml, and mix.

Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80

30 95 5

40 95 5

Standard solution A: Acomposite solution containing
0.1 mg/ml of USP WithanolideARS and 0.1 mg/ml of USP
Withanoside IV RS in methanol, accurately calculated. Use
gentle heat to aid dissolution.

Standard solution B: Dilute a portion of Standardsolution B
from Identification Awith methanol (1 :1), and mixwell.

~;,!~~;,i~j;,<:~i().~(p~~~ ..~ .•~rg~~ ~ ~.
~p,gIY~ln~~~9ItgQ~~.(l)SP1.Mi1Y.2o'n membrane filterof
0.45-~m or finer pore size.

Sample sol~tio~:cTransfe~ ab,out5 .00g.of accurately
weighed~~~h~~g~Qdha~q()tpoyvd~r.(usPl~MaY.2oi9) to a
250-ml round-bottom flask fitted with a reflux condenser.
Add 50 ml of methanol, reflux on a water bath for 15 min,
cool to room temperature, decant, and retain the solvent.
Repeat until the solvent iscolorless. Combine the retained

www.webofpharma.com

https://nhathuocngocanh.com/



4772 Ashwagandha / Dietary Supplements USP43

V
W

Result =(ru/rs) x Cs x (V/W) x 100 .

=sum of the peak areas of withanoside IV,
withanoside V, and withanoside VI from the
Sample solution

=peak area of withanoside IV from Standard
solutionA

=concentration of USP Withanoside IV RS in
StandardsolutionA (mg/mL)

=volume oftDE!~g'J!e!~~~!~~i~':!.(mL)
=weight ()f0~S~,~~~,~~gfft~·RQ9~

Powqer... (USPJ-MaY;~919) taken to prepare the
Sample solution (mg)

Add the percentages of withanolide aglyconesand
withanolide glycosides.

Acceptance criteria: NLT 0.3% on the dried basis.
[NOTE-Because of inherent variation, some of the
withanolides mentioned in this test may be present in
minor quantities or may be totally absent. The sample will
be deemed compliant ifthe sum of the withanolidesis NLT
0.3%.]

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined molds and yeasts count does not exceed 103 cfu/
g, and the bile-tolerant gram-negative bacteria count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

withanolide A, withanone, and withanolide B
from the Sample solution

rs =peak area of withanolide Afrom Standard
solutionA

Cs = concentration of USP Withanolide A RS in
Standardsolution A (mg/mL)

V =volume ofthE!~g'J!e!~~~!~y~~(mL)
w =wei.Qh~,,~f>0~~~~~~~~,gti9.R99~

P9Wg~r... (USRlfMi!yc~019) taken to prepare the
Sample solution (mg)

Calculatethe nOr"ror,t",,.,o

portion of
taken:

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Dusty white or gray to light brown powder
with a characteristicodor and a mucilaginous, bitter,
acrid taste

Microscopic: Collapsed cork cells filled with starch grains
and reddish-brown content; thin-walledcortex
parenchyma cellsfilled with starch grains and occasional
microsphenoidalcrystals of calcium oxalate; vessels have
pitted and scalariform thickenings, and generallywith end
walls perforated; a few fibers. with thick lignified walls and
simple pits; abundant starch grains, mostlysimple,
sometimes compound, spherical, reniform-oval with
central hilum.

solvents, filter, concentrate under vacuum to about 40 mL,
transfer to a 50-mL volumetric flask, and adjust with
methanol to volume. Before pass through a

nl"'ll\i""'·fh.:I...dilti"'.....o ... (l;J!SPl_Ma~';2019J filter of 0.45-lJm or finer
pore milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 227 nm
C().I~m"~.:,';,~;.~,~~,~'r.~,,.~5-cm, end-capped;
~~7I-Jm ..>(9~eTd0~.Y'~gQT2) packing L1

Column temperature: 27°
Flow rate: 1.5 mL/min
Injection volume: 20 I-JL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Resolution: NLT 1.0 between the withanolide Aand
withanone peaks, and NLT 3.0 between the withaferin A
peak and the peak corresponding to coeluting
withanoside Vand withanoside VI, StandardsolutionB

Tailing factor: NMT 1.5 for the withanolide A peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
withanolide A peak in replicate injections, Standard
solutionA

Chromatogram similarity: The chromatogram of
Standardsolution B is similarto the reference
chromatogram provided with the lot of USP Powdered
Ashwagandha Root Extract RS being used.

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Using the chromatogram of Standardsolution Band the

reference chromatogram provided with the lot of USP
Powdered Ashwagandha Root Extract RS being used,
identifythe retention times of the peakscorresponding to
withanolide aglycones and glycosides. The approximate
relative retention times are provided in Table 2.

Table 2

Calculatethe nOI"ront""no

portion of
taken:

Result =(ru/rs) x Cs x (V/W) xl 00

Relative
Analyte Retention Tjme

Withanoside IV 0.70

Physagulin D 0.75

27-Hydroxywithanone 0.80

Withanoside V 0.89

Withanoside VI 0.89

Withaferin A 0.92

·t?~'" " .. "

(U~r 1~'Y'ay.~6j!fJ 0.96

Withanolide A 1.00

Withanone 1.01

Withanolide B 1.14
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",T' cline
us!'

sed;"

MT 0.01 % onth'edried

Using .• chro'rn~to
refe echromat
Ashwagandha Aer{
identify the retentL ,mes
glycosides indicativ~otaerial J>a

Table 4

RelatNe €onVef~ioo
F/iiyonolGlycoside RetentionTime Factor

Qliercetirig"'O~robinoside.
7ct.>-glu§oslde ' 0.80 ;1.25

Quercetln3~O~rutinoside-

0.90 ,1.3~7~O-gluco~jde '

~a.ernpfe"ora::(j"'..ooinoside'"
1.00 1;007·0~glucosiae

C(;lkul~tethepercentageof tne three speciffedflavonol
glycosides in the portionofAshwagandha~oot Powder
taken:

• Loss ON DRYING (731)
Sample: 1.0 9 of"'Ashwagandha RootPowder. (USP 1~MaY-2Q19)
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods-of Analysis,
TotalAsh

Sample: 1.0 9 of-+~I'1~agandh~Ro()t~~~deF~-(O~~j~~~Y·;~J9)
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Acid-Insoluble Ash: NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Alcohol-Soluble Extractives, Method2: NlT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The label states the latin binomial and '·.the
official."ar-tlcle name.~(u~p·1~~~y:;019) , -

:AandStandardsqlLition'S

I,SysternSu{tcibljity:)

'Add the follOfM"

'&. ()FFLAVONpL GLYcQ~iDE(DERIVED '~~OiVt~~j1iA~
ARTS

Dilu:enbM'
Soluf

phd
pho IX;'

Soluti
Mobile,p

Time SoilitiOIJA Solution'S
(r1'1il;1~ COlo), " (%f'"

Q ~o 1~

I~ Bt> ,2d

{4 10 ~Q

.18 10 ~o

79 ~~ lq
25 ~Q 1:~
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USP P-Sitosterol RS
USP WithanolideA RS
USP Withanoside IV RS

Asian Ginseng
DEFINITION
Asian Ginseng consistsof the dried roots of Panaxginsengc.A.

Mey. (Fam. Araliaceae). It contains NLT 0.2% of
ginsenoside Rg, and NLT 0.1% of ginsenoside Rb, both
calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 5 mg/mL each of arbutin and escin, in
methanol

Sample solution: 1.0 g of finelypowdered Asian Ginseng
in a 25-mLflask fitted with a refluxcondenser. Add 10.0 mL
of a mixture of methanol and water (7:3), and heat under
reflux for 15 min. Cool, filter, and dilute the filtrate with
methanol to 10.0 mL.

Adsorbent: 0.25-mm layerof chromatographic silica gel,
typically 20 cm long (TLC plates)

Application volume: 20 JJL, as bands
Developing solvent system: The upper layerof a mixture

of butyl alcohol, ethyl acetate, and water (10: 2.5: 5) in an
unsaturated chamber

Spray reagent: Dissolve 0.5 mLof anisaldehyde in 10 mLof
glacialacetic acid, add 85 mLof methanol, mix, and
carefully add 5 mLof sulfuricacid, and mix.

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatograms until the solvent front has

moved up about three-fourths of the length of the plate.
Remove the plate from the chamber, mark the solvent
front, and allow the plate to dry. Spraywith Spray
reagent. Heat the plate at 105°-110° for 10 min, and
examine the plate under white light.

System suitability: The Standardsolution chromatogram
shows, in the upper third, a brown zone corresponding to
arbutin, and in the lower third, a gray zone corresponding
to escin.

Acceptance criteria: The Sample solution exhibits
violet-grayzones corresponding to ginsenoside Rg 1 in the
upper portion and to ginsenoside Re in the middle and in
between the zones corresponding to arbutin and escin in
the Standardsolution. A violet-grayzone corresponding to
ginsenoside Rb, is located at the same RF value as the gray
zone corresponding to escin in the Standardsolution. .
Other, less intense bands may be observed between the
zones due to ginsenosides Rb, and Re, and the zone closest
to the origin corresponds to ginsenoside Rc. Other spots
may be visible in the lower third of the chromatogram..

• B. The retention times of the peaks for ginsenosides Rg"
Re, Rf, Rb, Rc, and Rd inthe Sample solutionchromatogram
correspond to those in the Standardsolution, as obtained in
the test for ContentofGinsenosides Rb1 and Rg1• The ratio of
the peak area for ginsenoside Rb2 to the peak area for

USP 43

ginsenoside Rb, is NLT 0.4 (differentiation from American
ginseng).

COMPOSITION
• CONTENT OF GINSENOSIDES RB1 AND RG1

Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 7..

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24

77 76 24

Diluent: Alcohol and water (4:6)
Standard solution: Transfer a quantity of USP Powdered

Asian Ginseng Extract RS, equivalent to 2 mg of
ginsenoside Rg" to a suitable container, and dissolve in
10.0 mLof Diluent. [NOTE-The concentrations of
ginsenoside Rg, and ginsenoside Rb, in this solution are not
expected to be equal and are determined on the basisof
the labeled quantities present in USP Powdered Asian
Ginseng ExtractRS.]

Sample solution: Reduce 100 g of Asian Ginseng to a
powder, and transfer about 1.0 g of the powder, accurately
weighed, to a 1OO-mL, round-bottom flask fitted with a
reflux condenser. Add 50 mLof Diluent and a fewgrains of
pumice, and boilon a water bath under refluxfor 1 h. Cool,
and filter. Wash the flask and the residue with 20 mLof
Diluent, and pass through the same filter. Combine the
filtrates, and evaporate in a rotary evaporator at 50° to
dryness. Dissolve the residue in 10.0 mLof Diluent.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV203 nm
Analytical column: 4.6-mm x 15-cm; 3-JJm packing L1
Guard column: 4.6-mm x 2.0-cm; packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 10 JJL

System suitability
Sample: Standard solution
Suitability requirements

Chromatogram similarity: The chromatogram issimilar
to the reference chromatogram providedwith the lot of
USP Powdered Asian Ginseng Extract RS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the 6 major
ginsenosides, in replicate injections

Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of ginsenosidesRb, andRg, in

the portion of Asian Ginseng taken:

Result = (rulrs) x Cs x (V/W) x 100

tu = peak response of ginsenoside Rg, or
ginsenoside Rb, from the Sample solution
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rs = peak response of ginsenoside Rg, or
ginsenoside Rb, from the Standard solution

Cs = concentration of ginsenoside Rg, or
ginsenoside Rb, in the Standard solution
(mg/mL)

V =final volume of the Sample solution(mL)
W =weight of Asian Ginseng taken to prepare the

Sample solution (mg)

Acceptance criteria
Ginsenoside Rg,: NLT 0.2% on the dried basis
Ginsenoside Rb.: NLT 0.1% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits ofElemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g. The total
combined moldsand yeastscount does not exceed 102 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Fusiform or cylindrical roots, with distinct
aromatic odor, sometimes branched, typically 1-10 cm,
sometimes up to 20 cm in length and up to 2.5 cm in
diameter at the crown, with one or more stem scars.
Externally pale yellowto golden, rough textured in the
lower part, with prominent horizontal ringsand fine
longitudinal ridges as a resultof drying. Rootscarsor fine
rootlets are present. Fractures are short, with the fractured
surface, white to ivory, exposing a ring of secretorycanals
present in secondary phloem.

Microscopic: Transverse section of root presents multiple
layers of thin-walled corkcells. Secondaryphloem
characterized by conspicuousair lacunae, abundant
starch-containingstorage parenchyma,fewsieve elements,
and ringsof schizogenoussecretorycanals. Xylem
characterized by abundant starch-containing storage
parenchyma, few tracheary elements, and a lack of
secretorycanals.Drusecrystals are sometimes present with
vascular parenchyma cells.

e ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 14.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Asian Ginseng, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)
Sample: 1.0 g of Asian Ginseng, finely powdered
Acceptance criteria: NMT 8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store in a cool, dry place.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP PowderedAsian Ginseng Extract RS

Dietary Supplements / Asian Ginseng 4775

Powdered Asian Ginseng
DEFINITION
PowderedAsian Ginseng isAsian Ginseng reduced to a fine or
veryfine powder. It contains NLT 0.2% of ginsenoside Rg,
and NLT 0.1% of ginsenoside Rb" both calculated on the
dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 5 mg/mLeach of arbutin and escin, in
methanol

Sample solution: 1.0 g of Powdered Asian Ginseng in a
25-mLflask fitted witha reflux condenser. Add10.0 mL ofa
mixtureof methanol and water (7:3), and heat under reflux
for 15 min. Cool,filter, and dilutethe filtratewith methanol
to 10.0 mL.

Adsorbent: 0.25-mm layerof chromatographic silica gel,
typically 20 cm long (TLC plates)

Application volume: 20 IJL, as bands
Developing solvent system: The upper layerof a mixture

of butyl alcohol, ethyl acetate, and water (10: 2.5: 5) in an
unsaturated chamber

Spray reagent: Dissolve 0.5 mL of anisaldehydein 10 mL of
glacial acetic acid, and add 85 mL of methanol, mix, and
carefully add 5 mL of sulfuric acid to this mixture.

Analysis
Samples: Standardsolutionand Sample solution
Develop the chromatograms until the solvent front has

moved up about three-fourthsof the length of the plate.
Remove the plate from the chamber, mark the solvent
front, and allowthe plate to dry. Spraywith Spray
reagent. Heat the plate at 105°-110° for 10 min, and
examine the plate under white light.

System suitability: The Standard solutionchromatogram
shows, in the upper third, a brown zone corresponding to
arbutin, and in the lowerthird, a gray zone corresponding
to escin.

Acceptance criteria: The Sample solutionexhibits
violet-gray zones corresponding to ginsenoside Rg, in the
upper portion and to ginsenoside Re in the middle and in
between the zones corresponding to arbutin and escin in
the Standardsolution.Aviolet-gray zone corresponding to
ginsenoside Rb, is located at the same RF value as the gray
zone corresponding to escin in the Standardsolution.
Other, less intense bands may be observed between the
zones due to ginsenosides Rb, and Re, and the zone closest
to the origin corresponds to ginsenoside Rc. Other spots
may be visible in the lowerthird of the chromatogram.

• B. The retention times of the peaksfor gilisenosides Rg"
Re, Rf, Rb, Rc, and Rd inthe Sample solutionchromatogram
correspond to those in the Standard solution, as obtained in
the test for ContentofGinsenosides Rb, and Rg,. The ratioof
the peak area for ginsenoside Rb2 to the peak area for
ginsenoside Rb, is NLT 0.4 (differentiation from American
ginseng).

COMPOSITION
• CONTENT OF GINSENOSIDES RB1 AND RG1

Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 76 24
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Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

12 76 24

28 65 35

51.5 56.5 43.5

52.5 a 100

64.5 76 24

77 76 24

Diluent: Alcohol and water (4:6)
Standard solution: Transfera quantity of USP Powdered

Asian Ginseng Extract RS, equivalent to 2 mg of
ginsenoside Rg" to a suitable container, and dissolve in
10.0 mLof Diluent. [NoTE-The concentrations of
ginsenoside Rg1 and ginsenoside Rb1 in this solutionare not
expected to be'equal and are determined on the basisof
the labeled quantities present in USP Powdered Asian
Ginseng ExtractRS.]

Sample solution: Transfer about 1.0 g of Powdered Asian
Ginseng, accurately weighed, to a 100-mL, round-bottom
flask fitted with a reflux condenser. Add 50 mLof a
mixtureof Diluentand a few grains of pumice, and boilon a
water bath under reflux for 1 h. Cool, and filter. Wash the
flask and the residuewith 20 mLof Diluent, and pass
through the same filter. Combine the filtrates, and
evaporate in a rotaryevaporator at 50° to dryness. Dissolve
the residue in 10.0 mL of Diluent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm x 15-cm; 3-lJm packing L1
Guard column: 4.6-mm x 2.0-cm; packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Chromatogram similarity: The chromatogram issimilar
to the reference chromatogram provided with the lot of
USP Powdered Asian Ginseng ExtractRS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the 6 major
ginsenosides, in replicateinjections

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentages of ginsenosides Rb, and Rg, in

the portion of Powdered Asian Ginseng taken:

Result =(rufrs) x Cs x (V/W) x 100

Acceptance criteria
Ginsenoside Rg,: NLT 0.2% on the dried basis
Ginsenoside Rb1: NLT 0.1% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g. The total
combined moldsand yeasts count does not exceed 102 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Paleyellowish-brown

powder with a slightlyaromatic odor. Undera microscope,
the powder shows traces of cork composed of thin-walled
polygonalcellsbut mainlywith phelloderm on the outside;
wide cortex of parenchymatous cellswith numerous
secretory canals arranged in concentric zones;
parenchymatous xylem with nonlignified tracheids and
slightly lignified vessels with spiral and reticulate
thickening, isolated or in small groups; smallgranules of
starch 0.5-1.0 IJm in diameter in allof the parenchymatous
cells; and occasional cluster crystals of calcium oxalate in
the cells of the central region.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 14.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Asian Ginseng
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Asian Ginseng
Acceptance criteria: NMT 8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store in a cool, dry place.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant source from which
the articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Powdered Asian Ginseng Extract RS

Powdered Asian Ginseng Extract

DEFINITION .
Powdered Asian Ginseng Extractis prepared from Asian

Ginseng by maceration, percolation, or both processes
performed at room temperature with suitable solvents such
as alcohol, methanol, water, or mixturesof these solvents,
and by concentrating the fluidextractat temperatures below
50°. The ratio of the starting crude plant material to
Powdered Asian Ginseng Extract is between 3:1 and 7:1. It
contains NLT 3.0% of ginsenosides Rg" Re, Rb1, Rc, Rb2, and
Rd combined, calculated on the anhydrous basis. It may
contain other added substances.

=peak response of ginsenoside Rg, or
ginsenoside Rb1 from the Sample solution

= peak response of ginsenoside Rg1 or
ginsenoside Rb, from the Standardsolution

=concentration of ginsenoside Rg, or
ginsenoside Rb1 in the Standardsolution
(mg/mL)

=final volume of the Sample solution(mL)
=weight of Powdered Asian Ginseng used to

prepare the Sample solution (mg)

v
w
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Table 1 (continued)

p

=peak area for each relevant ginsenoside from the
Sample solution

=peak area for each relevant ginsenoside from the
Standard solution

=concentration of USP Powdered Asian Ginseng
ExtractRS in the Standard solution (mg/ml)

=concentration of PowderedAsian Ginseng Extract
in the Sample solution (mg/ml)

= labeled amount, in percentage, of each relevant
ginsenoside in the USP Powdered Asian Ginseng
ExtractRS

Calculate the percentage of ginsenosides by adding the
percentages of each relevant ginsenoside.

Acceptance criteria: NlT 3.0% on the anhydrous basis

Diluent: Alcohol and water (4:6)
Standard solution: 24 mg/mL of USP Powdered Asian

Ginseng ExtractRS in Diluent. Dissolve by sonicating for
10 min, mix, and filter.

Sample solution: Proceed as directed for Standard solution,
except use Powdered Asian Ginseng Extract.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 203 nm
Analytical column: 4.6-mm x 15-cm; 3-l..lm packing II
Guard column: 4.6-mm x 2.0-cm; packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection size: 20 IJL

System suitability
Sample: Standard solution

.Suitability requirements
Chromatogram similarity: The chromatogram issimilar

to the Reference Chromatogram provided with the lot
of USP Powdered Asian Ginseng Extract RS being used.

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the 6 major
ginsenosides, in replicate injections

Analysis
Samples: Standard solution and Sample solution
Identify the peaksfor the ginsenosides by comparison with

the Reference Chromatogram provided with the lot of
USP Powdered Asian Ginseng ExtractRS being used, and
measure the peak areas for the 6 major ginsenosides.

Calculate the percentage of each relevant ginsenoside
(Rg1, Re, Rb1, Rc, Rb2, and Rd) in the portion of Powdered
Asian Ginseng Extracttaken:

Result =(r virs) x (CsiCv) x P

Time Solution A Solution B
(min) (%) (%)

52.5 0 100

64.5 76 24

77 76 24

Table 1

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Extraction column: Usea solid-phase extraction column
that contains C18 packing with 55- to 105-lJmparticlesize
and a ratio of sorbent mass to column volume of 360 mgl
0.85 mL, or equivalent. Condition the column before use
by washing with 3 mLof methanol and 8 mLof water.

Standard solution: Transferabout 0.1 g of USP Powdered
Asian Ginseng Extract RS to a 5-mLvolumetricflask, and
proceed as directed for the Sample solution, beginning with
"Dissolve in water".

Sample solution: About 1.0 g of Powdered Asian Ginseng
Extractin a 25-mLvolumetric flask. Dissolve in water,
sonicating if necessary. Dilutewith water to volume.
Transfer 4.0 mLof this solution to the Extraction column,
wash with 10 mLof water, and discard the eluate. Elute the
column with 2 mL of methanol. [NOTE-Do not use vacuum,
elute manuallyand slowly.] Collect the eluate in a
suitable vial.

Adsorbent: 0.2-mm layer of chromatographic silica gel
mixture on a high-performance thin-layer plate

Application volume: 10 IJL, as bands
Developing solvent system: Chloroform, methanol, and
water (65:35:10). Usethe lower phase.

Spray reagent: Alcohol, acetic anhydride, and sulfuric acid
(18:1:1 )

Analysis
Samples: Standard solution and Sample solution
Saturate the chamber with Developing solvent systemfor

2 h. Developthe chromatograms until the solvent front
has moved up about three-fourths of the length of the
plate. Remove the plate from the chamber, mark the
solvent front, and allow the plate to dry. Spraywith Spray
reagent, and heat in an oven at 105°for 10 min.
Immediately examine the plate in white light.

Acceptance criteria: The Sample solution exhibits, among
other spots, eight brown-violet spots at the RFvaluesof
about 0.70, 0.60, 0.50, 0.36, 0.30, 0.28, 0.20, and 0.18,
corresponding in color and RFvalues to those obtained for
the Standard solution.

• B. Add2 mLofglacialacetic acid to 0.1 g of PowderedAsian
Ginseng Extract, warm for 5 min in a hot water bath, and
filter. Gently add 0.5 mLof sulfuric acid to 1.0 ml of the
filtrate. .

Acceptance criteria: A red-brown color develops at the
zone of contact. .

• C. The retention times of the peaks for ginsenosides Rg1,

Re, Rf, Rb1, Rb2, Rc, and Rd in the Sample solution
chromatogram correspond to those in the Standard
solution, as obtained in the test for Content of Ginsenosides.
The ratio of the peak area of Rb2 to the peak area of Rb1 is
NLT 0.4 (differentiation from American Ginseng).

COMPOSITION
• CONTENT OF GINSENOSIDES

Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 7.

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

CONTAMINANTS

as (5'65), '. Preparations, .General
.... " uireinents, festicideResidues ... (eN 1.May.2020)

the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 300 cfu/g. The total
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combined molds and yeasts count does not exceed
100 cfu/g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPEClflEID
MICROORGANISMS (2022): It meets the requirements of
the tests for absence of Salmonella species, Escherichia coli,
and Staphylococcus aureus.

SPECIFIC TESTS
41 WATER DETERMINATION, Method 1(921): NMT 7.0%,

determined on a 0.15-g specimen
41 ALCOHOL DETERMINATION, Method /I (611): NMT 0.25%

ADDITIONAL REQUIREMENTS
41 PACKAGING AND STORAGE: Meets the requirements in

Botanical Extracts (565)
• LABELING: Meets the requirements in Botanical Extracts

(565)
• USP REFERENCE STANDARDS (11)

USP Powdered Asian Ginseng Extract RS

Asian Ginseng Tablets

DEFINITION
Asian Ginseng Tablets are prepared from Powdered Asian

Ginseng Extract. Theycontain NLT 90.0% and NMT 110.0%
of Powdered Extract, calculated as the sum of
ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rd.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 5 mg/mL each of arbutin and escin, in

methanol
Sample solution: Transferthe equivalent of 100 mg of

Powdered Extractfrom powdered Tabletsto a conicalflask,
and extract three times, each with a 20-mLportion of a
mixture of methanol and water (4:1), in a 55° bath for
30 min, stirring with a magnetic stirrer. Evaporate the
combined extracts to dryness in vacuum between 45° and
50°, and dissolve the residue in 10 mL of a mixture of
methanol and water (3:2).

Application volume: 20 ~L, as bands .
Developing solvent system: The upper layerof a mixture

of butyl alcohol, ethyl acetate, and water (4:1:2) in an
unsaturated chamber

Spray reagent: 0.5 mLof anisaldehyde in 10 mLof glacial
acetic acid. Add 85 mLof methanol, carefully add 5 mLof
sulfuric acid, and mix.

Analysis
Samples: Standard solution and Sample solution

Proceed as directed in the chapter. Remove the plate from
the developing chamber, and allowit to dry. Spraywith
Spray reagent. Heat the plate at 105°-110° for 10 min,
and examine the plate.

Acceptance criteria: The chromatogram of the Standard
solution shows, in the upper third, a brown zone
corresponding to arbutin and, in the lower third, a gray
zone corresponding to escin. Between these two zones, the
chromatogram of the Sample solution exhibitsviolet-gray
zones corresponding to ginsenoside Rg1 in the upper
portion and to ginsenoside Re in the middle. Aviolet-gray
zone corresponding to ginsenoside Rb1 is located at the
same RF value as the gray zone corresponding to escin in
the chromatogram of the Standard solution. Other, less
intense bands may be observed between the zones due to
ginsenosides Rb1 and Re, and the zone closest to the origin

USP 43

corresponds to ginsenoside Rc. Other spots may be visible
in the lowerthird of the chromatogram.

• lB. The retention times of the relevant analytesof the
Sample solution correspond to those of the Standard
solution, as obtained in the test for Content of Ginsenosides.
The retention time of the peak for ginsenoside Rf of the
Sample solution corresponds to that of the Standard
solution, as obtained in the test for Content of Ginsenosides.

STRENGTH
• CONTENT Of GINSENOSIDES

Diluent: Waterand alcohol (3:2)
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 76 24

12 76 24

28 65 35

51.5 56.5 43.5

52.5 0 100

64.5 76 24

77 76 24

Standard solution: 40 mg/mL of USP Powdered Asian
Ginseng Extract RS in Diluent. Filter.

Sample solution: Weighand finely powder NLT20 Tablets.
Transfer a quantity of the powder, equivalent to 200 mg of
Powdered Extract to a conicalflask, and extract three times,
each with a 20-mLportion of a mixture of methanol and
water (4:1), in a 55° bath for 30 min, stirringwith a
magnetic stirrer. Evaporate the combined extracts to
dryness in a vacuum between 45° and 50°. Dissolve the
residue in 5.0 mL of Diluent, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Column

Guard: 4.6-mm x 2.0-cm; packing L1
Analytical: 4.6-mm x 15-cm; 3-~m packing L1

Column temperature: 25°
Flow rate: 1.5 mL/min
Injection size: 20 ~L

System suitability
Sample: Standard solution
Suitability requirements

Chromatogram similarity: The Standard solution
chromatogram issimilar to the Reference
Chromatogram provided with the lot of USP Powdered
Asian Ginseng Extract RS being used. .

Relative standard deviation: NMT 2.0%, determined
for the sum of the peak areas for the six major
ginsenosides, in repeated injections

Analysis
Samples: Standard solution and Sample solution .

Record the chromatograms, identifythe peaksfor the
ginsenosides by comparison with the Reference
Chromatogram provided with the lot of USP Powdered
Asian Ginseng ExtractRS being used, and measure the
peak areas for the six major ginsenosides. .

Calculatethe quantity, in mg, of each relevant
ginsenoside (Rg1, Re, Rb1, Rc, Rb2, and Rd) inthe portion
of Tablets taken:
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Result =0.05 x (ru/rs) x C, x P

ru = peak areas for each relevant ginsenosidefrom the
Sample solution

rs = peak areas for each relevant ginsenosidefrom the
Standardsolution

C, = concentration of USP Powdered Asian Ginseng
Extract RS inthe Standardsolution (mg/mL)

P = labeled amount, in percentage, of each relevant
ginsenoside in the USP Powdered Asian Ginseng
Extract RS lot being used

Calculate the content of total ginsenosides, T, in mg, by
adding the amounts of individual ginsenoside.

Calculate the percentage of Powdered Extract with respect
to the label claim:

Result = T x (Awr/W) x (100/LE) x (100/L)

T =content of total ginsenosides in the portion of
Tablets taken (mg)

Awr =average weight of Tablets (mg/Tablet)
W = weight of the portion of Tablets taken (mg)
LE = content of total ginsenosides hi 100 mg of the

Extract used to prepare the Tablets (mg)
L = amount of Extract per Tablet according to label

claim (mg/Tablet)

Acceptance criteria: 90.00/0-110.0% of Powdered Extract,
calculated as the sum of ginsenosides Rg1, Re, Rb1, Rc, Rb2,

and Rd

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements '

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbialcount does not exceed 104 cfu/g, and the total
combined molds and yeasts count does not exceed
1000 cfu/g. Tablets meet the requirements of the tests for
absence of Salmonella species and Escherichia coli.'

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. '
• LABELING: The label states the Latin binomialand, following

the official name, the article from which the Tabletswere
prepared. The label also indicates the amount of Powdered
Extract, in mg/Tablet, and the content, in mg, of
ginsenosides per 100 mg of Powdered Extract.

• USP REFERENCE STANDARDS (11)
USP Powdered Asian Ginseng Extract RS

Aspartic Acid-see AsparticAcid General Monographs

Astaxanthin Esters
Astaxanthln esters;
Astaxanthin fatty acid esters;
Fatty acid esters of (3S,3'S)-3,3'-dihydroxy-p,p-carotene-4,4'

dione.

Dietary Supplements / Astaxanthin 4779

DEFINITION
Astaxanthin Esters is obtained by extraction with either

supercritical carbon dioxide or acetone from cultures of
Haematococcus pluvialis. It consists mainly of 3S,3'S
stereoisomers of astaxanthin in the monoester, diester, and
free forms. The monoester form is the most abundant,
followed by the diester form. The free form is a minor
component. Suitable antioxidants may be added. It
contains NLT 5% of total astaxanthin, calculated as free
astaxanthin on the anhydrous basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 10 mg/mL of USP Astaxanthin Esters
from Haematococcus pluvialis RS in acetone

Sample solution: 10 mg/mL of Astaxanthin Esters in
acetone

Chromatographic system
(See Chromatography (621), General Procedures, Thin-Layer

Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture. Drythe adsorbent at 110° for 1 h before use.
Application volume: 5 ~L

Developing solvent system: Hexane and acetone
(70:30)

System suitability
Sample: Standardsolution

, Suitability requirements: The chromatogram of the
Standardsolution exhibits three clearlyseparated zones,
with astaxanthin diester having the highest RF value,
followed by astaxanthin monoester (the most intense)
and free astaxanthin (the least intense).

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatogram in the Developing solvent

system until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate
from the chamber, and dry in a current of air. Examine the
plates under white light.

Acceptance criteria: The Sample solution exhibits three
main zones corresponding in RF value to those obtained
from the Standardsolution. The zone in the middle
(monoester) is the most intense, and the zone with the
lower RF is the least intense.

• B. HPLC: The Sample solution exhibits three major peaks
with the retention times corresponding to those of
13-cis-astaxanthin, all-trans-astaxanthin, and
9-cis-astaxanthin peaks in the Standardsolution, as
obtained in the Assay for Contentof TotalAstaxanthin.

ASSAY

• CONTENTOF TOTAL ASTAXANTHIN
[Ncrs-Astaxanthln determined by this method istotal

astaxanthin, including the free astaxanthin, the
monoester, and the diester.]

Buffer solution: Dissolve 6.06 g of tris(hydroxymethyl)
aminomethane in 750 mLof water, adjust with 1 N
hydrochloric acid to a pH of 7.0, and dilute with water to
1000 mL.

Cholesterol esterase solution: 4 units/mL of cholesterol
esterase' in Buffer solution. Prepare fresh daily.

Solution A: Methanol
Solution B: t-Butylmethylether

, UseWako Pure Chemicals catalog #037-11221, available from
www.wakousa.cornj Slqrna catalog #C9281, available from
www.slqmaaldrkh.corm or equivalent.
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Solution C: Phosphoric acid, 1% aqueous
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B Solution C
(min) (0/0) (%) (%)

0 81 15 4

15 66 30 4

23 16 80 4

27 16 80 4

27.1 81 15 4

35 81 15 4

Internal standard solution: 37.5 J.lg/mL of USP
Apocarotenal RS in acetone '

Standard s~ock solution: Transfer 30 mg of USP
Astaxanthin Esters from Haematococcus pluvialis RS to a
1OO-mL volumetric flask. Dissolve in 30 mL of acetone
shake by mechanical means, and dilute with acetone to
volume.

Standard solution: Combine 2.0 mL of the Standard stock
solution and 1.0 mL of the Internal standard solution in a
glass centrifuge tube. Add 3.0 mL of Cholesterol esterase
solution to the tube, and mix gently by inversion. Place the
tube in a block heater set to 37°, and allow the reaction to
continue for 45 min, gently and slowly inverting the tube
every 10 min. After 45 min, add 1 g of sodium sulfate and
2 mL of petroleum ether to the tube. Mix on a vortex mixer
for 30 s, and then centrifuge at 3000 rpm for 3 min.
Carefully transfer the petroleum ether layer to a 1O-mL glass
centrifuge tube containing 1 g of anhydrous sodium
sUlfat~. Be careful to avoid pipetting the intermediate
emulsive layer. Evaporate the petroleum ether layer using a
vacuum or a stream of inert gas at room temperature. Add
3 mL of acetone, sonicate, and filter the mixture. The
filtered solution is the Standard solution.

Sample stock solution: Warm a quantity of the sample in a
water bath at 50°-60° for 30 min. Shake the sample well at
1O-min intervals. After 30 min, transfer 30 mg of the sample
to a 1OO-mL volumetric flask. Dissolve in 30 mL of
acetone, shake by mechanical means, and dilute with
acetone to volume.

Sampl.e solution: Combine 2.0 mL of the Sample stock
solution and 1.0 mL of the Internal standard solution in a
glass centrifuge tube. Add 3.0 mL of Cholesterol esterase
solution to the tube, and mix gently by inversion. Place the 
tube in a block heater set to 37°, and allow the reaction to
continue for 45 min, gently and slowly inverting the tube
every 10 min. After 45 min, add 1 g of sodium sulfate and
2 mL of petroleum ether to the tube. Mix on a vortex mixer
for 30 s, and then centrifuge at 3000 rpm for 3 min.
Caref.ully transfer the ~e~roleumether layer to a 1O-mL glass
centrifuge tube containing 1 g of anhydrous sodium
sulfat~. Be careful to avoid pipetting the intermediate
emulsive layer. Evaporate the petroleum ether layer using a
vacuum or a stream of inert gas at room temperature. Add
3 mL of acetone, sonicate, and filter the mixture. The
filtered solution is the Sample solution.

Chrornatoqraphlc system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector:
Column: x 25-cm; 5-J.lm packing

L62
Flow rate: 1.0 mL/min
Injection volume: 20 J.lL

USP 43

System suitability
Sample: Standard solution

[NOTE-See Table 2 for approximate relative retention
times.]

Table 2
Relative Relative

Retention Response
Name Time Factor

13-cis-Astaxanthin 0.9 1.3

all-trans-Astaxanthin 1.0 1.0

9-cis-Astaxanthin 1.4 1.1

Apocarotenal (internal
standard) 1.7 -

Suitability requirements
Chromatogram similarity: The chromatogram of the

Standard solution is similar to the reference
chromatogram provided with the lot of USP
Astaxanthin Esters from Haematococcus pluvialis RS
being used.

Resolution: NLT 2.0 between 13-cis-astaxanthin and
all-trans-astaxanthin '

Relative standard deviation: NMT 2.0% for
all-trans-astaxanthin

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of total astaxanthin content in the

portion of sample taken:

Result =(Ru/Rs) x (Cs!Cu) x p

= ratio of [(1.3x the peak area of
13-cis-ilstaxanthin) + the peak area of
all-trans-astaxanthin + (1.1 x the peak area of
9-cis-astaxanthin)] to the peak area of the
internal standard from the Sample solution

= ratio of [(1.3 x the peak area of
13-cis-astaxanthin) + the peak area of
all-trans-astaxanthin +(1.1 x the peak area of
9-cis-astaxanthin)] to the peak area of the
internal standard from the Standard solution

= concentration of USP Astaxanthin Esters from
Haematococcus pluvialis RS in the Standard
solution (mg/mL)

= concentration of the Sample solution (mg/mL)
=labeled amount of total astaxanthin as free

astaxanthin in USP Astaxanthin Esters from
Haematococcus pluvialis RS (%)

Acceptance criteria: NLT 5% of total astaxanthin,
calculated as free astaxanthin on the anhydrous basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 J.lg/g
Cadmium: NMT 1.0 J.lg/g
Lead: NMT 1.0 J.lg/g
Mercury: NMT 1.0 J.lg/g
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Result = A/(C x F)

= absorbance of the Sample solution
= concentration of the Sample solution (g/mL)
= coefficient of extinction (61%) of pure

pheophorbide in ethyl ether (100 mL . s:' .crrr'),
702

A
C
F

repeat the extraction with a second 1O-mLportion of 17%
hydrochloric acid, adding the hydrochloric acid layer to the
separatory funnel. Add 150 mLof Solution 8, 20 mL of ethyl
ether, and mix the contents of the separatory funnel by
shaking. Transfer the ethyl ether layer to a 20-mL
volumetric flask, and dilute with ethyl ether to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 667 nm
Cell path: 1 em
Blank: Ethyl ether

Analysis
Sample: Sample solution
Calculate the percentage of pheophorbide in the portion of

sample taken:

Acceptance criteria: NMT 0.02%
e

. SPECIFIC TESTS
• WATER DETERMINATION (921), Method I: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USPApocarotenal RS
trans-beta-Apo-8'-carotenal.
C30H400

USP Astaxanthin Estersfrom Haematococcus pluvialis RS

Use the following rTloriitoril)g.ionstor·peal<#etectic>n~

•mlz 2 be,nzo(b]ffu()r~n!hehe"'d12~n~,~~~z~[aJ
pyrene~ 12
• mlz 252 and ~53: benzo[b]flut>fa'nth~~.e~6d·b~nzo[a]
pyrene
•mlz240: :~enio[a]ant.hr~c;erl~:~~~~n(Jc;~·r¥set1~~"dl;
• mlz228 and 229: beni6[a]~mthraterie a.n~:Ecn,ys.ene

Con
be
c
Wor I

re
b
in
ea

y

v
W

S

Acc~ptance criteri
Benzo[a]pyre
Sum of benzoantl1ene,

benzo[a]ant se .N?1'F
10ppbi'(uSP1-A )

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 10 3 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• PHEOPHORBIDE CONTENT
Solution A: 50 mg/ml of sodium sulfate
Solution B: Saturated solution of sodium sulfate
Sample stock solution: Transfer 100 mg of the sample to a

1O-ml test tube, add 10 mL of acetone, and dissolve with
sonication. Quantitatively transfer this solution to a
separatory funnel, rinsing the test tube 3 times with 10-mL
portions of acetone and adding the rinsings to the funnel.
Add 30 mLof ethyl ether to the separatory funnel, followed
by 50 mL of Solution A. Mix the contents of the separatory
funnel by shaking gently, then draw off and discard the
lower layer. Repeat washing with Solution A 3 times.
Dehydrate the remaining extract with anhydrous sodium
sulfate, then transfer the extract to a 50-mL volumetric
flask, and dilute with ethyl ether to volume.

Sample solution: Transfer 20 mL of the Sample stock
solution to a small beaker. Add 20 ml of 17%
hydrochloric acid, and mix the solution vigorously. Transfer
the hydrochloric acid layer to a separatory funnel, and

Astragalus Root
DEFINITION
Astragalus Root consists of the dried root of Astragalus

membranaceus var. mongholicus (Bunge) P.K.Hsiao or
Astragalus membranaceus (Fisch.) Bunge (Fam. Fabaceae).
Astragalus root is typically harvested from a 2- to 3~year~0Id

plant in early fall. It contains NLT 0.04% of cycloartane
saponins and NlT 0.03% of isoflavonoids calculated on the
dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1 mg/mL of USP Astragaloside IV RS
in methanol

Standard solution B: 2 mg/ml of USP Daidzin RS and 1 mg/
mL of USP Daidzein RS in methanol

Standard solution C: 50 mg/ml of USPAstragalus Root Dry
Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant..

Sample solution: Heat 3 g of Astragalus Root, finely
powdered, in 50 mL of methanol for 50 min under reflux.
Centrifuge, withdraw the supernatant, and evaporate to
dryness under reduced pressure. Dissolve the residue in
1.0 ml of water. Transfer the resulting solution onto a 6-mL
solid-phase extraction column containing 500 mg of
sorbent previously conditioned with 3 ml of methanol and
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3 mL of water.' Wash with 15 mL of water followed by
15 mLof 30% methanol, and discard the rinsate. Elute with
20 mLof methanol, collect the eluate, evaporate to dryness
under reduced pressure, and dissolve the residue in 2 mL
of methanol.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate?
Application volume: 3 ~L each of StandardsolutionA,

Standardsolution B, Standardsolution C, and Sample
solution as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methanol, and

water (100: 13.5: 10)
Developing distance: 6 cm
Derivatization reagent: 10% Sulfuric acid in methanol.

[Nora-Prepare fresh. Slowly and gradually add sulfuric
acid to ice-cold methanol, and mix welL]

System suitability
Samples: StandardsolutionA, Standardsolution B, and

Standardsolution C
Suitability requirements

Chromatographic pattern: Under long-wave UV light
(365 nm), following derivatization, StandardsolutionA
exhibits an orange band in the middle of the lower third
of the plate due to astragaloside IV, with a retardation
factor (RF) of approximately 0.15. In Standardsolution B,
daidzin and daidzein form bluish-grey bands with RF of
approximately 0.34 and 0.76, respectively; the proximal
band is sharper, while the distal is somewhat diffuse. In
Standardsolution C, four orange bands are seen in the
lower third of the plate, corresponding to astragalosides
IV, III, II, and Iwith RFof approximately 0.15, 0.18, 0.24,
and 0.34, respectively. The RFof the astragaloside I band
approximates that of daidzin in StandardsolutionB.The
upper two-thirds of the plate typically display a number
of bluish, greenish, and pinkish diffuse bands, one of
which corresponds to that of daidzein in Standard
m~~na .

Analysis
Samples: StandardsolutionA, Standardsolution 8,.

Standardsolution C, and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber. Air-dry, treat with Derivatization
reagent, heat for 5 min at 100°, and examine under
long-wave UV light (365 nm).

Acceptance criteria: Under long-wave UV light (365 nm),
the Sample solution exhibits bands corresponding in color
and RF to similar bands from Standardsolution C. In the
lower third of the chromatogram, a number of orange
bands are present; the most prominent ones corresponding
to astragalosides Iand II, with RF of approximately 0.34 and
0.24, respectively. In the upper part of the
chromatogram, a number of diffuse bands are present, and
additional weak bands may appear with respect to those
seen in Standardsolution C. [NOTE-The root of Hedysarum
polybotros, a common adulterant, does not show orange
bands corresponding to astragalosides I and 11.]

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Isoflavonoids and Saponins.

, Suitable commercially available SPEcolumns are Bakerbond
Octadecyl C18•

2 Suitable commercially available plates are HPTlC Silica Gel 60 F2S4 from
EMD Millipore (e.g., part no. 1.05642.0001).

Dietary Supplements / Astragalus 4783

Acceptance criteria: The Sample solution exhibits peaks at
the retention times corresponding to those of calycosin
7-O-~-D-glucopyranoside, ononin, calycosin,
formononetin, astragaloside IV, astragaloside I, and
astragaloside II from Standardsolution F.

COMPOSITION
• CONTENT OF ISOFLAVONOIDS AND SAPONINS

Solution A: 0.3% Formic acid
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 80 20

15 80 20

25 68 32

35 66 34

45 55 45

55 50 50

75 25 75

80 80 20

100 80 20

Standard solution A: Prepare a composite solution
containing 004 mg/mL of USP Astragaloside IV RS,
0.1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP
Calycosin 7-0-~-D-Glucopyranoside RS, 0.05 mg/mL of
USP Formononetin RS, and 0.1 mg/mL of USP Ononin RS
in methanol.

Standard solutions B, C, D, E: Prepare four consecutive
two-fold serial dilutions of StandardsolutionA in methanol.

Standard solution F: Sonicate 150 mg of USP Astragalus
Root Dry Extract RS in 5 mL of methanol. Pass through a
nylon filter of 0045-~m pore size, and discard the initial 1 mL
of the filtrate.

Sample solution: Accurately weigh 1.5 9 of Astragalus Root
reduced to fine powder, and transfer into a 100-mL
round-bottomed flask. Attach the condenser and reflux in
60 mL of methanol for 3 h. Filter and evaporate methanol
to dryness under reduced pressure. Dissolvethe residue in a
small amount of methanol, and transfer quantitatively
into a 5-mL volumetric flask. Adjust with methanol to
volume and mix well. Pass through a nylon filter of 0045-~m
pore size, and discard the initial 1 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: HPLC
Detectors: UV 280 nm and ELSD, connected in series
ElSD drift tube temperature: Optimize according to the

manufacturer's recommendations to achieve optimal
signal-to-noise ratio, typically 105°.

ElSD carrier gas flow: Optimize according to the
manufacturer's recommendations to achieve optimal
signal-to-noise ratio, typically 2.70 L/rnin.

Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 15 ~L

System suitability
Samples: Standardsolutions A-E and Standardsolution F
Suitability requirements

Chromatographic similarity: The chromatogram of
Standardsolution F is similar to the reference
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Table 2

Analyte Relative Retention Time

Astragaloside IV 1.00

Astragaloside II 1.10

Astragaloside I 1.28

Measurethe a~eas of the saponin p~aks. Plot the logarithms
of astraqaloslde IV peak areas against the logarithms of
their respective concentrations (mg/ml) in Standard
solutions A-E, and determine the equation of a
least-squares regression line. Using the equation of the
least-squares linefor astragaloside IV, calculate the
concentrations of each specified saponin (astragalosidel,
astragaloside II, and astragaloside IV) in the Sample
solution.

Separatelycalculatethe percentages of each saponin in the
portion of Astragalus Roottaken: .

Result =Cs x (V/W) x 100

Calculate the sum of percentages of saponins.
Acceptance criteria

Sum of isoflavonoids: NlT 0.03% on the dried basis
Sum of saponins: NlT 0.04% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.5 IJg/g
Cadmium: NMT 0.3 IJg/g
lead: NMT 5.0 IJg/g
Mercury: NMT 0.1 IJg/g

• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue
Analysis: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, total combined
y~asts and moldscount d.oes not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not
exceed 103 cfu/g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of SalmonellaSpeciesand Test for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Astragalus Root iscylindrical some upper
b~anches relatively thick, 30-90 cm long, 0.5-3.5 cm in
diameter. Externally pale brownishyellowor pale brown
(but not red), with irregular, longitudinalwrinkles or.
furrows.Texturehard and tenacious, broken with difficulty
fracture highlyfibrous and starchy; barkyellowish-white' '
wood pale yellow, with radiate striations and fissures, th~
center part of old root occasionally looking like rotten
wood, blackish brown or hollowed.

Microscopic: The transverse section shows cork consisting
of many rows of tangentially elongated cells. Phelloderm,
3-7 rows of collenchymatouscells. Outer part of phloem
rays often curved and fissured, fibers in bundles from 6-22
IJm in diameter, with longitudinal fissures and truncate or
b~ush-Iik.e e~.ds. The walls are thickened and lignified or
slightly lignified, arranged alternatelywith sieve tube
group~; st~ne c~lIs sometimes visible near phelloderm.
Cambium Ina rrng. Xylem vessels scattered singlyor 2-3
a.ggregated in. groups; wood fibersamong vessel stone cells
singly or 2-4 Ingroups, sometimes visible in rays.
Parenchymatous cells contain starch granules. In the
longitudinalsection, no solitary calciumoxalate crystals are
seen outside the fiber bundle (a distinctionfrom Hedysarum
polybotrosand other Hedysarum species, common
adulterants).

• ARTICLES OF BOTANICAL ORIGIN (561), Foreign Organic
Matter: NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Astragalus Root
Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), TotalAsh
Sample: 1.0 g of powdered Astragalus Root
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Acid-Insoluble Ash
Sample: 1.0'g of powdered Astragalus Root
Acceptance criteria: NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Alcohol-Soluble
Extractives, Method 7

Sample: 2-4 g of powdered Astragalus Root
Acceptance criteria: NlT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Water-Soluble
Extractives, Method 7

Sample: 2-4 g of powdered Astragalus Root
Acceptance criteria: NlT 17.0%

= concentration of the relevant saponin in the
Sample solution (mg/ml)

=volume of the Sample solution (ml)
= weight of Astraqalus Root taken to prepare the

Sample solution (mg)

=concentration of the relevant isoflavonoid in the
Sample solution (mg/ml)

=volume of the Sample solution (ml)
= weight of Astragalus Root taken to prepare the

Sample solution (mg)

Ca.lculate the sum of percentages of isoflavonoids.
USing the ElSD chromatograms of Standardsolutions A..,..£

Standardsolution F, and the reference chromatogram '
provided with the lot of USP Astragalus RootDry ,
ExtractRS being used, identifyallspecified saponins in the
Sample solutionchromatogram. The approximate relative
retention times for astragalosides I and II, with respect to
astragaloside IV, are provided in Table 2.

v
W

Cs .

chromatogram provided with the lot of USP Astragalus
Root DryExtractRS being used.

Theoretical plates: NlT 3,000 for calycosin
7-O-~-D-glucopyranoside (UV) and astragaloside IV
(ElSD) peaks, StandardsolutionA

C~rrelation co~ffici~nt: NlT 0.995 for each regression
line as determined In Analysis

Analysis
Samples: Standardsolutions A-F and Sample solution
Using the UV absorbance chromatograms of Standard

solutions A-E, StandardsolutionF, and the reference
chromatogram provided with the lot of USP Astragalus
~oot Dry ~xtr~ct RS being used,identify the specified
isoflavonolds In the Sample solution chromatogram.
Measurethe areas of the isoflavonoid peaks. Plotthe areas
ofthe relevantpeaksagainst the respectiveconcentrations
(mg/ml) of each analyte in Standardsolutions A-E and
determ.ine ~he equations of the resulting least-squ~res
regression lines.

Using th~ equations of the .relevant least-squares lines,
?etermlne. the conc~ntratlons of each specified
Isoflavo.nOld (calycosln 7-O~~-D-glucopyranoside, ononin,
calycosin, and forrnononetln) in the Sample solution.

Separatelycalculatethe percentages of each isoflavonoid in
the portion of Astragalus Root taken:

Result = C, x (V/W) x 100

v
W
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ADDITIONAL REQUIREMENTS
• PACIKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial of the species
from which the articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Astragaloside IV RS
USP Astragalus Root Dry Extract RS
USP Calycosin RS
USP Calycosin 7-0-~-D-Glucopyranoside RS
USP Daidzein RS
USP Daidzin RS
USP Formononetin RS
USP Ononin RS

Astragalus Root Powder
DEfiNITION
Astragalus RootPowderconsists of the dried root ofAstragalus

membranaceus var. mongholicus (Bunge) P.K.Hsiao or
Astragalus membranaceus (Fisch.) Bunge(Fam. Fabaceae)
reduced to powder or veryfine powder. Astragalus root is
typically harvestedfrom a 2- to 3-year-old plant in earlyfall.
It contains NLT 0.04% of cycloartane saponins and NLT
0.03% of isoflavonoids calculatedon the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1 mg/mL of USP Astragaloside IV RS
in methanol

Standard solution B: 2 mg/mLofUSP Daidzin RS and 1 mg/
mL of USP Daidzein RS in methanol

Standard solution C: 50 mg/mLof USP Astragalus RootDry
Extract'RS in methanol. Sonicatefor about 10 min,
centrifuge, and use the supernatant.

Sample solution: Heat 3 g of Astragalus RootPowder in
50 mL of methanol for 50 min under reflux. Centrifuge,
withdraw the supernatant, and evaporate to drynessunder
reduced pressure. Dissolve the residue in 1.0 mL of water.
Transfer the resulting solution onto a 6-mLsolid-phase
extractioncolumncontaining 500 mg ofsorbent previously
conditioned with 3 mL of methanol and 3 mL of water.'
Wash with 15 mL of water followed by 15 mL of 30%
methanol, and discard the rinsate. Elute with 20 mL of
methanol, collect the eluate, evaporate to dryness under
reduced pressure,and dissolve the residue in 2 mL of
methanol.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesize of 5 urn (HPTLC plate)"
Application volume: 3 J..lL each of StandardsolutionA,

Standardsolution B, Standardsolution C, and Sample
solution as 8-mm bands

Relative humidity: Condition the plate to a relative
humidityof 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methanol, and
water (100: 13.5: 10)

Developing distance: 6 cm

, Suitablecommercially availableSPE columns are Bakerbond
Octadecyl C'8'
2 Suitable commercially availableplates are HPTLC Silica Gel60 F2S4 from
EMD Millipore (e.g., part no. 1.05642.0001).
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Derivatization reagent: 10% Sulfuric acid in methanol.
[NOTE-Prepare fresh. Slowly and graduallyadd sulfuric
acid to ice-cold methanol, and mix welL]

System suitability
Samples: Standardsolution A, Standardsolution B, and

Standardsolution C
Suitability requirements

Chromatographic pattern: Under long-wave UV light
(365 nm), following derivatization, StandardsolutionA
exhibits an orange band in the middleof the lowerthird
of the plate due to astragaloside IV, with a retardation
factor (RF) of approximately0.15. In Standardsolution B,
daidzin and daidzeinform bluish-grey bands with RF of
approximately 0.34 and 0.76, respectively; the proximal
band issharper, while the distal issomewhat diffuse. In
Standardsolution C, four orange bands are seen in the
lowerthird of the plate, correspondingto astragalosides
IV, III, II, and Iwith RF of approximately 0.15, 0.18, 0.24,
and 0.34, respectively. The RFof the astragaloside Iband
approximates that of daidzin in StandardsolutionB.The
upper two-thirdsof the plate typically display a number
of bluish, greenish, and pinkish diffuse bands, one of
which corresponds to that of daidzein in Standard
solution B.

Analysis
Samples: Standardsolution A, Standardsolution 8,
. Standardsolution C, and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber. Air-dry, treat with Derivatization
reagent, heat for 5 min at 100°, and examine under
long-wave UV light (365 nm).

Acceptance criteria: Under long-wave UV light (365 nm),
the Sample solution exhibits bands corresponding in color
and RF to similar bands from Standardsolution C. In the
lowerthird of the chromatogram, a number of orange
bands are present; the most prominentones corresponding
to astragalosides Iand II, with RFof approximately 0.34 and
0.24, respectively. In the upper part of the
chromatogram, a number ofdiffuse bands are present, and
additionalweak bands may appear with respect to those
seen in Standardsolution C. [NOTE-The root of Hedysarum
polybotros, a common adulterant, does not show orange
bands corresponding to astragalosides I and 11.]

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Isoflavonoids and Saponins.
Acceptance criteria: The Sample solution exhibits peaksat

the retention times corresponding to those of calycosin
7-0-~-D-glucopyranoside, ononin, calycosin,
formononetin, astragaloside IV, astragaloside I, and
astragaloside II from Standardsolution F.

COMPOSITION
• CONTENT OF ISOFLAVONOIDS AND SAPONINS

Solution A: 0.3% Formic acid
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 80 20

15 80 20

25 68 32

35 66 34

45 55 45
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= concentration of the relevant isoflavonoid in the
Sample solution (mg/mL)

=volume of the Sample solution (mL)
=weight of Astragalus Root Powder taken to

prepare the Sample solution (mg)

Calculate the sum of percentages of isoflavonoids.
Using the ELSD .chromatograms of Standard solutions A-E,

Standard solution F, and the reference chromatogram
provided with the lot of USP Astragalus Root Dry ,
ExtractRS being used, identifyallspecified saponins in the
Sample solution chromatogram. The approximate relative
retention times for astragalosides I and II, with respect to
astragaloside IV, are provided in Table 2.

v
w

C,

v
w

Analyte Relative Retention Time

Astragaloside IV 1.00

Astragaloside " 1.10

Astragaloside I 1.28

Using the equations of the relevant least-squares lines,
~etermine the concentrations of each specified
isoflavonoid (calycosin 7-0-p-o-glucopyranoside, ononin,
calycosin, and formononetin) in the Sample solution.

Separatelycalculatethe percentages of each isoflavonoid in
the portion of Astragalus Root Powder taken:

Result =C, x (V/W) x 100

Measure the areas of the saponin peaks. Plotthe logarithms
of astragaloside IV peak areas against the logarithms of
their respectiveconcentrations (mg/mL) in Standard
solutions A-E, and determine the equation of least-squares
r.egression line. U~ing the equation of the least-squares
hne for astraqaloside IV, calculate the concentrations of
each specifiedsaponin (astragaloside I, astragaloside II,
and astragaloside IV) in the Sample solution.

Separatelycalculatethe percentages of each saponin in the
portion of Astragalus Root Powder taken:

Result = C5 x (V/W) x 100

Table 2

=concentration of the relevant saponin in the
Sample solution (mg/mL)

= volume of the Sample solution (mL)
=weight of Astragalus Root Powder taken to

prepare the Sample solution (mg)

Calculate the sum of percentages of saponins.
Acceptance criteria

Sum of isoflavonoids: NLT 0.03% on the dried basis
Sum of saponins: NLT 0.04% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.5 I-Ig/g
Cadmium: NMT 0.3 I.Jg/g
Lead: NMT 5.0 I.Jg/g
Mercury: NMT 0.1 I.Jg/g

• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue
Analysis: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, total combined
yeasts and molds count does not exceed 103 cfu!g, and the
bile-tolerant Gram-negative bacteria count does not
exceed 103 cfu/g.

Table 1 (continued)

Standard solution A: Prepare a composite solution
containing 0.4 mg/mL of USP Astragaloside IV RS,
0.1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP
Calycosin 7-0-p-O-Glucopyranoside RS, 0.05 mg/mL of
USP Formononetin RS, and 0.1 mg/mL of USP Ononin RS
in methanol.

Standard solutions B, C, 0, E: Prepare four consecutive
two-foldserialdilutions of Standard solution A in methanol.

Standard solution F: Sonicate 150 mg of USP Astragalus
Root D.ry Extract RS in 5 mLof methanol. Pass through a
nylonfilterof 0.45-l.Jm pore size,and discardthe initial 1 mL
of the filtrate.

Sample solution: Accurately weigh 1.5 g of Astragalus Root
Powder, and transfer into a 1OO-mL round-bottomed flask.
Attach the condenser and reflux in 60 mLof methanol for
3 h. Filter and evaporate methanol to dryness under
reduced pressure, dissolve the residue in a smallamount of
methanol, and transfer quantitatively into a 5-mL
volumetricflask. Adjust with methanol to volume and mix
well. Pass through a nylon filterof 0.45-l.Jm pore size and
discard the initial 1 mLof the filtrate. '

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detectors: UV 280 nm and ELSD, connected in series
ELSD drift tube temperature: Optimize according to the

manufacturer's recommendations to achieve optimal
signal-to-noise ratio, typically 105°.

ELSD carrier gas flow: Optimize according to the
manufacturer's recommendations to achieve optimal
signal-to-noise ratio, typically 2.70 L/min.

Column: 4.6-mm x 25-cm; 5-l.Jm packing L1
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 15 I.JL

System suitability
Samples: Standard solutions A-Eand Standard solution F
Suitability requirements

Chromatographic similarity: The chromatogram of
Standard solution Fis similarto the reference
chromatogram provided with the lot of USP Astragalus
Root Dry Extract RS being used.

Theoretical plates: NLT 3,000 for calycosin
7-O-p-o-glucopyranoside (UV) and astragaloside IV
(ELSD) peaks, Standard solution A

Correlation coefficient: NLT 0.995 for each regression
line as determined in Analysis

Analysis
Samples: Standard solutions A-Fand Sample solution
Using the UV absorbance chromatograms of Standard

solutions A-E, Standard solution F, and the reference
chromatogram, provided with the lot of USP Astragalus
Root Dry Extract RS being used, identify the specified
isoflavonoids in the Sample solution chromatogram.
Measurethe areas of the isoflavonoid peaks. Plotthe areas
ofthe relevantpeaksagainst the respectiveconcentrations
(mg/mL) of each analyte in Standard solutions A-E, and
determine the equations of the resulting least-squares
regression lines.

Time Solution A Solution B
(min) (%) (%)

55 50 50

75 25 75

80 80 20

100 80 20
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e ABSENCE OF SPECIFIEID MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test for
Absence of Escherichia coli: Meets the requirements

SPECifiC TESTS
.. BOTANICAL CHARACTERISTICS

Macroscopic: White to pale-yellow powder, splintery and
fibrous

Microscopic: Fibers occur in bundles or scattered, 3-30 IJm
in diameter, walls thickened, the primary walls often
separated from secondary, with longitudinal fissures and
truncate or brush-like ends, polychromatic in polarized
light. Stone cells occasionally visible, subrounded, oblong
or irregular, slightly thick-walled, bright yellowish-white in
polarized light. Cork cells irregular or polygonal, sometimes
with sinuous anticlinal walls. In Astragalus membranaceus
var. mongholicus (Bunge) P.K.Hsiao, reticulated vessels
abundant, bordered-pitted vessels few, 16-150 IJm in
diameter. In Astragalus membranaceus (Fisch.) Bunge,
bordered-pitted vessels abundant, bordered pits arranged
closely, up to 200 IJm in diameter. Simple starch granules
spheroidal or ellipsoid, 3-23 IJm in diameter, with visible
linear or punctate hilum. Occasional compound starch
granules composed of 2-4 components. Observed in
polarized light, starch granules are black and cruciate.
Calcium oxalate crystals are absent.

e ARTICLES OF BOTANICAL ORIGIN (561), Foreign Organic
Matter: NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Astragalus Root Powder
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), TotalAsh
Sample: 1.0 g of Astragalus Root Powder
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Acid-Insoluble Ash
Sample: 1.0 g of Astragalus Root Powder
Acceptance criteria: NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Alcohol-Soluble
Extractives, Method 7

Sample: 2-4 g of Astragalus Root Powder
Acceptance criteria: NLT2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Water-Soluble
Extractives, Method 7

Sample: 2-4 g of Astragalus Root Powder
Acceptance criteria: NLT 17.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial of the species
from which the article was derived.

• USP REFERENCE STANDARDS (11)
USPAstragaloside IV RS
USPAstragalus Root Dry Extract RS
USP Calycosin RS
USP Calycosin 7-0-~-D-Glucopyranoside RS
USP Daidzein RS
USP Daidzin RS
USP Formononetin RS
USPOnonin RS

Dietary Supplements / Astragalus 4787

Astragalus Root Dry Extract
DEFINITION
Astragalus Root Dry Extract is prepared from the dried root of

Astragalus membranaceus var. mongholicus (Bunge)
P.K.Hsiao or Astragalus membranaceus (Fisch.) Bunge (Fam.
Fabaceae) subjected to aqueous or hydroalcoholic
extraction. It contains NLT 90.0% and NMT 110.0% of the
labeled amounts of cycloartane saponins and isoflavonoids
calculated on the anhydrous basis. It may contain suitable
substances added as carriers.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1 mg/mL of USP Astragaloside IV RS
in methanol

Standard solution B: 2 mg/mL of USP Daidzin RS and 1 mg/
mL of USP Daidzein RS in methanol

Standard solution C: 50 mg/mL of USPAstragalus Root Dry
Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant.

Sample solution: 50 mg/mL of Astragalus Root Dry Extract
in methanol. Sonicate for about 10 min, centrifuge, and use
the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

. particle size of 5 IJm (HPTLC plate) 1

Application volume: 3 IJL each of StandardsolutionA,
Standardsolution B, Standardsolution C, and Sample
solution as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethylacetate, methanol, and

water (100: 13.5: 10)
Developing distance: 6 cm
Derivatization reagent: 10% Sulfuric acid in methanol.

[NOTE-Prepare fresh. Slowly and gradually add sulfuric
acid to ice-cold methanol, and mix well.]

System suitability
Samples: StandardsolutionA, Standardsolution B, and

Standardsolution C
Suitability requirements

Chromatographic pattern: Under long-wave UV light
(365 nm), following derivatization, StandardsolutionA
exhibits an orange band in the middle of the lower third
of the plate due to astragaloside IV, with a retardation
factor (RF) of approximately 0.15. In StandardsolutionB,
daidzin and daidzein form bluish-grey bands with RF of
approximately 0.34 and 0.76, respectively; the proximal
band is sharper, while the distal is somewhat diffuse. In
Standardsolution C, four orange bands are seen in the
lower third of the plate, corresponding to astragalosides
IV, III, II, and Iwith RFof approximately 0.15,0.18,0.24,
and 0.34, respectively. The RFofthe astragaloside I band
approximates that of daidzin in StandardsolutionB. The
upper two-thirds of the plate typically display a number
of bluish, greenish, and pinkish bands, one of which
corresponds to that of daidzein in Standardsolution B.

Analysis
Samples: StandardsolutionA, Standardsolution B,

Standardsolution C, and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber. Air-dry, treat with Derivatization
reagent, heat for 5 min at 105°, and examine under
long-wave UV light (365 nm).

1 Suitable commercially available plates are HPTLCSilica Gel 60 F254 from
EMD Millipore (e.g., part no. 1.05642.0001). -
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Acceptance criteria: Under long-wave UV light (365 nm),
the Sample solution exhibits bands corresponding in color
and RF to similarbands from StandardsolutionC, at the RF
values listed in Chromatographic pattern. [NOTE-The
extract of Hedysarum polybotros,a common adulterant,
does not show orange bands corresponding to
astragalosides I and 1/.]

• B. HPlC
Analysis: Proceed as directed in the test for Contentof

Isoflavonoids and Saponins.
Acceptance criteria: The Sample solution exhibits peaks at

the retention times corresponding to those of calycosin
7-0-P-o-glucopyranoside, ononin, calycosin,
formononetin, astragaloside IV, astragaloside I, and
astragaloside 1/ from Standardsolution F.

COMPOSITION
• CONTENT OF ISOFlAVONOIDS AND SAPONINS

Solution A: 0.3% Formic acid
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 80 20

15 80 20
---

25 68 32

35 66 34

45 55 45

55 50 50

75 25 75

80 80 20

100 80 20

Standard solution A: Prepare a composite solution
containing 0.4 mg/mL of USP Astragaloside IV RS,
0.1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP
Calycosin 7-0-p-O-Glucopyranoside RS, 0.05 mg/mL of
USP Formononetin RS, and 0.1 mg/mL of USP Ononin RS
in methanol.

Standard solutions B, C, 0, E: Prepare four consecutive
two-foldserialdilutions of StandardsolutionA in methanol.

Standard solution F: Sonicate 150 mg of USP Astragalus _
Root DryExtract RS in 5 mLof methanol. Pass through a
nylonfilterof 0.45-l..Im pore size,and discardthe inttlal.l mL
of the filtrate.

Sample solution: Accurately weigh about 300 mg of
Astragalus Root Dry Extractinto a 1O-mL volumetricflask.
Add5 mL of methanol and sonicate for 10 min.Cool,adjust
with methanol to volume, and mix well.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: HPLC
Detectors: UV 280 nm and ELSD, connected in series
ELSD drift tube temperature: Optimize according to the

manufacturer's recommendations to achieveoptimal
signal-to-noise ratio, typically 105°.

ElSD carrier gas flow: Optimize according to the
manufacturer's recommendations to achieve optimal
signal-to-noise ratio, typically 2.70 Llmin.

Column: 4.6-mm x 25-cm; 5-l..Im packing L1
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 15 I..IL

USP 43

System suitability
Samples: Standardsolutions A-E and Standardsolution F
Suitability requirements

Chromatographic similarity: The chromatogram of
StandardsolutionF is similar to the reference
chromatogram provided with the lot of USP Astragalus
Root DryExtract RS being used.

Theoretical plates: NLT 3,000 for calycosin
7-0-p-o-glucopyranoside (UV) and astragaloside IV
(ELSD) peaks, StandardsolutionA

Correlation coefficient: NLT 0.995 for each regression
line as determined in Analysis

Analysis
Samples: Standardsolutions A-F and Sample solution
Usingthe UV absorbance chromatograms of Standard

solutionsA-E, Standardsolution F, and the reference
chromatogram, provided with the lot of USP Astragalus
Root Dry Extract RS being used, identifythe specified
isoflavonoids in the Sample solution chromatogram.
Measure the areasof the isoflavonoid peaks. Plotthe areas
of the relevantpeaksagainst the respectiveconcentrations
(mg/mL) of each analyte in Standardsolutions A-E, and
determine the equations of the resulting least-squares
regression lines.

Usingthe equations of the relevant least-squares lines,
determine the concentrations of each specified
isoflavonoid (calycosin 7-0-p-o-glucopyranoside, ononin,
calycosin, and formononetin) in the Sample solution.

Separatelycalculatethe percentages of each isoflavonoid in
the portion of Astragalus Root Dry Extract taken:

Result =C, x (V/W) x 100

C, = concentration of the relevant isoflavonoid in the
Sample solution (mg/mL)

V =volume of the Sample solution (mL)
W =weight of Astragalus Root Dry Extracttaken to

prepare the Sample solution (mg)

Calculate the sum of percentages of isoflavonoids.
Calculate the percentage of the labeled amount of

isoflavonoids in the portion ofAstragalus RootDryExtract
taken:

Result = (PIL) x 100

P =sum of percentages of isoflavonoids in the
Astragalus Root DryExtract, as calculated above
(%)

L = labeledamount of isoflavonoids in the Astragalus
RootDryExtract(%)

Using the ELSD chromatograms of Standardsolutions A-E,
Standardsolution F, and the reference chromatogram,
provided with the lot of USP Astragalus Root Dry
ExtractRS being used, identifyallspecifiedsaponins in the
Sample solutionchromatogram. The approximate relative
retention times for astragalosides I and II, with respect to
astragaloside IV, are provided in Table 2.

Table 2

Analyte Relative Retention Time

AstragalosideIV 1.00

Astragaloside1/ 1.10

AstragalosideI 1.28

Measure the areasof the saponin peaks. Plot the logarithms
of Astragaloside IV peak areas against the logarithms of
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CH, H,C CH,H,

CH,

the content of isoflavonoids and cycloartane saponins, the
solvent used in extract preparation, and the ratio of the
starting crude plant material to dry extract. It meets the
labeling requirements of BotanicalExtracts (565).

• USP REFERENCE STANDARDS (11)
USP Astragaloside IV RS
USPAstragalus Root Dry Extract RS
USP Calycosin RS
USP Calycosin 7-0-~-D-Glucopyranoside RS
USP Daidzein RS
USP Daidzin RS
USP Formononetin RS
USP Ononin RS

Aztec Marigold Zeaxanthin Extract

C4oHs602 568.87
(all-E)-l,l'-(3,7,12,16-Tetramethyl-l,3,5,7,9,11,13,15,17

octadecanonaene-l,18-diyl)bis[2,6,6
trimethylcyclohexene-3-01];

3R,3'R-p,~-Carotene-3,3'-diol [148-68-3].

DEFINITION
Aztec Marigold Zeaxanthin Extract is a purified extract,

derived from the flowers of Tagetes erecta L., grown from
seeds of varieties of the Scarletade cultivar rich in zeaxanthin.
The extract contains NLT 36.0% of total carotenoids
calculated as zeaxanthin (C4oHs602), NLT30.0% of
all-trans-zeaxanthin, and NMT 8.0% of lutein, calculated on
the dried basis.

IDENTIFICATION

• A.
Sample solution: Use the Sample solution from the test for

Content of Total Carotenoids.
Analysis: Record the UV-Vis spectrum from 300-600 nm.
Acceptance criteria: The Sample solution shows a shoulder

at about 428 nm, an absorption maximum at about
450 nm, and another maximum at about 478 nm.

e B. The retention time of the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the test for Content of Zeaxanthin.

• C. The retention time of the major peak of the Sample
solution corresponds to that of 3R,3'R-~,p-carotene

3,3'-diol from the Standardsolution, as obtained in the
test for Stereoisomeric Composition.

COMPOSITION
• CONTENT OF TOTAL CAROTENOIDS

[NOTE-Use low-actinic glassware.]
Sample stock solution: Use the Sample stocksolution from

the test for Content of Zeaxanthin.
Sample solution: Transfer 2.0 mL of the Sample stock

solution to a 1OO-mL volumetric flask, dilute with ethanol to
volume, and mix well.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 450 nm
Cell path: 1 cm
Blank: Ethanol

Analysis
Sample: Sample solution

~;~
-/&,,,.,-.<,. 's~~gq ,nf
: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g, and total
combined yeasts and molds count does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of SalmonellaSpeciesand Test for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• RESIDUE ON IGNITION (281)

Sample: 1.0 g of Astragalus Root Dry Extract
Acceptance criteria: NMT 5.0%

• BOTANICAL EXTRACTS (565), Residual Solvents: Meets the
requirements

• WATER DETERMINATION (921), Method la
Acceptance criteria: NMT 6.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial of the species
from which the article was derived. The label also indicates

their respective concentrations (mg/mL) in Standard
solutionsA-E, and determine the equation of a
least-squares regression line. Using the equation of the
least-squares line for astragaloside IV, calculate the
concentrations of each specified saponin (astragaloside I,
astragaloside II, and astragaloside IV) in the Sample
solution.

Separately calculate the percentages of each saponin in the
portion of Astragalus Root Dry Extract taken:

Result =Cs x (VIW) x 100

Acceptance criteria
Sum of isoflavonoids: 90.0%-110.0% of the labeled

amount of isoflavonoids on the anhydrous basis
Sum of saponins: 90.0%-110.0% of the labeled amount

of saponins on the anhydrous basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.5 jJglg
Cadmium: NMT 0.3 jJglg
Lead: NMT 5.0jJglg
Mercury: NMT 0.1 jJglg

Cs = concentration of the relevant saponin in the
Sample solution (mg/mL)

V = volume of the Sample solution (mL)
W =weight of Astragalus Root Dry Extract taken to

prepare the Sample solution (mg)

Calculate the sum of percentages of saponins.
Calculate the percentage of the labeled amount of saponins

in the portion of Astragalus Root Dry Extract taken:

Result = (PIL) x 100

P =sum of percentages of saponins in Astragalus Root
Dry Extract, as calculated above (%)

L =labeled amount of saponins in Astragalus Root
Dry Extract (%)
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[NOTE-The absorbance reading should be between
0.2 AU to 1.0 AU. Ifnot, readjust the dilution of the
solution.]

Calculatethe percentage of the total carotenoids as
zeaxanthin (C4oHs60Z):

Result =AI(C x F)

A =absorbance of the Sample solution
C =concentration of the Sample solution (g/mL)
F =coefficientof extinction (£1%) of zeaxanthin in

ethanol (100 mL.s' .crrr"), 2480

Acceptance criteria: NLT 36.0% of total carotenoids (T) as
zeaxanthin (C4oHs60Z) on the dried basis

• CONTENT OF ZEAXANTHIN
[NOTE-Use low-actinic glassware.]

Solution A: Methyl tert-butyl ether
Solution B: Water
Solution C: Methanol
Diluent: Mixtureof hexane, ethanol, acetone, and toluene

(10:6:7:7)
Mobile phase: Gradient elution. See Table 1.

Table 1

Time Solution A Solution B Solution C
(min) (0/0) (0/0) (0/0)

0.0 5 7 88

15 15 7 78

30 45 7 48

60 75 6.5 18.5

66 75 6 19

76 5 7 88

86 5 7 88

Standard stock solution: Transfer20.0 mg of USP Aztec
Marigold Zeaxanthin Extract RS into a 1OO-mL volumetric
flask, add 75 mLof Diluent to the flask to suspend the
sample, and sonicate for 5 min. Dilutewith Diluent to
volume, and mix well. Allow the insolubles to settle for at
least 10 min. Pass the supernatant through a membrane
filterof 0,45-l.Jm pore size.

Standard solution: Transfer0.5 mLof the Standard stock
solution to an 8-mLvial, evaporated to drynesswithan aid
of a stream of nitrogen. Dissolve the residue in 4.0 mLof a
mixture of methyl tert-butyl ether and methanol (5:95).

Sample stock solution: Transfer20.0 mg of Extract to a
1OO-mL volumetricflask, add 75 mLof Diluent to the flask
to suspend the sample, and sonicate for 5 min.
[CAUTIoN-Electrostatic charges may cause the sample to
sputter and stick to the sides of the flask. Carefully wash
down the product into the flask using Diluent.] Dilute with
Diluent to volume, and mix well.Allow the insolubles to
settle for at least 10 min. Pass the supernatant through a
membrane filter of 0,45-l.Jm pore size.

Sample solution: Transfer0.5 mL of the Sample stock
solution to an 8-mLvial, and evaporate to drynesswith the
aid of a stream of nitrogen. Dissolve the residuein a 4.0-mL
mixture of methyl tert-butyl ether and methanol (5:95).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: 450 nm
Column: 2.0-mm x 15-cm; 3-l.Jm packing L62
Flow rate: 0,4 mL/min
Injection volume: 10 I.JL

USP 43

System suitability
Sample: Standard solution

[NOTE-The approximate relative retention times for
lutein and zeaxanthin are 0.87 and 1.0, respectively.]

Suitability requirements
Chromatographic similarity: The chromatogram from

the Standard solution is similar to the reference
chromatogram provided with the USP Aztec Marigold
Zeaxanthin Extract RS being used.

Resolution: NLT 1.0 between zeaxanthin and lutein
Tailing factor: NMT 2.0 for the zeaxanthin peak
Relative standard deviation: NMT2.0% for the
zeaxanthin peak

Analysis
Sample: Sample solution
Calculatethe percentage of all-trans-zeaxanthin (C4oHs60Z)

in the portion of the sample taken:

Result = (ru/rr) x T

ru =peak response of all-trans-zeaxanthin from the
Sample solution

rr = sum of the responses for all the peaks from the
Sample solution

T = percentage of total carotenoids as determined in
the test for Content of Total Carotenoids

Acceptance criteria: NLT 30.0% of all-trans-zeaxanthin on
the dried basis

• LUTEIN AND OTHER RELATED COMPOUNDS
[NOTE-Use low-actinic glassware.]

Mobile phase, Standard solution, Sample solution,
Chromatographic system, and System suitability:
Proceed as directed in the test for Content ofZeaxanthin.

Analysis
Sample: Sample solution
Calculate the percentage of lutein in the portion of the

sample taken:

Result = (rulrr) x T

t» = peak response of luteinfrom the Sample solution
rr = sum of the responses for all the peaksfrom the

Sample solution
T =percentage of total carotenoids as determined in

the test for Content of Total Carotenoids

Calculatethe percentage ofother relatedcompounds in the
portion of the sample taken:

Result = (rulrr) x 100

ru =peak response of individual related compounds
peaksfrom the Sample solution

rr = sum of the responsesfor all the peaksfrom the
Sample solution

Acceptance criteria
lutein: NMT 8.0% on the dried basis
Other related compounds: NMT 2.0%

• STEREOISOMERIC COMPOSITION
[NOTE-Use low-actinic glassware.]

Mobile phase: Gradient elution. See Table 2.

Table 2

Time n-Hexane 2-Propanol
(min) (0/0) (0/0)

0.0 95 5
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Table 2 (continued)

Time n-Hexane 2-Propanol
(min) (%) (%)

50 95 5

55 50 50

63 50 50

65 95 5

75 95 5

Standard stock solution: 0.1 mg/mL of USP Aztec Marigold
Zeaxanthin Extract RS in methylene chloride. Sonicate if
necessary to dissolve the sample.

Standard solution: Transfer 1.0 mL of the Standardstock
solution into a 15-mL test tube, and evaporate to dryness
with the aid of a stream of nitrogen. Dissolve the residue
ina 1O.O-mL mixtureof2-propanoland hexane (5:95). Pass
through a membrane filter of 0.45-~m pore size.

Sample stock solution: Weigh 10 mg of Extract into a
1OO-mL volumetric flask, add 85 mL of methylenechloride,
sonicate, and swirl to dissolve. Dilutewith methylene
chloride to volume.

Sample solution: Transfer 1.0 mL of the Sample stock
solution into a 15-mL test tube, and evaporate to dryness
with the aid of a nitrogen stream. Dissolve the residue in a
1O.O-mL mixtureof 2-propanoland hexane (5:95). Pass the
solution through a membrane filter of 0.45-~m pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: 450 nm
Column: 4.6-mm x 25-cm; 5-~m packing L51
Flow rate: 0.8 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution

[NOTE-The approximate relative retention times for
(3R,3'S meso)-zeaxanthin, (3R,3'R)-zeaxanthin, and
(3R,3'R,6'R)-lutein are 0.92, 1.00, and 1.12,
respectively.]

Suitability requirements
Resolution: The resolution between each pair of peaks

due to (3R,3'S meso)-zeaxanthin, (3R,3'R)-zeaxanthin,
and (3R,3'R,6'R)-lutein is NLT 1.0.

Chromatogram similarity: The chromatogram from the
Standardsolution issimilar to the reference
chromatogram providedwith the USP Aztec Marigold
Zeaxanthin Extract RS being used.

Analysis
Samples: Standardsolution and Sample solution
Identify the peaksof the relevantanalytes in the

chromatogram of the Sample solutionby comparing with
those in the chromatogram of the Standardsolution
obtained from the System suitability.

Calculatethe percentages of (3R,3'S meso)-zeaxanthin and
(3R,3'R)-zeaxanthin in the portion of the sample taken:

Result = (rulrr) x 100

ru = peakresponse of the corresponding analyte
rr =sum of the responses for two peaks

Acceptance criteria
(3R,3'R)-Zeaxanthin: NLT 99.0%
(3R,3'S meso)-Zeaxanthin: NMT 1.0%

Dietary Supplements / Bacillus 4791

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 0.5 ~g/g

Cadmium: NMT 1.0 ~g/g

lead: NMT 5.0 ~g/g

Mercury: NMT 0.1 ~g/g

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dry a sample under vacuum at 105° for 3 h.
Acceptance criteria: NMT 25.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Aztec Marigold Zeaxanthin Extract RS

Bacillus coagulans

DEFINITION
The Bacillus coagulans species isa lactic-acid producing,

Gram-positive, spore-forming, rod-shaped bacterium that
.isaerobic to microaerophilic.

The strain Bacillus coagulans GBI-30, 6086 isa pure, specific
strainof Bacillus coagulans Hammer. Bacillus coagulans GBI
30, 6086 occurs as a white to beige powder that is
manufactured as a spore preparation consisting solely of
Bacillus coagulans GBI-30, 6086 that has been freeze-dried
or spray-dried. The formulated product may be blended
withfood-grade diluentsand/or bulking agents. Itcontains
NLT 100% of the labeled viable cell count of the Bacillus
coagulans GBI-30, 6086 strain.

IDENTIFICATION
• NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all casesfor Identification, "sterilewater"
refers to sterile, nuclease-free water acceptablefor use
in molecular biology.']

Sample preparation reagent: Use Preplvlan" Ultra Sample
Preparation Reaqent.!

Sample: The preparation of the Sample requires isolation of
colonies grown on plates in the test for Enumeration.
Surface colonies grown in the Enumeration test should be
carefully removedfrom incubated BC agar medium plates
following counting of the colonies as described in the Assay
as follows. Dispense 100 ~L of Sample preparationreagent
into a 2.0-mL microcentrifuge tube with a screwcap
closure. [NOTE-Dispense the Sample preparationreagent
according to the manufacturer's instructions.] Using a
sterileloop, carefully remove the cells from a singlesurface
colonyand suspend the cells in the microcentrifuge tube.
Cap the tube, and vortex for 10-30 s or until the cells are
homogeneouslysuspended in the Sample preparation
reagent. Heatthe mixturefor 10 min in a water bath held
at 100°, then centrifuge the mixturefor 3 min at 16,000 x
g. Carefully transfer the supernatant to a new
microcentrifuge tube. This solutioncontains the Bacillus
coagulans GBI-30, 6086 genomic DNA. Before analysis,
prepare the Sample by diluting an aliquot of this solution
with sterilewater (1:100, v/v).

1 SuitablePCR-Certified Waters, RNase and DNaseFree,are available
from www.teknova.com.
2Applied Biosystems Preptvtan" UltraSample Preparation Reagent is'
available from Applied Biosystems(www.appliedbiosystems:com).
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Primer set 301: Usea set of 301_Left, primer sequence (5'
3') AAGAAGTGGATGTGGGCCGTIC and 301_Right,
primer sequence (5'-3') CTITIGCCATGCCAGCATCC.3

Primers should be diluted to 2 J.Jg/mL in sterilewater and
stored between -200 and -80°. Immediatelybefore use,
dilute an aliquot of each primer with sterile water (1 :5, vi
v). The annealing temperature for Primer set 301 is65°.

Primer set 210243: Use a set of 210243_Left, primer
sequence (5'-3') GCCTGATGCAGGGCnnCCT and
210243_Right, primer sequence (5'-3')
CCGTCCGCTICCGTIAAGCCG. Primers should be diluted
to 2 J.Jg/mL in sterilewater and stored between -200 and
-800

• Immediately before use, dilute an aliquot of each
primer with sterilewater (1 :5, v/v). The annealing
temperature for Primer set210243 is 700

•

Primer set 31125: Use a set of 31125_Left, primersequence
(5'-3') TIATAGGCGGTAGCAGGGATC and 31125_Right,
primer sequence (5'-3') CGATIGTITTTCCGAAGCA.
Primers should be diluted to 2 J.Jg/mL in sterilewater and
stored between -20° and -80°. Immediatelybefore use,
dilute an aliquot of each primer with sterilewater (1 :5, vi
v), The annealing temperature for Primer set 31125 is 61°.

Polymerase chain reaction (peR) sample preparations:
Foreach primer set, prepare a PCR sample preparation that
contains 7.5 J.JL of polymerase master rnlx," 1 J.JL of diluted
primer left (approximately 400 ng), 1 J.JL of diluted primer
right (approximately 400 ng), 1 J.JL of diluted Sample
containing template DNA (approximately 10-100 ng), and
4.5 J.JL of sterilewater.

PCR negative control: Prepare as directed for the PCR
sample preparations, replacing the 1 J.JL of diluted Sample
with 1 J.JL of nuclease-free water.

PCR amplification: Perform PCR on each PCR sample
preparation and the PCR negative control using a thermal
cycier.' Incubate at 98° for 30 s (1 cycle), followed by 30
cyclesat 98° for lOs, annealing temperature for lOs, and
1 cycleat 72° for 45 s, followed by a final incubation at 720

for 5 min with a hold at 40
•

Analysis: Analyze the products of the PCR amplificationfor
each PCR sample preparation and for the PCR negative
control using an automated on-chip electrophoresissystem
with a DNA kit.6 Follow the manufacturer's instructionsfor
analysis. Analysis of the PCR negative control must result in
the absence of any amplification products or the
preparation of the PCR sample preparations and the PCR
negative control must be repeated, followed by PCR
amplification and Analysis.

Acceptance criteria
Primer set 301: The PCR sample preparationprepared with

Primer set 301 produces an amplification product of 376
399 base pairs.

Primer set 210243: The PCR sample preparation prepared
with Primer set210243 does not produce an amplification
product of 1253-1331 base pairs.

Primer set 31125: The PCR sample preparation prepared
with Primer set 31125 produces an amplification product
of 329-339 base pairs.

3 DNA primers are commercially available (custom manufacture) through
Invitrogen via Life Technoloqies" (www.thermofisher.com) and other
commercial sources.
4 Use New England Biolabs Phusion® High-Fidelity PCR Master Mixwith
GC Buffer(www.neb.com), or equivalent mixture.
5 Eppendorf Mastercycler®ep gradient S (www.eppendorf.com). or
equivalent.
6 Suitable automated on-chip electrophoresis systems with a DNA kit are
availablefrom Agilent [Agilent2100 Bioanalyzer with Agilent DNA
1000 Kit(www.qenornlcs.aqllent.cornj].
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ASSAY

• ENUMERATION
Peptone diluent: Prepare a solution of 0.1% peptone/ in

water (w/v) and adjust with a solution of lacticacid to a pH
of 7.0. Using an autoclave, steam sterilize the solution at
1210 for NLT 15 min, then allowto cool in the unopened
autoclave. Dispense into sterilecontainers as needed for

">pr?p~~i~Q",~~,,TRI?s.
~"J"~<l~~'miQ~~~',~9IgliQrJ; ....,(~RR>Jdijhf.?Ql?} Prepare a solution
containing the mineral concentrations shown in Table 1 in
deionized water.

Table 1. Preparation of Trace Mineral Solution
Quantity

Reagent (mg/mL)

Sodiumchloride 10

Iron(lI) sulfate,heptahydrate 18

Manganese(lI) sulfate, monohydrate 16

Zincsulfate,heptahydrate 1.6

Copper(lI) sulfate,pentahydrate 1.6

Cobalt(lI) sulfate, heptahydrate 1.6

[NOTE-The solution will be slightly pink in color. It may
be refrigerated for up to 2 months. In the case of
hydrated salts, users may substitute other hydration
forms so long as the mineral salt concentration is
maintained in the final solution.]

BC agar medium: Prepare as shown in Table 2.

Table 2. Preparation of Glucose Yeast Extract Be Agar
Medium

Reagent Quantity

Yeast extract powder 5.0 g

Peptone 5.0 9

o-Glucose 5.0 9

Dibasic potassiumphosphate
(KzHP04) 0.5 9

Monobasic; potassium phosphate
(KHzP04) 0.5 g

Magnesium sulfate 0.3 9

Tracemineralsolution 1.0 mL

Water 1000.0 mL

Adjustthe mixture with a solution of lacticacid to a pH of
6.3. Transferthe mixture to a large conical flask, add
15.0 g of bacteriological agar to the flask, cover the flask
with aluminum foil, and bring to boiling on a hot plate
with stirring. Allow the mixture to boil until the agar has
completely dissolved, then sterilize in an autoclaveat 121°
for NLT 15 min. Once the autoclavecan safelybe opened,
remove the flask and incubate in a water bath at 50° until
needed for plating. [NOTE-Can be stored at 40 (allowthe
agar to come to room temperature before use).]

Sample preparation: Transfer 1.00 g ofsampleinto a sterile
stomacher bag. Add 199 mL of previously sterilized Peptone
diluent to the bag and mixat about 150-200 rpm for 5 min

7 BD Bacto" Peptone (www.bd.corn), or equivalent peptone suitable for
microbiological analysis.
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in a stomacher. [NoTE-In some cases a larger sample size
is required for accurate enumeration. For samples with a
serving size ranging from 2 g to 50 g, add from 198 mL to
150 mL, respectively, to get a total volume of 200 mL (l.e.,
dilutions ranging from 2 g/200m~!~t?O,~(,~,22J':'i,,~~,:;~~,;~~d
from 298 mL to 250 mL of~f?cgptq,..,ggillJglIJt/~i;(~RP.;12JtJhfiQi'Q)
respectively, to get a total volume of 300 mL (l.e., dilutions
ranging from 2 g/300 mL to 50 g/300 mL). For samples
with a serving size larger than 50 g, take a half-serving size

or us~, a,E~;er~,~c~n'~'~'!!~~;'i~i~P~'~'!';;F~!,around 50 g or less, and
add~il}epJqt1gg!ty'g(Jt",,(~RIl.1Htih';~9i?) to get a total volume of
200-300 mL. In these cases, the term "serving size" refers
to the sample size representing the declared enumeration
value for the product.] Check the pH of the suspension. If
the pH is below 7.0, adjust with 5 N sodium hydroxide
solution to a pH of 8.5 ± 0.2. If the pH is above 8.7, adjust
with 5 N lactic acid solution to a pH of 8.5 ± 0.2. Transfer
20-30 mL of the homogenized suspension to a sterile
50-mL conical centrifuge tube with a cap. Incubate the tube
in a water bath held at 75° for exactly 30 min, then
immediately cool to below 45°. Transfer 1.0 mL of the
cooled suspension into a sterile test tube containing 9 mL
of Peptone diluent, previously prepared. Mix thoroughly by
vortexing. This suspension represents a 0.5 x 10-3 dilution
of the sample. Repeatdilution in a succession of test tubes
until the final dilution is expected to contain about 30 ciu!
mL. The final three dilutions will be used in the Analysis,
[NOTE-The Sample preparationshould be performed in
duplicate. Take care to plate the Sample preparation
dilutions within 10-20 min of preparation.]

Analysis: For each Sample preparationtube to be plated,
prepare Petri plates asfollows. Aseptically transfer 1.0 mL
of the Sample preparationseparately into three sterile
15-mm x 100-mm Petri plates, then pour 15-20 mL of the
molten BC agar medium into each plate. Placethe lid on
each'plate after adding the molten BC agar medium, then
gently swirl the plates to mix the Sample preparation and
the BC agar medium. [NoTE-Be careful to avoid spillage
onto the lid of the dish when swirling the plates.] Repeat
this procedure for the additional two dilutions of the Sample
preparation (and all duplicate tubes). Prepareone blank
plate that contains only BC agarmediumand a second blank
plate in which 1.0 mL of Peptone diluent has been mixed
with BC agar medium. Allow the plates to sit at room
temperature until the BC agarmediumsolidifies, then invert
the plates and incubate them at 40 ± 2° for 48 h. After 48 h
of incubation, count the colonies on the prepared plates,
including both blank plates. Plates containing between
30 and 300 colonies are considered ideal for counting.
Count only colonies with the following appearance. Surface
colonies should be 1-5 mm in diameter, white to cream in
color, convex, with entire margins and smooth surfaces.
Colonies inside the BC agar mediumshould be 0.5-1 mm
in diameter and should appear as cream colored pinpoints
in the BC agarmedium. Report resultsin du/g. Calculate the
average number of colonies per plate, then multiply the
average number of colonies counted by the reciprocal of
the dilution factor to obtain the du/g of the sample. For
samples larger than 1 g, consider the sample sizeas 1 unit.
Calculate the average number of colonies per plate, and
then multiply the average number of colonies counted by
the reciprocal of the dilution factor to obtain cfu/sarnple,
To get du/g of the sample, divide du/sample by actual
gram weight sample size. For example, if the sample size is

50 g and th~ .!in.~.I.x.8.ILlrrJ~ ...i~,c~2,~.~;~.~~.2;~ sample plus
250 rnl, of ;~Rgpt9-(J~;iq!lqg12t)I"";(~RFl:l;'J~fW~919) the first dilution
factor would be 11300 (consider the whole sample size as
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1 unit). If 5 additional l-in-l 0 dilutions are made, the total
dilution factor would be 1/300 x 1/10 x 1/10 x 1/10 x 1/10
x 1/10 =1/300 x 1/10-5. If the average colonies counted
per plate of the last dilution is 200, the du/sample size
would be 200 x 300 x 105 =6 x 109 du/50 g and 6150 x
109 = 1.2 x 108 du/g. The presence of any colonies not
conforming to this description suggests a contaminated
sample that must be investigated. Depending on the
outcome of the investigation, the test may be rejected or
repeated. Both blank plates should be entirely free of any
type of colonies. [NOTE-In the caseof blank plates that
contain colonies, the entire procedure must berepeated,
potentially including the preparation of the Diluentand the
BC agar medium, depending on which plate(s) contain
colonies.]

Acceptance criteria: NLT 100% of the labeled viable du/g

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 2-3 g, mixed for homogeneity
Analysis: Weigh the Sample directly into a weighed, round,

flat-bottom metal dish (NMT 5 cm in diameter) with a
tightly fit, slip-in cover. Loosely cover the dish and place it
directly on the metal shelf of a vacuum oven set at 100°.
Dry to constant weight (about 4 h) under a pressureof NLT
100 mmHg. During drying, admit a slow current of air
(about 2 bubbles/s) that has been dried by passing it
through sulfuric acid into the oven. Stop the vacuum pump
and carefully admit dried air into the oven. Press the cover
tightly into the dish, remove the dish from the oven, cool
in a desiccator, and weigh to determine the moisture
content.

Acceptance criteria: NMT 6%

CONTAMINANTS
• YEASTS

Peptone diluent: Prepare a solution of 0.1% peptone in
water (w/v) and adjust to a pH of 7.0 with a solution of
hydrochloric acid. Transfer a quantity of the Peptone
diluent to media bottles in 225-mL aliquots and cap each
bottle loosely. Transfer the remainder of the Peptone
diluent to 15-mL sterile test tubes in 9-mL aliquots and cap
tubes loosely or cover with aluminum foil. Using an
autoclave, steam sterilize the solution in the media bottles
and test tubes at 121° for NLT 15 min, then allow to cool
in the unopened autoclave. Tighten the loose caps on the
media bottles and test tubes immediately after opening the
autoclave.

Yeast agar medium: Mix the reagents shown in Table 3 in a
l-L conical flask.

Table 3. Preparation of Dichloran 18% Glycerol (DG-18)a
Yeast Agar Medium

Reagent Quantity

Peptone 5.0 9

o-Glucose 10.0 9

Monobasic potassiumphosphate
(KH2P04) 1.0 9

Magnesium sulfateheptahydrate 0.5 9

Dlchloran" 1.0 mL

Bacteriological agar 15.0 9

Chloramphenicol 0.1 9
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Table 3. Preparation of Dichloran 18% Glycerol (DG-18)a
Yeast Agar Medium (continued)

aAn equivalent commercial preparation maybe used in placeof this mixture.
Prepare as directed bythe manufacturer.
b Dichloran is2,6-dichloro-4-nitroaniline. (0.2%inethanol,w/v)

Heat the mixture to boiling (with stirring) on a hot plate
and allow the mixture to boil until the agar is completely
dissolved. Once the agar hasdissolved, add water to bring
the volume in the flask to 1000 mL. Add 220 g of glycerol
to the flask, cover it with aluminum foil, and sterilize in an
autoclave at 121 0 for NLT 15 min. Once the autoclave can
safelybe opened, remove the flask and incubate in a water
bath at 50° until needed for plating. The final pH of this
solution should be 5.6.

Sample preparation: The number of samples necessaryfor
analysisshould follow a pre-determined sampling plan
based on the quantity of material available and the number
and sizeof containers. Foreach sample to be tested, transfer
25 g of sample into a sterile stomacher bag. Transfer the
contents of one sterile bottle of Peptone diluent (225 mL) to
the bag, and mix at about 150-200 rpm for 2 min in a
stomacher. This suspension represents a 10-1 dilution of the
sample. Transfer 1.0 mL of the suspension into a sterile test '
tube containing 9 mL of Peptone diluent, previously
prepared. Mix thoroughly by vortexing. This suspension
represents a 10-2 dilution of the sample. Use both the 10-1

and 10-2 dilutions of the Sample preparation in the Analysis.
[NoTE-Plate the Sample preparation dilutions within 10-
20 min of preparation.]

Analysis: For each Sample preparation dilution to be plated,
prepare Petri plates as follows. Aseptically transfer 1.0 mL
of the Sample preparationseparately into three sterile
15-mm x 100-mm Petri plates, then pour 20-25 mL of the
molten Yeast agar medium into each plate. Placethe lid on
each plate after adding the molten Yeast agar medium,then
gently swirl the plates to mix the Sample preparation and
the Yeast agar medium. [NOTE-Be careful to avoid spillage
onto the lid of the dish when swirling the plates.] Prepare
one blank plate that contains only Yeast agar mediumand a
second blank plate in which 1.0 mL of Peptonedlluenthas
been mixed with Yeast agar medium.Allow the plates to sit
at room temperature until the Yeast agar mediumsolidifies,
then incubate them (in the dark) at 25° for 5 days.
Count colonies present after 5 days of incubation. If there

is no growth after 5 days, incubate the plates for an
additional 48 h and count colonies at that time. Yeast
colonies grow within the Yeast agar medium and appear
as discrete disk-shaped units. If plates contain more than
150 colonies, repeat the Analysis on a further diluted
portion of the Sample preparation in order to obtain an
accurate count. Both blank plates should be free of any
colonies. Report results for each dilution of the Sample
preparation in cfu/g based on the average count of the
plates multiplied by the reciprocal of the dilution factor.
When all plates from both dilutions have no colonies,
report the number of colonies as <10 cfu/g.

Acceptance criteria: NMT 100 cfu/g
• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test

Procedures, Test for Absence of Escherichia coli, Test for
Absence of Staphylococcus aureus, and Test for Absence of
Salmonella Species: It meets the requirements of the tests
for the absence of Escherichia coli in 25 g, Staphylococcus
aureus in 50 g, and Salmonella species in 25 g.
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers in a

cool, dry place. .
• LABELING: This ingredient should be labeled With the genus,

species, and strain name and with ~he formulated
enumeration in cfu/g (or similar Units).

Bacillus coagulans Capsules
DEFINITION
Bacillus coagulans Capsules contain NLT 100% of the labeled

viable cell count of the Bacillus coagulans GBI-30, 6086
strain.

IDENTIFICATION
• NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all cases for Identification, "sterile water"
refersto sterile, nuclease-freewater acceptable for use
in molecular biology.']

Sample preparation reagent: UsePreplvlan" Ultra Sample
Preparation Reagent.2

Sample: The preparation of the Sample requires isolation of
colonies grown on plates in the test for Enumeration.
Surface colonies grown in the Enumeration test should be
carefully removed from incubated Be agar medium plates
following counting of the colonies asdescribed in the Assay
asfollows. Dispense 100 J.lL of Sample preparation reagent
into a 2.0-mL microcentrifuge tube with a screw cap
closure. [NOTE-Dispense the Sample preparation reagent
according to the manufacturer's instructions.] Using a
sterile loop, carefully remove the cells from a single surface
colony and suspend the cells in the microcentrifuge tube.
Cap the tube, and vortex for 10-30 s or until the cells are
homogeneously suspended in the Sample preparation
reagent. Heat the mixture for 10 min in a water bath held
at 100°, then centrifuge the mixture for 3 min at 16,000 x
g. Carefully transfer the supernatant to a new
microcentrifuge tube. This solution contains the Bacillus
coagulans GBI-30, 6086 genomic DNA. Before analysis,
prepare the Sample by diluting an aliquot-of this solution
with sterile water (1:100, v/v).

Primer set 301: Use a set of 301_Left, primer sequence (5'
3') AAGAAGTGGATGTGGGCCGTIC and 301_Right,
primer sequence (5'-3') CTITIGCCATGCCAGCATCC. 3

Primers should be diluted to 2 J..Ig/mL in sterile water and
stored between -20° and -80°. Immediately before use,
dilute an aliquot of each primer with sterile water (1 :5, vI
v). The annealing temperature for Primer set307 is 65°.

Primer set 210243: Use a set of 210243_Left, primer
sequence (5'-3') GCCTGATGCAGGGCTITICCT and
210243_Right, primer sequence (5'-3')
CCGTCCGCTICCGTIAAGCCG. Primers should be diluted
to 2 J..Ig/mL in sterile water and stored between -20° and
-80°. Immediately before use, dilute an aliquot of each
primer with sterile water (1:5, v/v). The annealing
temperature for Primer set270243 is 70°.

Primer set 31125: Usea set of 31125_Left, primer sequence
(5'-3') TIATAGGCGGTAGCAGGGATC and 31125_Right,
primer sequence (5'-3') CGATIGTITTICCGAAGCA.
Primers should be diluted to 2 J..Ig/mL in sterile water and

, SuitablePCR-Certified Waters, RNase and DNaseFree, are .available
from www.teknova.com.
2 Applied Biosystems PrepMan™ Ultra SamplePreparation Reagent is
available from Applied Biosystems (www.appliedbiosystems.com).
3 DNA primers are commercially available (custo~ manufacture) through
Invitrogen via Life Technolcqles" (www.therrnoflsher.corn) and other
commercialsources.
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stored between -20° and -80°. Immediately before use,
dilute an aliquot of each primer with sterile water (1 :5, vi
v), The annealing temperature for Primer set 31125 is 610.

Polymerase chain reaction (PCR) sample preparations:
For each primer set, prepare a PCR sample preparation that
contains 7.5 j..lL of polymerase master mix," 1 pl, of diluted
primer left (approximately 400 ng), 1 ul, of diluted primer
right (approximately 400 ng), 1 pt. of diluted Sample
containing template DNA (approximately 10-100 ng), and
4.5 ul, of sterile water.

PCR negative control: Prepare as directed for the PCR
sample preparations, replacing the 1 pt, of diluted Sample
with 1 j..lL of nuclease-free water.

PCRamplification: Perform PCR on each PCR sample
preparation and the PCR negative control using a thermal
cycler." Incubate at 98° for 30 s (1 cycle), followed by 30
cycles at 98° for lOs, annealing temperature for lOs, and
1 cycle at 72° for 45 s, followed by a final incubation at 72°
for 5 min with a hold at 4°.

Analysis: Analyze the products of the PCR amplification for
each PCR sample preparation and for the PCR negative
control using an automated on-chip electrophoresis system
with a DNA kit. 6 Follow the manufacturer's instructions for
analysis. Analysis of the PCR negativecontrol must result in
the absence of any amplification products or the
preparation of the PCR sample preparations and the PCR
negative control must be repeated, followed by PCR
amplification and Analysis.

Acceptance criteria
Primer set 301: The PCR sample preparation prepared

with Primer set 301 produces an amplification product of
376-399 base pairs.

Primer set 210243: The PCR sample preparation
prepared with Primerset210243 does not produce the
expected amplification product of 1253-1331 base pairs.

Primer set 31125: The PCR sample preparation prepared
with Primer set 31125 produces an amplification product
of 329-339 base pairs.

ASSAY

• ENUMERATION .
Peptone diluent: Prepare a solution of 0.1% peptone/ in

water (w/v) and adjust with a solution of lactic acid to a pH
of 7.0. Using an autoclave, steam sterilize the solution at
121° for NLT 15 min, then allow to cool in the unopened
autoclave. Dispense into sterile containers as needed for
pr~p~ri~g.~.~r11ples.

A.1"r(lC:f:!imilJf:!r(l!~p'l.Itit:iij;"'i(~RR{ldJ.lh"'4Q.1.~}Prepare a solution
containing the mineral concentrations shown in Table 1 in
deionized water.

Table 1. Preparation of Trace Mineral Solution
Quantity

Reagent (mg/mL)

Sodium chloride 10

Iron(lI) sulfate, heptahydrate 18

4 Use New England Biolabs Phusion® High-Fidelity PCR Master Mixwith
GC Buffer (www.neb.com), or equivalent mixture.
S Eppendorf Mastercycler® ep gradient S (www.eppendorf.com). or
equivalent..
6 Suitable automated on-chip electrophoresis systems with a DNA kit are
availablefrom Agilent [Agilent2100 Bioanalyzer with AgilentDNA
1000 Kit (www.genomics.agilent.com)].
7 BD Bacto" Peptone (www.bd.corn), or equivalent peptone suitable for
microbiological analysis.
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Table 1. Preparation of Trace Mineral Solution (continued)

Quantity
Reagent (mg/ml)

Manganese(lI) sulfate, monohydrate 16

Zincsulfate, heptahydrate 1.6

Copper(lI) sulfate, pentahydrate 1.6

Cobalt(lI) sulfate, heptahydrate 1.6

[NOTE-The solution will be slightly pink in color. It may be
refrigerated for up to 2 months. In the case of hydrated
salts, users may substitute other hydration forms so long
asthe mineral salt concentration is maintained in the final
solution.]

BC agar medium: Prepare as shown in Table 2.

Table 2. Preparation of Glucose Yeast Extract Be Agar
Medium

Reagent Quantity

Yeast extract powder 5.0 9

Peptone 5.0 9

D-Glucose 5.0 9

Dibasic potassium phosphate
(K2HP04) 0.5 g

Monobasic potassium phosphate
(KH2P04) 0.5 g

Magnesium sulfate 0.3 g

Tracemineral solution 1.0 ml

Water 1000.0 ml

Adjust the mixture with a solution of lactic acid to a pH of
6.3. Transfer the mixture to a large conical flask, add
15.0 g of bacteriological agar to the flask, cover the flask
with aluminum foil, and bring to boiling on a hot plate
with stirring. Allow the mixture to boil until the agar has
completely dissolved, then sterilize in an autoclave at 121°
for NLT 15 min. Once the autoclave can safely be opened,
remove the flask and incubate in a water bath at 50° until
needed for plating. [NOTE-Can be stored at 4° (allow the
agar to come to room temperature before use).]

Sample preparation: Weigh the contents of NLT 20
Capsules and determine the average weight. Empty the
Capsules and transfer 1.00 g of the Capsule contents into a
sterile stomacher bag. Add 199 mL of previously sterilized
Peptone diluent to the bag and mix at about 150-200 rpm
for 5 min in a stomacher. Check the pH of the suspension.
If the pH is below 7.0, adjust with 5 N sodium hydroxide
solution to a pH of 8.5 ± 0.2. If the pH is above 8.7, adjust
with 5 N lactic acid solution to a pH of 8.5 ± 0.2. Transfer
20-30 mL of the homogenized suspension to a sterile
50-mL conical centrifuge tube with a cap. Incubate the tube
in a water bath held at 75° for exactly 30 min, then
immediately cool to below 45°. Transfer 1.0 mL of the
cooled suspension into a sterile test tube containing 9 mL
of Peptone diluent, previously prepared. Mix thoroughly by
vortexing. This suspension represents a 0.5 x 10-3 dilution
of the sample. Repeat dilution in a succession of test tubes
until the final dilution is expected to contain about 30 cful
mL. The final three dilutions will be used in the Analysis.
[NoTE-The Sample preparationshould be performed in
duplicate. Take care to plate the Sample preparation
dilutions within 10-20 min of preparation.]

Analysis: For each Sample preparation tube to be plated,
prepare Petri plates as follows. Aseptically transfer 1.0 mL
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Reagent Quantity

Magnesium sulfateheptahydrate 0.5 9

Dlchloran'' (0.2% in ethanol, w/v) 1.0ml

Bacteriological agar 15.0 9

Chloramphenicol 0.1 9

Water 800 ml

aAnequivalentcommercial preparation may be used in placeof this mixture.
Prepareas directed by the manufacturer.
b Dichloran is 2,6-dichloro-4-nitroaniline.

Table 3. Preparation of Dichloran 18% Glycerol (IDG-18)a
Yeast Agar Medium (continued)

Heat the mixture to boiling (with stirring) on a hot plate
and allowthe mixture to boil until the agar iscompletely
dissolved. Once the agar has dissolved, add water to bring
the volume in the flask to 1000 mL. Add 220 g of glycerol
to the flask, cover it with aluminum foil, and sterilize in an
autoclaveat 121°for NLT 15 min. Once the autoclavecan
safelybe opened, removethe flask and incubate ina water
bath at 50° until needed for plating. The final pH of this
solution should be 5.6.

Sample preparation: The number of samples necessaryfor
analysis should follow a pre-determined sampling plan
based on the quantity of materialavailableand the number
and sizeofcontainers. Foreach sample to be tested, transfer
25 g of the Capsulecontent into a sterile stomacher bag.
Transferthe contents of one sterile bottle of Peptone
diluent(225 mL) to the bag, and mixat about 150-200 rpm
for 2 min in a stomacher. Thissuspension represents a 10
1 dilution of the sample. Transfer 1.0 mLof the suspension
into a steriletest tube containing 9 mLof Peptone diluent,
previously prepared. Mix thoroughly by vortexing. This
suspension represents a 10-2 dilution of the sample. Use
both the 10-1 and 10-2 dilutionsof the Sample preparation
in the Analysis. [NOTE-Plate the Sample preparation
dilutions within 10-20 min of preparation.]

Analysis: Foreach Sample preparationdilution to be plated,
prepare Petri plates as follows. Aseptically transfer 1.0 mL
of the Sample preparationseparately into three sterile
15-mm x 100-mm Petri plates, then pour 20-25 mLof the
molten Yeast agar mediuminto each plate. Placethe lidon
each plate afteradding the molten Yeast agarmedium, then
gently swirl the plates to mix the Sample preparationand
the Yeast agar medium. [NOTE-Be careful to avoid spillage
onto the lidof the dish when swirling the plates.] Prepare
one blank plate that contains only Yeast agarmediumand a
second blank plate in which 1.0 mL of Peptone diluent has
been mixed with Yeast agarmedium. Allow the plates to sit
at room temperature until the Yeast agar mediumsolidifies,
then incubate them (in the dark) at 25° for 5 days.
Count colonies present after 5 days of incubation. Ifthere

is no growth after 5 days, incubate the plates for an
additional 48 h and count colonies at that time. Yeast
colonies grow within the Yeast agar medium and appear
as discrete disk-shaped units. Ifplates contain more than
150 colonies, repeat the Analysis on a further diluted
portion of the Sample preparation in order to obtain an
accurate count. Both blank plates should be free of any
colonies. Reportresultsfor each dilution of the Sample
preparation in cfu/g based on the average count of the
plates multiplied by the reciprocal of the dilution factor.
When all platesfrom both dilutions have no colonies,
report the number of coloniesas <10 cfu/g.

Acceptance criteria: NMT 100 cfu/g
• COLIFORMS: See Food Chemicals Codex, General Tests and

Assays, Appendix XV, Coliforms.

Table 3. Preparation of Dichloran 18% Glycerol (DG-18)a
Yeast Agar Medium

of the Sample preparationseparately into three sterile
15-mm x 1OO-mm Petri plates, then pour 15-20 mL of the
molten BC agar medium into each plate. Place the lidon
each plate after adding the molten BC agar medium, then
gently swirl the plates to mix the Sample preparationand
the BC agar medium. [NoTE-Be careful to avoid spillage
onto the lidof the dish when swirllnq the plates.] Repeat
this procedure for the additional two dilutionsof the Sample
preparation(and all duplicate tubes). Prepare one blank
plate that contains only BC agarmediumand a second blank
plate in which 1.0 mLof Peptone diluent has been mixed
with BC agar medium. Allow the plates to sit at room
temperature until the BC agarmediumsolidifies, then.invert
the platesand incubate them at 40 ± 2°for 48 h. After 48 h
of incubation, count the colonies on the prepared plates,
including both blank plates. Platescontaining between
30 and 300 colonies are considered idealfor counting.
Count onlycolonieswith the followlnq appearance. Surface
coloniesshould be 1-5 mm in diameter, white to cream in
color, convex, with entire margins and smooth surfaces.
Colonies inside the BC agar mediumshould be 0.5-1 mm
in diameter and should appear as cream colored pinpoints
in the BC agar medium. Calculate the average number of
colonies per plate, then multiplythe average number of
coloniescounted by the reciprocal of the dilutionfactor to
obtain the cfu/g of the sample. Determine the cell counts
in cfu/Capsule. The presence of any colonies not
conforming to this description suggests a contaminated
sample that must be investigated. Depending on the
outcome of the investigation, the test may be rejected or
repeated. Both blank plates should be entirelyfree of any
type of colonies. [NOTE-In the case of blank plates that
contain colonies, the entire procedure must be repeated,
potentiallyincludingthe preparation of the Diluentand the
BC agar medium, depending on which plate(s) contain
colonies.]

Acceptance criteria: NLT 100% of the labeled viablecfu/
Capsule.

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• YEASTS

Peptone diluent: Prepare a solution of 0.1% peptone in
water (w/v) and adjust with a solution of hydrochloric acid
to a pH of 7.0. Transfera quantity of the Peptone diluent to
media bottles in 225-mLaliquots and cap each bottle
loosely. Transferthe remainder of the Peptone diluent to
15-mLsterile test tubes in 9-mLaliquots and cap tubes
loosely or cover with aluminum foil. Using an autoclave,
steam sterilize the solution in the media bottles and test
tubes at 121° for NLT 15 min, then allowto cool in the
unopened autoclave. Tighten the loose caps on the media
bottles and test tubes immediatelyafter opening the
autoclave.

Yeast agar medium: Mix the reagents shown in Table 3 in a
1-L conicalflask.

Reagent Quantity

Peptone 5.0g

D-GI~cose 10.0 9

Monobasic potassiumphosphate
(KH2PO.j) 1.0 9
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Acceptance criteria: NMT 10 cfu/g
III ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test

Procedures, Test for Absence of Escherichia coli, Test for
Absence of Staphylococcus aureus, and Test for Absence of
Salmonella Species: It meets the requirements of the tests
for the absence of Escherichia coli in 25 g, Staphylococcus
aureus in 50 g, and Salmonella species in 25 g.

ADDITIONAL REQUIREMENTS
III PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool, dry place.

III LABELING: The Capsules should be labeled with the genus
and species names, or genus, species, and strain names and
with the formulated enumeration in cfu/Capsule.

Bacopa
DEFINITION
Bacopa consists of the dried stems and leaves of Bacopa

monnieri (L.) Pennell (Fam. Scrophulariaceae). It contains
NLT 2.5% of triterpene glycosides, calculated on the dried
basis as the sum of bacopaside I, bacoside A3, bacopaside II,
the jujubogenin isomer of bacopasaponin C, and
bacopasaponin C.

IDENTIFICATION
III A. Bacopa meets the requirements for Specific Tests,

BotanicalCharacteristics.
III B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: Transfer about 10 mg of USP Powdered

Bacopa Extract RS to a 1O-mL volumetric flask, and add
about 8 mL of methanol. Sonicate and heat gently for 15
20 min, dilute with methanol to volume, mix,' centrifuge,
and use the supernatant.

Sample solution: Use the Sample solution, prepared as
directed in the test for Contentof Triterpene Glycosides.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 urn (TLC plates)

Application volume: 15 ~L, as 5-10 mm bands
Developing solvent system: Ethyl acetate, methanol, and

water (7:2:1)
Spray reagent: 1% Vanillin in alcohol and 10% sulfuric acid

in alcohol (1:1)
Analysis

Samples: Standardsolution and Sample solution
Apply the samples as bands (see Chromatography (621 »).

Use a saturated chamber. Develop the chromatograms
until the solvent front has moved up about three-fourths of
the plate. Remove the plate from the chamber, dry, spray
with Spray reagent, heat for 5-10 min at 70°, and examine
under white light.

Acceptance criteria: The Sample solution exhibits a main
dark blue zone due to a mixture of bacoside A3, bacopaside
II, the jujubogenin isomer of bacopasaponin C, and
bacopasaponin C at an RFvalue of approximately 0.6 and a
faint pink spot due to bacopaside I at an RF value of
approximately 0.4, both of which correspond in position
and color to zones in the chromatogram of the Standard
solution. Other zones are observed for the Sample solution
and Standardsolution.

• C. HPLC IDENTIFICATION TEST: The Sample solutionfrom
the test for Contentof Triterpene Glycosides shows a main
peak at the retention time corresponding to that of
bacoside A3 in the chromatogram of StandardsolutionA.
Identify other triterpene glycoside peaks in the Sample
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solutionby comparison with the chromatogram of Standard
solutionBand the reference chromatogram provided with
the lot of USP Powdered Bacopa Extract RS. The Sample
solution shows additional peaks corresponding to
bacopaside I, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, add 0.5 mL of
phosphoric acid, dilute with water to 1000 mL, mix, filter,
and degas.

Solution B: Use filtered and degassed acetonitrile.
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (0/0) (0/0)

0 70 30

25 60 40

26 70 30

30 70 30

Standard solution A: Sonicate an accurately weighed
, quantity of USP Bacoside A3RS in methanol to obtain a
solution with a concentration of about 0.5 mg/mL.

Standard solution B: Transfer about 10 mg of USP
Powdered Bacopa Extract RS to a 1O-mL volumetric flask,
and add about 8 mL of methanol. Sonicate and heat gently
for 15-20 min, dilute with methanol to volume, and mix.
Before injection, pass through a membrane filter of
0.45-~m or finer pore size, discarding the first 5 mL of the
filtrate.

Sample solution: Transfer about 2.5 g of Bacopa, finely
powdered, to a 1OO-mL round-bottom flask fitted with a
reflux condenser. Add 25 mLof methanol, reflux on a water
bath for 10 min, cool to room temperature, and decant the
supernatant. Repeat until the last extract is colorless.
Combine the extracts, filter, concentrate under vacuum,
and adjust the volume to 100 mL using methanol. Before
injection, pass through a membrane filter of 0.45-~m or
finer pore size, discarding the first 5 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-~m, endcapped,

base-deactivated packing L1
Column temperature: 2r
Flow rate: 1.5 mL/min
Injection volume: 20 ~L

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Bacopa Extract RS being used.

Resolution: NLT 1.0 between the bacopaside II and
bacoside A3 peaks, Standardsolution B

Tailing factor: NMT 1.5 for the bacoside A3 peak,
StandardsolutionA

Relative standard deviation: NMT2% determined from
the bacoside A3 peak for replicate injections, Standard
solutionA
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Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Using the chromatograms of StandardsolutionA and

StandardsolutionB and the reference chromatogram
provided with the lot of USP Powdered Bacopa Extract RS
being used, identifythe retention times of the peaks .
corresponding to different triterpene glycosides. The
approximate relative retention times of the relevant
triterpene glycosides are provided in the following table.

Relative
Retention

Analyte Time

Bacopaside I 0.73

Bacoside A] 1.00

Bacopaside II 1.04

The jujubogenin isomerof bacopasaponin C 1.15

Bacopasaponin C 1.22

separately calculate the percentages of bacopaside I,
bacoside A3, bacopaside II, the jujubogenin isomerof
bacopasaponin C, and bacopasaponin C in the portion of
Bacopa taken: .

Result = (ru/rs) x Cs x (V/W) x Fx 100

=peak response for each triterpene glycoside
from the Sample solution

=peak response for bacoside A3 from Standard
solutionA

= concentration of USP Bacoside A3RS in Standard
solutionA (mg/mL)

= final volume of the Sample solution (mL)
=weight of Bacopa used to prepare the Sample

solution (mg)
= conversionfactor for each analyte: 1.00 for

bacoside A3, 1.03 for bacopaside I, 0.81 for
bacopaside II, 0.99 for the jujubogenin isomerof
bacopasaponin C, and 0.75 for bacopasaponin C

Acceptance criteria: Add the percentages of bacopaside I,
bacoside A3, bacopaside II, the jujubogenin isomerof
bacopasaponin C, and bacopasaponin C: NLT 2.5% is
found, calculated on the dried basis.

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):

NMT 6.0%
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities(561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Stem iscreeping, succulent, glabrous, soft,
obtuse-angular; with long internodes, rooting at nodes;
devoid of leaves toward the base; branches ascending.
Leaves are simple, sessile or short petiolate, opposite,
succulent, 1-2 mm thick; oblong-obovate or spatulate,
margin entire or rarely dentate, apex rounded, midrib
indistinct, 0.6-2.5 em long, 3-8 mm wide; the upper
surface is green, the lowersurface isgreen and dotted.
Pharmacopeialarticle isyellowish in color; consistsof dry

USP 43

mixturesof broken leavesand stems, with majority of leaves
detached; mild and hay-like odor, and very bitter taste.

Microscopic
Transverse section of stems: Epidermal layer; a wide

cortex composed of thin-wall parenchyma cells and large
intercellular spaces; xylem vessels radially arranged,
uniseriate medullary rays; pith composed of thin-wall,
round or isodiametric cellswith distinct intercellular
spaces. Resin canals and pericyclic sclereidsare absent.

Transverse section of leaves: Showsa more or less
isobilateral structure; epidermis with glandular hair and
stomata; upper surface has more hairs and lessstomata
than the lower surface; mesophyll composed of spongy
tissue, a few prismsof calcium oxalate, and vascular
bundles are present.

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Bacopa
Analysis: Drythe Sample at 105 0 for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of finely powdered Bacopa
Acceptance criteria: NMT 18%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble
Extractives, Method 2 (561): NLT 6.0%

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed lOs cfu/g, the total
combined moldsand yeasts count does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacteria does not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Bacoside A3RS

USP Powdered Bacopa Extract RS

Powdered Bacopa

DEFINITION
Powdered Bacopa is Bacopa reduced to a powder or veryfine

powder. It contains NLT 2.5% of triterpene glycosides,
calculated on the dried basis as the sum of bacopaside I,
bacoside A3, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C.

IDENTIFICATION
• A. Powdered Bacopameets the requirements under Specific

Tests, Botanical Characteristics.
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: Transfer about 10 mg of USP Powdered

Bacopa ExtractRS to a 1O-mL volumetricflask, and add
about 8 mL of methanol. Sonicate and heat gently for 15
20 min, dilute with methanol to volume, mix, centrifuge,
and use the supernatant.

Sample solution: Use the Sample solution, prepared as
directed in the test for Contentof Triterpene Glycosides.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 urn (TLC plates)
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Separately calculate the percentages of bacopaside I,
bacoside A3, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C in the portion of
Powdered Bacopa taken:

Result = (rufrs) x Cs x (VfW) x F x 100

Relative
Retention

Analyte Time

Bacopaside I 0.73

Bacoside A3 1.00

Bacopaside II 1.04

The jujubogenin isomerof bacopasaponinC 1.15

Bacopasaponin C 1.22

=peak response for each triterpene glycoside
from the Sample solution

= peak response for bacoside A3 from Standard
solution A

= concentration of USP Bacoside A3RS in Standard
solution A (rnq/rnt)

=final volume of the Sample solution (mL)
= weight of Powdered Bacopa used to prepare the

Sample solution (mg)
= conversion factor for each analyte: 1.00 for

bacoside A3, 1.03 for bacopaside I, 0.81 for

v
W

F

vacuum, and adjust the volume to 100 mL using methanol.
Before injection, pass through a membrane filter of
OA5-lJm or finer pore size, discarding the first 5 mL of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-lJm, endcapped,

base-deactivated packing II
Column temperature: 27°
Flow rate: 1.5 mLfmin
Injection volume: 20 IJl

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Bacopa Extract RS being used.

Resolution: NLT 1.0 between the bacopaside II and
bacoside A3 peaks, Standard solution B

Tailing factor: NMT 1.5 for the bacoside A3 peak,
Standard solution A

Relative standard deviation: NMT2% determined from
the bacoside A3 peak for replicate injections, Standard

. solution A
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution

Using the chromatograms of Standard solution A and
Standard solution Band the reference chromatogram
provided with the lot of USPPowdered Bacopa Extract RS
being used, identify the retention times of the peaks
corresponding to different triterpene glycosides. The
approximate relative retention times of the relevant
triterpene glycosides are provided in the following table.

USP 43

Standard solution A: Sonicate an accurately weighed
quantity of USP Bacoside A3RS in methanol to obtain a
solution having a known concentration of about 0.5 mgf
mL.

Standard solution B: Transfer about 10 mg of USP
Powdered Bacopa Extract RS to. a 1O-ml volumetric flask,
and add about 8 ml of methanol. Sonicate and heat gently
for 15-20 min, dilute with methanol to volume, and mix.
Before injection, pass through a membrane filter of
OA5-lJm or finer pore size, discarding the first 5 mL of the
filtrate.

Sample solution: Transfer about 2.5 g of Powdered Bacopa,
accurately weighed, to a 1OO-mL round-bottom flask fitted
with a reflux condenser. Add 25 mLof methanol, reflux on a
water bath for 10 min, cool to room temperature, and
decant the supernatant. Repeat until the last extract is
colorless. Combine the extracts, filter, concentrate under

Application volume: 15 IJl, as 5-10 mm bands
Developing solvent system: Ethyl acetate, methanol, and

water (7:2:1)
Spray reagent: 1% Vanillin in alcohol and 10% sulfuric acid

in alcohol (1:1)
Analysis

Samples: Standard solution and Sample solution
Apply the samples as bands (see Chromatography (621».

Use a saturated chamber. Develop the chromatograms
until the solvent front has moved up about three-fourths
of the plate. Remove the plate from the chamber, dry,
spray with Spray reagent, heat for 5-10 min at 70°, and
examine under white Ijght.

Acceptance criteria: The Sample solution exhibits a main
dark blue zone due to mixture of bacoside A3, bacopaside
II, the jujubogenin isomer of bacopasaponin C, and
bacopasaponin C at an RF value of approximately 0.6 and a
faint pink spot due to bacopaside I at an RF value of
approximately 004, both of which correspond in position
and color to zones in the chromatogram of the Standard
solution. Other zones are observed for the Sample solution
and Standard solution.

• C. HPLC IDENTIFICATION TEST: The Sample solution from
the test for Content of Triterpene Glycosides shows a main
peak at a retention time corresponding to that of
bacoside A3 in the chromatogram of Standard solution A.
Identify other triterpene glycoside peaks in the Sample
solution by comparison with the chromatogram of Standard
solution Band the reference chromatogram provided with
the lot of USPPowdered Bacopa Extract RS being used. The
Sample solution shows additional peaks corresponding to
bacopaside I, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 ml of water, add 0.5 mL of
phosphoric acid, dilute with water to 1000 ml, mix, filter,
and degas.

Solution B: Use filtered and degassed acetonitrile.
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 70 30

25 60 40

26 70 30

30 70 30
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bacopaside II, 0.99 for the jujubogenin isomer of
bacopasaponin C, and 0.75 for bacopasaponin C

Acceptance criteria: Add the percentages of bacopaside i,
bacoside A3, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C: NLT 2.5% is
found on the dried basis.

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT6.0%
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities(561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Yellowish in color; mild and

hay-like odor, and very bitter taste. Under a microscope, it
shows fragments of upper and lower epidermal cellsof the
leaves in surface view, having sessile glandular trichomes
wi~h 4-~ cells and diacyticor anomocytic stomata; upper
epidermls has more trichomes and lessstomata than the
lower epidermis; lower epidermis cells with sinuous
anticlinal walls and at places striated cuticle;fragments of
epidermal cells of the stem in surface view; parenchyma
cellsenclosing air cavities and some contain rosette and
prismatic crystals of calciumoxalate; fragments of
longitudinally cut annular and spiralvessels; fragments of
cortical cells of the stem; and crystals of calcium oxalate.

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Bacopa
Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Bacopa
Acceptance criteria: NMT 18%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble
Extractives,Method 2 (561): NLT 6.0%

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined moldsand yeastscount does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacteria does not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the testsfor absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Bacoside A3RS

USP Powdered Bacopa Extract RS

Powdered Bacopa Extract
DEFINITION
Powdered Bacopa Extractis prepared from Bacopa by

extraction with water, alcohol, methanol, or a mixture of
these solvents.The ratio of plant material to extract is
between 20:1 and 10:1. It contains NLT 90.0% and NMT
110.0% of the labeled amount of triterpene glycosides,
calculated on the dried basisas the sum of bacopaside I,
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bacoside A3, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C. It may contain
suitable added substances as carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: Transfer about 10 mg of USP Powdered
Bacopa Extract RS to a 1O-mL volumetricflask, and add
about 8 mLof methanol. Sonicate and heat gently for 15
20 min, dilute with methanol to volume, mix, centrifuge,
and use the supernatant.

Sample solution: Sonicate for about 10 min an amount of
Powdered Bacopa Extract equivalent to about 40 mg of
triterpene glycosides in 10 mL of methanol, centrifuge, and
use the supernatant.

Adsorbent: Chromatographic silica gel mixture with an
average particlesize of 10-15 urn (TLC plates)

Application volume: 15 !-IL, as 5-10 mm bands
Developing solvent system: Ethyl acetate, methanol, and

water (7:2:1)
Spray reagent: 1% vanillin in alcohol and 10% sulfuric acid

in alcohol (1 :1)
Analysis

Samples: Standardsolution and Sample solution
Apply the samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621».
Usea saturated chamber. Developthe chromatograms
until the solventfront has moved up about three-fourths
of the plate. Remove the plate from the chamber, dry,
spraywith Spray reagent, heat for5-1 0 minat about 70°,
and examine under visible light.

Acceptance criteria: The Sample solution exhibits a main
dark blue zone due to a mixtureof bacoside A3, bacopaside
II, the jujubogenin isomer of bacopasaponin C, and
bacopasaponin C at an RF valueof approximately 0.6 and a
faint pink spot due to bacopaside I at an RF value of
approximately 0.4, both of which correspond in position
and color to zones in the chromatogram of the Standard
solution. Other zones are observed for the Sample solution
and Standardsolution. .

• B. HPLC IDENTIFICATION TEST: The Sample solutionfrom
the test for Contentof Triterpene Glycosides shows a main
peak at a retention time corresponding to that of
bacoside A3 in the chromatogram of StandardsolutionA.
Identify other triterpene glycoside peaks in the Sample
solutionbycomparison with the chromatogram of Standard
solutionB and the reference chromatogram provided with
the lot of USPPowderedBacopa ExtractRS being used. The
Sample solution shows additional peaks corresponding to
bacopaside I, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, add 0.5 mL of
phosphoric acid, dilute with water to 1000 mL, mix, filter,
and degas.

Solution B: Use filtered and degassed acetonitrile.
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 70 30

25 60 40

26 70 30

30 70 30
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IMPURITIES

ORGANIC IMPURITIES

Cu

F

Result = (ru/rs) x (Cs/Cu) x F x 100

=peak response for each triterpene glycoside
from the Sample solution

=peak response for bacoside A3 in Standard
solutionA

=concentration of USP Bacoside A3RS in Standard
solutionA (mg/mL)

=concentration of Powdered Bacopa Extract in the
Sample solution (mg/mL)

= conversion factor for each analyte: 1.00 for
bacoside A3, 1.03 for bacopaside I, 0.81 for
bacopaside II, 0.99 for the jujubogenin isomer of
bacopasaponin C, and 0.75 for bacopasaponin C

Acceptance criteria: Add the percentages of bacopaside I,
bacoside A3, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C: NLT 90.0%-NMT
110.0% of the labeled amount of triterpene glycosides is
found on the dried basis.

•

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 1.0 g of Powdered Bacopa

Extract at 105 0 for 3 h: it loses NMT 5% of its weight.
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104cfu/g. The total
combined molds and yeasts count does not exceed 103 cfu/
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): It meets the requirements of
the tests for absence of Salmonella species and
Escherichia coli.

• OTHER REQUIREMENTS: It meets the requirements of the test
for Residual Solvents under Botanical Extracts (565).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements
under BotanicalExtracts (565).

• USP REFERENCE STANDARDS (11)
USP Bacoside A3RS

USP Powdered Bacopa Extract RS

Banaba Leaf

DEFINITION
Banaba Leaf consists of the dried leaves of Lagerstroemia

speciosa (L.) Pers. (Fam. Lythraceae). It contains NLT 0.2% of
corosolic acid (C30H4S04), calculated on the dried basis.

IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanic

Characteristics

Separately calculate the percentages of bacopaside I,
bacoside A3, bacopaside II, jujuboqenln isomer of .
bacopasaponin C, and bacopasaponin C in the portion
of Powdered Bacopa Extract taken:

Standard solution A: Sonicate a weighed quantity of USP
Bacoside A3RS in methanol to obtain a solution with a
concentration of about 0.5 mg/mL.

Standard solution B: Transfer about 10 mg of USP
Powdered Bacopa Extract RS to a 1O-mLvolumetric flask,
and add about 8 mL of methanol. Sonicate and heat gently
for 15-20 min, dilute with methanol to volume, and mix.
Before injection, pass through a membrane filter of
0.45-J.lm or finer pore size, discarding the first 5 mL of the
filtrate.

Sample solution: Transfer an amount of Powdered Bacopa
Extract, equivalent to about 25 mg triterpene glycosides,
to a 25-mL volumetric flask, and add 15 mL of methanol.
Sonicate and heat gently for 15-20 min, dilute with
methanol to volume, and mix. Before injection, pass
through a membrane filter of 0.45-J.lm or finer pore size,
discarding the first 5 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-J.lm, endcapped,

base-deactivated packing L1
Column temperature: 27 ± 10

Flow rate: 1.5 mL/min
Injection size: 20 J.lL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements .

Chromatoqrarn similarity: The chromatogram from
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Bacopa Extract RS being used.

Resolution: NLT1.0 between the bacopaside II and
bacoside A3 peaks, StandardsolutionB

Tailing factor: NMT 1.5 for the bacoside A3 peak,
StandardsolutionA .

Relative standard deviation: NMT 2% determined from
the bacoside A3 peak for replicate injections, Standard
solutionA

Analysis
Samples: StandardsolutionA, StandardsolutionB,and

Sample solution .
Using the chromatograms of StandardsolutionA and

Standardsolution B and the reference chromatogram
provided with the lot of USP Powdered Bacopa
Extract RS being used, identify the retention times of the
peaks corresponding to different triterpene glycosides.
The approximate relative retention times of the different
triterpene glycosides are provided in the following
table.

Relative
Retention

Analyte Time

Bacopaside I 0.73

Bacoside A3 1.00

Bacopaside II 1.04

The jujubogenin isomerof bacopasaponin C 1.15

Bacopasaponin C 1.22
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• B. THIN-LAYER CHROMATOGRAPHY
Standard solution A: 0.2 mg/mL of USPCorosolic Acid RS

in methanol
Standard solution B: 10 mg/mL of USP Lagerstroemia

speciosa Leaf Dry Extract RS in methanol. Sonicate for
10 min, centrifuge, and use the supernatant.

Sample solution: About 0.2 g of Banaba Leaf, finely
powdered, in 10 mL of methanol. Sonicate for 15 min,
centrifuge, and use supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTLC plates)
Application volume: 6 J.lL each of StandardsolutionA and

Standardsolution Band 8 J.lL of the Sample solution as
8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of toluene, ethyl
acetate, and acetic acid (55: 45: 0.5)

Derivatization reagent: 85 mL of ice-cooled methanol
mixed with 10 mL of glacial acetic acid, 5 mL of sulfuric
acid, and 0.5 mL of p-anisaldehyde

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
Apply the samples as bands to a suitable HPTLC plate, and

dry in air. Develop the chromatograms in an unsaturated
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat for 3 min at 100°,
and examine under visible light.

System suitability: Under visible light, the chromatogram
of StandardsolutionB exhibits the most intense band, a
violet or blue band, with similar RFand color as the corosolic
acid band in the chromatogram of StandardsolutionA; a
blue band close to the start (about RF O.l)i consistent with
asiatic acid; two minor blue bands in between the corosolic
and asiatic bands; a minor blue band due to virgatic acid,
above the band due to corosolic acid; and just below the
asiatic band, a minor brown band. Standardsolution B also
exhibits two minor violet bands, separated, at about
three-fourths of the chromatogram; the band with the
lower RF corresponds to oleanolie acid. .

Acceptance criteria: Under visible light, the chromatogram
of the Sample solution exhibits the most intense band as a
violet band corresponding in color and RF to the band due
to corosolic acid in the chromatogram of Standardsolution
A, as well as the following bands corresponding to similar
bands of Standardsolution B: a minor blue band close to the
start (about RF 0.1), a minor brownish band above the
corosolic acid, and a minor violet band at about
three-fourths of the chromatogram.

• C. HPLC
Analysis: Proceed as directed in Contentof Corosolic Acid.
Acceptance criteria: The chromatogram of the Sample

solution exhibits a group of three peaks. The one in the
center is the most intense of the group and occurs at a
retention time corresponding to that of corosolic acid in the
chromatogram of Standard solution A. The peak that elutes
before corosolic acid has about one-half to one-third of the
intensity of that of corosolic acid, and the peak that elutes
after corosolic acid has the lesser intensity of the three and
is consistent with virgatic acid. A minor peak due to
oleanolic acid elutes later in the chromatogram.

COMPOSITION
• CONTENT OF COROSOLIC ACID

Solution A: Dilute 0.1 % phosphoric acid in water.
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Solution B: Acetonitrile
Mobile phase: A mixture of Solution A and Solution B (4:6)
Standard solution A: 0.1 mg/mL of USP Corosolic Acid RS

in methanol
Standard solution B: 5.0 mg/mL of USP Lagerstroemia

speciosa Leaf Dry Extract RS in methanol. Sonicate if
necessary. Before injection, pass through a membrane filter
of 0.45-J.lm or finer pore size. Discard the first few mLof the
filtrate.

Sample solution: Transfer about 5.0 g of Banaba Leaf, finely
powdered and accurately weighed, to a round-bottom
flask. Add 75 mL of methanol, reflux for 15 min, set aside
to settle, and decant the supernatant. Repeat the extraction
three more times, then combine the extracts. Filter, and
concentrate under reduced pressure. Transfer to a 100-mL
volumetric flask, adjust with methanol to volume, and mix.
Before injection, pass through a membrane filter of
0.45-J.lm or finer pore size. Discard the first few mL of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L1
Column temperature: 25°
Flow rate: 1.6 mL/min
Injection volume: 20 J.lL

System suitability
Samples: StandardsolutionA and Standardsolution B

[NOTE-The approximate relative retention times of the
individual peaks for corosolic acid, virgatic acid, and
oleanolic acid are 1.0, 1.1, and 3.2, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

Standardsolution B is similar to the reference
chromatogram provided with the lot of USP
Lagerstroemia speciosa Leaf Dry Extract RS being used.

Resolution: NLT 1.5 between the corosolic acid peak and
the preceding peak, StandardsolutionB

Tailing factor: NMT 2.0 for the corosolic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% determined
from the corosolic acid peak in repeated injections,
StandardsolutionA

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Identify the relative retention times of the peaks for

corosolic acid, virgatic acid, and oleanolic acid in the
Sample solution.

Calculate the percentage of corosolic acid in the portion of
Banaba Leaf taken:

Result =(rulrs) x Csx (VIW) x 100

to =peak area of corosolic acid from Sample solution
rs =peak area of corosolic acid from Standard

solutionA
Cs = concentration of corosolic acid in Standard

solutionA (mg/mL)
V =volume of Sample solution (mL)
W = weight of Banaba Leaf taken to prepare the

Sample solution (mg)

Acceptance criteria: NLT0.2% of corosolic acid on the
dried basis
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CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 0.5 ~g/g

Lead: NMT 5 ~g/g

Mercury: NMT 0.2 ~g/g

• MICROBIAL ENUMER~TlON TESTS ): The total aerobic
bacterial count does not Os cfu/g, the total
combined moldsand yeastscount d?es not eX,ceed 103cfu/
g, and the bile-tolerantGram-negative bacteriacount does
not exceed 103cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Banabaleaves vary in shape, including
lanceolate, oblong-Ianceolate, oblong, a~d elliptic ovate.
Theyare up to 34 cm long and 11 cm wide; olive gre<;n to
yellowish brown; entirelyor slightly wavyat th~ margins;
base acute; apex acute to acuminate; leathery In texture;
and petiolatewith petioles up to 1 cm long.

Microscopic
Transverse section of the midrib: Alayerof upper

epidermis composed of rectangularto round cells covered
with thin cuticle; a few layers of collenchyma cells! .
numerous layers of parenchyma cell~, some c~>ntalnlng

clustercrystals of calciumoxalate, With large Intercellular
spaces; groups of lignified fiber bundles; an~ secretory
canalsscattered in the parenchym~ zone. Blcollatera~
vascular bundle encircledby a continuous shea~h. offibers
accompanied by sclerenchymaand cells containing
clustercrystals of calciumoxalate; secretorycanals
between the vascularbundles; numerous layers of
parenchymacells, some containing clustercrystals of
calcium oxalate with large intercellular spaces;a few
layers of collen~hyma; a layerof lowerepidermalcells.

Transverse section of the lamina: Alayerof upper
epidermis composed of rectangular cells about twice as
large as those of the lowerepidermis.~ome cells are
secretorycells, which tend to protrude Intothe m~sophyll

and sometimes appear to be below the upper epidermis.
Two layers of rectangular palisadecells; 4-6 layer~ of
parenchymacells, some containing prisms of calclun:
oxalateand others containing clusterscrystals of calcium
oxalate,with large intercellular spaces; groups of vascular
bundlesscattered in the parenchyma zone; lower
epidermis showing stomata.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRVING (731)
Analysis: Dry 2.0 g of BanabaLeaf, finely powdered, at 105°

for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Analysis: 2.0 g of Banaba Leaf, finely powdered
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 1 (561): NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Analysis: 4~0 g of Banaba Leaf, finely powdered
Acceptance criteria: NMT 2%
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• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 1 (561): NLT 18.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture,and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the partes) of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Corosolic Acid RS
USP Lagerstroemia speciosa Leaf Dry Extract RS

Banaba leaf Powder

DEFINITION
Banaba Leaf Powderconsists of the dried leaves of

Lagerstroemia speciosa (L.) Pers. (Fam. Lythraceae) reduced
to powder or veryfine powder. It contains NLT 0.2% of the
labeled amount of corosolic acid (C30H4S04), calculatedon
the dried basis.

IDENTIFICATION
• A. Meets the requirementsfor Specific Tests, Botanic

Characteristics
• B. THIN-LAVER CHROMATOGRAPHV

Standard solution A: 0.2 mg/mL of USP Corosolic Acid RS
in methanol

Standard solution B: 10 mg/mL of USP Lagerstroemia
speciosa Leaf DryExtract RS in methanol. Sonicatefor
10 min, centrifuge, and use the supernatant. .

Sample solution: About 0.2 g of Banaba Leaf Powder In
10 mL of methanol. Sonicate for 15 min, centrifuge, and
use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof 5 urn (HPTLC plates)
Application volume: 6 ~L each of Standardsolut~on A and

Standardsolution Band 8 ~L of the Sample solution as
8-mm bands

Relative humidity: Conditi?n the ~Iate to a ~elative

humidityof about 33% usmq a SUitable device.
Column temperature: 2SO
Developing solvent system: Amixture of toluene, ethyl

acetate, and acetic acid (55:45: 0.5)
Derivatization reagent: 85 mL of ice-cooled methanol

mixed with 10 mL of glacial acetic acid, 5 mL of sulfuric
acid, and 0.5 mL of p-anisaldehyde

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the samplesas bands to a suitable HPTLC plate, and

dry in air. Develop the chromatograms in an unsaturated
chamber remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat for 3 min at 100°,
and examine under visible light.

System suitability: Undervisible light, the chromatogram
of StandardsolutionBexhibitsthe most intense band, a
violetor blue band, with similar RFand coloras the ~orosolic

acid band in the chromatogram of StandardsolutionA; a
blue band close to the start (about RF 0.1), consistent with
asiaticacid' two minorblue bands in between the corosolic
and asiatic'bands' a minor blue band due to virgatic acid,
above the band due to corosolic acid; and just below the
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asiatic band, a minor brown band. Standard solution Balso
exhibits two minor violet bands, separated, at about
three-fourths of the chromatogram; the band with the
lower RF corresponds to oleanolic acid.

Acceptance criteria: Under visible light, the chromatogram
of the Sample solution exhibits the most intense band as a
violet band corresponding in color and RF to the band due
to corosolic acid in the chromatogram of Standard solution
A, as well as the following bands corresponding to similar
bands of Standard solution B: a minor blue band close to the
start (about RF 0.1), a minor brownish band above the
corosolic acid, and a minor violet band at about
three-fourths of the chromatogram.

• C. HPLC
Analysis: Proceed as directed in Content of Corosolic Acid.
Acceptance criteria: .The chromatogram of the Sample

solution exhibits a group of three peaks. The one in the
center is the most intense of the group and occurs at a
retention time corresponding to that of corosolic acid in the
chromatogram of Standard solution A. The peak that elutes
before corosolic acid has about one-half to one-third of the
intensity of that of corosolic acid, and the peak that elutes
after corosolic acid has the lesser intensity of the three and
is consistent with virgatic acid. A minor peak due to
oleanolic acid elutes later in the chromatogram.

COMPOSITION
• CONTENT OF CoROSOLIC ACID

Solution A: Dilute 0.1 % phosphoric acid in water.
Solution B: Acetonitrile
Mobile phase: A mixture of Solution A and Solution B(4:6)
Standard solution A: 0.1 mg/mL of USP Corosolic Acid RS

in methanol
Standard solution B: 5.0 mg/mL of USP Lagerstroemla

speciosa Leaf Dry Extract RS in methanol. Sonicate if
necessary. Before injection, pass through a membrane filter
of 0.45-lJm or finer pore size. Discard the first few mL of the
filtrate.

Sample solution: Transfer about 5.0 g of Banaba Leaf
Powder, accurately weighed, to a round-bottom flask. Add
75 mL of methanol, reflux for 15 min, set aside to settle,
and decant the supernatant. Repeat the extraction three
more times, then combine the extracts. Filter, and
concentrate under reduced pressure. Transfer to a 100-mL
volumetric flask, adjust with methanol to volume, and mix.
Before injection, pass through a membrane filter of
0.45-lJm or finer pore size. Discard the first few mL of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.6 mL/min
Injection volume: 20 IJL
System suitability

Samples: Standard solution A and Standard solution B
[NOTE-The approximate relative retention times of

the individual peaks for corosolic acid, virgatic acid,
and oleanolic acid are 1.0, 1.1, and 3.2 min,
respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

Standard solution B is similar to the reference
chromatogram provided with the lot of USP
Lagerstroemia speciosa Leaf Dry Extract RS being used.

Resolution: NLT1.5 between the corosolic acid peak
and the preceding peak, Standard solution B
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Tailing factor: NMT 2.0 for the corosolic acid peak,
Standard solution A

Relative standard deviation: NMT 2.0% determined
from the corosolic acid peak in repeated injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Identify the relative retention times of the peaks for

corosolic acid, virgatic acid, and oleanolic acid in the
Sample solution.

Calculate the percentage of the labeled amount of corosolic
acid in the portion of Banaba Leaf Powder taken:

Result=(rulrs) x Cs x (VIW) x 100

ru =peak area of corosolic acid from the Sample
solution

rs =peak area of corosolic acid from Standard
solution A

Cs = concentration of corosolic acid in Standard
solution A (mg/mL)

V = volume of the Sample solution (mL)
W =weight of Banaba Leaf Powder taken to prepare

the Sample solution (mg)

Acceptance criteria: NLT 0.2% of the labeled amount of
corosolic acid on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 IJg/g
Cadmium: NMT 0.5 IJg/g
Lead: NMT 5 IJg/g
Mercury: NMT 0.2 IJg/g

. .: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 du/g, and the total
combined molds and yeasts count does not exceed
102cfu/g.

• MICROBIAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Grayish-green powder
Microscopic: Fragments of upper epidermis with polygonal

cells, some containing calcium oxalate crystals, and no
stomata; fragments of lower epidermis cells with irregular
shapes and slightly wavy walls, anomocytic stomata;
fragments of upper epidermal cells with underlying
palisade cells; fragments of parenchyma cells, some
containing prisms of calcium oxalate and others containing
cluster crystals of calcium oxalate; oil cells; fragments of
lignified fibers; fragments of spiral vessels; fragments of
pitted vessels associated with fibers

'1FT?):
• Loss ON DRYING (731)

Sample: 2.0 g of Banaba Leaf,finely powdered
Analysis: Dry the Sample at 105° for 2 h.
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Acceptance criteria: NMT 10%
II ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)

Analysis: 2.0 g of Banaba Leaf, finely powdered
Acceptance criteria: NMT 7.0%

II ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Analysis: 4.0 g of Banaba Leaf, finely powdered
Acceptance criteria: NMT 2%

II ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 7 (561): NLT10.0%

II ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 7 (561): NLT18.0%

ADDITIONAL REQUIREMENTS
II PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

II LABELING: The label states the Latin binomial and, following
the official name, the partes) of the plant contained in the
article.

II USP REFERENCE STANDARDS (11)
USP Corosolic Acid RS
USP Lagerstroemia speciosa Leaf Dry Extract RS

Banaba Leaf Dry Extract

DEFINITION
Banaba Leaf Dry Extract consists of the dried leaves of

Lagetroemia speciosa (L.) Pers. (Fam. Lythraceae) by
extraction with hydroalcoholic mixtures. It contains NLT
90.0% and NMT 110.0% of the labeled amount of corosolic
acid (C30H4804), calculated on the dried basis.

IDENTIFICATION
II A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.2 mg/mL of USPCorosolic Acid RS
in methanol

Standard solution B: 10 mg/mL of USP Lagerstroemia
speciosa Leaf Dry Extract RS in methanol. Sonicate for
10 min, centrifuge, and use the supernatant. .

Sample solution: Banaba Leaf Dry Extract in methanol at a
concentration equivalent to 0.2 mg/mL of corosolic acid
according to the label claim. Sonicate if necessary..

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTLC plates)
Application volume: 6!-1L as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Column temperature: 25°
Developing solvent system: A mixture of toluene, ethyl

acetate, and acetic acid (55: 45: 0.5)
Developing distance: 6 cm
Derivatization reagent: 85 mL of ice-cooled methanol

mixed with 10 mL of glacial acetic acid, 5 mL of sulfuric
acid, and 0.5 mL of p-anisaldehyde

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the samples as bands to a suitable HPTLC plate, and

dry in air. Develop the chromatograms in an unsaturated
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat for 3 min at 100°,
and examine under visible light.

System suitability: Under visible light, the chromatogram
of StandardsolutionB exhibits the most intense band, a
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violet or blue band, with similar RFand color as the corosolic
acid band in the chromatogram of StandardsolutionA; a
blue band close to the start (about RF 0.1), consistent with
asiatic acid; two minor blue bands in between the corosolic
and asiatic bands; a minor blue band due to virgatic acid,
above the band due to corosolic acid; and just below the
asiatic band, a minor brown band. StandardsolutionB also
exhibits two minor violet bands, separated, at about
three-fourths of the chromatogram; the band with the
lower RF corresponds to oleanolic acid.

Acceptance criteria: Under visible light, the chromatogram
of the Sample solution exhibits the most intense band as a
violet band corresponding in color and RF to the band due
to corosolic acid in the chromatogram of Standardsolution
A, as well as the followlnq bands corresponding to similar
bands of StandardsolutionB:a minor blue band close to the
start (about RF 0.1), two minor purple bands below the
corosolic acid, two minor blue bands above the corosolic
acid, and two minor violet bands, which are separated, at
about three-fourths of the chromatogram.

• B. HPLC
Analysis: Proceed as directed in Contentof Corosolic Acid.
Acceptance criteria: The chromatogram of the Sample

solution exhibits a group of three peaks. The one in the
center is the most intense of the group and occurs at a
retention time corresponding to that of corosolic acid in the
chromatogram of Standardsolution A. The peak that elutes
before corosolic acid has about one-half to one-third of the
intensity of that of corosolic acid, and the peak that elutes
after corosolic acid has the lesser intensity of the three and
is consistent with virgatic acid. A minor peak due to
oleanolic acid elutes later in the chromatogram.

COMPOSITION
• CONTENT OF COROSOLIC ACID

Solution A: Dilute 0.1 % phosphoric acid in water.
Solution B: Acetonitrile
Mobile phase: A mixture of Solution A and Solution B (4:6)
Standard solution A: 0.1 mg/mL of USP Corosolic Acid RS

in methanol
Standard solution B: 5.0 mg/mL of USP Lagerstroemia

speciosa Leaf Dry Extract RS in methanol. Sonicate if
necessary. Before injection, pass through a membrane filter
of 0.45-!-Imor finer pore size. Discard the first few mL of the
filtrate.

Sample solution: Banaba Leaf Dry Extract in methanol at a
concentration equivalent to 0.1 mg/ml of corosolic acid
according to the label claim. Sonicate if necessary. Before
injection, pass through a membrane filter of 0.45-!-Im or
finer pore size. Discard the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-!-Im packing L1
Flow rate: 1.6 mL/min
Injection volume: 20!-lL
System suitability

Samples: StandardsolutionA and Standardsolution B
[NoTE-The approximate relative retention times of

the individual peaks for corosolic acid, virgatic acid,
and oleanolic acid are 1.00, 1.1, and 3.2,
respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP
Lagerstroemia speciosa Leaf Dry Extract RS being used.
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Resolution: NLT 1.5 between the corosolicacid peak
and the preceding peak, Standard solution B

Tailing factor: ,NMT 2.0 for the corosolicacid peak,
Standard solution A

Relative standard deviation: NMT 2.0%, determined
from the corosolic acid peak in repeated injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Identify the relative retention times of the peaksfor

corosolicacid, virgaticacid, and oleanolicacid of the
Sample solution.

Calculatethe percentage of the labeled amount ofcorosolic
acid in the portion of Banaba Leaf DryExtracttaken:

Result =(ru/rs) x (Cs/Cu) x 100

=peak area of corosolic acid from the Sample
solution

=peak area of corosolic acid from Standard
solution A

=concentration of corosolic acid in Standard
solution A (mg/mL)

= concentration of Banaba Leaf Dry Extract in the
Sample solution (mg/mL)

Calculatethe percentage of the labeled amount ofcorosolic
acid in the portion of Extracttaken:

Result =(PIL) x 100

P = content of corosolic acid as determined above
(%)

L =labeled amount of corosolic acid (%)

Acceptance criteria: 90.0%-110.0% of the labeled amount
of corosolic acid on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 0.5 ~g/g

lead: NMT 5 ~g/g

Mercury: NMT 0.2 ~g/g

: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 du/g, and the total
combined moldsand yeasts count does not exceed 103 du/
g.

• MICROBIAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 2.0 g of Banaba Leaf DryExtract
Analysis: Drythe Sample at 1050 for 2 h.
Acceptance criteria: NMT 8%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.
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• LABELING: The labelstates the Latin binomialand, following
the official name, the parts of the plant from which the
articlewas derived. It meets other labeling requirements in
Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Corosolic Acid RS
USP Lagerstroemia speciosa Leaf Dry ExtractRS

Beta Carotene-see Beta Carotene General Monographs

Beta Carotene Preparation
DEFINITION
Beta Carotene Preparation isa combination of beta carotene
with one or more inert substances. It may be in a solid or a
liquid form. It contains NLT 95.0% and NMT 130.0% of the
labeled amount of total beta carotene (C4oHs6) on the
anhydrous basis.

IDIENTIFICATlON

• A.
Sample solution: Transfer 5.0 mLof Sample stock solution A

or Sample stock solution Bfrom the test for Content of Beta
Carotene to a 1OO-mL volumetricflask, and dilute with
cyclohexane to volume. Pass the solution through a
membrane filterof 0.45-~m pore size.

Analysis: Record the UV-Vis spectrum from 300 to 600 nm.
Acceptance criteria: The Sample solution shows a shoulder

at about 427 nm, an absorption maximum at about
455 nm, and another maximum at about 483 nm. The
absorbance ratio A 455/A 483 is between 1.14 and 1.18.

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the test for Content of Beta Carotene.

COMPOSITION
• CONTENT OF BETA CAROTENE

[NOTE-Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene

to a 1-L volumetricflask, and dissolve with 20 mLof
2-propanol. Add 0.2 mL of N-ethyldiisopropylamine,
25 mLof 0.2% ammonium acetate solution, 455 mL of
acetonitrile, and about 450 mLof methanol. Allow the
solution to reach room temperature, and dilute with
methanol to volume.

Diluent: 50 ~g/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta

Carotene System SUitability RS to a 50-mLvolumetricflask.
Add 1 mLof water and 4 mL of tetrahydrofuran, and
sonicate for 5 min. Dilute with Diluent to volume, and
sonicate for 5 min. Cool to room temperature, pass the
suspension through a membrane filter of 0.45-~m pore
size, and use the clear filtrate.

Standard stock solution: 60 ~g/mL of USP Beta
Carotene RS in tetrahydrofuran

Standard solution A: Transfer5.0 mLof the Standard stock
solution to a 1OO-mL volumetricflask, add 5.0 mLof
tetrahydrofuran, and dilute with Diluent to volume. The
concentration of the all-trans-betacarotene in this solution
will be determined by the spectrophotometric procedure
using Standard solution Bas follows.

Standard solution B: Transfer5.0 mLof the Standard stock
solution to a 1OO-mL volumetricflask, and dilute with
cyclohexane to volume. Prepare in triplicate.
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Table 1 (continued)

C u

Relative Relative
Retention Response

Name Time Factor

15·cis-Beta carotene 1.21 1.4

Suitability requirements
Resolution: NLT1.2 between beta carotene and alpha

carotene and between beta carotene and 9-cis-beta
carotene, System suitability solution

Tailing factor: NMT 2.0 for the beta carotene peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the beta
carotene peak from replicate injections, Standard
solutionA

Chromatogram similarity: The chromatogram from the
System suitability solution is similar to the reference
chromatogram provided with the lot of USP Beta
Carotene System Suitability RS being used.

Analysis
Samples: StandardsolutionA and Sample solution
Record the chromatograms, and identify the peaks of the

relevant analytes of the Sample solution by comparing
with those of the System suitability solution. Measure the
peak area responses.

Calculate the percentage of the labeled amount of total
beta carotene in the portion of Preparation taken:

Result =(r vir 5) x (C siC u) x 100

= [(peak area of all-trans-beta carotene) + (peak
area of 9-cis-beta carotene) + (peak area of
13-cis-beta carotene x 1.2) + (peak area of
15-cis-beta carotene x 1.4) + (sum of peak areas
of other cis-isomers of beta carotene)] in the
Sample solution

= peak area of all-trans-beta carotene in Standard
solution A

= concentration of all-trans-betacarotene in
StandardsolutionA as determined by
spectrometric procedure (mg/mL)

= nominal concentration of Preparation in the
Sample solution (mg/mL) .

Calculate the percentage of the labeled amount of
all-trans-beta carotene in the portion of Preparation
taken:

Result =(r vir s) x (C siC v) x 100

= peak area of all-trans-betacarotene in the Sample
solution

= peak area of all-trans-beta carotene in Standard
solution A

=concentration of all-trans-betacarotene in
StandardsolutionA as determined by
spectrometric procedure (mg/mL)

= nominal concentration of Preparation in the
Sample solution (mg/mL)

Acceptance criteria: The Preparation contains 95.0%
130.0% of the labeled amount of total beta carotene,
calculated as (C4oH s6) on the anhydrous basis.

• ALPHA CAROTENE AND OTHER RELATED COMPOUNDS
Mobile phase, System suitability solution, Sample

solution, and Chromatographic system: Proceed as
directed in the test for Contentof Beta Carotene.

Injection volume: 20 IJL

Table 1

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 456 nm
Cell path: 1 cm
Blank: Cyclohexane

Analysts
Sample: StandardsolutionB
Calculate the concentration of total beta carotene (mg/mL)

as all-trans-beta carotene (C4oHs6) in Standardsolution 8:

Result = AIF

A = average absorbance of the three preparations of
Standardsolution B

F =absorptivity of pure all-trans-beta carotene in
cyclohexane, 250.5

Sample stock solution A (for solid Beta Carotene
Preparations): Transfer a quantity of Preparation,
equivalent to 10 mg of beta carotene, to a 250-mL
volumetric flask. Add 250 mg of butylated
hydroxy toluene, 0.5 mL of alkaline protease R, and 15 mL
of water. Tilt the flask gently to wet the entire contents.
Sonicate the solution in an ultrasonic bath at about 50° for
30 min, and swirl at 10-min intervals. Add 100 mL of
alcohol to the warm suspension, and shake vigorously. Add
135 mL of methylene chloride, and shake again. Let the
mixture stand in the dark until it reaches room temperature
(about 2 h). Dilute with methylene chloride to volume,
shake vigorously, and allow solids to settle in the dark.

Sample stock solution B (for liquid Beta Carotene
suspensions in oil Preparations): Transfer a quantity of
Preparation, equivalent to 20 mg of beta carotene, to a
250-mL volumetric flask. Add 250 mg of butylated
hydroxytoluene, 120 mL of methylene chloride, and
100 mL of alcohol. Shake the flask until thesampIe is
completely dissolved or suspended. Let the mixture stand
in the dark until it reaches room temperature (about 2 h).
Add methylene chloride to volume, and shake again
vigorously.

Sample solution: Transfer 5.0 mL of Sample stock solutionA
or Sample stock solution B to a 50-mL volumetric flask, and
dilute with a mixture of methylene chloride and Diluent
(1:1) to volume. Pass through a membrane filter of 0.45-lJm
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 448 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L68
Column temperature: 30°
Flow rate: 0.6 mL/min
Injection volume: 20 IJL

System suitability
Samples: System suitabilitysolutionand StandardsolutionA
The approximate relative retention times of the

components in the System suitability solution are listed in
Table 1.

USP 43

Relative Relative
Retention Response

Name Time Factor

all-trons-Alphacarotene 0.93 1.0

all-trons-Beta carotene 1.00 1.0

9-cis-Betacarotene 1.07 1.0

13-cis-Beta carotene 1.17 1.2
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Analysis
Sample: Sample solution
Calculate the percentage of alpha carotene and other

individual related compounds relative to total beta
carotene in the portion of Preparation taken:

Result= (r vir r) x 100

= peak area of alpha carotene or other individual
related compounds from the Sample solution

= sum of the peak areas of all the peaks from the
Sample solution

Acceptance criteria
Alpha carotene: NMT 1.0%
Any other individual related compound: NMT 1.0%
Total related compounds (including alpha carotene):

NMT5%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 2.0%

SPECIFIC TESTS
• WATER DETERMINATION (921), Method I: NMT 8.0% for

solid Preparations; NMT 1.0% for liquid Preparations

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly sealed, Iight-

and oxygen-resistant containers. Store in a cool place. .
• LABELING: The label states the name and content of any

carriers and antioxidants added to the formulation, the
content of total carotenoids as beta carotene, and the
percentages of cis- and all-trans-isomers in the total beta
carotene at the time of product manufacture and release.

• USP REFERENCE STANDARDS (11)
USP Beta Carotene RS

(all-E)-l, 1'-(3,7,12,16-Tetramethyl
1,3,5,7,9,11,13,15,17-octadecanonaene-1,18- diyl)
bis[2,6,6-trimethylcyclohexene]. .

USP Beta Carotene System Suitability RS

Beta Carotene CapsuleS-see Beta Carotene
Capsules General Monographs .

Beta Glucan'

'DEFINITION
Beta Glucan is obtained by extraction from the cell wall of

fermented and thermally processed Baker'syeast
(Saccharomyces cervisiae). It is comprised mainly of ~-(1 ,3)1
(1,6) branched glucan polymers. Small amounts of
~-(1 ,6)-glucan and chitin are also expected to be present in
the final product. It contains NLT 70% beta glucan,
calculated asglucose after enzymatic hydrolysis, on the dried
basis.

IDENTIFICATION
• NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY (761)

Standard solution: Dissolve 10 mg of USP Beta Glucan RS
in 0.6 mL of dimethyl sulfoxide-a; and heat at 100° for 1 h.
Then add 0.1 mL of DzO, mix the solution, and transfer to
an NMR tube.

Sample solution: Dissolve 10 mg of Beta Glucan in 0.6 mL
of dimethyl sulfoxlde-c., and heat at1 00° for 1 h. Then add

USP 43

0.1 mL of DzO, mix the solution, and transfer to an
NMR tube.

Analysis: Collect lH NMR spectra at 80°, and compare
individual resonancesfrom the Sample solution to those
from the Standardsolution. The major signals associated
with Beta Glucan are shown in Table 1.

Table 1

lH NMR Major Signals USP Beta Glucan RS

H-1 (1,3)-glucan 4.52, d, J=7.5 Hz, 1H

H-2, 4, and 5 (1,3-) 3.27-3.33, m, 3H

H-3 and 6b (1,3-) 3.45-3.48, m, 2H

H-6a (1,3-) 3.71, d, J=11 Hz,lH

H-1 (1,6)-glucan 4.27, d, J=7.7 Hz, 1H

Integrate the areaunder the peaksfive times for each sample,
and average. Determine the relative percentage of (1,6)
linked glucan in the portion of Beta Glucan taken:

Result={AI(A + B)} x 100

A =integration values for the signal at 4.27 ppm,
corresponding to H-1 from (1,6) glucan

B = integration values for the signal at 4.52 ppm
corresponding to H-1 (1,3) glucan

Acceptance criteria: The 1H spectrum of the Sample
solution exhibits a chemical shift pattern with signal
locations and relative intensities that correspond to those
of the Standardsolution. In addition, the relative percentage
of (1,6) linked glucan is 10%-18% of the total linkages.

COMPOSITION
• CONTENT OF BETA GLUCAN

Buffer A: Dissolve 11.6 mL of glacial acetic acid in
approximately 900 mL of water. Adjust the solution with
20% sodium hydroxide solution to a pH of 5, and dilute
with water to 1000 mL.

Buffer B: Dissolve 69.6 mL of glacial acetic acid in
approximately 800 mL of water. Adjust with 20% sodium
hydroxide solution to a pH of 3.8, and dilute with water to
1000 mL.

Buffer C: Dissolve 12.12 g of tris(hydroxymethyl)
aminomethane (TRIS), 11.69 g sodium chloride, and 4.16 g
of ethylenediaminetetraacetic acid (EDTA) tetrasodium salt
dihydrate in approximately 900 mL of water. Adjust with
concentrated hydrochloric acid or 20% sodium hydroxide
solution to a pH of 7.5, and dilute with water to 1000 mL.
[NOTE-Buffer C can be stored for 1 year at 2°_8°.]

Buffer 0': Transfer 45.287 g of dibasic potassium
phosphate, 30.382 g of p-hydroxybenzoic acid, and 4 g of
sodium azide into a 1OOO-mL volumetric flask, and carefully
add 800 mL of water. Mix with a stirring bar and mild heat
until completely dissolved. Allow the solution to cool, adjust
with 16.7% potassium hydroxide solution to a pH of 7.4,
and dilute with water to volume. [NOTE-Store BufferD in
an amber bottle with an expiration date of 3 years at 4°.]

Lyticase solution: Prepare the required volume of Iyticase
from Arthrobacter luteus' at a concentration of 10 U/IJL by
dissolving the quantity stated by the manufacturer (U/mg)
in a solution containing 10% (v/v) BufferC. [NoTE-Unused
solution can be stored at NMT -15° with an expiration date
of 1 year. Everytime a different lot of Iyticase is used, the

, Thisbufferisalsoavailable as Bottle#3 of the K-YBGL kit(Megazyme),or
Bottle#1 of the GOPOD kit (Megazyme).
2 Lyticase from Arthrobacter luteus, Sigma L4025, or equivalent.
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concentration of Iyticase solution required needs to be
qualified.]

(1,6)-Glucanase solution: 1U/300 IJL solution of
lyophilized (1,6)-glucanase3 in Buffer A. [NOTE-Solids may
not fully dissolve; therefore, this solution should be handled
as a homogeneous suspension. The solution is stable for at
least 60 days at NMT -15°.]

Polishing enzyme mix: Mix 2000 U of
exo-beta-qlucanase" and 400 U of beta-qlucosldase- in
100.0 mL of Buffer A.A premix of the enzymes may be used
as an alternative". [NOTE-Store on ice during the
procedure, and for use in a same-day assay. Unused
Polishing enzyme mix can be refrozen once at NMT -15°
with an expiration date of 2 years.]

Glucose oxidase/peroxidase reagent: Dissolve the
contents of the Glucose Determination Reaqent/ in 1 L of
water containing 50 mL of Buffer D. [NOTE-Store the
reagent in an amber bottle, and label with an expiration
date of 3 months at a temperature between 2° and 8° or
1 year at NMT -1 Z", Minimize the time spent at room
temperature.]

Sample solution: Transfer 15-20 mg of Beta Glucan into a
16- x 1OO-mm glassvial. Placethe vial in an ice bath. Add a
O.4-mL aliquot of cold potassium hydroxide (1 in 6) while
mixing on a vortex mixer to disperse the powder. Return
the vial to the ice bath. Continue cycling through mixing
on a vortex mixer and placing the vials in the ice bath for
20 min. The mixture should turn into a homogenous,
translucent dispersion.

Standard solution: Proceed as directed for the Sample
solution except replace Beta Glucan with USP Beta
Glucan RS. [NOTE-Prepare the Sample solution and
Standardsolution in triplicate. It is critical for the success of
the assay that the sample is well dispersed.]

lyticase digestion: Upon removal of all vials containing the
Sample solution or the Standardsolution from the ice bath,
add 1.6 mL of Buffer Band 600 IJL of Lyticase solution to
each vial. Incubate the mixture at 50° for 12-18 h, and cool
to room temperature.

(1,6)-Glucanase digestion: After cooling of all vials,
remove a 130-IJLaliquot of each vial, and digest further by
adding 25 IJL of 16.7% potassium hydroxide solution and
300 IJL of (7, 6)-Glucanase solution. Incubate vials at 80° for
15 min, and cool to room temperature. .

Beta glucanase/glucosidase digestion: After cooling of all
vials, add 390 IJL of the Polishing enzyme mix to each vial,
and incubate the vials at 40° for 1 h. Cool them to room
temperature, centrifuge, and transfer 50-IJLaliquots (in
duplicate) to new vials.

Enzyme blank solution: Prepareenzyme blanks in triplicate
by combining all the reagents used during the digestion
steps except the Sample solution or Standardsolution.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 510 nm

Analysis: Dilute the 50-IJLaliquots obtained after the Beta
glucanase/glucosidase digestion with 50 IJL of water, and
then add 3 mL of Glucose OXidase/peroxidase reagent.
Incubate the vials for 20 min at 40°. Determine the
absorbance of each vial of the Sample solution or Standard
solution against the Enzyme blank solution. Prepare a

3 Commercially available as Pustulanase, Cel136, Prokazyme, or
equivalent.
4 E-EXBGL 200 U/mL, 200 U/bottle, Megazyme, or equivalent.
S 200 U/bottle, Megazyme, or equivalent.
6 E-EXBGOS, Megazyme, or equivalent:
7 Bottle #4 of K-YBGL kit, or Bottle#2 of GOPODkit, Megazyme, or
equivalent.
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standard curve using the absorbance of similarly treated
series of glucose standards (0, 0.1, 0.25, 0.5, and 1.0 mg/
mL). From the slope of the standard curve and the
absorbance of the digested Sample solutionand Standard
solutions, determine the concentration, C, in mg/mL, of
liberated glucose in the cuvette:

Result= (As - AB)/slope

As =average absorbance of the sample or USP Beta
Glucan RS

As =average absorbance of the Enzyme blank solution

Calculate the percentage of beta glucan as glucose in the
portion of Beta Glucan taken:

Result= 100 x C/{[(WTs/F7) x (F2/F3)]/2}

=original weight of the sample or USP Beta
Glucan RS (mg)

=total volume in the vial during Lyticase digestion,
2.6 mL

=volume of the sample or USP Beta Glucan RS
transferred to a new vial during (7,6)-Glucanase
digestion, 0.130 mL

=total volume during Beta glucanase/glucosidase
digestion, 0.845 mL

Acceptance criteria: NLT 70% beta glucan, calculated as
glucose after enzymatic hydrolysis, on the dried basis

• CONTENT OF PROTEIN
Sample: 1.0 g of Beta Glucan
Analysis: Proceed as directed in Nitrogen Determination

(461), and multiply the nitrogen content by 6.25.
Acceptance criteria: NMT 10.0%

• CONTENTOF FAT
Sample: 2 g of Beta Glucan, previously dried
Analysis: Transfer the Sample to an extraction thimble, and

mix with an equivalent quantity of dry, clean sand. Placea
fat-free cotton or glasswool plug on top of the thimble.
Place the thimble in a continuous-extraction apparatus
provided with a tared collection flask. Pour 75 mL of solvent
hexane through the sample into the collection flask. Extract
at a condensation rate of 5-6 drops/s for 4 h, then at a rate
of 2-3 drops/s for the next 16 h. Detach the collection flask,
carefully evaporate the solvent, and dry the collection flask
and its contents in a drying oven at 100° for 30 min to
constant weight. Calculate the percentage of the extract
(crude fat) in the portion of Beta Glucan taken.

Acceptance criteria: NMT 20.0%

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 0.5 IJg/g
Cadmium: NMT 0.5 IJg/g
lead: NMT 0.5 IJg/g
Mercury: NMT 0.1 IJg/g

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 2 x 104 cfu/g, the total
combined molds and yeasts count does not exceed 2.5
xl O' cfu/g, and the bile-tolerant Gram-negative bacteria
does not exceed 10 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for the absence of Salmonella
species and Escherichia coli

SPECIFIC TESTS
• GLYCOGEN

Buffer B: Prepare as directed in Contentof Beta Glucan.
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Amyloglucosidase/invertase solution": A mixture of
1630 U/mL of amyloglucosidase and 500 U/mL of invertase
in glycerol solution (50% v/v)

Sample: 100 mg
Analysis: Transfer the Sample in triplicate into individual 16

x 150-mm glassscrew-cap vials. Placethe vials in an ice
bath, and add to each vial a 2-mL aliquot of cold potassium
hydroxide (1 in 6) while mixing on a vortex mixer to
disperse the powder. Return the vial to the ice bath.
Continue cycling through mixing on a vortex mixer and
placing vials in the ice bath for 20 min. The mixture should
turn into a homogenous, translucent dispersion. Add
~ mL of Buffer B. Mix thoroughly ona vortex mixer, and
Immediately add 200 IJL of Amyloglucosidase/invertase
solution, and mix again on a vortex mixer. Incubate the
m!xture .at 40° for 30-35. min. Cool to room temperature.
MIX again on a vortex mixer, transfer to a suitable
centrifuge tube, and centrifuge until a clear supernatant is
?btained. :ransfer duplicate 50-IJLaliquots of supernatant
Into new Vials, and proceed as directed for the Analysis in
Contentof Beta Glucan.

Acceptance criteria: NMT 1.0%
• MANNon

Solution A: 100% purified water
Solution B: 956 mM sodium hydroxide
Mobile phase: See Table 2.

Table 2
Time Solution A Solution B
(min) (%) (%)

0 36.0 64.0

15.0 36.0 64.0

35.0 (sample injection) 59.4 40.6

80.0 59.4 40.6

[NOTE-The run time typically required is 80 min.]
I~ternal standard solution: 0.8 mg/mL of USP Inositol RS

In water
Sample solution: Weigh 2.0-4.0 mg of BetaGlucan in

duplicate into vials with stir bars. Add 500 IJL of pure
trifluoroacetic acid (TFA), and allow the mixture to form a
uniform ~ispersion by stirring for 1 h at room temperature.
Incubate In a 80° water bath for 2 h with stirring, and then
cool to room temperature. Add 100 IJL of the Internal
sta.n.dard solutionto each vial! and incubate with stirring in a
boilinq water bath for 15 min. Cool again to room
temperature, then add 1.07 mL of water to each vial, and
incubate with stirring in a boiling water bath for 1 h. Cool
the solutions to room temperature, and dry overnight on a
SpeedVac, or equivalent, at low heat with the cryopumping
system off. Dissolve the dried preparation in 2.5 mL of
deionized water, and pass through a PTFE syringe filter of
0.2-lJm pore size. Dilute with an equal volume of water
before injection.

Standard solutions: Prepare a 4-mg/mL solution of USP
Dextrose RS and a 80-lJg/mL solution of USP Mannose RS.
Separately transfer aliquots of these solutions to individual
vials (see Table 3). Prepare each standard in duplicate, and
freeze-dry them. Treat the freeze-dried vials asdirected in
the Sample solution, beginning with "Add 500 IJL of pure
trifluoroacetic acid".

8 Alternatively, Bottle#2 of K-YBGL kit (Megazyme,or equivalent)could be
useddirectly.
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Table 3

Standard
Identifica- IJl/Vial Content IJl/Vial Content

tion of4mg/ml of Glucose of 80 IJg/ml of Mannose
Number Glucose (lJg) Mannose (lJg)

0 0 0 0 0

1 100 400 25 2

2 200 800 50 4

3 300 1200 100 8

4 500 2000 200 16

5 1000 4000 400 32

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Electrochemical detector
Detector mode: Pulsedamperometric detection

Detector range: 3000 IJC (may be modified if needed)
Working electrode: Gold
Reference electrode: pH, silver-silver chloride
Electrochemical waveform: See Table 4.

Table 4

Time Potential
(s) (V) Integration

0.00 0.10

0.20 0.10 Start

0.40 0.10 End

0.41 -2.00

0.42 -2.00

0.43 0.60

0.44 -0.10

0.50 -0.10

Column: 4-mm x 25-cm; packing L47
Guard column: 4-mm x 5-cm; packing L47
Column temperature: 30°
Flow rate: 0.4 mL/min
Injection size: 10 IJL

System suitability
Sample: StandardIdentification #5
[NoTE-The relative retention times for inositol,

mannose, and glucose are 0.68, 0.95 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between mannose and glucose

Analysis
Samples: Standardsolutions and Sample solution
Calculate the ratios of the peak arearesponseof the glucose

and mannose to the peak area response of the internal
standard from the Standardsolutions. Make two standard
response lines by plotting the peak area response ratio
versusthe amount (lJg) of the glucose and mannose in the
Standardsolutions. Calculate the ratio of the peak area
response of the glucose and mannose to the peak area
response of the internal standard from the Sample
solution. From the calculated ratios of peak responses for
glucose and mannose and their respective standard
response lines, determine the content of glucose, Cc, and
mannose, CM, both in IJg, in the Sample solution.

Calculate the percentage of mannose in the portion of Beta
Glucan taken:
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Result=CM/(CM+ Cc) x 100

= content of mannose in the Sample solution from
the mannose regression line (lJg)

=content of glucose in the Sample solutionfrom the
glucose regression line (lJg)

Acceptance criteria: NMT 1.0% mannose, as a function of
total hexose recovered (glucose and mannose)

• RESIDUE ON IGNITION (281): NMT 2.5%
• Loss ON DRYING (731)

Sample: 1 g
Analysis: Dry the Sample at 1050 for 3 h.
Acceptance criteria: NMT 8.0%

ADDITIONAL REQUIREMENTS .
• PACKAGING AND STORAGE: Preserve in tight and

light-resistant containers.
• USP REFERENCE STANDARDS (11)

USP Beta Glucan RS
USP Dextrose RS
USP Inositol RS
USP Mannose RS

Blfidobacterium anima/is subsp. lactis

Table 1. Primer Set
Strain Primer

Set 1: Forward (5'·3') CATCGCAACTICACC·
CACATfG and Reverse (5'·3') ATGCCG·
TACCCCTGAATGAAG. The annealingtern-
perature of set 1: 57.0°. Anamplification
product of this set is533 base pairs.
Set 2: Forward (5'-3') ACGGATATGTA·
TAGGTGGCATGC and
Reverse (5'-3') GTATGTfCAATCGTATG·
CAGCCC. The annealing temperature of set
2: 56.0°. Anamplification product of thisset
is492 base pairswith a singlenucleotide

Bi-07 polymorphism (SNP).

Forward (5'-3~ CATCGCAACTfCACCCA·
CATfG and Reverse (5'·3') ATGCCG·
TACCCCTGAATGAAG. An amplification

BI-04 . product of thisset is479 base pairs.

Set 1: Forward (5'·3')
ACTCTfCTGTGTCGTfCTGCTTC and Re·
verse (5'-3~ CAAGGATfGGAACGCGA·
GAAAAC. The annealing temperature of set
1: 56.0°. Anamplification product of thisset
is 351 base pairswith an SNP.
Set 2: Forward (5'·3') CCTGCTGTGGTGAA·
TACGAAGAA and Reverse (5'-3')
TfGCATCTIGTACAGTfCGGCAT. The an-
nealing
temperature of set 2: 57.0°.Anamplification
product of this set is531 base pairswith

HN019 an SNP.

Table 2. PCR Amplification Cycle

Polymerase chain reaction (PCR) sample preparations:
For each Primerset, prepare a solution containing 1 IJLof
the Sample solution, 10 IJLof mastermix polymerase," 1 IJL
of diluted forward primer (25 IJM), 1 IJl of diluted reverse
primer (25 IJM), and 12 IJl of sterile water.

PCRnegative control: Prepare asdirected for the PCR
sample preparations, replacing the 1 IJLof Sample solution
with 1 IJLof sterile water.

PCRamplification: Perform peR on each PCR sample
preparation and the PCR negative control using an
appropriate thermal cycler (see Table 2). 5 Perform the PCR
amplification cycle per primer and per strain asspecified in
Table 2.

45 Prime MasterMix polymerase from 5 Prime.
S Suitable thermal cyclers are available from Eppendorf®
(www.eppendorf.com).

Strain peR AmplificationCycle

Incubateat 95°for 7 min (step 1); 95°for 30 s
(step 2); the Primer set
annealing temperature for 30 s (step 3);and
at 72°for 1 min(for Primer set 7) or 30 s (for
Primer set 2; step 4). Repeatsteps 2-4 for 34
cycles, then incubate at 72°for 5 min and

Bi·07 hold at 4°.

Incubate at 95°for 7 min (step 1); 95°for 30 s
(step 2); 57.0°for 30 s (step 3); and at 72°
for 1 min (step 4).
Repeatsteps 2-4 for 34 cycles, then
incubate at 72°for 5 min and hold

BI·04 at 4°.

Incubateat 95°for 7 min (step 1);95°for 30 s
(step 2); the Primer set
annealing temperature for 30 s (step 3);and
at 72°for 30 s (for Primer set 7)or 1 min(for
Primer set2; step 4). Repeatsteps 2-4 for 34
cycles, then incubate at 72°for 5 min
and hold

HN019 at 4°.

DEFINITION
Bifidobacterium animalissubsp. lactis isa lactic-acid producing,

Gram-positive, rod-shaped, non-spore-forming, anaerobic
bacterium that is pleomorphic. Various rod shapes may be
observed, but they are typically curved/clubbed, and often
branched. Bifidobacterium animalissubsp. lactisoccurs as a
white- to cream-colored powder that is produced via
fermentation of one of three strains of Bifidobacterium
animalissubsp. lactis: Bi-07 (ATCC 505220), BI;.04 (ATCC
S05219), and HN019 (ATCC 505674). Suitable
cryoprotectants may be added to the concentr~ted bacteria
followlnq fermentation, after which the product IS frozen and
then freeze-dried. The formulated product may be blended
with food-grade diluents and/or bulking agents. It contains
NLT 100% of the labeled viable cell count of one of the three
Bifidobacterium animalissubsp. lactisstrains. .

IDENTIFICATION
• A. NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all cases for Identification A, "sterile water"
refersto sterile, nuclease-freewater acceptable for use
in molecular biology.' ]

Buffer: Use a molecular biology-grade 10 mM
tris-hydrochloride, 1 mM EOTA sodium bUffe~.2 ..

Sample solution: 100 mg/ml of the freeze-dried problotic
powder in Buffer

Primer set: Use primer(s) set per strain (see Table 1).3 •

Primers should be diluted in Buffer to a stock concentration
of 100 IJM, then further diluted to 25 IJ.M in Buffer, and .
stored at -200

• A positive tes! for ~ach Pnmer setto ~~e s~raln
is expected to give an arnplficatlon product specified In
Table 7.

, Suitable PCR-Certified Waters, RNase and DNase Free, are available
from www.teknova.com.
2 Suitable buffers (e.g., TEBuffer1X,Molecular BiologyGrade) are available
from www.promega.com.
3 DNAprimers are commercially avail.able (custom manufacture) from.
Integrated DNATechnologies (www.ldtdna.corn) and other commercial
sources.
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Analysis: Analyze the products of the PCR amplification for
each PCR samplepreparation and for the PCR negative
control using an automated on-chip electrophoresissystem
with a DNA kit.6 Follow the manufacturer's instructionsfor
analysis. Alternatively, analysis and visualization may be
accomplished using gel electrophoresis. Prepare or use a
commerciallyavailable 1% (w/v) agarose gel in a 1X
tris-aceticacid-EDTA buffer(40 mMtris-hydrochloride, 1%
glacial acetic acid, and 1 mM EDTA). Stain the gel with
0.5 mg/mL of ethidium bromide inwater and de-stain with
deionized water. [CAUTION-Ethidium bromide is
considered a toxic substance and a potential mutagen. Use
appropriate personal protective equipment (including
nitrile gloves) when handling this reagent.] Use a DNA
ladder standard (1 KB plus)? suitablefor determining the
size of linear double-stranded DNA fragments between
100 and 12,000 base pairs.The ladder standard should be
used in the first and last laneson the gel to allowfor proper
comparison of amplicons.
Analysis of the PCR negativecontrol must result in the

absence of any amplification products or the preparation
of the PCR samplepreparations, and the peR negative
control must be repeated, followed by PCR amplification
and Analysis.

Acceptance criteria: The PCR sample preparation prepared
with strain-specific Primerset givesan acceptable
amplification product per strain (see Table 3).

Table 3. Acceptance Criteria of PCR Amplification Products
Strain Acceptance Criteria per Strain

The PCR samplepreparationpreparedwith Pri-
merset 7 givesan amplification product of
533 base pairs. Thereshould be no amplifi-
cation product of 479 base pairs.The PCR
sample preparation prepared with Primer set
2 givesan amplification product of 492 base
pairswith an SNP identified as
(underlinedin the folloWing 15 base pair se-
quence) GCGGGCAAGTGGGG. The SNP
locationis218 baseeFeairs from the 5' end of
the forwardprimer escribedin Primerset2.
Thesequence of the ampliconshould be de-
termined by validated, standard sequencing

Bi-07 technologies.

The PCR sample preparation prep.ared with the
Primersetgives an amplification product of
479 base pairs. Thereshould be no amplifi-

BI-04 cation product of 533 base pairs.

The PCR sample preparationpreparedwith Pri-
merset 7givesan amplification product of
351 basepairswithan SNPidentified as (un-
derlined in the following 15 base pair se-
quence) CTTCAGATTTTAGGC. The SNP lo-
cation is44 base pairsfrom the 5' end of the
forward primerdescribed in
Primerset 7.ThePCR sample preparationpre-
pared withPrimerset2 givesan amplification
product of 531 base pairswith an SNP iden-
tifiedas
(underlinedin the following 15 base pair se-
quence) GCCCGCICAAACGAA. The SNP lo-
cation is279 basepairsfrom the 5' end ofthe
forwardprimerdescribedin Primer set2. The
sequence of the ampliconshould be
determined byvalidated, standard

HN019 sequencing technologies.

6 SUita'ble automated on-chip electrophoresis systems with a DNAkit are
availablefrom Agilent (Agilent 2100 Bioanalyzer with Agilent DNA1000 Kit
www.genomics.agilent.com).
7 Suitable 1 KB plus DNAladders are availablefrom
www.thermofisher.com.
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ASSAY
• ENUMEIRAnON
Agar medium: Prepare as follows or use a suitable

commercially available agar (see Table 4).8

Table 4. Lactobacilli MRS Agar
Quantity

Reagent (g)

Proteosepeptone no. 3 10.0

Beefextract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodiumacetate 5.0

Magnesium sulfate 0.1

Manganesesulfate 0.05

Dipotassium phosphate 2.0

Agar 15.0

Suspend Lactobacilli MRS Agarin 1 Lof purified water in an
appropriately sized conicalflask or beaker (sufficiently
large to not boilover). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
medium, then autoclave the solution at 121° for 15 min.
Cool to 45° and use immediately. Boiled Agar medium
may also be aseptically transferred into individual media
bottles in 100- or 200-mLaliquots before sterilizing, and
then autoclaved and stored for later use. [NOTE-Can be
stored at 4° (heat gently to 45° to melt the agar
before use).] Immediatelybefore use, aseptically add
1.0 mLof a sterile5% (w/v) cysteine hydrochloride
solution for each 100 mLof Agar medium prepared, such
that the final concentration of cysteine hydrochloridein
the Agar medium is 0.05%.

Sample broth: Prepare as follows or use a suitable
commercially available broth (see Table 5).9

Table 5. Lactobacilli MRS Broth
Quantity

Reagent (g)

Proteosepeptone no. 3 10.0

Beefextract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammoniumcitrate 2.0

Sodiumacetate 5.0

Magnesium sulfate 0.1

Manganesesulfate 0.05

Dipotassium phosphate 2.0

8 DifcoTM Lactobacilli MRS Agar, or equivalent. Suitable Lactobacilli MRS
Agars are available from www.vwr.com or other chemical/
microbiological suppliers.
9 Dlfco" Lactobacilli MRS Broth, or equivalent are available from
www.vwr.com or other chemical/microbiological suppliers.
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Suspend Lactobacilli MRS Broth in 1 Lof purifiedwater in
an appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boilfor 1 min to completely dissolve the
broth ingredients, then autoclave the solution at 121° for
15 min. Broth may also be aseptically transferred into
individual media bottles in 100- or 200-mLaliquots before
sterilizing, and then autoclaved and stored for later use.
[NOTE-Can be stored at 4° (allow broth to come to room
temperature before use).] ,

Peptone diluent: Prepare a solution of 0.1% peptone 10 in
water (w/v) and adjust to a pH of 7.0 with a solution of lactic
acid. Using an autoclave, steam sterilizethe solution at 121°
for NLT 15 min, then allow to cool in the unopened
autoclave. Dispense into sterile containers as needed for
preparing samples.

Sample preparation: Aseptically transfer 11.0 g of
freeze-dried probiotic powder into a sterile stomacher bag.
Add 99 mLof previously sterilized (room temperature)
Sample broth to the bag and blend at 230 rpm for 30 s in a
stomacher. Hold the mixture at room temperature for
30 min to allow rehydration of the freeze-dried sample,
then blend in the stomacher for an additional 30 s at
230 rpm. This is the primary 10-1 dilution.
Using sterilized, filtered pipet tips, make serial dilutions by

asepticallytransferring 1.0 mLof the primary 10-1 dilution
to sterile media bottles, each containing 99.0 mLof
Peptone diluent(10-3 dilution). Repeat this operation until
the desired dilution series is obtained. [NoTE-The
dilutions used in the Analysis should be expected to
contain 25-250 cfu/mL.]Shake the media bottles for
complete mixing before proceeding with the Analysis.

Analysis: Foreach Sample preparation to be plated, prepare
Petri plates as follows. Using three sterile, filtered l-mL
pipet tips, asepticallytransfer 1.0 mLof the Sample
preparationseparately into three appropriately labeled
sterile 15- x 100-mm Petri plates, then pour about 15 mL
of the 45° Agarmedium into each plate, flaming the lip of
the bottle between pours. Place the lid on each plate after
adding the Agarmedium, then gently swirl the plates to
mix the Sample preparationand the Agarmedium.
[NOTE-Be careful to avoid spillage onto the lid of the dish
when SWirling the plates.] Repeat this procedure for
additional dilutions of the Sample preparation. Prepare one
blank plate that contains only the Agar medium and a
second blank plate in which 1.0 mLof Peptone diluent has
been mixed with the Agarmedium. Allow the plates to sit
at room temperature on a level surface until the Agar
medium solidifies, then incubate the plates at 38° for 72 h
under anaerobic condltlons.!'
After 72 h of incubation, count the colonies and record the

resultsas viablecfu/g, taking into account the appropriate
dilution factor of the Sample preparation. Only count
plates containing 25-250 colonies. Determine the
average plate count, in cfu/g.

Acceptance criteria: NLT 100% of the labeled viablecell
count, in cfu/g

CONTAMINANTS
[NOTE-The methods of microbialanalysis included in this

section as examples represent currently accepted
methods commonly used ,in industry. Users may
substitute other validated test methods for the methods
in this section.] .

10 Suitable peptone for microbiological analysis is available from BD
Bacto™ (www.bd.com). .
11 Suitableanaerobicsystemsare available from BD GasPak™ EZ Container
System (www.bd.com).
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• MICROBIAL ENUMERATION TESTS (2021): The total
combined molds and yeasts count does not exceed 102 cfu/
g.

• NON-LACTIC ACID BACTERIA: ISO International Standard
number 13559 (IDF 153), available from the International
Organization for Standardization (www.iso.org). The total
non-lactic acid bacteria count is lessthan 5 x 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Escherichia coli: It meets the
requirements of the tests for absence of Escherichia coli. It
meets the requirements of the tests for absence of
Salmonella species in 40 g.

• Usterla: (See Food Chemicals Codex, Appendix XV.) It meets
the requirements of the tests for absence of Listeria in 25 g.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in high-barrier foil

laminate bags and store at or below 4°.
• LABELING: Thisingredient should be labeled with the genus

and species names, or genus, species, and strain names and
with the formulated enumeration in cfu/g (or similarunits).
Thismonograph applies only to three strains of
Bifidobacterium animalis subsp. lactis-Bi-07, BI-04, and
HN019-and no other strains of Bifidobacterium animalis
subsp. lactiscultures.

Powdered Bilberry Extract
DEFINITION
Powdered Bilberry Extract is prepared from the ripe fruits of

Vaccinium myrtillusL. (Fam. Ericaceae) using suitablesolvents
such as alcohol, methanol, or water or mixtures of these
solvents.The ratio of the starting plant material to Powdered
Extractis between 153:1 and 76:1. It contains NLT 36.0% of
anthocyanosides, calculated as cyanidin-3-0-glucoside
chloride, and NMT 1.0% of anthocyanidins, calculated as
cyanidin chloride; both are calculated on the anhydrous
basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 4 mg/mL of USP Powdered Bilberry
Extract RS in methanol. Centrifuge, and use the clear
supernatant.

Sample solution: 4 mg/mL of Powdered Bilberry Extractin
methanol. Centrifuge, and use the clear supernatant.

Adsorbent: Usesuitable thin-layerchromatographic plates
coated with a layer of cellulose.

Application volume: 10 IJL
Developing solvent system A: Glacial acetic acid,

hydrochloric' acid, and water (15:3:82)
Developing solvent system B: Glacial acetic acid and
water (6:4)

Analysis
Samples: Standard solutionand Sample solution

Usea saturated chamber. Developthe chromatograms
using Developing solvent system A, and dry the plate with
the aid of a current of warm air. Develop the
chromatograms in the same direction using Developing
solvent system B. Examine the plate under visible light.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits three main red bands with RFvalues of
approximately 0.55, 0.65, and 0.70 that are similar in
position and color to the corresponding main bands in the
chromatogram of the Standard solution.

• B. The retention times of the anthocyanoside peaks in the
chromatogram of the Sample solutioncorrespond to those
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in the chromatogram of StandardsolutionC, as obtained in
the test for Contentof Anthocyanosides and Anthocyanidins.
The peaks due to delphinidin-3-0-galactoside chloride and
delphinidin-3-0-glucoside chloride are the most intense
peaks and are of similar intensity, and each is more intense
than the peak due to cyanidin-3-0-glucoside chloride. The
peaks due to cyanidin-3-0-galactoside chloride,
delphinidin-3-0-arabinoside chloride, and cyanidin
3-0-glucoside chloride are of similar intensity. Each of the
remaining anthocyanoside peaks is of lower intensity than
the peak due to cyanidin-3-0-glucoside chloride.

COMPOSITION
• CONTENT OF ANTHOCYANOSIDES AND ANTHOCYANIDINS

Solvent: Methanol and hydrochloric acid (49:1)
Diluent: 85% phosphoric acid and water (1:9)
Solution A: Formic acid and water (1:9)
Solution B: Acetonitrile, methanol, formic acid, and water

(45:45:20:80)
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 93 7

35 75 25

45 35 65

46 0 100

50 0 100

51 93 7

60 93 7

Standard stock solution A: 0.4 mg/mL of USP Cyanidin
3-0-glucoside Chloride RS in Solvent. [NOTE-Dissolve using
sonication.]

Standard solution A: 0.08 mg/mL of USP Cyanidin
3-0-glucoside Chloride RS from Standardstock solutionA in
Diluent. [NOTE-This solution is stable forA8 h at 4°.]

Standard stock solution B: 0.5 mg/mL of USP Cyanidin
Chloride RS in Solvent. [NOTE-Dissolve using sonication.]

Standard solution B: 0.01 mg/mL of USP Cyanidin
Chloride RS from Standardstock solutionB in Diluent.
[NOTE-This solution is stable for 36 h at 4°]

Standard solution C: Transfer 125 mg of USP Powdered
Bilberry Extract RS to a 1OO-mL volumetric flask, add
25 mL of Solvent, sonicate to dissolve, and dilute with
Diluent to volume. [NOTE-Thissolution is stable for 48 h at
4°.]

Sample solution: Transfer 125 mg of Powdered Bilberry
Extract to a 1OO-mL volumetric flask, add 25 mL of Solvent,
sonicate to dissolve, and dilute with Diluent to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)

[NoTE-Use deactivated silanized HPLC vials.]
Mode: LC
Detector: UV-Vis 535 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Temperature

Refrigerated autosampler: 4°
Column: 30 ± 1°

Flow rate: 1 mL/min
Injection size: 10 ~L

System suitability
Samples: StandardsolutionA and Standardsolution C

USP"43

Suitability requirements
Chromatogram similarity: The chromatogram from

Standardsolution C is similar to the Reference
Chromatogram provided with USP Powdered Bilberry
Extract RS.

Resolution: NLT 0.8 between the delphinidin
3-0-arabinoside, malvidin-3-0-galactoside, and
petunidin-3-0-arabinose peaks and NLT 1.0 for other
components, Standard solution C

Tailing factor range: 0.8-2.0 for the cyanidin
3-0-glucoside chloride peak, StandardsolutionA

Relative standard deviation: NMT 2.0% for cyanidin
3-0-glucoside chloride peak in repeated injections,
Standardsolution A

Analysis
Samples: Standardsolution A, StandardsolutionB,Standard

solution C, and Sample solution
Using the chromatogram of Standardsolution C and the

Reference Chromatogram, identify the retention times of
the peaks corresponding to the different anthocyanosides
and anthocyanidins. The approximate relative retention
times, relative to cyanidin-3-0-glucoside chloride, are
provided for the anthocyanosides in Table 2 and for the
anthocyanidins in Table 3.

Separately calculate the percentages of each
anthocyanoside (see Table 2) in the portion of Powdered
Extract taken:

Result = (r vir s) x (C siC v) x 100

r u =peak response of each of the anthocyanosides in
the Sample solution

r s = peak response of cyanidin-3-0-glucoside
chloride in Standard solutionA

C s = concentration of USP Cyanidin-3-0-glucoside
Chloride RS in StandardsolutionA (mg/mL)

C u = concentration of Powdered Extract in the
Sample solution(mg/mL)

Table 2
Relative
Retention

Analyte Time

Delphinidin-3-O-galactoside chloride 0.61

Delphinidin-3-0-glucoside chloride 0.73

Cyanidin-3-0-galactoside chloride 0.84

Delphinidin-3-0-arabinoside chloride 0.86

Cyanidin-3-0-glucoside chloride 1.00

Petunidin-3-0-galactoside chloride 1.08

Cyanidin-3-0-arabinoside chloride 1.11

Petunidin-3-0-glucoside chloride 1.24

Peonidin-3-0-galactoside chloride 1.36

Petunidin-3-0-arabinoside chloride 1.39

Peonidin-3-0-glucoside chloride 1.55

Malvidin-3-0-galactoside chloride 1.58

Peonidin-3-0-arabinoside chloride 1.67

Malvidin-3-0-glucoside chloride 1.76

Malvidin-3-0-arabinoside chloride 1.91

Separately calculate the percentages of anthocyanidins (see
Table 3) in the portion of Powdered Extract taken:
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Result= (r vir s) x (C siC v) x 100

= peak response of each of the anthocyanidins in
the Sample solution

= peak response of cyanidin chloride in Standard
solution B

= concentration of USP Cyanidin Chloride RS in
Standard solutionB(mg/mL)

=concentration of Powdered Extract in the
Sample solution(mg/mL)

Table 3
Relative
Retention

Analyte Time

Delphinidin chloride 1.28

Cyanidin chloride 1.82

Petunidin chloride 2.08

Peonidin chloride 2.27

Malvidin chloride 2.30

Acceptance criteria
Sum of all anthocyanosides: NLT 36.0% on the

anhydrous basis
Sum of all anthocyanidins: NMT 1.0% on the anhydrous

basis

CONTAMINANTS

: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021 )

Total aerobic microbial count: NMT 104 cfu/g
Total combined yeasts and molds count: NMT 103 cfu/g

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): It meets the requirements of
the tests for absence of Salmonella species and
Escherichia coli.

SPECIFIC TESTS
• ACID INSOLUBLE FRACTION

Sample: 5 g of Powdered Extract finely ground
Analysis: Transfer about 1 g to a 500-mL flask, add 200 mL

of 0.1 N hydrochloric acid, and shake vigorously for 2 h.
Pass the solution through a previously tared sintered-glass
filter, wash the flask with 30 mL of 0.1 N hydrochloric acid,
and transfer the washings to the filter. Wash the filter with
30 mL of 0.1 N hydrochloric acid in 5-mL portions. Dry the
filterfor 3 hat 105°, cool in a desiccator, and weigh.
Calculate the percentage of the acid insoluble fraction.

Acceptance criteria: NMT 5%
• WATER DETERMINATION, Method la (921): NMT 4.5%,

determined on 0.5 g
• RESIDUE ON IGNITION (281): NMT 3.0%, determined on

1.0 g
• BOTANICAL EXTRACTS, Residual Solvents (565): Meets the

requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant from which the
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article was prepared. It meets other labeling requirements
under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Powdered Bilberry Extract RS
USP Cyanidin Chloride RS
USP Cyanidin-3-0-glucoside Chloride RS

Biotin-see Biotin General Monographs

Biotin Capsules-see BiotinCapsules General
Monographs

Biotin Tablets-see Biotin Tablets General Monographs

Black Cohosh

DEFINITION
BlackCohosh consistsof the dried rhizome and roots of Actaea

racemosa L. [Cimicifuga racemosa (L.) Nutt.] (Ranunculaceae).
It is harvested in the summer. It contains NLT 0.4% of
triterpene glycosides, calculated as 23-epi-26-deoxyactein1

(C37Hs60 ,o) on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 100 mg/mL of USP Powdered Black
Cohosh Extract RS in methanol

Standard solution B: 1 mg/mL each of USP Actein RS, USP
23-epi-26-Deoxyactein RS, and isoferulic acid in methanol

Sample solution: Transfer 5 g of finely powdered Black
Cohosh to a screw-cap centrifuge tube, add 10 mL of a
mixture of alcohol and water (7:3), and heat on a steam
bath for 10 min. Centrifuge, and usethe clear supernatant.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 IJm (TLC plates)

Application volume: 10 IJL
Developing solvent system: Usethe upper phase of a

mixture of butyl alcohol, glacial acetic acid, and water
(5:1 :4).

Derivatization reagent: Methanol, glacial acetic acid,
sulfuric acid, and p-anisaldehyde (85: 10: 5: 0.5).
[NOTE-Store in a refrigerator. The reagent is colorless;
discard if color appears.]

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Develop the chromatograms until the solvent front has

moved about 15 em, and dry the plate in a stream.ofair.
Examine the plate under UV light at 365 nrn. Treat the
plate with Derivatization reagent, heat at 100° for 5 min,
and examine in white light. .

Acceptance criteria: Under UV light at 365 nm, the
chromatogram of the Sample solutionexhibits main zones
similar in position and color to the main zones of Standard
solution A. In the upper third of the plate, the Sample
solution exhibits a blue fluorescent zone at the level of the
zone due to isoferulic acid of Standard solutionB. Under

1 23-epi-26-Deoxyactein is sometimes referred to as 27-deoxyactein.

www.webofpharma.com

https://nhathuocngocanh.com/



4816 Black Cohosh / Dietary Supplements

white light, the Sample solution exhibits main zones similar
in position and color to the main zones of Standard solution
A. Standard solution 8 exhibits red-violet zones due to actein
and 23-epi-26-deoxyactein. The Sample solution exhibits
several greenish-brown spots in the lower third of the plate
and several violet zones above; two of these violet zones
occur at RFvalues similar to those due to actein and
23-epi-26-deoxyactein of Standard solution 8.

• B. HPTlC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLC plates)
Standard solution A: 0.5 mL of Standard solution A

prepared in Identification test A, diluted with methanol to
2 mL

Standard solution B: 1.0 mLof Standard solution 8 prepared
in Identification test A, diluted with methanol to 5 mL

Sample solution: Transfer 0.5 g of Black Cohosh, finely
powdered, to a screw-cap tube, add 5 mL of methanol,
sonicate for 10 min, and filter into a 1O-mL volumetric flask.
Wash the residue on the filter paper four times, using 1 mL
of methanol for each washing; add the washings to the
volumetric flask; and dilute with methanol to volume.

Application volume: 2 IJL as 8-mm bands
Developing solvent system: Toluene, ethyl formate, and

formic acid (5:3:2)
Derivatization reagent: Proceed as directed for

Identification test A.
Analysis

Samples: Standard solution A, Standard solution 8, and
Sample solution

Develop the chromatograms until the solvent front has
moved about two-thirds of the length of the plate, and
dry the plate in a current of air. Treat the plate with
Derivatization reagent, heat at 100° for 5 min, and
examine in white light.

Acceptance criteria: The Sample solution exhibits main
zones similar in position and color to the main zones, of
Standard solution A. Standard solution 8 exhibits red-violet
zones due to actein and 23-epi-26-deoxyactein at RFvalues
of about 0.5 and 0.4, respectively. The Sample solution
exhibits zones similar in color and RF values to those due to
actein and 23-epi-26-deoxyactein of Standard solution 8.

• C. The Sample solution exhibits peaks for cimiracemoside A,
26-deoxycimicifugoside, (26S)-actein, 23-epi
26-deoxyactein, cimigenol-arabinoside, and cimigenol
xyloside at retention times corresponding to these
compounds in the Standard solution, as obtained in the
test for Content of Triterpene Glycosides. The ratio of the peak
areas of cimigenol-arabinoside to cimigenol-xyloside is
NLT0.4 (distinction from Cimicifuga foetida).

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Standard solution: Dissolve a quantity of USP Powdered
BlackCohosh Extract RS in methanol with shaking for .
1 min, and dilute with methanol to obtain a solution
having a known concentration of 30 mg/mL. Pass
through a membrane filter of 0.45-lJm or finer pore size.

23-epi-26-Deoxyactein standard solutions: Dissolve USP
23-epi-26-Deoxyactein RS in methanol with shaking for
1 min. Dilute quantitatively, and stepwise if necessary, to
obtain solutions having concentrations of 500, 100,50, 25,
and 12.5 IJg/mL. Pass through a membrane filter of
0.45-lJm or finer pore size.

System suitability solution: 0.1 mg/mL each of USP
Actein RS and USP 23-epi~26-Deoxyactein RS in methanol

Sample solution: Accurately weigh about 750 mg of Black
Cohosh, finely powdered, and place in a 20-mL
PTFE-capped centrifuge tube. Add 15 mL of methanol,
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sonicate for 30 min, centrifuge, and retain the supernatant.
Repeat the extraction twice. Evaporate the combined
extracts under vacuum at 45°_50°. Dissolve the residue in
methanol, and quantitatively transfer to a 1O-mL volumetric
flask. Dilute with methanol to volume, and pass through a
membrane filter of 0.45-lJm or finer pore size.

Solution A: 0.05% Trifluoroacetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Water Solution A Solution B
(min) (%) (%) (%)

0 0 80 20

8 0 80 20

15 68 0 32

55 36 0 64

65 5 0 95

70 5 0 95

85 0 80 20

Chromatographic system ,
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering

[NoTE-The Detector is set up according to the
manufacturer's instructions in order to achieve a
signal-to-noise ratio of NLT 10 for the 12.5-lJg/mL
23-epi-26-Deoxyactein standard solution.]

Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.6 mL/min
Injection volume: 20 IJL

System suitability
Samples: System suitability solution, Standard solution, and

1OO..lJg/mL 23-epi-26-Deoxyactein standard solution
Suitability requirements

Chromatogram similarity: The chromatogram of the
Standard solution is similar to the reference
chromatogram provided with the lot of USP Powdered
BlackCohosh Extract RS being used.

Resolution: NLT1.0 between the (26S)-actein and the
23-epi-26-deoxyactein peaks, System suitability solution

Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein
peak, 1OO-lJg/mL 23-epi-26-Deoxyactein standard
solution

Relative standard deviation: NMT 2.0% of the
logarithm of the area response of the 23-epi
26-deoxyactein peak in repeated injections, 100-lJg/mL
23-epi-26-Deoxyactein standard solution

Analysis
Samples: System. suitability solution, Standard solution,

23-epi-26-Deoxyactein standard solutions, and 'Sample
solution

Using the chromatogram of the Standard solution and the
reference chromatogram provided with the lot of USP
Powdered BlackCohosh Extract RS being used, identify
the retention times of the peaks corresponding to the
triterpene glycosides. The approximate relative retention
times of the triterpene glycosides are provided in Table
2.
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Table 2

Relative
Reten-

Compound tionTime

Cimicifugoside H-l 0.61

Cimiracemoside A 0.78

(26R)-Actein 0.94

26-Deoxycimicifugoside 0.96

(26S)·Actein 0.98

23-epi·26-Deoxyactein 1.00

Acetyl-shengmanol-xyloside 1.03

Cimigenol-arabinoside 1.08

Cimigenol-xyloside (cimicifugoside) 1.13

26-Deoxyactein 1.22

2S-Acetyl·cimigenol-arabinoside 1.60

(24S)-2S·Acetyl·cimigenol-xyloside 1.64

2S-0.Methyl.cimigenol-arabinoside 1.90

2S-0.Methyl·cimigenol-xyloside 1.93

Plotthe logarithmsof the peakareasagainst the logarithms
of the concentrations, in IJg/mL, of the 23-epi
26-Deoxyactein standardsolutions, and establish the
calibration curve by least-squares regression. The
correlation coefficient for the regression lineis NLT 0.995.
From the plot, determine the concentration, C, in IJg/mL,
of the relevantanalytes in the Sample solution.

Separately calculate the percentages of the individual
triterpene glycosides in Table 2 as 23-epi-26-deoxyactein
(C37Hs601O) in the portion of Black Cohosh taken:

Result = (V x Q/(F x W) x 100

V =final volume of the Sample solution(mL)
C = concentration of the relevantanalyte in the

Sample solution (uq/rnl) .
F =factor to convert mg to IJg, 1000 IJg/mg
W =weight of Black Cohosh taken to prepare the

Sample solution (mg)

Calculate the percentage of triterpene glycosides in the
portion of Black Cohosh taken by adding the percentages
of the individual analytes.

Acceptance criteria: NLT 0.4% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 105 cfu/g, the total
combined moldsand yeastscount does not exceed 103cfu/
g, and the bile-tolerantGram-negative bacteriacount does
not exceed 103cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for the absence of Salmonella
species and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The Black Cohosh rhizome isdark brown,
longitudinally grooved, rough, stronglyknotty, and
somewhat curled and irregular. It is 15 cm long and up to
2.5 cm thick. The upper surfaceiscoveredwith numerous
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round scarsof the earlierstalks; laterally, it isclearly curled,
and the lowersurfaceiscovered with thin, longitudinally
grooved, dark brown,easily breakableroots.Thefracture is
horny and fibrous. The transversecut shows a thin outer
barksurrounding a ring of numerous pale, narrowwedges
of vascular tissuealternatingwithdark medullary rays and a
large central pith. Black Cohosh roots are dark brown,
between 1 and 3 mm in diameter, brittle, nearlycylindrical
or obtuselyquadrangular, and longitudinally wrinkled. The
fracture isshort. The transversecut shows a distinct
cambium lineseparating a wide outer barkfrom a central
region composed of three to sixwedges of lignified xylem
tissue united by their apices and separated by broad
nonlignified medullary rays.

Microscopic: Ina surfaceview, suberous epidermalcells are
tabular with moderatelythickened walls. The
parenchymatouscortex isfilled with starch. Xylem wedges
are lignified and composed of numerous smallvessels with
bordered pits or reticulately thickened walls, thin-walled
fibers, and xylem parenchyma.The parenchymaof the pith
isunlignified. Medullary rays are filled with starch granules,
which are spherical or polygonal and are mostlysimpleor
two to three compounded but can be up to six '
compounded. Individual starch granulesare between 3 and
15 IJm in diameter, each with a somewhat central
slit-shaped hilum.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0% of foreign organic matter, and NMT
5.0% of stem bases

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method2 (561): NLT 8.0%, usinga mixtureof alcohol and
water (1:1) instead of alcohol

• Loss ON DRYING (731)
Sample: 1.0 g of Black Cohosh
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
10.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a well-closed,

light-resistant container. Protectfrom moisture, and store
at room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the parts of the plant contained in the
article.Dosageforms prepared with this articleshould bear
the following statement: Discontinue use and consult a
healthcare practitioner ifyou have a liver disorder or
developsymptomsof liver trouble, such as abdominalpain,
dark urine, or jaundice.

• USP REFERENCE STANDARDS (11)
USP Actein RS
USP Powdered Black Cohosh Extract RS

. USP 23-epi-26-Deoxyactein RS

Powdered Black Cohosh

DEFINITION
Powdered Black Cohosh is Black Cohosh reduced to a powder

or a veryfine powder. It contains NLT 0.4% of triterpene
glycosides, calculatedas 23-epi-26-deoxyactein1 (C37Hs601O)
on the dried basis.

1 23-epi-26-Deoxyactein is sometimes referred to as 27-deoxyactein.
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IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 100 mg/mL of USP Powdered Black
Cohosh Extract RS in methanol

Standard solution B: 1 mg/mL each of USP Actein RS, USP
23-epi-26-Deoxyactein RS, and isoferulic acid in methanol

Sample solution: Transfer 5 g of Powdered BlackCohosh
to a screw-cap centrifuge tube, add 10 mL of a mixture of
alcohol and water (7:3), and heat on a steam bath for
10 min. Centrifuge, and use the clear supernatant.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 J..Im (TLC plates)

Application volume: 10 J..IL
Developing solvent system: Use the upper phase of a

mixture of butyl alcohol, glacial acetic acid, and water
(5:1 :4).

Derivatization reagent: Methanol, glacial acetic acid,
sulfuric acid, and p-anisaldehyde (85: 10: 5: 0.5).
[Nort--Store in a refrigerator. The reagent is colorless;
discard if color appears.]

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Develop the chromatograms until the solvent front has

moved about 15 em, and dry the plate in a stream of air.
Examine the plate under UV light at 365 nm. Treat the
plate with Derivatization reagent, heat at 100° for 5 min,
and examine in white light.

Acceptance criteria: Under UV light at 365 nm, the
chromatogram of the Sample solution exhibits main zones
similar in position and color to the main zones of Standard
solutionA. In the upper third of the plate, the Sample
solution exhibits a blue fluorescent zone at the level of the
zone due to isoferulic acid of Standardsolution B. Under
white light, the Sample solutionexhibits main zones similar
in position and color to the main zones of Standardsolution
A. StandardsolutionBexhibits red-violet zones due to actein
and 23-epi-26-deoxyactein. The Sample solutionexhibits
several greenish-brown spots in the lower third of the plate
and several violet zones above; two of these violet zones
occur at RF values similar to those due to actein and
23-epi-26-deoxyactein of Standardsolution B.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 0.5 mL of StandardsolutionA

prepared in Identification test A, diluted with methanol to
2 mL

Standard solution B: 1.0 mLof StandardsolutionBprepared
in Identification test A, diluted with methanol to 5 mL

Sample solution: Transfer 0.5 g of Powdered BlackCohosh
to a screw-cap tube, add 5 mL of methanol, 'sonicatefor
10 min, and filter into a 1O-mL volumetric flask. Wash the
residue on the filter paper four times, using 1 mL of
methanol for each washing; add the washings to the
volumetric flask; and dilute with methanol to volume.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 5 J..Im (HPTLC plates)

Application volume: 2 J..IL as 8-mm bands
Developing solvent system: Toluene, ethyl formate, and

formic acid (5:3:2)
, Derivatization reagent: Proceed as directed for

Identification test A.
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution

Develop the chromatograms until the solvent front has
moved about two-thirds of the length of the plate, and
dry the plate with in a current of alr,Treat the plate with
Derivatizationreagent, heat at 100° for 5 min, and
examine in white light.
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Acceptance criteria: The Sample solutionexhibits main
zones similar in' position and color to the main zones of
StandardsolutionA. StandardsolutionB exhibits red-violet
zones due to actein and 23-epi-26-deoxyactein at RFvalues
of about 0.5 and 0.4, respectively. The Sample solution
exhibits zones similar in color and RF values to those due to
actein and 23-epi-26-deoxyactein of Standard solutionB.

• C. The Sample solutionexhibits peaks for cimiracemoside A,
26-deoxycimicifugoside, (26S)-actein, 23-epi
26-deoxyactein, cimigenol-arabinoside, and cimigenol
xyloside at retention times corresponding to those
compounds in the Standardsolution, as obtained in the
test for Contentof Triterpene Glycosides. The ratio of the peak
areas of cimigenol-arabinoside to cimigenol-xyloside is
NLT 0.4 (distinction from Cimicifuga foetida).

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Standard solution: Dissolve a quantity of USP Powdered
BlackCohosh Extract RS in methanol with shaking for
1 min, and dilute with methanol to obtain a solution
having a known concentration of 30 mg/mL. Pass
through a membrane filter of 0.45-J..Im or finer pore size.

• 23-epi-26-Deoxyactein standard solutions: Dissolve USP
23-epi-26-Deoxyactein RS in methanol with shaking for
1 min. Dilute quantitatively, and stepwise if necessary, to
obtain solutions having concentrations of 500, 100, 50, 25,
and 12.5 J..Ig/mL. Pass through a membrane filter of
0.45-J..Im or finer pore size.

System suitability solution: 0.1 mg/mL each of USP
Actein RS and USP 23-epi-26-Deoxyactein RS in methanol

Sample solution: Accurately weigh about 750 mg of
Powdered BlackCohosh, and place in a 20-mL PTFE-capped
centrifuge tube. Add 15 mL of methanol, sonicate for
30 min, centrifuge, and retain the supernatant. Repeat the
extraction twice. Evaporate the combined extracts under
vacuum at 45°-50°. Dissolve the residue in methanol, and
quantitatively transfer to a 1O-mL volumetric flask. Dilute
with methanol to volume, and pass through a membrane
filter of 0.45-J..Im or finer pore size.

Solution A: 0.05% Trifluoroacetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Water Solution A Solution B
(min) (%) (%) (%)

0 0 80 20

8 0 80 20

15 68 0 32

55 36 0 64

65 5 0 95

70 5 0 95

85 0 80 20

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering

(NOTE-The Detectoris set up according to the
manufacturer's instructions in order to achieve a
signal-to-noise ratio of NLT 10 for the 12.5-J..Ig/mL
23-epi-26-Deoxyactein standardsolution.]

Column: 4.6-mm x 25-cm; 5-J..Im packing L1
Column temperature: 35°
Flow rate: 1.6 mL/min
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Injection volume: 20 IJL
System suitability

Samples: System suitability solution, Standard solution, and
1OO-lJg/mL 23-epi-26-Deoxyactein standard solution

Suitability requirements
Chromatogram similarity: The chromatogram of the

Standard solution is similarto the reference
chromatogram provided with the lot of USP Powdered
Black Cohosh ExtractRS being used.

Resolution: NLT 1.0 between the (26S)-actein and the
23-epi-26-deoxyactein peaks, System suitability solution'

Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein
peak, 1OO-lJg/mL 23-epi-26-Deoxyactein standard
solution

Relative standard deviation: NMT 2.0% of the
logarithm of the area responses for replicate injections,
1OO-lJg/mL 23-epi-26-Deoxyactein standard solution

Analysis
Samples: System suitability solution, Standard solution,

23-epi-26-Deoxyactein standard solutions, and Sample
solution .

Using the chromatogram of the Standard solution and the
reference chromatogram provided with the lot of USP
Powdered Black Cohosh ExtractRS being used, identify
the retention times of the peaks corresponding to the
triterpene glycosides. The approximate relative retention
times of the triterpene glycosides are provided in Table
2.

Table 2

Relative
Retention

Name Time

Cimicifugoside H-1 0.61

Cimiracemoside A 0.78

(26R)-Actein 0.94

26-Deoxycimicifugoside 0.96

(26S)-Actein 0.98

23-epi-26-Deoxyactein 1.00

Acetyl-shengmanol-xyloside 1.03

Cimigenol-arabinoside 1.08

Cimigenol-xyloside (cimicifugoside) 1.13

26-Deoxyactein 1.22

2S-Acetyl-cimigenol-arabinoside 1.60

(24S)-2S-Acetyl-cimigenol-xyloside 1.64

2S-0-Methyl-cimigenol-arabinoside 1.90

2S-0-Methyl-cimigenol-xyloside 1.93

Plotthe logarithmsof the peak areas against the logarithms
of the concentrations, in IJg/mL, of the 23-epi
26-Deoxyactein standard solution, and establish the
calibration curve by least-squares regression. The
correlation coefficientfor the regression lineis NLT 0.995.
Fromthe plot, determine the concentration, C, in IJg/mL,
of the relevant analytes in the Sample solution.

Separately calculate the percentages of the individual
triterpene glycosides in Table 2 as 23-epi-26-deoxyactein
(C37Hs6010) in the portion of Powdered Black Cohosh
taken:

Result =(V x C)/(F x W) x 100

V = volume of the Sample solution (mL)

Dietary Supplements / Black Cohosh 4819

C =concentration of the relevant analyte in the
Sample solution (lJg/mL)

F =factor to convert mg to IJg, 1000 IJg/mg
W = weight of Powdered Black Cohosh taken to

prepare the Sample solution (mg)

Calculatethe percentage of triterpene glycosides in the
portion of Powdered Black Cohosh taken by adding the
percentages of the individual analytes.

Acceptance criteria: NLT 0.4% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed lOs cfu/g; the total
combined moldsand yeasts count does not exceed 103cfu/
g; and the bile-tolerantGram-negative bacteria count does
not exceed 103cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for the absence of Salmonella
species and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The material is a light to dark brown powder,
isodorless or has a slight odor, and has an acrid or bitter
taste.

Microscopic: It shows numerous starch granules with
concentric striations, simple or compound. The individual
granules are spherical or more or lesspolygonal and are
between 3 and 15 IJm in diameter, each with a somewhat
central slit-shaped hilum. Vessels with bordered pits occur,
as do lignified fibers. Reddish to brown fragments of
suberized epidermis with more or lesstabular cells occur.

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 8.0%, using a mixture of alcoholand
water (1 :1) instead of alcohol

• Loss ON DRYING (731)
Sample: 1 g of Powdered Black Cohosh
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561): NMT
10.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistantcontainers, and. protect from moisture.
• LABELING: The labelstates the Latin binomialand, following

the official name, the parts of the plant from which the
articlewas derived. Dosage forms prepared with this article
should bear the following statement: Discontinue use and
consult a healthcare practitioner ifyou have a liver disorder
or develop symptoms of livertrouble, such as abdominal
pain, dark urine, or jaundice.

• USP REFERENCE STANDARDS (11)
USP Actein RS .
USP Powdered Black Cohosh ExtractRS
USP 23-epi-26-Deoxyactein RS
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Powdered Black Cohosh Extract

DEFINITION
Powdered Black Cohosh Extractisprepared from Black Cohosh

by extraction with hydroalcoholic mixturesor other suitable
solvents. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of triterpene glycosides, calculated as
23-epi-26-deoxyactein (C37Hs60 ,o) on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 100 mg/mL of U~P Powdered Black
Cohosh ExtractRS in methanol .

Standard solution B: 1 mg/mL each of USP Actein RS, USP
23-epi-26-Deoxyactein RS, and isoferulic acid in methanol

Sample solution: Shake a quantity of Powdered Extract,
equivalent to 25 mg of triterpene glycosides, in'10 mLof
methanol. Allow to stand for 15 min before use.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 prn (TLC plates)

Application volume: 10 ~L

Developing solvent system: Usethe upper phase of a
mixture of butyl alcohol, glacial acetic acid, and water
(5:1 :4).

Spray reagent: Methanol, glacial acetic acid, sulfuric acid,
and p-anisaldehyde (85: 10: 5: 0.5). [NOTE-Store in a .
refrigerator. The reagent is colorless; discard ifcolor
appears.]

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Develop the chromatograms until the solvent front has

moved about 15 em, and dry the plate with the aid of a
current of air.

Acceptance criteria: Examine the plate under UV light at
365 nm. The chromatogram of the Sample solutionexhibits
main zones similar in position and color tothe main zones
in the chromatogram of StandardsolutionA. In the upper
third of the plate, the chromatogram of the Sample solution
exhibitsa blue fluorescentzone at the level of the zone due
to isoferulic acid in the chromatogram ofStandard solution
B. Spraythe plate with Spray reagent, heat at 1000 for5 min,
and examine in daylight. The chromatogram of the Sample
solutionexhibits main zones similar in positionand color to
the main zones in the chromatogram of Standardsolution
A. The chromatogram of StandardsolutionB exhibits
red-violetzones due to actein and 23-epi-26-deoxyactein.
The chromatogram of the Sample solutionexhibitsseveral
greenish-brown spots in the lower third of the plate and
severalviolet zones above; two of these violetzones occur
at R Fvaluessimilar to those due to actein and 23-epi
26-deoxyactein in the chromatogram of Standardsolution
& '

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution A: 0.5 mL of StandardsolutionA

prepared in Identification test A, diluted with methanol to
2 mL

Standard solution B: 1.0 mLofStandardsolution Bprepared
in Identification test A, diluted with methanol to 5 mL

Sample solution: Dilute1 mL of the Sample solution
prepared in Identification test A with methanol to 10 mL.

Adsorbent: Chromatographic silica gel mixture with an
average particlesize of 5 urn (HPTLC plates)

Application volume: 2 ~L as an 8-mm band
Developing solvent system: Toluene, ethyl formate, and
formic acid (5:3:2)

Spray reagent: Proceed as directed for ldentliicaticn test A.

USP 43

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Developthe chromatograms until the solventfront has

moved about two-thirds of the length of the plate, and
dry the plate with the aid of a current of air. Spraythe
plate with Spray reagent, heat at 1000 for 5 min, and
examine in daylight.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits main zones similar in positionand color to
the main zones in the chromatogram of Standardsolution
A. The chromatogram of StandardsolutionBexhibits
red-violetzones due to actein and 23-epi-26-deoxyactein
at R Fvaluesof about 0.5 and 0.4, respectively. The
chromatogram of the Sample solutionexhibitszones similar
in color and RF values to those due to actein and 23-epi
26-deoxyactein in the chromatogram of Standard solution
B.

• C. The chromatogram of the Sample solutionexhibitspeaks
for cimiracemosideA, 26-deoxycimicifugoside, (265)
actein, 23-epi-26-deoxyactein, cimigenol-arabinoside,and
cimigenol-xyloside at retention times corresponding to
those compounds in the chromatogram of the Standard
solution, as obtained in the test for Contentof Triterpene
Glycosides. The ratio of the peak areas of cimigenol- .
arabinoside to cimigenol-xyloside is NLT 0.4 (distinction
from Cimicifuga foetida).

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Standard solution: Dissolve a quantity of USP Powdered
Black Cohosh ExtractRS in methanol with shakingfor
1 min, and dilute with methanol to obtain a solution
having a known concentration of 30 mg/mL. Pass
through a membrane filter of 0.45-~m or finer pore size.

23- epi-26-Deoxyactein standard solutions: Dissolve USP
23-epi-26-Deoxyactein RS in methanol with shakingfor
1 min. Dilute quantitatively, and stepwise if necessary, to
obtain solutions having known concentrations of 500, 100,
50, 25, and 12.5 uq/rnl., Pass through a membrane filterof
0.45-~m or finer pore size.

System suitability solution: 0.1 mg/mL each of USP
Actein RS and USP 23-epi-26-Deoxyactein RS in methanol

Sample solution: Transfera quantity of Powdered Extract,
equivalent to,7.5 mg of triterpene glycosides, to a 10-mL
volumetricflask, add 7 mLof methanol, and sonicate for
30 min. Dilute with methanol to volume. Centrifuge,or
pass through a filter of 0.45-~m or finer pore size.

Solution A: 0.05% trifluoroacetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Water Solution A Solution B
(min) (%) (%) (%)

0 0 80 20

8 0 80 20

15 68 0 32

55 36 0 64

65 5 0 95

70 5 0 95

85 0 80 20

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
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Detector: Evaporative light-scattering
[NOTE-The detector isset up according to the

manufacturer's instruction in order to achievea
signal-to-noise ratio of NLT 10 for the 12.5-lJg/mL
23-epi-26-Deoxyactein standard solution.]

Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.6 mL/min
Injection size: 20 IJL

System suitability
Samples: System sUitability solution, Standard solution, and

1OO-lJg/mL 23-epi-26-Deoxyactein standard solution
Suitability requirements

Chromatogram similarity: The chromatogram of the
Standard solution is similar to the Reference
Chromatogram providedwith the lot of USP Powdered
Black Cohosh Extract RS being used.

Resolution: NLT 1.0 between the (26S)-actein and the
23-epi-26-deoxyactein peaks, System suitability solution

Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein
peak, 1OO-lJg/mL 23-epi-26-Deoxyactein standard
solution

Relative standard deviation: NMT 2.0% of the
logarithm of the area response of the 23-epi
26-deoxyactein peak in repeated injections, 100-lJg/mL
23-epi-26-Deoxyactein standard solution

Analysis
Samples: System suitability solution, Standard solution,

23-epi-26-Deoxyactein standard solutions, and Sample
solution
Using the chromatogram of the Standard solution and the

Reference Chromatogram providedwith the lot of USP
Powdered Black Cohosh Extract RS, identify the
retention times of the peakscorresponding to the
triterpene glycosides. The approximate relative
retention times of the triterpene glycosides are
provided in Table 2.

Table 2
Relative
Retention

Name Time

Cimicifugoside H-l 0.61

Cimiracemoside A 0.78

(26R)-Actein 0.94

26-Deoxycimicifugoside 0.96

(26S)-Actein 0.98

23-epi-26-Deoxyactein 1.00

Acetyl-shengmanol-xyloside 1.03

Cimigenol-arabinoside 1.08

Cimigenol-xyloside (cimicifugoside) 1.13

26-Deoxyactein 1.22

25-Acetyl-cimigenol-arabinoside 1.60

(24S)-25-Acetyl-cimigenol-xyloside 1.64

25-0-Methyl-cimigenol-arabinoside 1.90

25-0-Methyl-cimigenol-xyloside 1.93

Plotthe logarithms of the peak area responses versus the
Io'garithms of the concentrations, in IJg/mL, of the
23-epi-26-Deoxyactein standard solutions, and determine
the reqression line using a least-squares analysis. The
correlationcoefficient for the regression line is NLT
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0.995. From the graphs so obtained, determine the
concentration, C,in IJg/mL, ofthe relevantanalyteinthe
Sample solution. Separately calculatethe percentages of
cimicifugoside H-l, cimiracemoside A, (26R)-actein,
26-deoxycimicifugoside, (26S)-actein, 23-epi
26-deoxyactein, ·acetyl-shengmanol-xyloside,
cimigenol-arabinoside, cimigenol-xyloside
(cimicifugoside), 26-deoxyactein,· 25-acetyl-cimigenol
arabinoside, (24S),.25-acetyl-cimigenol-xyloside,
25-0-methyl-cimigenol-arabinoside, and
25-0-methyl-cimigenol-xylosideas 23-epi
26-deoxyactein (C37Hs601O) in the portion of Extract
taken:

Result =(V x Q/(F x W) x 100

V =volume of the Sample solution (mL)
C =concentration of the relevantanalyte in the

Sample solution (lJg/mL)
. F = factor to convert mg to IJg, 1000 IJg/mg

W =weight of the Powdered Extract taken to
prepare the Sample solution (mg)

Calculate the percentage of the labeledamount of
triterpene glycosides in the portion of Extract taken by
adding allof the percentages calculatedfor individual
analytes.

Acceptance criteria: 90.00/0-110.0% on the dried basis

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): It meets the

requirements of the tests for absence of Salmonella species
and Escherichia coli. The total bacterial count does not
exceed 104 du/g, and the total combined moldsand yeasts
count does not exceed 103du/g.

• OTHER REQUIREMENTS: It meets the requirements under
Botanical Extracts (565), Pesticide Residues.

SPECIFICTESTS
• Loss ON DRYING (731): NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store in a cool place.
• LABELING: It meets the requirementsunder Botanical

Extracts (565). Label it to indicatethe content of triterpene
glycosides, in percentage, calculated as 23-epi
26-deoxyactein. Dosageforms prepared with this article
should bear the following statement: "Discontinue use and
consult a healthcare practitionerifyou have a liver disorder
or develop symptoms of liver trouble, such as abdominal
pain, dark urine, or jaundice."

• USP REFERENC~ STANDARDS (11)
USP Actein RS
USP Powdered Black Cohosh Extract RS
USP 23-epi-26-Deoxyactein RS

Black Cohosh Fluidextract
DEFINITION
Black Cohosh Fluidextract is prepared from Black Cohosh by

extraction with hydroalcoholic mixtures or isopropanol
water mixtures. Each mL contains the extracted constituents
of 19 of the plant material. Itcontains NLT 90.0% and NMT
110.0% of the labeledamount of triterpene glycosides,
calculated as 23-epi-26-deoxyactein (C37Hs60,o).
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IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 100 mg/mL of USP Powdered Black
Cohosh Extract RS in methanol

Standard solution B: 1 mg/mL each of USP Actein RS, USP
23-epi-26-Deoxyactein RS, and isoferulic acid in methanol

Sample solution: Fluidextract
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 10-15 IJm (TLC plates)
Application volume: 10 IJL
Developing solvent system: Use the upper phase of a

mixture of butyl alcohol, glacial acetic acid, and water
(5:1 :4).

Spray reagent: Methanol, glacial acetic acid, sulfuric acid,
and p-anisaldehyde (85: 10: 5: 0.5). [NOTE-Store in a
refrigerator. The reagent is colorless; discard if color
appears.]

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Develop the chromatograms until the solvent front has

moved about 15 em, and dry the plate with the aid of a
current of air.

Acceptance criteria: Examine the plate under UV light at
365 nm. The Sample solutionexhibits main zones similar in
position and color to the main zones of Standardsolution
A. In the upper third of the plate, the Sample solution
exhibits a blue fluorescent zone at the level of the zone due
to isoferulic acid of StandardsolutionB.Spray the plate with
Spray reagent, heat at 100° for 5 min, and examine in .
daylight. The Sample solutionexhibits main zones similar in
position and color to the main zones of StandardsolutionA.
Standardsolution B exhibits red-violet zones due to actein
and 23-epi-26-deoxyactein. The Sample solution exhibits
several greenish-brown spots in the lower third of the plate
and several violet zones above; two of these violet zones
occur at R Fvalues similar to those due to actein and
23-epi-26-deoxyactein of StandardsolutionB.

• B. THIN-LAvER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution A: 0.5 mL of StandardsolutionA

prepared in Identification test A, diluted with methanol to
2.0 mL

Standard solution B: 1.0 mLof StandardsolutionBprepared
in Identification test A, diluted with methanol to 5.0 mL

Sample solution: Use the Fluidextract, diluting if necessary
with a suitable solvent to obtain a concentration of
0.25 mg/mL of triterpene glycosides.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 5 IJm (HPTLC plates)

Application volume: 2 IJL as an 8-mm band
Developing solvent system: Toluene, ethyl formate, and

formic acid (5:3:2)
Spray reagent: Proceed as directed for Identificationtest A.
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution
Develop until the solvent front has moved two-thirds of

the length of the plate, and dry the plate with the aid
of a current of air. Spray the plate with Spray reagent,
heat at 100° for 5 min, and examine in daylight.

Acceptance criteria: The Sample solution exhibits main
zones similar in position and color to the main zones of
StandardsolutionA. Standardsolution B exhibits red-violet
zones due to actein and 23-epi-26-deoxyacteinat RFvalues
of about 0.5 and 0,4, respectively. The Sample solution
exhibits zones similar in color and RFvalues to those due to
actein and 23-epi-26-deoxyactein of StandardsolutionB.

• C. The Sample solutionexhibits peaks for cimiracemoside A,
26-deoxycimicifugoside, (26S)-actein, 23-epi-
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26-deoxyactein, cimigenol-arabinoside, and cimigenol
xyloside at retention times corresponding to those
compounds in the Standardsolution, as obtained in the
test for Contentof Triterpene Glycosides. The ratio of the peak
areas of cimigenol-arabinoside to cimigenol-xyloside is
NLT 0,4 (distinction from Cimicifuga foetida).

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Standard solution: Dissolve a quantity of USP Powdered
BlackCohosh Extract RS in methanol with shaking for
1 min, and dilute with methanol to obtain a solution
having a known concentration of 30 mg/mL. Pass
through a membrane filter of 0,45-lJm or finer pore size.

23- epi-26-Deoxyactein standard solutions: Dissolve USP
23-epi-26-Deoxyactein RS in methanol with shaking for
1 min. Dilute quantitatively, and stepwise if necessary, to
obtain solutions having known concentrations of 500, 100,
50,25, and 12.5 IJg/mL. Pass through a membrane filter of
0,45-lJm or finer pore size.

System suitability solution: 0.1 mg/mL each of USP
Actein RS and USP 23-epi-26-Deoxyactein RS in methanol

Sample solution: Use the Fluidextract, diluting if necessary
with methanol to obtain a concentration of about 0.75 mg/
mL of triterpene glycosides. Centrifuge, or pass through a
filter of 0,45-lJm or finer pore size.

Solution A: 0.05% trifluoroacetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Water Solution A Solution B
(min) (%) (%) (%)

0 0 80 20

8 0 80 20

15 68 0 32

55 36 0 64

65 5 0 95

70 5 0 95

85 0 80 20

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: Evaporative light-scattering

[NOTE-The detector is set up according to the
manufacturer's instruction in order to achieve a
signal-to-noise ratio of NLT 10 for the 12.5-lJg/mL
23-epi-26-Deoxyactein standardsolution.]

Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.6 mL/min
Injection size: 20 IJL

System suitability
Samples: System suitabilitysolution, Standardsolution, and

1OO-lJg/mL 23-epi-26-Deoxyactein standardsolution
. Suitability requirements

Chromatogram similarity: The chromatogram of the
Standardsolution is similar to the Reference
Chromatogram provided with the lot of-USP Powdered
BlackCohosh Extract RS being used.

Resolution: NLT 1.0 between the (26S)-actein and the
23-epi-26-deoxyactein peaks, System suitabilitysolution

Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein
peak, 1OO-lJg/mL 23-epi-26-Deoxyactein standard
solution
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Table 2

Relative standard deviation: NMT 2.0% of the
logarithm of the area response of the 23-epi
26-deoxyactein peak in repeated injections, 100-l..Ig/mL
23-epi-26-Deoxyactein standard solution

Analysis
Samples: System suitability solution, Standard solution,

23-epi-26-Deoxyactein standard solutions, and Sample
solution
Using the chromatogram of the Standard solution and the

Reference Chromatogram provided with the lot of USP
Powdered Black Cohosh Extract RS, identify the
r~tention times of the peaks corresponding to the
triterpene glycosides. The approximate relative
retention times of the triterpene glycosides are
provided in Table 2.

Relative
Reten-

Compound tion Time

Cimicifugoside H-l 0.61

Cimiracemoside A 0.78

(26R)-Actein 0.94

26-0eoxycimicifugoside 0.96

(265)-Actein 0.98

23-epi-26-0eoxyactein 1.00

Acetyl-shengmanol-xyloside 1.03

Cimigenol-arabinoside 1.08

Cimigenol-xyloside (cimicifugoside) 1.13

26-0eoxyactein 1.22

2S-Acetyl-cimigenol-arabinoside 1.60

(245)-2S-Acetyl-cimigenol-xyloside 1.64

2S-0-Methyl-cimigenol-arabinoside 1.90

2S-0-Methyl-cimigenol-xyloside 1.93

L

LC

Result =xctL x 100

=sum of concentrations of the individual triterpene
glycosides (mg/mL)

=labeled concentration of triterpene glycosides of
the Fluidextract (mg/mL)

Acceptance criteria: 90.0%-110.0%

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 103cfu/g.

• OTHER.REQUIREMENTS: It meets the requirements under
Botanical Extracts (565), Residual Solvents and Pesticide
Residues.

Calculate the percentage of the labeled amount of
triterpene glycosides in the portion of Fluidextract
taken:

Black Cohosh Tablets

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store in a cool place.
• LABELING: It meets the requirements for Labeling under

Botanical Extracts (565). Label it to indicate the content, in
percentage, of triterpene glycosides, calculated as 23-epi
26-deoxyactein. Dosage forms prepared with this article
should bear the following statement: Discontinue use and
consult a healthcare practitioner if you have a liver disorder
or develop symptoms of liver trouble, such as abdominal
pain, dark urine, or jaundice.

• USP REFERENCE STANDARDS (11)
USPActein RS
USPPowdered Black Cohosh Extract RS
USP23-epi-26-Deoxyactein RS

DEFINITION
Black Cohosh Tablets contain Powdered Black Cohosh Extract

or Black Cohosh Fluidextract. Tablets contain NLT 90.0% and
NMT 110.0% of the labeled amount of Powdered Extract or
Fluidextract, represented by the content of triterpene
glycosides, calculated as 23-epi-26-deoxyactein (C37Hs6010)'

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 10-15 I..Im (TLC plates)
Sampl~.sOI.ution: 10 mL of the Sample solution prepared for

tdentitication test B. Evaporate to dryness, and redissolve in
1 mL of methanol.

Standard solution A: 100 mg/mL of USPPowdered Black
Cohosh Extract RS in methanol

Standard solution B: 1 mg/mL each of USPActein RS, USP
23-epi-26-Deoxyactein RS, and isoferulic acid in methanol

Application volume: 10 I..IL
Developing solvent system: Use the upper phase of a

mixture of butyl alcohol, glacial acetic acid, and water
(5:1 :4).

Spray reagent: Methanol, glacial acetic acid, sulfuric acid,
and p-anisaldehyde (85: 10: 5: 0.5)
[NOTE-Store in a refrigerator. The reagent is colorless;

discard if color appears.]

Result = (0 xC/V)

= dilution factor for the Sample solution, if
applicable: final volume of Sample solution/

. volume of aliquot of Fluidextract taken (mL/mL)
= concentration of the relevant analyte in the

Sample solution (l..Ig/mL)
. =volume of the Fluidextract taken to prepare the

Sample solution (mL)

Plot the logarithms of the peak area responses versus the
logarithms of the concentrations, in I..IgJrnL, of the
23-epi-26-Deoxyactein standard solutions, and determine
the regression line using a least-squares analysis. The
correlation coefficient for the regression line is NLT
0.995. From the graphs so obtained, determine the
concentration, C, in I..Ig/mL, of the relevant analyte in the
Sample solution. Separately calculate the concentrations,
in I..Ig/mL,of cimicifugoside H-1, cimiracemoside A,
(26R)-actein, 26-deoxycimicifugoside, (26S)-actein,
23-epi-26-deoxyactein, acetyl-shengmanol-xyloside,
cimigenol-arabinoside, cimigenol-xyloside
(cimicifugoside), 26-deoxyactein, 25-acetyl-cimigenol
arabinoside, (24S)-25-acetyl-cimigenol- xyloside,
25-0-methyl-cimigenol-arabinoside, and
25-0-methyl-cimigenol-xyloside as 23-epi
26-deoxyactein (C37Hs601O) in the portion of Fluidextract
taken:

o

C

V
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Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Develop untilthe solventfront has moved 15 em, and dry

the plate with the aid of a current of air. Examine the
plate under UV light at a wavelength of 365 nm. Spray
the plate with Sprayreagent, heat at 100°for 5 min,and
examine in daylight.

Acceptance criteria: The Sample solution exhibits main
zones similar in position and color to the main zones of
StandardsolutionA. Examined under UV light, the Sample
solutionexhibits a blue fluorescentzone at the level of the
zone due to isoferulic acid in StandardsolutionB"in the
upper third of the plate. Examined aftertreatme~t with
Spray reagent, the Sample solution exhibitsseveral
greenish-brown spots in the lowerthird of the plate and
several violetzones above; two of these violetzones occur
at RF values similar to those due to actein and 23-epi
26-deoxyactein in StandardsolutionB.

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201 )

Adsorbent: Chromatographicsilica gel mixturewith an
average particle sizeof 5 urn (HPTLC plates)

Sample solution: Transfer the equivalentof the labeled
amount of Powdered Extract or Fluidextract, containing
25 mg of triterpene glycosides from a portion of powdered
Tablets, to 25 mL of water; shake to disperse; and sonlcate .
for 10 min. Add 75 mL of methanol, and sonicate for
10 min. Allow to stand for 15 min, and use the clear
supernatant.

Standard solution A: Methanol and Standardsolution A
prepared in Identification test A (3:1)

Standard solution B: Methanol and Standardsolution B
prepared in Identification test A (4:1)

Application volume: 2 fJL as an 8-mm band
Developing solvent system: Toluene,ethyl formate, and
formic acid (5:3:2) .

Spray reagent: Methanol, glacial acetic acid, sulfuric acid,
and p-anisaldehyde (85: 10:5: 0.5)
[NOTE-Store in a refrigerator. The reagent is colorless;

discard ifcolor appears.]
A~~ili .

Samples: StandardsolutionA, StandardsolutionB,and'
Sample solution '.
Develop until the solventfront has moved two-thirds of

the length of the plate, and dry the plate with the aid
of a current of air. Spraythe plate with Spray reagent,
heat at 100° for 5 min, and examine in daylight.

Acceptance criteria: The Sample solution exhibits main
zones similar in positionand color to the main zones of
StandardsolutionA, two of which are red-violet zones at RF
values of 0.5 and 0.4, similar in colorand RF values to those
due to actein and 23-epi-26-deoxyactein in Standard
solutionB." . .:

• C. The Sample solutionexhibits peaksfor cimiracemoside A,
26-deoxycimicifugoside, (265) actein, 23-epi
26-deoxyactein, cimigenol-arabinoside, and cimigenol
xyloside at retention times corresponding to those
compounds in the Standardsolution, as obtained in the
test for Contentof Triterpene Glycosides. Theratioofthe peak
areas of cimigenol-arabinoside to cimigenol-xyloside is
NLT 0.4 (distinction from Cimicifuga foetida).

STRENGTH
• CONTENT OF TRITERPENE GLYCOSIDES

Solution A: Filtered and degassed 0.05% trifluoroacetic acid
in water

Solution B: Filtered and degassed acetonitrile
Mobile phase: See the gradient table below.

USP 43

Time Water Solution A Solution B
(min) (%) (%) (%)

0 0 80 20

8 0 80 20

15 68 0 32

55 36 0 64

65 5 0 95

70 5 0 95

85 0 80 20

System suitability solution: 0.1 mg/mLeach of USP
Actein RS and USP 23-epi-26-Deoxyactein RS in methanol

Standard solution: Dissolve a quantity of USP Powdered
Black Cohosh Extract RS in methanol with shaking for
1 min, and dilute with methanol to obtain a solution
having a known concentration of30 mg/mL. Pass
through a membrane filterhavinga 0.45-fJm or finer
porosity.

23-epi-26-Deoxyactein standard solutions: Dissolve USP
23-epi-26-Deoxyactein RS in methanol with shaking for
1 min. Dilute quantitatively, and stepwise ifnecessary, to
obtain solutionshaving knownconcentrationsof500, 1DO,
50,25, and 12.5 fJg/mL. Pass through a membrane filter
having a 0.45-fJm or finer porosity.

Sample solution: Weigh NLT 20 Tablets, and finely powder.
Transfer a quantity of the powder, equivalentto 8 mg of
triterpene glycosides, to a suitablepolytef-capped
centrifuge tube. Add 3 mL of water, shake to disperse, and
sonicate for 10 min at 60°. Add 3 mL of methanol, and
sonicate for 10 min. Centrifuge, and transfer the clear
supernatant to a 1O-mL volumetric flask. Wash the residue
twicewith 1.5 mL ofa mixtureof methanoland water (1:1),
and transfer the washings to the volumetric flask. Dilute
with a mixtureof methanol and water (1:1) to volume, and
pass through a membrane filter havinga 0.45-fJm or finer
porosity.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering
[NoTE-Detectorisset up according to the

manufacturer's instruction in order to achieve a
signal-to-noise ratio of NLT 10 for the 12.5 fJg/mL
23-epi-26-Deoxyactein standardsolution.]

Column: 4.6-mm x 25-cm; 5-fJm packingL1
Column temperature: 35°
Flow rate: 1.6 mL/min
Injection size: 20 fJL

System suitability
Samples: System suitability solutionand 100 fJg/mL of

23-epi-26-Deoxyactein standardsolution
Suitability requirements

Chromatographic profile: The chromatogram of the
Standardsolution is similar to the Reference
Chromatogram provided with the lot of USP Powdered
Black Cohosh Extract RS.

Resolution: NLT 1.0 between the (265)-actein and the
23-epi-26-deoxyactein peaks, System suitabilitysolution

Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein
peak, 100 fJg/mL 23-epi-26-Deoxyactein standard
solution

Relative standard deviation: NMT 2.0% for the
logarithm of the area responses for replicate injections
100 fJg/mL 23-epi-26-Deoxyactein standardsolution '
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Analysis
Samples: System suitability solution, Standard solution,

23-epi-26-Deoxyactein standard solutions, and Sample
solution
Using the chromatogram of the Standard solution and the

Reference Chromatogram provided with the lot of USP
Powdered Black Cohosh Extract RS, identifythe
retention times of the peaks corresponding to the
triterpene glycosides. The approximate relative
retention times of the triterpene glycosides are provided
in the following table.

Relative
Retention

Name Time

Cimicifugoside H-l 0.61

Cimiracemoside A 0.78

(26R)-Actein 0.94

26-Deoxycimicifugoside 0.96

(26S)-Actein 0.98

23-epi-26-Deoxyactein 1.00

Acetyl-shengmanol-xyloside 1.03

Cimigenol-arabinoside 1.08

Cimigenol-xyloside (cimicifugoside) 1.13

26-Deoxyactein 1.22

2S-Acetyl-cimigenol-arabinoside 1.60

(24S)-2S-Acetyl-cimigenol-xyloside 1.64

2S-0-Methyl-cimigenol-arabinoside 1.90

2S-0-Methyl-cimigenol-xyloside 1.93

Plot the logarithms of the peak area responses versus the
logarithms of the concentrations, in IJg/mL, of the
23-epi-26-Deoxyactein standard solutions, and determine
the regression line using a least-squares analysis. The
correlation coefficientfor the regression line is NLT
0.995. Fromthe graphs so obtained, determine the
concentration, C, in IJg/mL, of the relevantanalyte in the
Sample solution.

Calculate the quantity, in mg, of triterpene glycosides in
the portion of Tablets taken:

Result = CT/l 00

CT = sum of the concentrations C, in IJg/mL, of all the
relevant triterpene glycosides, calculated as
23-epi-26-deoxyactein

Calculatethe percentage of the labeledamount of Extract
in the portion of Tablets taken:

Result =(Awr/W) x (100/LE) x (100/L) x Cn

Awr = average weight of Tablets
W = weight of sample
LE = labeled content, as percentage, of triterpenes in

the Extractused to prepare the Tablets
L = labeled amount of Extract per Tablet
Cn = content,in mg, of triterpenes in the sample

Acceptance criteria: 90.0%-110.0% of the labeled amount
of Powdered Extractor Fluidextract, represented by the
content of triterpene glycosides
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PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS-NuTRITIONAL AND

DIETARY SUPPLEMENTS (2021): The total bacterial count
does not exceed 104 du/g, and the total combined molds
and yeasts count does not exceed 103 du/g.

• MICROBIAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS-NuTRITIONAL AND DIETARY
SUPPLEMENTS (2022): Tablets meet the requirements of
the tests for absence of Salmonella species and
Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomialand, following

the official name, the article from which the Tablets were
prepared. The label also indicates the amount, in mgl
Tablet, of Powdered Extractor Fluidextract; the solvents
used to prepare the Powdered Extractor Fluidextract; and
the ratio of starting crude plant material to Powdered

. Extractor Fluidextract. Label it to indicate the content, in
percentage, of triterpene glycosides as 23-epi- .
26-deoxyactein in the Powdered Extractor Fluidextract
used to prepare the Tablets.

The label bears the following statement: Discontinueuseand
consult a healthcare practitioner ifyou have a liver
disorder or develop symptoms of liver trouble, such as
abdominal pain, dark urine, or jaundice.

• USP REFERENCE STANDARDS (11)
USP Actein RS
USP Powdered Black Cohosh ExtractRS
USP 23-epi-26-Deoxyactein RS

Black Pepper

DEFINITION
Black Pepper consists of the dried fully developed unripe
fruits of Piper nigrum L. (Fam. Piperaceae). It contains NLT
2.5% of piperine, calculated on the dried basis.

IDENTIFICATION
• A. Black Pepper meets the requirements under Specific Tests,

Botanical Characteristics.
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.9 mg/mL of USP Piperine RS in
methanol '

Standard solution B: 2.0 mg/mL of borneol in methanol
Standard solution C: 5 mg/mL of USP Powdered Black

Pepper Extract RS in methanol. Sonicatefor about 10 min,
centrifuge, and use the supernatant.

Sample solution: Sonicate for 10 min about 0.5 g of Black
Pepper, finely powdered, in 5 mLof methanol, centrifuge,
and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLC plates)
Application volume: 15 IJL of Standard solution C, 7 IJL

of the Sample solution, and 3 IJL of the Standard solution A
and Standard solution 8, as bands

Developing solvent system: Hexanesand ethyl acetate
(5:3)
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Derivatization reagent: Amixture of 17 mLof ice-cooled
methanol, 2 mL of acetic acid, 1 mLof sulfuric acid, and
0.1 mL of anisaldehyde, mixed in this order

Analysis
Samples: Standard solution A,Standard solution B, Standard

solution C, and Sample solution
Applythe Samples as bands. Use a saturated chamber, and

condition the plate to a relative humidity of about 33%
using a suitable device. Developuntil the solventfront has
moved up about 7 em from the lower edge of the plate.
Remove the plate from the chamber, dry, and examine
under UV light at 254 nm. Treat with the Derivatization
reagent, heat for 5 min at 100°, and examine underwhite
light.

Acceptance criteria: Under UV 254 nm, the chromatogram
of the Sample solution exhibitsan intense quenching band
at RF of about 0.15 corresponding to the piperine band in
the chromatogram of Standard solution A, a quenching
band at RF of about 0.02, and three quenching bands
located between RFof about 0.3 and 0.5. Underwhite light,
the derivatized chromatogram of the Sample solution
exhibits main bands similar in position and color to the
main bands in the chromatogram of Standard solution C.
These bands include a dark green band of the same color
and RF as the piperine band in Standard solution A (RF of
about 0.15), a weak violet band at RF of about 0.47 below
the positionof the band due to borneol in Standard solution
B, and a greenish band in the lower part of the
chromatogram at RFof about 0.07. Other minor bands may
be observed in the Sample solution and Standard solution C
chromatograms. No blue bands are detected in the
chromatogram of the Sample solution at RF of about
0.10 and 0.58 (distinctionfrom long pepper).

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Piperine.
Acceptance criteria: The chromatogram of the Sample

solution obtained at 343 nm exhibits a major peak at the
retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by
comparison with the chromatogram of Standard solution B
and the reference chromatogram provided with the lot of
USP Powdered Black Pepper ExtractRS being used. The
Sample solution chromatogram shows an additional peak
corresponding to piperyline. The chromatogram of the
Sample solution obtained at 270 nm does not exhibit a peak
due to (2E,4E)-N-isobutyldecadienamideat a relative
retention time of 1.14 to the piperine peak (distinctionfrom
long pepper).

COMPOSITION
• CONTENT OF PIPERINE

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, and add 0.5 mL
of phosphoric acid. Dilute with water to 1000 mL, mix,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80
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Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

35 55 45

40 95 5

45 95 5

[NOTE-Proceed under subdued light or using
low-actinic glassware.]

Standard solution A: 0.1 mg/mL of USP Piperine RS in
methanol

Standard solution B: Sonicate a portion of USP Powdered
Black Pepper Extract RS in methanol to obtain a solution
having a concentration of about 0.5 mg/mL. Before
injection, pass through a membrane filterof 0.45-lJm or
finer pore size, discarding the firstfew mL of the filtrate.

Sample solution: Transferabout 2.0 g of Black Pepper,
finely powdered and accurately weighed, to a 250-mLflask
fitted with a reflux condenser. Add 50 mL of methanol,
reflux on a water bath for about 20 min, allowto settle, and
decant the supernatant. Repeat until the last extract is
colorless. Combine the extracts, concentrate under
vacuum, and adjust the volume to 100 mL usingmethanol.
Before injection, pass through a membrane filterof
0.45-l.Jm or finer pore size, discarding the firstfew mL of
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 343 nm and 270 nm
Column: 4.6-mm x 25-cm; 5-l.Jm, 100 Apacking L1
Flow rate: 1.5 mL/min
Injection volume: 20 I.JL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram obtained
from Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Black Pepper ExtractRS being used.

Tailing factor: NMT 1.5 for the piperine peak, Standard
solution A

Relative standard deviation: NMT 2.5% determined
from the piperine peak in replicate injections, Standard
solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
[NOTE-Standard solution A, Standard solution B, and

the Sample solution are stable for 6 h at room
temperature.]

Using the chromatograms of Standard solution A, Standard
solution B, and the reference chromatogram provided
with the lot of USP Powdered Black Pepper Extract RS
being used, identifythe retention times of the peaks
corresponding to piperine and piperyline in the Sample
solution chromatogram.

Calculatethe percentage of piperine in the portion of Black
Pepper taken:

Result = (rU/r5) x Cs x (V/W) x 100

to = peak area of piperine from the Sample solution
chromatogram at 343 nm

r, = peak area of piperine from the Standard solution
A chromatogram at 343 nm

C5 = concentration of piperine in Standard solution A
(mg/mL)
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v = final volume of the Sample solution (mL)
W = weight of Black Pepper used to prepare the

Sample solution (mg)

Acceptance criteria: NLT 2.5% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, LimitsofElemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 cfu/g, the total
combined moldsand yeastscount does not exceed 103 cfu/
g, and the bile-tolerantGram-negative bacterial count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Fruit is an indehiscent, one-seeded berry,
globose, ovoid to oblong, 3.5-6 mm in diameter, hard;
surface isgreyish-black to brownish-black, rough, with
raised reticulate wrinkles, shows remains of sessile stigma
on the tip and a basal scar showing point of attachment to
the axis; characteristic aromatic odor; characteristic
pungent taste; seed white and hollow.

Microscopic
Transverse cut: Circular in outline with corrugated

margin; shows outer narrow brownish pericarp; a seed
coat encircling the wide centralwhitish perisperm, hollow
in center; a narrowvertically running channel connecting
the hollowcenter of the fruit to a small endosperm
adherent to the remains of the stigma; a small embryo is
present in the endosperm; a conical short projection at the
base showing point of attachment to the axis.

Transverse section: Showsa well-differentiated pericarp,
testa and perisperm; pericarp consists of a layerof
epicarp, a wide mesocarp, and a layerof endocarp; the
epicarp layeriscovered with thickcuticlecontaininga few
stomata and small prismsof calcium oxalate; mesocarp
composed of 2-3 layers of parenchyma cells showing
groups of rectangular to circular lignified sclereids, a
broad zone (12-15 layers) of tangentiallyrunning
parenchyma cells containing starch grains and showing
isolated oval oil cells, a broad zone (10-15 layers) of
compactlyarranged parenchyma cells smallerthan those
of the outer zone and showing groups of fibrovascular
bundles, 1-2 layers of tangentiallyrunning oilcells, and
2-3 layers of thick-walled parenchyma cells; endocarp is
composed of one layerof three-sided thickened pitted
stone cells (beaker-shape cells); testa is composed of one
layerof cells filled with brown pigments; perisperm isvery
wide, composed of cells full of starch grains, some
aleurone grains, and oil cells.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

It ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 1 (561): NlT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 1 (561): NLT 9.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Black Pepper
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of finely powdered Black Pepper
Acceptance criteria: NMT 5.0%
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• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 1.0 g of finely powdered Black Pepper
Acceptance criteria: NMT 1.0%

ADDITIONAL 8EQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Piperine RS
USP Powdered Black Pepper Extract RS

Powdered Black Peppel"
DEFINITION
Powdered Black Pepper is Black Pepper reduced to powder or

very fine powder. It contains NLT 2.5% of piperine,
calculated on the dried basis.

IDENTIFICATION
• A. Powdered Black Pepper meets the requirements under

.Specific Tests, Botanical Characteristics.
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.9 mg/mLof USP Piperine RS in
methanol

Standard solution B: 2.0 mg/mLof borneol in methanol
Standard solution C: 5 mg/ml of USP Powdered Black

Pepper Extract RS in methanol. Sonicatefor about 10 min,
centrifuge, and use the supernatant.

Sample solution: Sonicate for 10 min about 0.5 g of
Powdered Black Pepper in 5 mL of methanol, centrifuge,
and use the supernatant.

Chromatographic system
Adsorbent: Chromatographicsilica gel mixture with an

average particlesize of 5 pm (HPTLC plates)
Application volume: 15 ~L of Standardsolution C, 7 ~L

of the Sample solution, and 3 ~L of StandardsolutionA and
Standardsolution B, as bands, 8 mm

Developing solvent system: Hexanes and ethyl acetate
(5:3)

Derivatization reagent: Amixtureof 17 mL of ice-cooled
methanol, 2 mL of acetic acid, 1 ml of sulfuric acid, and
0.1 mLof anisaldehyde, mixed in this order

Analysis
Samples: StandardsolutionA, StandardsolutionB, Standard

solution C, and Sample solution
Apply the Samples as bands. Use a saturated chamber, and

condition the plate to a relative humidity of about 33%
usinga suitabledevice.Developuntilthe solventfront has
moved up about 7 cm from the loweredge of the plate.
Remove the plate from the chamber, dry, and examine
under UV light at 254 nm. Treat with the Derivatization
reagent, heat for 5 min at 100°, and examine under white
light.

Acceptance criteria: UnderUV 254 nm, the chromatogram
of the Sample solutionexhibits an intense quenching band
at RF of about 0.15 correspondingto the piperine band in
the chromatogram of StandardsolutionA, a quenching
band at RF of about 0.02, and three quenching bands of
similar intensityequally spaced located between RFof about
0.3 and 0.5. Underwhite light, the derivatized
chromatogram of the Sample solution exhibits main bands
similar in position and color to the main bands in the
chromatogram of Standardsolution C.These bands
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include a dark green band of the same color and RF as the
piperine band in Standard solution A (RF of about 0.15), a
weak violet band at RF of about 0.47 below the position of
the band due to borneol in Standard solution B, and a
greenish band in the lower part of the chromatogram at RF

of about 0.07. Other minor bands may be observed in the
Sample solution and Standard solution C chromatograms.
No blue bands are detected in the chromatogram of the
Sample solution at RF of about 0.10 and 0.58 (distinction
from long pepper).

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Piperine.
Acceptance criteria: The chromatogram of the Sample

solution obtained at 343 nm exhibits a major peak at the
retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by
comparison with the chromatogram of Standard solution B
and the reference chromatogram provided with the lot of
USP Powdered Black Pepper Extract RS being used. The
Sample solution chromatogram shows an additional peak
corresponding to piperyline. The chromatogram of the
Sample solution obtained at 270 nm does not exhibit a peak
due to (2E,4E)-N-isobutyldecadienamide at a relative
retention time of 1.14 to the piperine peak (distinction from
long pepper).

COMPOSITION
• CONTENTOF PIPERINE

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 mLof water, and add 0.5 mL
of phosphoric acid. Dilute with water to 1000 mL, mix,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80

35 55 45

40 95 5

45 95 5

[NOTE-Proceed under subdued light or using
low-actinic glassware.]

Standard solution A: 0.1 mg/mL of USP Piperine RS in
methanol

Standard solution B: Sonicate a portion of USP Powdered
Black Pepper Extract RS in methanol to obtain a solution
havlnq a concentration of about 0.5 mg/mL. Before
injection, pass through a membrane filter of 0.45-l..Im or
finer pore size, discarding the first few mL of the filtrate.

Sample solution: Transfer about 2.0 g of Powdered Black
Pepper, accurately weighed, to a 250-mL flask fitted with a
reflux condenser. Add 50 mLof methanol, reflux on a water
bath for about 20 min, allow to settle, and decant the
supernatant. Repeat until the last extract is colorless.
Combine the extracts, concentrate under vacuum, and
adjust the volume to 100 mL using methanol. Before
injection, pass through a membrane filter of 0.45-l..Im or
finer pore size, discarding the first few mL of the filtrate.
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Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 343 nrn and 270 nm
Column: 4.6-mm x 25-cm; 5-l..Im, 100 Apacking L1
Flow rate: 1.5 mL/min
Injection volume: 20 I..IL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram obtained
from Standard solution B is similar to the reference .,
chromatogram provided with the lot of USP Powdered
Black Pepper Extract RS being used.

Tailing factor: NMT 1.5 for the piperine peak, Standard
solution A

Relative standard deviation: NMT 2.5% determined
from the piperine peak in replicate injections,· Standard
solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
[NOTE-Standard solution A, Standard solution B, and

the Sample solution are stable for 6 h at room
temperature.]

Using the chromatograms of Standard solution A, Standard
solution B, and the reference chromatogram provided
with the lot of USP Powdered Black Pepper Extract RS
being used, identify the retention times of the peaks
corresponding to piperine and piperyline in the Sample
solution chromatogram.

Calculate the percentage of piperine in the portion of
Powdered Black Pepper taken:

Result= (rufrs) x Cs x (V/W) x 100

= peak area of piperine from the Sample solution
chromatogram at 343 nm

=peak area of piperine from the Standard solution
A chromatogram at 343 nm

=concentration of piperine in Standard solution A
(mg/mL)

=final volume of the Sample solution (mL)
= weight of Powdered Black Pepper used to

prepare the Sample solution (mg)

Acceptance criteria: NLT 2.5% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meetsthe requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

, (561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined molds and yeasts count does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 cfu/g. '

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Blackish-greypowder; characteristic aromatic
odor; characteristic pungent taste

Microscopic: Fragments of polygonal epicarp cells, some
containing small prisms of calcium oxalate; parenchyma

, cells containing starch grains; oil cells; lignified sclereids;
three-sided thickened pitted stone cells (beaker-shape cells)

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

both in surface and side view; yellowish-brown polygonal
cells of the testa; fragments of spiral vessels; parenchyma
cells full of starch grains; aleurone grains; oil drops; and
starch grains

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 7 (561): NlT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 7 (561): NlT 9.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Black Pepper
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 1.0 g of Powdered Black Pepper
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561)
Sample: 1.0 g of Powdered Black Pepper
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the latin binomialand, following
the official name, the part of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP Piperine RS
USP Powdered Black Pepper Extract RS

Powdered Black Pepper Extract
DEFINITION
Powdered Black Pepper Extract is prepared from Black Pepper

using suitable solvents such as ethyl acetate, methanol, or a
mixture of these solvents. The ratio of plant material to
extract is about 15:1. It contains NlT 90.0% and NMT
110.0% of the labeled amount of piperine, calculated on the
dried basis. It may contain suitable added substances as
carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.9 mg/ml of USP Piperine RS in
methanol

Standard solution B: 2.0 mg/ml of borneol in methanol
Standard solution C: 5 mg/ml of USP Powdered Black

Pepper Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant.

Sample solution: Sonicate for about 10 min an amount of
Powdered Extract, equivalent to about 10 mg of piperine,
in 10 ml of methanol, centrifuge, and use the supernatant.

Chromatographic system .
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTlC plates)
Application volume: 15 ul, of Standard solution C, 7 ~l

of the Sample solution, and 3 ul, of Standard solution Aand
Standard solution B, as bands, 8 mm

Developing solvent system: A mixture of hexanes and
ethyl acetate (5:3)

Derivatization reagent: A mixture of 17 ml of ice-cooled
methanol, 2 ml of acetic acid, 1 ml of sulfuric acid, and
0.1 mL of anisaldehyde mixed in this order.

Analysis .
Samples: Standard solution A,Standard solution B, Standard

solution C, and Sample solution
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Apply the Samples as bands to a suitable high
performance thin-layer chromatographic plate (see
Chromatography (621». Use a saturated chamber, and
condition the plate to a relative humidity of about 33%
using a suitable device. Develop the chromatograms
until the solvent front has moved up about 7 cm from
the lower edge of the plate. Remove the plate from the
chamber, dry, and examine under UV light at 254 nm.
Derivatizewith the Derivatization reagent, heat for 5 min
at 100°, and examine under visible light.

Acceptance criteria: Under UV 254 nm, the chromatogram
of the Sample solution exhibits an intense quenching band
at R Fof about 0.15 corresponding in R Fto the piperine
band in the chromatogram of Standard solution A, a
quenching band at R Fof about 0.02, and three quenching
bands of similar intensity equally spaced located between
R F of about 0.3 and 0.5. Under visible light and after
derivatization, the chromatogram of the Sample solution
exhibits main bands similar in position and color to the
main bands in the chromatogram of Standard solution C.
These bands include a dark green band of the same color
and RF as the piperine band in Standard solution A (R F of
about 0.15), a weak violet band at R Fof about 0.47 below
the position of the band due to borneol in Standard solution
B, and a greenish band in the lower part of the
chromatogram at R.of aboutO.07. Other minor bands may
be observed in the Sample solution and Standard solution C
chromatograms. No blue bands are detected in the
chromatogram of the Sample solution at RF of about
0.10 and 0.58 (distinction from long Pepper).

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Piperine.
Acceptance criteria: The chromatogram of the Sample

solution obtained at 343 nm exhibits a major peak at the
retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by
comparison with the chromatogram of Standard solution B
and the reference chromatogram provided with the lot of
USP Powdered Black Pepper Extract RS being used. The
Sample solution chromatogram shows an additional peak
corresponding to piperyline. The chromatogram of the
Sample solution obtained at 270 nm does not exhibit a peak
due to (2E,4E)-N-isobutyldecadienamide at a relative
retention time of 1.14 to the piperine peak (distinction from
long Pepper).

COMPOSITION
• CONTENT OF PIPERINE

Solution A: Dissolve0.14 g of anhydrous potassium
dihydrogen phosphate in 900 ml of water, and add 0.5 ml
of phosphoric acid. Dilute with water to 1000 ml, mix,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 95 5

18 55 45

25 20 80

28 20 80

35 55 45

40 95 5

www.webofpharma.com

https://nhathuocngocanh.com/



4830 Black Pepper / Dietary Supplements USP43

Result = (PlL) x 100

=content of piperine as determined above (%)
=labeled amount of piperine (%)

P
L

Borage Seed Oil

Acceptance criteria: 90%-110% on the dried basis

CONTAMINANTS

[84012-16-8].

DEFINITION
Borage Seed Oil is derived from seeds of Borago officinalis L.

The oil is extracted by cold press or supercritical fluid
extraction and then refined. A suitable antioxidant may be
added.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils(401), FattyAcidComposition.
• B. IDENTIFICATION OF FIXED OILS BY THIN-LAYER .

CHROMATOGRAPHY (202): The R F values of the principal
spots of the Sample solution correspond to those of the
Standardsolution.

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 1.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Saponification Value (401): 184-194
• FATS AND FIXED OILS, UnsaponifiableMatter (401): NMT

2.0%
• FATS AND FIXED OILS, FattyAcidComposition (401): Borage

Seed Oil exhibits the composition profile of fatty acids in
Table 7.

: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeasts count does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• Loss ON DRYING (731 )

Sample: 1.0 g of Powdered Extract
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 7.0%

. ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELI~G.: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements in
Botanical Extracts (565).

• USP REFERENCE STANDARDS (11) .
USP Piperine RS
USP Powdered BlackPepper Extract RS

Table 1 (continued)

[NOTE-Proceed under subdued light or using low-actinic .
glassware.] .

Standard solution A: 0.1 mg/mL of USP Piperine RS in
methanol

Standard solution B: Sonicate a portion of USP Powdered
Black Pepper Extract RS in methanol to obtain a solution
~~vin~ a concentration of about 0.5 mg/mL. Before
injection, pass through a membrane filter of 0.45-~m or
finer pore size, discarding the first few mL of the filtrate.

Sample solution: Transfer an accurately weighed amount of
Powdered Extract, equivalent to about 25 mg of piperine
to a 25-mL volumetric. flask, add 15 mL of methanol, and'
sonicate for 10 min. Cool to room temperature, dilute with
methanol to volume, and mix. Dilute the obtained solution
in methanol.(1:1 0). Before injection, pass through a ".
membrane filter of 0.45-~m or finer pore size, discarding
the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC .
Detector: UV 343 nm and 270 nm
Column: 4.6-mm x 25-cm; 5-~m,.100 A packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 ~L

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram obtained
from Standardsolution8 is similar to the reference
chromatogram provided with the lot of USP Powdered
BlackPepper Extract RS being used. .

Tailing factor: NMT 1.5 for the piperine peak, Standard
solutionA ..

Relative standard deviation: NMT 2.5% determined
from the piperine peak in repeated injections, Standard
solutionA .

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
[NoTE-StandardsolutionA, Standardsolution8, and

the Sample solution are stable for 6 hours at room
temperature.]

Using the chrornatoqrarnsof StandardsolutionA, Standard
solution8, and the reference chromatogram provided
with the lot of USP Powdered Black Pepper Extract RS
being used, identify the retention time of the peaks
corresponding to piperine and piperyline in the Sample
solution chromatogram. . .

Calculate the percentage of piperine in the portion of
Powdered Extract taken:

p =(r vir s) x (C sfC v) x 100

= peak area for piperine from the Sample solution
chromatogram at 343 nm

= peak area for piperine from the Standardsolution
A chromatogram at 343 nm

=concentration of piperine in StandardsolutionA
(mg/mL)

= concentration of Powdered Extract in the
Sample solution (mg/mL)

Calculate the percentage of the labeled amount of piperine
in the portion of Powdered Extract taken:

Time Solution A Solution B
(min) (%) (%)

45 95 5
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Table 1

Shorthand Percentage
Fatty Acid Notation (%)

Palmitic acid 16:0 8.0-11.0

Stearic acid 18:0 2.0-5.0

Oleic acid 18:1 14.0-19.0

Gamma-linolenic
acid 18:3 18.0-24.0

Linoleic acid 18:2 34.0-42.0

Arachidic acid 20:0 NMTO.5

Gadoleic acid 20:1 2.0-6.0

Behenic acid 22:0 NMTO.8

Erucic acid 22:1 NMT 5.0

Nervonic acid 24:1 NMT4.5

• REFRACTIVE INDEX (831): 1.474-1.478 at 200

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

preferably under an atmosphere of an inert gas, protected
from light.

• LABELING: label it to indicate the name and quantity of any
added antioxidants. Where Borage Seed Oil is intended for
use in the manufacture of dosage forms, it is so labeled.

Borage Seed Oil Capsules

DEFINITION
BorageSeed OilCapsulesare prepared with BorageOilderived
from seeds of Borago officinalis L. by cold pressing or
supercritical fluid extraction and contain NlT 95.0% of the
labeled amounts of y-Iinolenic (C18:3 n-6), linoleic
(C18:2 n-6), and oleic (C18:1 n-9) acids.

IDENTIFICATION
• A. FATTY ACID PROFILE

System suitability solution and Chromatographic system:
Proceed as directed in Strength.

Sample solution: Proceed as directed for the Sample
solution in Strength, beginning with "Transfer80 mg"
without the addition of the Internal standard.

Analysis: Identify the specifiedfatty acid methyl ester peaks
by comparing them to the reference chromatogram
provided with the lot of USP BorageSeed OilRS being used.
Determine the percentage of each constituent relative to
the total integrated area.

Acceptance criteria: The Sample solution conforms to the
fatty acid composition profile in Table 1.

Table 1

Shorthand Percentage
Fatty Acid Notation (%)

Palmitic acid 16:0 8.0-11.0

Stearic acid 18:0 2.0-5.0

Oleic acid 18:1 n-9 14.0-19.0

y-Linoleni,cacid 18:3 n-6 18.0-24.0

Linoleic acid 18:2 n-6 34.0-42.0

Arachidic acid 20:0 NMTO.5

Gondoic acid 20:1 n-9 NMT 6.0

Dietary Supplements / Borage 4831

Table 1 (continued)
Shorthand Percentage

Fatty Acid Notation (%)

Behenicacid 22:0 NMTO.8

Erucicacid 22:1 n-9 NMT 5.0

Nervonic acid 24:1 n-9 NMT4.5

STRENGTH
• CONTENT OF y-LINOLENIC, LINOLEIC, AND OLEIC ACIDS

[Nors-v-Linolenlc acid is quantitated against USP
Methyl Linolenate RS in this procedure.]

0.5 N methanolic sodium hydroxide solution: Dissolve 2 g
of sodium hydroxide in 100 ml of methanol.

Internal standard: Methyl pentadecanoic acid
Sample solution: Weigh NlT 10 Capsules. With a sharp

blade, carefully sliceopen the Capsules, avoiding lossof
shell material. Combine the Capsulecontents in a suitable
container, and mix well. Remove any adhering substance
from the emptied Capsules by washing with several
portions of diethyl ether, and discard the washings. Allow
the empty Capsule shells to air-dry over a period of NMT
30 min, taking precautions to avoid uptake or loss of
moisture. Weigh the empty Capsuleshells, and calculate
the averagefill weight/Capsule (AF) . Transfer 80 mg of the

. accurately weighed combined Capsulecontents directly
into a tared 30-ml screw-top glasscentrifugetube. Re-tare,
and accurately weigh about 40 mg of Internalstandard.
Add 2 ml of 0.5 N methanolicsodium hydroxide solution,
tightly cap, and transfer to a heating blockor another
appropriate heating device. Reflux the solution until fat
globules disappear (usually 5-1 0 min).Add2 ml of 0.14 g/
ml boron trifluoride in methanol, cap, and reflux for 2 min.
Add 4 ml of chromatographic n-heptane, cap, and reflux
for 1 min. Cool, add about 8 ml of saturated sodium
chloride solution, shake, and centrifuge to separate the
layers. Dilutean aliquot of the upper (heptane) layer
1:8 with chromatographic n-heptane, and mixwell.

System suitability solution: Using about 80 mg of USP
BorageSeed Oil RS, proceed as directed for the Sample
solution, beginning with "Transfer 80 mg" without the
addition of the Internal standard.

Standard solution: Directly into a tared 30-mL screw-top
glasscentrifuge tube accuratelyweigh about 20 mg of USP
Methyl Linolenate RS, 40 mg of USP Methyl Linoleate RS,
and 20 mg of USP Methyl Oleate RS. Proceed as directed
for the Sample solution, beginning with "Re-tare".

Chromatographic system
(See Chromatography (621>, System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silica capillary; coated

with a I.Osum film of G16
Temperatures

Injection port: 2200

Detector: 2600

Column: See Table 2.

Table 2
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

(0) CO/min) CO) (min)

70 0 70 2

70 5 240 5

Carrier gas: Helium
Linear velocity: 50 cm/s
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Split mode: Splitless
Injection volume: 1 f.JL

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements

Chromatogram similarity: The System suitability solution
chromatogram issimilar tothe referencechromatogram
provided with the lot of USP BorageSeed Oil RS
being used.

Resolution: NLT 1.5 between methyl oleate and methyl
stearate, System suitability solution

Relative standard deviation: NMT 2% for the peak area
ratios of analytes to internal standard, Standard solution

Analysis
Samples: Sample solution and Standard solution
[NOTE-The relative retention times for gamma methyl

Iinolenateand alpha methyl Iinolenateare about
0.98 and 1.0, respectively.]

Identifythe retention times of the relevantfatty acid methyl
esters by comparing the peaks in the chromatogram of
the System suitability solution with those in the reference
chromatogram. Identify the locusfor the internalstandard
peak by comparison of the chromatograms of the
Standard solution and System suitability solution.

Calculate the content, in mg/g, of y-linolenic, linoleic, and
oleic acids in the portion of Capsulestaken:

Result =(RuIRs) x (AulAs) x (mslw) x (MrdMr2 )

Ru = peak area ratio of the relevant methyl ester to the
internal standard from the Sample solution

Rs = peak area ratio of the relevant methyl ester to the
internal standard from the Standard solution

Au = weight of the Internal standard in the Sample
solution (mg)

As = weight of the Internal standard in the Standard
solution (mg)

m, = weight of the relevant USP Methyl Ester RS in the
Standard solution (mg)

W = sample weight used to prepare the Sample
solution (g) .

Mr1 = molecularweight of the relevant fatty acid (gl
mol)

Mr2 = molecularweight of the relevantfatty acid methyl
ester (g/mol)

Calculate the percentage of the labeled amounts of each
(v-llnolenlc, linoleic, and oleic)acid in the portion of
Capsules taken:

Result =A x AF x (1001L)

A =content of the relevantfatty acid in the portion
of Capsule content taken (mg/g)

AF =average fill weight (g)
L =labeled content of the relevant fatty acid (mgl

Capsule)

Acceptance criteria: 95.0% of the labeled amounts of
v-linolenlc, linoleic, and oleicacids

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements in Rupture Test for SoftShell Capsules
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

SPECIFIC TESTS
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0

USP43

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 1 x 103 cfu/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly-closed,

light-resistantcontainers.
• LABELING: The label states the articlewhich the Capsules

were prepared with and content ofy-Iinolenic, linoleic, and
oleicacids in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Borage Seed Oil RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS

DEFINITION
Boswellia serrate is the oleogum resin obtained by incision or

produced by spontaneous exudation from the stem and
branches of Boswel/ia setrata Roxb. (Fam. Burseraceae). It
contains NLT 1.0% ofthe keto derivatives of ~-boswellic acid,
calculated on the dried basisas the sum of
t t-keto-B-boswelllc acid and 3-acetyl-
t l-keto-p-boswelllc acid.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution: Treat a quantity of USP Boswellia serrata

ExtractRS with gentle heating in methanol to obtain a
solution having a known concentration of 30 mg/mL, cool,
centrifuge, and use the supernatant.

Sample solution: Use the Sample solution, prepared as
directed in the test below for Content of Keto-Derivatives of
fJ-Boswellic Acids, and concentrate to 10% of the volume.

Adsorbent: 0.25-mm layerof chromatographic silica gel
Developing solvent system: Amixture of hexane and ethyl

acetate (6:4)
Derivatization reagent: Prepare a solution of 10% sulfuric

acid in methanol. [NOTE-Prepare immediately before use.]
Application volume: 10 f.JL
Analysis

Samples: Standard solution and Sample solution
Apply the samples as bands toa suitable thin-layer

chromatographic plate (see Chromatography (621». Usea
saturated chamber. Developuntil the solvent front has
moved up about 90% of the plate. Remove, dry, and
examine under UV light at 254 nm. Dip in the
Derivatization reagent, heatfor 5-1 0 min at 100°, and
examine under white light.

Acceptance criteria: Under UV light at 254 nm, the Sample
solution exhibitstwo mainzones due to ll-keto-~-boswellic

acid and 3-acetyl-l1-keto-~-boswellic acid at RF valuesof
about 0.30 and 0.36, respectively, corresponding to zones
from the Standard solution. Underwhite light, the Sample
solution exhibits two additional zones due to ~-boswellic

acid and 3-acetyl-~-boswellic acid at RF values of about
0.49 and 0.58, respectively, corresponding to zones from
the Standard solution. Other, lessintense zones are
observed for the Sample solution and the Standard solution.
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• B. The 21O-nm chromatogram of the Sample solution, in the
test for Contentof Keto-Derivatives ofp-Boswellic Acids,
exhibits peaks for 'l l-keto-f-boswelllc acid, 3-acetyl
Tl-keto-B-boswelllc acid, p-boswellic acid, and
3-acetyl-p-boswellic acid at retention times that correspond
to those in the 21O-nmchromatogram of Standardsolution
8 and the 21O-nm reference chromatogram provided with
the USP Boswellia setrata Extract RS.

COMPOSITION
• CONTENT OF KETO-DERIVATIVES OF P-BOSWELLIC ACIDS

Standard solution A: Dissolve a quantity of USP 3-Acetyl
'l l-keto-B-BoswelllcAcid RS in methanol to obtain a
solution having a known concentration of 0.1 mg/mL.

Standard solution B: Treat a quantity of USP Boswellia
serrata Extract RS with gentle heating in methanol to
obtain a solution having a known concentration of 10 mgl
mL. Before injection, pass through a filter of 0.45-lJm
pore size.

Sample solution: Transferabout 2.0 g of crushed Boswellia
serrota to a round-bottom flask, and reflux in 50 mLof
methanol on a water bath for 15 min, stirring magnetically.
Repeat until the extract is colorless. Evaporatethe '
combined extracts to about 50 mL, transfer to a 100-mL
volumetric flask, and dilute with methanol to volume.
Before injection, pass through a filterof 0.45-lJm pore size,
and discard the first few mLof the filtrate.

Mobile phase: Prepare a filtered and degassed mixture of
acetonitrile, water, and glacial acetic acid (900: 100: 0.1).
Makeadjustments if necessary.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: See Table 1.

Table 1

Time Flow Rate
(min) (mL/min)

0 1

5 1.5

10 2

30 2

32 1

45 1

Injection volume: 20 IJL
System suitability

Samples: StandardsolutionA and StandardsolutionB
[NoTE-The relative retention times for

Tl-keto-p-bosweltlcacid and 3-acetyl-
l l-keto-j-boswelllc acid are about 1.0 and 1.4,
respectively.]

Suitability requirements: The chromatogram of
Standardsolution 8 is similarto the 254-nm reference
chromatogram provided with the lot of USP Boswellia
serrata Extract RS being used.
Relative standard deviation: NMT 2.0% for the

3-acetyl-11-keto-p-boswellic acid peak in replicate
injections, StandardsolutionA

Tailing factor: NMT 1.5, 3-acetyl-11-keto-p-boswellic
acid peak, StandardsolutionA

Analysis
Samples: StandardsolutionA, Standardsolution 8, and

Sample solution

Dietary Supplements / Boswellia 4833

Using the chromatogram of Standardsolution8 and the
reference chromatogram provided with the lot of USP
Boswellia serrata Extract RS being used, identifythe
retention times of the peaks of 'l l-keto-f-boswelllc acid
and 3-acetyl-11-keto-p-boswellic acid in the Sample
solution.

Separatelycalculate the percentages of the two analytes in
the portion of Boswellia serrata taken:

Result =(rulrs) x (CsIW) x 10F

tu =peak area of each analyte from the Sample solution
ts =peak area of 3-acetyl-11-keto-p-boswellic acid

from StandardsolutionA
Cs = concentration of USP 3-Acetyl-

Tl-keto-f-BoswelllcAcid RS in Standardsolution
A (mg/mL)

W =weight of Boswellia serrata taken to prepare the
Sample solution (g)

F =conversion factor for each analyte: 0.93 for
'l l-keto-f-boswellk acid and 1.0 for 3-acetyl
Tl-keto-Bvboswelllc acid

Acceptance criteria: Add the percentages calculated for
'l l-keto-ff-boswellk acid and 3-acetyl-11-keto-p-boswellic
acid; NLT 1.0% on the dried basis.

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

'Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: It occurs as small ovoid tears, sometimes
forming agglomerated masses up to 5 cm long and 2 cm
thick; whitish to golden yellow; fracture is brittle, and
fractured surface is waxy and translucent characteristic
aromatic odor; aromatic, slightly mucilaginoustaste.

• Loss ON DRYING (731)
Sample: 1.0 g of Boswellia serrata, finely powdered
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)
Sample: 2.0 g of Boswellia settata, finely powdered
Acceptance criteria: NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMTO.5%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 56%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The label states the Latin binomial of the
species of Boswellio from which the oleogum resinwas
obtained.

• USP REFERENCE STANDARDS (11)
USP 3-Acetyl-11-keto-p-Boswellic Acid RS
USP Boswellia serrata Extract RS
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Time Flow Rate
(min) (ml/min)

0 1

5 1.5

10 2

30 2

32 1

45 1

concentration of 10 mg/mL. Before injection, pass
through a filter of 0.45-~m pore size, and discard the first
few mL of the filtrate.

Mobile phase: Prepare a filtered and degassed mixture of
. acetonitrile, water, and glacial acetic acid (900: 100: 0.1).

Make adjustments if necessary.
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: See the gradient table below.

Result = (ru/rs) x (CsV/W) x 100F

=peak area of each analyte from the Sample solution
=peak area of 3-acetyl-ll-keto-~-boswellic acid

from Standard solution A
= concentration of USP3-Acetyl- .

I l-keto-f-Boswelllc Acid RS in Standard solution
A (mg/mL)

=final volume of the Sample solution (mL)
=weight of Extract taken to prepare the Sample

solution (mg) .
=conversion factor for each analyte(0.93 for

Tl-keto-f-boswellicadd and 1.0 for 3-acetyl
Tl-keto-f-boswelllc acid)

v
W

F

Injection size: 20 ~L ,
. System suitability

Samples: Standard solution A and Standard solution B
[NoTE-The relative retention times for

'l l-keto-B-boswelllc acid and 3-acetyl
Tl-keto-f-boswelllc acid are about 1.0 and 1.4,
respectively.]

Suitability requirements: The chromatogram of
Standard solution 8 is similar to the 254-nm Reference
Chromatogram provided with the USP Boswellia settata
Extract RS.
Tailing factor: NMT 1.5, 3-acetyl-ll-keto-~-boswellic

acid peak, Standard solution A
Relative standard deviation: NMT 2.0% of the 3-acetyl

I l-keto-p-boswellk acid peak response for replicate
injections, Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatogram of Standard solution 8 and the

254-nm Reference Chromatogram provided with the
lot of USP Boswellia setrata Extract RS, identify the
retention times of the peaks of Tl-keto-f-boswelllc acid
and 3-acetyl-ll-keto-~-boswe"icacid in the Sample
solution chromatogram.

Separately calculate the percentages of
'l l-keto-p-boswelllc acid and 3-acetyl
Tl-keto-B-boswellk acid in the portion of Extract
taken:

DEFINITION
Boswellia setraia Extract is prepared from pulverized Boswellia

setrata, using suitable solvents such as isopropanol, alcohol,
methanol, hexanes, or mixtures of these solvents. The ratio
of starting plant material to Extract is approximately 6:1. It
contains NLT90.0% and NMT 110.0% of the labeled
amount of Extract, calculated, on the dried basis, as the sum
of Tl-keto-f-boswelllc acid and 3-acetyl- I l-keto-p-boswelllc
acid; it may contain suitable added substances.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: Treat a quantity of USPBoswellia serrata

Extract RS with gentle heating in methanol to obtain a'
solution having a known concentration of 30 mg/mL, cool,
centrifuge, and use the supernatant.

Sample solution: Treat a quantity of Extract with gentle
heating in methanol to obtain a solution having a known
concentration of 30 mg/mL, cool, centrifuge, and use the
supernatant.

Adsorbent: 0.25-mm layer of chromatographic silica gel
Developing solvent system: A mixture of hexane and ethyl

acetate (6:4)
Dipping reagent:· Prepare a solution of 10% sulfuric acid in

methanol. [Nets-Prepare fresh immediately before use.]
Application volume: 10 ~L

Analysis
Samples: Standard solution and Sample solution

Apply the Samples as bands to a suitable thin-layer
chromatographic plate (see Chromatography (621 ».
Use a saturated chamber. Develop until the solvent front
has moved up about 90% of the plate. Remove, dry, and
examine under UV light at 254 nm. Dip in the Dipping
reagent, heat for 5-10 min at 100°, and examine under
visible light. ,

Acceptance criteria: Under UV light at 254 nm, the Sample
solution exhibits two main zones due to 'l l-keto-p-boswelllc
acid and 3-acetyl-11-keto-~-boswe"icacid .at RF values of
about 0.30 and 0.36, respectively, corresponding to zones
from the Standard solution. Under visible light, the Sample
solution exhibits two additional zones due to ~-boswellic

acid and 3-acetyl-~-boswellicacid at RF values of about
0.49 and 0.58, respectively, corresponding to zones from
the Standard solution. Other, less intense zones are
observed for the Sample solution and the Standard solution.

• B. The 21 O-nm chromatogram of the Sample solution, in the
test for Content of Keto-Derivatives ofp-Boswellic Acids,
exhibits peaks for t t-keto-p-bosweltlc acid, 3-acetyl-
'l l-keto-f-boswellic acid, ~-bosweJlic acid, and
3-acetyl-~-boswe"icacid at retention times that correspo~d
to those in the 21O-nm chromatogram of Standard solution
8 and the 21O-nm Reference Chromatogram provided with
the USP Boswellia serrata Extract RS. .

COMPOSITION
• CONTENT OF KETO-DERIVATIVES OF P-BOSWELLIC ACIDS

Standard solution A: Dissolve a quantity of USP 3-Acetyl
Tl-keto-B'Boswellic Acid RS in methanol to obtain a
solution having a known concentration of 0.1 mg/mL.

Standard solution B: Treat a quantity of USP Boswellia
serrata Extract RS with gentle heating in methanol to
obtain a solution having a known concentration of 10 mg/
mL.'Before injection, pass through a filter of 0.45-~m
pore size.

Sample solution: Treat a quantity of Extract with gentle
heating in methanol to obtain a solution having a known
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Calcium Citrate-see Calcium CitrateGeneral
Monographs

DEFINITION
Calcium Citrate Tablets contain NLT 90.0% and NMT 110.0%

of the labeled amount of calcium (Ca).

IDENTIFICATION
• A: The ~a'!1ple solution fr<;>m the test for Strength produces

line ermssions or absorptions at the characteristic
wavelengths for calcium.

• B. IDENTIFICATION TESTS-GENERAL, Calcium
(191 )andCitrate (191)

Analysis: .Grind a Tablet to a fine powder in a mortar.
Transfer th.e powder to a centrifuge tube, add 2-5 mL of
water, sonicate for 1 min, shake, and centrifuge.

Acceptance criteria: The supernatant meets the
requirements of the tests.

STRENGTH
[NOTE-A standard stock solution iscommercially available

at different calcium concentrations. Necessary
volumetric adjustment can be made in the Standard
solution. Concentrations of the Standard solutionand the
Sample solutionmay be modified to fit the linear or
working range of the instrument.]

• CONTENT OF CALCIUM, Procedure 1
Standard stock solution: Weigh about 1.001 g of calcium

carbonate, previously dried at 300 0 for 3 h and cooled in a
de.siccat?rfor 2 h, and dissolve in 25 mL of 1 N hydrochloric
add. BOil to expel carbon dioxide, and dilute with water to
100 mL to obtain a solution having a known concentration
of about 4000 ~g/mL of calcium.

Standard solution: To a 200-mL volumetric flask add
100 mL of water and 4 mL of nitric acid, and mix
thoroughly. Pipet 25.0 mL of the Standard stock solution
into the volumetric flask, and dilute with water to volume
to obtain a solution having a known concentration of about
500 ~g/mL of calcium.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Tra~sfer a weighed portion of the powdered Tablets,
equivalent to about 0.1 g of calcium, to a 50-mL flask. Add
4 ~L of ni~ric acid! and heat the ~olution to boil gently,
durlnq which fuming evolves. BOil the solution for an
add~tional 30 min with constant swirling, during which no
fuming should be observed. Cool the solution to room
temperature, quantitatively transfer all of the solution to a
200-mL volumetric flask, dilute with water to volume mix
and filter. ' ,

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: ICP-AES
Analytical wavelength: 317.93 nm. [NOTE-The operating

conditions may be developed and optimized based on the
manufacturer's recommendation. A typical setting
includes radio frequency (RF)power of about 1300 watts,
argon torch flow of about 15 L/min, argon auxiliary flow
of about 0.2 L/min, and a nebulizer flow rate of about
0.8 L/min.]

Analysis: Determine the emission of the Standard solution,
the Sample solution, and a 2% nitric acid solution as the
blank at the wavelength indicated above.
Calculate the percentage of the labeled amount of calcium

(Ca) in the portion of Tablets taken:

: Meets the requirements

SPECIFIC TESTS
• L.OSS ON DRYING (731): Dry 1.0 g of Extract at 105 0 for 2 h:

It loses NMT 5.0% of its weight.
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g and the total
combined molds and yeasts count does not exceed 103 cful
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture and store
in a cool place. '

• LABELI~G: The label states the Latin binomial and, following
th~ offlclal name, the part of the plant from which the
article was prepared. It meets other labeling requirements
under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP 3-Acetyl-ll·keto-~-Boswellic Acid RS
USP Boswefiia serrataExtract RS

ORGANIC IMPURITIES

•

USP 43

Acceptance criteria: Add the percentages of the two
analytes. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of Extract, calculated on the dried basis, as
the sum of I l-keto-f-boswelllc acid and 3-acetyl
Tl-keto-B-boswelllc acid.

IMPURITIES

Calcifediol-see Calcifediol General Monographs

Calcifediol Capsules-see Calcifediol Capsules
General Monographs

Calcium Ascorbate-see Calcium Ascorbate General
Monographs

Calcium Carbonate Oral Suspension-see
Calcium Carbonate Oral Suspension General Monographs

Calcium Carbonate
-see Calcium Carbonate. General Monographs

Calcium Carbonate Tablets-see Calcium
Carbonate Tablets General Monographs
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Result=(rulrs) x (CsICu) x 100

ru = peak responseof calcium from the Sample solution
rs =peak response of calcium from the Standard

solution
Cs =concentration of calcium in the Standardsolution

(uq/rnt)
Cu = nominal concentration of calcium in the Sample

solution (jJg/mL)

Acceptance criteria: 90.00/0-110.0%
• CONTENT OF CALCIUM, Procedure Z .

lanthanum chloride solution: 267 mg/mL of lanthanum
chloride heptahydratein 0.125 N hydrochloric acid

Calcium standard solution: Dissolve 1.001 9 of calcium
carbonate, previously dried at 300 0 for 3 h and cooled in a
desiccator for 2 h, in 25 mL of 1 N hydrochloric acid. Boil
to expel carbon dioxide, and dilute with water to 1000 mL
to obtain a concentration of 400 jJg/mL of calcium.

Standard stock solution: 100 jJg/mLof calcium from
Calcium standard solution in 0.125 N hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 jJg/mL of
calcium.

Sample solution: [NoTE-Finely powder NLT 20 Tablets.]
Transfer an equivalent to 5 Tablets from powdered Tablets

to a porcelain crucible. Heat the crucible in a muffle
furnace maintained at 550 0 for 6-12 h, and cool. Add
60 mLof hydrochloric acid, and boil gently on a hot plate
or steam bath for 30 min, intermittently rinsing the inner
surface of the crucible with 6 N hydrochloric acid. Cool,
and quantitatively transfer the contents of the crucible to a
1OO-mL volumetric flask. Rinse the crucible with small
portions of 6 N hydrochloric acid, and add the rinsings to
the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution
quantitatively, with 0.125 N hydrochloric acid to obtain a
concentration of 2 uq/rn], of calcium, addinq 1 mL of
Lanthanum chloridesolution per 100 ml of the final
volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission Iineat

422.7 nm
lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Blank:. 0.125 N hydrochloric acid containing 1 mL of

Lanthanum chloridesolution per 100 mL
Analysis

Samples: Standardsolutions and the Sample solution
Determine the absorbances of the solutions, using the

Blank. From a linear regression equation, calculated
using the absorbance of the Standardsolutions versus
concentrations, determine the concentration, C, in
uq/m], of calcium in the Sample solution.

Calculate the percentage of the labeled amount of
calcium (Ca) in the portion of Tablets taken:

Result= (CICu) x 100

C =determined concentration of calcium in the
Sample solution

Cu =nominal concentration of calcium in the Sample
solution

Acceptance criteria: 90.0%-110.0%

USP 43

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 1000 cfu/g. The total
combined yeastsand molds count does not exceed
100 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the test for absence of Escherichia coli

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration, 15 min

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: The label states the quantity of calcium in terms

of mg/Tablet.

Calcium Glubionate Syrup-see Calcium
Glubionate Syrup General Monographs

Calcium Gluceptate-see Calcium Gluceptate
General Monographs

Calcium Gluconate-see Calcium Gluconate General
Monographs

Calcium Gluconate Tablets-see Calcium
Gluconate Tablets General Monographs

Calci~m Glycerophosphate

C3H7Ca06P 210.14
1,2,3-Propanetriol, mono(dihydrogen phosphate) calcium

salt (1:1);
Calcium glycerophosphate [27214-00-2].

DEFINITION
Calcium Glycerophosphate is a mixture, in variable

proportions, of calcium (RS)-2,3-dihydroxypropyl phosphate
and calcium 2-hydroxy-l-(hydroxymethyl)ethyl phosphate,
which may be hydrated. Calcium Glycerophosphate contains
NLT 18.6% and NMT 19.4% of calcium (Ca), calculated on
the dried basis.

IDENTIFICATION

• A.
Analysis: Ignite 0.1 9 in a crucible. Take up the residuewith

5 mL of nitric acid, heat on a water bath for 1 min, and filter.
Mix 1 mL of the filtrate with 2 mL of ammonium
molybdate TS.
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Acceptance criteria: A yellow color develops.
• B.

Analysis: Dissolve20 mg of the substance being examined
in 5 mL of 5 M acetic acid, and add 0.5 mL of potassium
ferrocyanide solution (53 mg/mL). The resulting solution
remains clear. To the clear solution, add 50 mg of
ammonium chloride.

Acceptance criteria: A white crystalline precipitate is
produced.

ASSAY
• PROCEDURE

Sample: 200 mg
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 M edetate disodium VS
Endpoint detection: Colorimetric
Blank: 300 mL of water. Add 6 mL of 10M sodium

hydroxide and 15 mg of calconcarboxylic acid triturate.
Analysis: Dissolvethe Sample in 300 mL of water, add 6 mL

of 10M sodium hydroxide and 15 mg of calconcarboxylic
acid triturate. Titrate with Titrant until the solution is a
distinct blue color.
Calculate the percentage of calcium (Ca) in the portion of

Calcium Glycerophosphate taken:

Result= [(V - B) x M x Fx 100]/W

V =Sample titrant volume (mL)
B =Blank titrant volume (mL)
M = titrant molarity (mM/mL)
F = equivalency factor, 40.08 mg/mM
W =weight of the Sample (mg)

Acceptance criteria: 18.6%-19.4% on the dried basis

IMPURITIES
• LEAD (251): NMT 4 ppm
• IRON (241)

Standard solution: Dilute 1 volume of StandardIron
Solution, prepared asdirected in the chapter, with water to
10 volumes (1 jJg/mL).

Analysis: Dissolve0.20 9 in 10 mL of water. Add ZmL of a
20% (w/v) solution of citric acid, 0.1 mL of thioglycolic
acid, and mix. Make alkaline with 10M ammonia, dilute
with water to 20 mL, and allow to stand for 5 min. Any pink
color produced is not more intense than that obtained by
treating 4 mL of the Standardsolution in the same manner.

Acceptance criteria: NMT 20 ppm
• LIMIT OF CHLORIDE

Standard solution: 8.24 jJg/mL of sodium chloride in water
Sample solution: Dissolve 125 mg in a 1O-mL mixture of

5 M acetic acid and water (2:8), and dilute with water to
15 mL.

Analysis: To the Sample solutionadd 1 mL of 2 M nitric acid,
then add 1 mL of a silver nitrate solution (17 mg/mL), and
allow to stand for 5 min protected from light. To 10 mL
of the Standardsolution add 5 mL of water, 1 mL of 2 M
nitric acid, and 1 mL of silver nitrate solution (17 mg/mL),
and allow to stand for 5 min protected from light. When
viewed against a dark background, the Sample solution is
not more turbid than the Standardsolution.

Acceptance criteria: NMT 0.04%
• LIMIT OF SULFATE

Standard solution: 36.2 jJg/mL of potassium sulfate in
water

Sample solution: Usethe Sample solution prepared as
directed in the test for Appearance of Solution.

Dietary Supplements / Calcium 4837

Analysis: To 15 mL of the Standard solution add 0.5 mL of
5 M acetic acid and 1 mL of barium chloride solution
(250 mg/mL). Repeat, using 15 mL of the Sample solution.
Allow the solutions to stand for 5 min protected from light.
When viewed against a dark background, the Sample
solution is not more turbid than the Standardsolution.

Acceptance criteria: NMT 0.2%
• LIMIT OF ARSENIC

Standard stock solution: In a 250-mL volumetric flask
dissolve 330 mg of arsenic trioxide in 5 mL of 2 N sodium
hydroxide, and dilute with water to volume. Transfer 1 mL
of this solution to a 1OO-mL volumetric flask, and dilute with
water to volume.

Standard solution: Transfer 1 mL of Standardstock solution
into a 1O-mLvolumetric flask, and dilute with water
volume.

Tin(lI) chloride solution: Heat 20 9 of tin with 85 mL of
hydrochloric acid until no more hydrogen is released. Allow
to cool. Dilute 1 volume of this solution with 10 volumes of
dilute hydrochloric acid (200 mg/mL of hydrochloric acid
in water).

Sample solution: Transfer 330 mg of Calcium
Glycerophosphate to a 25.0-mL volumetric flask, and dilute
with water to volume.

Apparatus: Preparea 1OO-ml side-arm conical flask
containing a magnetic stirring bar. Attach to the conical

. flask a ground-glass stopper through which passes a glass
tube 20-cm long, with an internal diameter of 5 mm. The
lower end of the tube is inside the conical flask and hasbeen
drawn to a tip with an internal diameter of 1 mm. An orifice
3 mm in diameter is 15 mm from the tip and at least 3 mm
below the lower surface of the stopper. The upper end of
the tube has a flat ground surface at a right angle to the
axis of the tube. A second glass tube of the same internal
diameter and 30 mm long, with a similar flat ground
surface, is placed in contact with the ground surface of the
first tube and is held in position by a clamp and springs.
Into the lower tube, insert 55 mg of loosely packed lead
acetate cotton. Place a disk of mercuric bromide paper
between the flat surfaces of the tubes.

Analysis: Before placing the tube assembly into the flask,
transfer the Sample solution to the flask, and add 15.0 rnl,
of hydrochloric acid, 0.1 mL of Tin(lI) chloride solution, and
5 mL of potassium iodide TS.Allow to stand for 15 min, and
add 5 9 of activated zinc. Assemble the apparatus
immediately, and immerse the flask in a water bath at a
temperature such that a uniform evolution of gas is
maintained. After not less than 2 h, examine the stain
produced on the mercuric bromide paper. Perform the
same procedure using 1.0 mL of the Standardsolution. The
stain produced on the mercuric bromide paper by the
Sample solution is not more intense than that produced by
the Standardsolution.

Acceptance criteria: NMT 3 ppm
• LIMIT OF PHOSPHATES

Sulfomolybdic solution: Dissolve with heating 2.5 9 of
ammonium molybdate in 20 mL of water. Dilute 28 mL of
sulfuric acid with 50 mL of water, and cool. Mix the two
solutions, and dilute with water to 100 mL.

Tin(lI) chloride solution: Prepare asdirected in the test for
Limit of Arsenic.

Standard stock solution: 14.3 jJg/mL of monobasic
potassium phosphate in water.

Standard solution: Transfer 1.0 mL of Standardstock
solution to a 1OO-mL volumetric flask, and dilute with water
to volume.

Sample solution: Transfer 2.5 mL of the Sample solution
from the test for Appearance of Solution to a 100-mL
volumetric flask, and dilute with water to volume.
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Analysis: To 100 mL of the Sample solution add 4 mL of
SUlfor:nolybdi~ solution, mix, and add 0.1 mL of Tin(lI)
chloride solution. To 100 mL of the Standardsolution, add
4 mL of Sulfomolybdic solution, mix, and add 0.1 mL of
Tin(lI) chloride solution. Allow the preparations to stand for
10 min, then examine 20 mLof each preparation. Any color
produced by the Sample solution is not more intense than
that produced by the Standardsolution.

Acceptance criteria: NMT 0.04%
• CITRIC ACID

Mercury(lI) sulfate solution: 1 g of mercuric oxide in 20 mL
of water and 4 mL of sulfuric acid

Analysis: Mix 5 g of Calcium Glycerophosphate with 20 mL
of carbon dioxide-free water, and filter. To the filtrate add
0.15 mL of sulfuric acid, and filter. To the filtrate add 5 mL
of Mercury(lI)sulfatesolution, and heat to boiling. Add
0.5 mL of 0.2 M potassium permanganate, and heat to
boiling.

Acceptance criteria: No precipitate is formed.
• GLVCEROL AND ALCOHOL-SOLUBLE SUBSTANCES

Analysis: Mix 1 g with 25 mLof alcohol, and shake for 1 min.
Filter, evaporate the filtrate to dryness on a water bath and
dry the residue at 70 0 for 1 h. '

Acceptance criteria: The residue weighs NMT 5 mg (0.5%).

SPECIFIC TESTS
• ApPEARANCE OF SOLUTION

Opalescent suspension: Dissolve 1g of hydrazine sulfate in
100 mL of water and allow to stand for 4-6 h. Add 25 mL
of this solution to 25 mL of a solution containing
1OOmg/mL of methenamine in water, and allow to stand
for 24 h.

Primary reference suspension: Dilute 15.0 mL of the
Opalescent suspension with water to 1000 mL. [NOTE-This
suspension is freshly prepared and may be stored for NMT
24 h.] .

Reference suspension: Primary reference suspension and
water (30:70). [NoTE-Shake before using.]

Sample solution: Dissolve 1.5 g at room temperature in
150 mL of carbon dioxide-free water.

Analysis: Compare the opalescence of equal volumes of the
Sample solution and the Reference suspension.

Acceptance criteria: The Sample solution is not more
opalescent than the Reference suspension. .

• ACIDITV OR ALKALlNITV
Analysis: Dissolve 1 g of Calcium Glycerophosphate in

100 mL of water. Add 0.1 mL of 1.0% (w/v)
phenolphthalein solution.

Acceptance criteria: NMT 0.5 mL of 0.1 M sodium
hydroxide or 0.1 M hydrochloric acid is required to change
the color of the indicator.

• Loss ON DRYING (731): Dry a sample at 150 0 for 4 h: it loses
NMT 12.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature..

USP 43

Calcium L-5-Methyltetrahydrofolate

C2oH23CaN706 . xH20

C2oH23CaN706 (anhydrous) 497.52
N-[4-[[(2-Amino-l A,5,6,7,8-hexahydro-5-methyl-4-oxo-

(6S)-pteridinyl)methyl]amino]benzoyl]-L-g lutamic acid
calcium salt (1:1); ,

N-{4-[[«6S)-2-Amino-l A,5,6,7,8-hexahydro-5-methyl-4
oxo:6-pteridinyl)methyl]amino]-benzoyl}-L-glutamic acid,
calcium salt (1:1) [151533-22-1].

DEFINITION
Calcium L-5-Methyltetrahydrofolate contains NLT95.0% and

NMT 102.0% of calcium 5-methyltetrahydrofolate
(C2oH23CaN706), the sum of the L-and D-diastereoisomers,
calculated on the anhydrous and solvent-free basis, of which
NMT 1.0% corresponds to calcium D-

. 5-methyltetrahydrofolate.

IDENTIFICATION

• A.)~~~.~~...~g~$~J~1
Spgq.trQsq.QPY:·l?!If.;~{ .• OZI»

[NOTE-Ifthe spectra obtained show differences,
dissolve the substance to be examined and the USP
Calciu.m. DL-5-Methy!tetrahydrofolate RS separately in
the minimum quantity of water, and add dropwise
sufficient acetone to produce a precipitate. Allow to
stand for 15 min, centrifuge to collect the precipitate,
wash the precipitate twice with a minimum quantity
of acetone, and dry. Record new spectra using the
residues.]

• B. IDENTIFICATION TESTS-GENERAL, Calcium (191): A
5-mg/mL solution meets the requirements.

• C. HPLC: The retention time of the major peak of the
Sample solution corresponds to that of the Standard
solution, as obtained in the Assay. It complies with the
acceptance criteria of the test for Enantiomeric Purity.

ASSAY
• PROCEDURE
B~ffer: 7.8 giL of sodium dihydrogen phosphate dihydrate

In water
Solution A: Adjust the Buffer with 32% (w/v) sodium

hydroxide solution to a pH of 6.5.
Solution B: Methanol and Buffer (35:65). Adjust with 32%

(w/v) sodium hydroxide solution to a pH of 8.0.
Mobile phase: Gradient elution. See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 100 0

14 45 55

17 0 100

24 0 100

24.01 100 0
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=concentration of Calcium L-5-Methyltetra
hydrofolate in the Sample solution (mg/mL)

Acceptance criteria: 95.00/0-102.0% on the anhydrous and
solvent-free basis

Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

33 100 0

IMPURITIES
• CHLORIDE

Sample: 300 mg
Blank: Mix 1 mL of nitric acid with 75 mL of water.
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.005 M silver nitrate VS
Endpoint detection: Potentiometric

Analysis: Dissolvethe Sample in 75 mL of water (heat to
maximum of 40°), add 1 mL of nitric acid, and titrate
with the Titrant. Perform a Blankdetermination, and make
any necessary correction.
Calculate the percentage of chloride (CI) in the Sample

taken:

Result=[(Vs - VB) x M x FIW] x 100

Vs =volume of Titrant consumed by the Sample (mL)
VB =volume of Titrant consumed by the Blank (mL)

.M =actual molarity of the Titrant (mmol/mL)
F =equivalency factor, 35.45 mg/mmol
W = Sample weight (mg)

Acceptance criteria: NMT 0.5%
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Boron: NMT 50 I..Iglg
Platinum: NMT 10 I..Iglg
Arsenic: NMT 1.5 I..Iglg
Cadmium: NMT 0.5 I..Iglg
Lead: NMT 1.0 I..Iglg
Mercury: NMT 1.5 I..Iglg

• RESIDUAL SOLVENTS (467)
Acceptance criteria

Ethanol: NMT 0.5%
2-Propanol: NMT 0.5% .

[NoTE-For acceptance criteria for any other residual
solvents, see Residual Solvents (467).]

• RELATED COMPOUNDS
Solution A, Solution B, Mobile phase, System suitability

solution, Standard solution, Sample solution,
Chromatographic system, System suitability, and
Suitability requirements: Proceed as directed in the
Assay.

Analysis
Samples: Standardsolution and Sample solution
[NoTE-The impurities are listed in Table 2.]
Calculate the percentage of each impurity, asfree acid in

the portion of Calcium L-5-Methyltetrahydrofolate taken:

Result=(rvi rs) x (CsiCv) x Fx (MrdMr2) x 100

[NOTE-After analysis the column should be flushed and
stored in a mixture of methanol and water (85:15).]

Sys~em suitability solution: Transfer 25 mg of USP Folic
ACId RS and 25 mg of USP 4-Aminobenzoylglutamic Acid RS
to a 1OO-mL volumetric flask. Add about 15 mg each of
sodium hydrogen carbonate and sodium carbonate to the
fl~sk, add sufficient water, sonicate to dissolve, and dilute
with water to volume. Transfer 1.0 mL of this solution to a
second 1OO-mL volumetric flask containing 50 mg of USP
Calcium DL-5-Methyltetrahydrofolate RS, dissolve, and
dilute with water to volume.
[NOTE-The following Standard and Sample solutions

!TI.ust be injected immediately after preparation and
Injected only once.]

Standard solution: 0.5 mg/mL of USP Calcium DL
5-Methyltetrahydrofolate RS in water

Sample solution: 0.5 mg/mL of Calcium L
5-Methyltetrahydrofolate in water

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-l..Im packing L1
Column temperature: 32°
Flow rate: 1.1 mL/min
Injection volume: 10 I..IL

System suitability
Samples: System suitabilitysolution and Standardsolution

[NoTE-For the System suitability solution the relative
retention times of the component peaks are listed in
Table 2. The L- and D-isomersof
5-methyltetrahydrofolate co-elute as a single peak.
The 4a-hydroxy-5-methyltetrahydrofolic acid,
5-methyltetrahydropteroic acid, and
dimethyltetrahydrofolic acid are included as minor
components in USP Calcium DL
5-Methyltetrahydrofolate RS.]

Suitability requirements
Resolution: System sUitability solution

NLT 6 between 4-aminobenzoylglutamic acid and
4a-hydroxy-5-methyltetrahydrofolic acid

NLT 8 between folic acid and
5-methyltetrahydrofolic acid

NLT 15 between 5-methyltetrahydrofolic acid and
dimethyltetrahydrofolic acid

Relative standard deviation: Prepare three separate
Standardsolutions, and inject each Immediately and only
one time. NMT 2.0%; peak response factor from three
injections

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of calcium

5-methyltetrahydrofolate (C2oH23CaN706), the sum of the
L- and D-diastereoisomers, in the portion of Calcium L
5-Methyltetrahydrofolate taken:

Result=(rvi rs) x (CsiCv) x 100

rv =peak responsefrom the Sample solution
rs = peak responsefrom the Standardsolution
Cs = concentration of USP Calcium DL-

5-Methyltetrahydrofolate RS in the Standard
solution (mg/mL)

Cv

F

= peak response of the corresponding impurity
from the Sample solution

=peak responseof the principal peak from the
Standardsolution

=concentration of USP Calcium DL
5-Methyltetrahydrofolate RS in the Standard
solution(mg/mL)

=concentration of Calcium L-5-Methyltetra
hydrofolate in the Sample solution (mg/mL)

= relative response factor for the corresponding
impurity peak (see Table 2)
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Mr1 = molecularweight of L-5-methyltetrahydrofolic
acid, 459.46

Mr2 = molecularweight of calcium L-5-methyltetra
hydrofolate, 497.52

Acceptance criteria
[NOTE-Disregard any impurity peak lessthan 0.05%.]

Individual impurities: See Table 2.

Table 2
Relative Relative Acceptance

Retention Response Criteria,
Name Time Factor NMT(%)

4-Aminobenzoylgluta-
mic acid" 0.29 0.91 0.5

4a-Hydroxy-5-methyl-
tetrahydrofolicacid" 0.37 1.09 1.0

(6R)-Mefoxc, d 0.49 1.05 -

(65)-MefoxC. d
1.0 (sum of 6R

0.50 1.05 and 65)

Tetrahydrofolic adds 0.65 1.00k 0.5

7,8-Dihydrofolic acid' 0.83 0.95 0.5

Folic acid9 0.85 0.83 0.5

5,10-Methylenetetrahydro-
folicadd" 0.88 1.00k 0.5

5-Methyltetrahydrop-
teroic acid' 1.10 0.67 0.5

Dimethyltetrahydrofol-
ic acid) 1.25 1.00k 0.15

Total impurities - - 2.5

a N-(4-Aminobenzoyl)-L-glutamic acid.
b N-[4-({[(65)-2-Amino-4a-hydroxy-5-methyl-4-oxo-l ,4,4a,5,6,7,8,8a
octahydropteridin-6-yl]methyl}amino)benzoyl]-L-glutamic acid.
c2-Amino-8-methyl-4,9-dioxo-7-methyl-p-aminobenzoyl-glutamate-6,7,8,9
tetrahydro-4H-pyrazino-(1,2-a)-s-triazine.
d Reportthe impurity Mefoxas the sum of 6S- and 6R-Mefox.
e N-[4-({[(5)-2-Amino-4-oxo-l ,4,5,6, 7,8-hexahydropteridin-6-yl]methyl}
amino)benzoyl]-L-glutamic acid.
f N-( 4-{[(2-Amino-4-oxo-l,4, 7,8-tetrahydropteridin-6~yl)methyl]amino}
benzoyl)-L-glutamic acid. .
9 N-(4-{[(2-Amino-4-oxo-l ,4-dihydropteridin-6-yl)methyl]amino}benzoyl)-L
glutamic acid.
h N-( 4-(3-Amino-l-oxo-5,6,6a,7-tetrahydroimidazo[1 ,5-t]pteridin-8(1 H,4H,
9H)-yl)benzyl)-L-glutamic acid.
i (5)-4-{[(2-Amino-5-methyl-4-oxo-l ,4,5,6,7,8-hexahydropteridin-6-yl)methyl]
amino}benzoicacid.
j N-[4-({[(5)-5-Methyl-2-(methylamino)-4-oxo-l ,4,5,6,7,8-hexahydropteridin
6-yl]methyl}amino)benzoyl]-L-glutamic acid.
kEstimatedfactor.

• ENANTIOMERIC PURITY
Buffer: 4.54 giL ofsodium dihydrogen phosphate dihydrate

in water
Mobile phase: Acetonitrile and Buffer(3:97). Adjust with

32% (w/v) sodium hydroxide to a pH of 6.8.
Standard solution: 0.5 mg/mL of USP Calcium DL

5-Methyltetrahydrofolate RS in water
Sample solution: 0.5 mg/mL of Calcium L

5-Methyltetrahydrofolate in water
System suitability solution: Transfer 1.0 mL of Standard

solution to a 50-mLvolumetricflask, and dilute with Sample
solution to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm x 15-cm; 5-~m packing L79

USP 43

Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 ~L

System suitability
Sample: System suitability solution

[NOTE-The relative retention times of L
5-methyltetrahydrofolate and D
5-methyltetrahydrofolate are about 1 and 1.5,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between L

5-methyltetrahydrofolate and D
5-methyltetrahydrofolate

Analysis
Sample: Sample solution
Calculatethe percentage of D-5-methyltetrahydrofolate in

the portion of Calcium L-5-Methyltetrahydrofolate taken:

Result = [(rol(ro+ rJ x 100]

ro = peak response of D-5-methyltetrahydrofolate
from the Sample solution

ti =peak response of L-5-methyltetrahydrofolate
from the Sample solution

Acceptance criteria: NMT 1.0% of D-s-methyltetra
hydrofolate

SPECIFIC TESTS
• CALCIUM

Sample: 250 mg
Blank: 150 mL of water, 15 mL of 1 N sodium hydroxide,

and 300 mg of hydroxy naphthol blue
Titrimetric system

(See Titrimetry(541).)
Mode: Directtitration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in150 mL ofwater, add 15 mL
of 1 N sodium hydroxide and 300 mg of hydroxy naphthol
blue, and titrate with the Titrant until the solution is deep
blue in color. Perform a Blank determination, and make any
necessarycorrection.
Calculate the percentage of calcium (Ca) in the Sample

taken:

Result = reVs - VB) x M x FIW] x 100

Vs =volume of Titrant consumed by the Sample (mL)
VB =volume of Titrant consumed by the Blank(mL)
M =actual molarityof the Titrant (mmol/mL)
F =equivalencyfactor, 40.08 mg/mmol
W =Sample weight (mg)

Acceptance criteria: 7.0%-8.5% on the anhydrous and
solvent-freebasis

• WATER DETERMINATION, MethodIe (921)
Sample: Transfer 40 mg of Calcium L

5-Methyltetrahydrofolate to a 20-mL headspace vial, and
cap tightly. Heat the vial in a suitable Karl Fischer oven at
250°.

Analysis: The released and evaporated water is transferred
into the titration-cell in a stream of dry nitrogen at a flow
rate ofabout 40 mL/min as directed in WaterDetermination
Method Ie(921).

Acceptance criteria: 6.00/0-17.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight container, in a

cool and dry place.
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1II USP REFERENCE STANDARDS (11)
USP 4-Aminobenzoylglutamic Acid RS

N-(4-Aminobenzoyl)-L-glutamic acid.
C12H 14NzOs 266.25

USP Calcium DL-5-Methyltetrahydrofolate RS
N[4-[[(2-Amino-l,4,5,6,7,8-hexahydro-5-methyl-4-oxo

6-pteridinyl)methyl]amino]benzoyl]-L-glutamic acid,
calcium salt (1:1).

C2oHz3CaN706 497.52
USP Folic Acid RS

Calcium L-5-Methyltetrahydrofolate
Capsules
DEFINITION
Calcium L-5-Methyltetrahydrofolate Capsules contain NLT

90.0% and NMT 110.0% of the labeled amount of calcium
L-5-methyltetrahydrofolate (CzoHz3CaN706)'

IDENTIFICATION
• A. HPLC: The retention time of the major peak of the

Sample solution corresponds to that of the Standard
solution, asobtained in Strength, and to the t-lsorner of the
Standard solution in the test for Enantiomeric Purity.

STRENGTH
• PROCEDURE

Antioxidant solution: 1.5% sodium sulfite in water
Buffer: 7.8 giL of sodium dihydrogen phosphate dihydrate

in water
Solution A: Adjust the Buffer with 32% (w/v) sodium

hydroxide solution to a pH of 6.5.
Solution B: Methanol and Buffer (35:65). Adjust with 32%

(w/v) sodium hydroxide solution to a pH of .8.0.
Mobile phase: Gradient elution. See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 100 0

14 45 55

17 0 100

24 0 100

24.01 100 0

33 100 0

System suitability solution: Transfer25 mg of USP Folic
Acid RS to a 1OO-mL volumetric flask. Add about 15 mg
each of sodium hydrogen carbonate and sodium carbonate
to the flask, add sufficient water, sonicate to dissolve, and
dilute with water to volume. Transfer 1.0 mL of this solution
to a second 1OO-mL volumetric flask containing 50 mg of
USP Calcium D,L-5-Methyltetrahydrofolate RS, dissolve,and
dilute with water to volume.

Standard solution: 0.1 mg/mL of USP Calcium D,L
5-Methyltetrahydrofolate RS in Antioxidantsolution

Sample solution: Remove, as completely aspossible, the
contents of NLT 30 Capsules, and weigh accurately.
Transfer a portion of the Capsule contents, nominally
equ'ivalent to 2.5 mg of calcium L
5-methyltetrahydrofolate, to a 25-mL volumetric flask. Add
20 mL of Antioxidantsolutionand sonicate for 20 min with
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occasional shaking, cool to room temperature, dilute with
Antioxidantsolution to volume, mix well, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 32°
Flow rate: 1.1 mL/min
Injection volume: 10 IJL

System suitability
Samples: System SUitability solution and Standard solution

[NOTE-For the System suitability solution the relative
retention times of folic acid and L- and D-isomers of
5-methyltetrahydrofolate, which co-elute as a single
peak, are 0.85 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 8 between folic acid and

5-methyltetrahydrofolic acid, System suitabilitysolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of calcium

L-5-methyltetrahydrofolate (C2oHz3CaN706) in the portion
of Capsules taken:

Result=(rulrs) x (CsICu) x 100

ru = peak response from the Sample solution
ts = peak response from the Standardsolution
Cs =concentration of USP Calcium D,L-

5-Methyltetrahydrofolate RS in the Standard
solution(mg/mL)

Cu =nominal concentration of calcium L-
5-methyltetrahydrofolate in the Sample solution
(mg/mL)

Acceptance criteria: 90.0%-110.0%

IMPURITIES
• ENANTIOMERIC PURITY

Buffer: 4.54 giL of sodium dihydrogen phosphate dihydrate
in water

Mobile phase: Acetonitrile and Buffer (3:97). Adjust with
32% (w/v) sodium hydroxide to a pH of 6.8.

Standard solution: 0.4 mg/mL of USP Calcium D,L
5-Methyltetrahydrofolate RS in water

Sample solution: Filtered portion, equivalent to 0.4 mg/mL
of calcium L-5-methyltetrahydrofolate, from the contents of
NLT 30 Capsules, in water

System suitability solution: Transfer 0.2 mL of Standard
solutionto a 1O-mLvolumetric flask, and dilute with Sample
solutionto volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm x 15-cm; 5-lJm packing L791

Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 IJL

System suitability
Sampler System suitability solution

[NOTE-The relative retention times of L
5-methyltetrahydrofolate and D-

1A chiral-recognition protein, human serum albumin (HSA), chemically
bonded to silica particle,about 5 IJmin diameter. Forexample: Chromtech
Chiral HSA, availableat www.chromtech.com.
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5-methyltetrahydrofolate are about 1 and 1.5,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between L

5-methyltetrahydrofolate and 0
5-methyltetrahydrofolate

Analysis
Sample: Sample solution
Calculate the percentage of o-5-methyltetrahydrofolate in

the portion of calcium L-5-methyltetrahydrofolate taken:

Result=[rD/(rD + rL) ] x 100

rD =peak response of o-5-methyltetrahydrofolate
from the Sample solution

rL = peak response of L-5-methyltetrahydrofolate
from the Sample solution

Acceptance criteria: NMT 1.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):

. Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight, light-resistant

container, in a cool and dry place.
• USP REFERENCE STANDARDS (11)

USP Calcium O,L-5-Methyltetrahydrofolate RS
USP Folic Acid RS

Calcium L-5-Methyltetrahydrofolate
Tablets

DEFINITION
Calcium L-5-Methyltetrahydrofolate Tablets contain NLT

90.0% and NMT 110.0% of the labeled amount of calcium
L-5-methyltetrahydrofolate (CzoHz3CaN706)'

IDENTIFICATION
• A. HPLC: The retention time of the major peak of the

Sample solutioncorresponds to that of the Standard
solution, asobtained in Strength, and to the L-isomerof the
Standard solution in the test for Enantiomeric Purity.

STRENGTH
• PROCEDURE
Antioxidant solution: 1.5% sodium sulfite in water
Buffer: 7.8 giL of sodium dihydrogen phosphate dihydrate

in water
Solution A: Adjust the Bufferwith 32% (w/v) sodium

hydroxide solution to a pH of 6.5.
Solution B: Methanol and Buffer (35:65). Adjust with 32%

(w/v) sodium hydroxide solution to a pH of 8.0.
Mobile phase: Gradient elution. See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 100 0

14 45 55

17 0 100

24 0 100

USP43

Table 1 (continued)
Time Solution A Solution B
(min) (%) (%)

24.01 100 0

33 100 0

System suitability solution: Transfer 25 mg of USP Folic
Acid RS to a 1OO-mL volumetric flask. Add about 15 mg
each of sodium hydrogen carbonate and sodium carbonate
to the flask, add sufficient water, sonicate to dissolve,and
dilute with water to volume. Transfer 1.0 mL of this solution
to a second 1OO-mL volumetric flask containing 50 mg of
USP Calcium O,L-5-Methyltetrahydrofolate RS, dissolve,and
dilute with water to volume.

Standard solution: 0.1 mg/mL of USP Calcium O,L
5-Methyltetrahydrofolate RS in Antioxidantsolution

Sample solution: Transfer a portion from NLT 30 finely
powdered Tablets, nominally equivalent to 2.5 mg of
calcium L-5-methyltetrahydrofolate, to a 25-mL volumetric
flask. Add 20 mL of Antioxidantsolutionand sonicate for
20 min with occasional shaking, cool to room temperature,
dilute with Antioxidantsolution to volume, mix well, and
filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 32°
Flow rate: 1.1 mL/min
Injection volume: 10 IJL

System suitability
Samples: System suitabilitysolutionand Standard solution

[NoTE-For the System suitabilitysolution the relative
retention times of folic acid and L-and o-isomers of
5-methyltetrahydrofolate, which co-elute asa single
peak, are 0.85 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 8 between folic acid and

5-methyltetrahydrofolic acid, System suitabilitysolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of calcium

L-5-methyltetrahydrofolate (CzoHz3CaN706) in the portion
of Tablets taken:

Result=(rvlrs) x (CsICv) x 100

tu =peak response from the Sample solution
rs = peak response from the Standard solution
Cs = concentration of USP Calcium O,L-

5-Methyltetrahydrofolate RS in the Standard
solution(mg/mL)

Cv =nominal concentration of calcium L-
5-methyltetrahydrofolate in the Sample solution
(mg/mL)

Acceptance criteria: 90.00/0-110.0%

IMPURITIES
• ENANTIOMERIC PURITY

Buffer: 4.54 giL of sodium dihydrogen phosphate dihydrate
in water

Mobile phase: Acetonitrile and Buffer (3:97). Adjust with
32% (w/v) sodium hydroxide to a pH of 6.8.
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Standard solution: 0.4 mg/mL of USP Calcium D,L
5-Methyltetrahydrofolate RS in water

Sample solution: Filtered portion, equivalent to 0.4 mg/mL
of calcium L-5-methyltetrahydrofolate, from NLT 30 finely
powdered Tablets, in water

System suitability solution: Transfer 0.2 mL of Standard
solutionto a 1O-mLvolumetric flask, and dilute with Sample
solution to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm x 15-cm; 5-lJm packing L791

Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 IJL

System suitability
Sample: System suitability solution

[NoTE-The relative retention times of L
5-methyltetrahydrofolate and 0
5-methyltetrahydrofolate are about 1 and 1.5,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between L

5-methyltetrahydrofolate and D
5-methyltetrahydrofolate

Analysis
Sample: Sample solution .
Calculate the percentage of D-5-methyltetrahydrofolate in

the portion of calcium L-5-methyltetrahydrofolate taken:

Result= [ro/(ro + rJ] x 100

Io =peak response of D-5-methyltetrahydrofolate
from the Sample solution

ti =peak response of L-5-methyltetrahydrofolate
from the Sample solution

Acceptance criteria: NMT 1.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight, light-resistant

container, in a cool and dry place.
• USP REFERENCE STANDARDS (11)

USP Calcium D,L-5-Methyltetrahydrofolate RS
USP Folic Acid RS

Calcium Lactate-see Calcium Lactate General
Monographs

Calcium lactate Tablets-see Calcium Lactate
Tablets General Monographs

1 Achiral-recognition protein, human serum albumin (HSA), chemically
bonded to silica particle,about 5 urn in diameter. Forexample:Chromtech
Chiral HSA, availableat www.chromtech.com.
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Calcium Lactobionate-see Calcium Lactobionate
General Monographs

Calcium levulinate-see Calcium Levulinate General
Monographs

Calcium Pantothenate-see Calcium Pantothenate
General Monographs

Calcium Pantothenate Tablets-see Calcium
Pantothenate Tablets General Monographs

Calcium Pantothenate, Racemic-set:
Racemic Calcium Pantothenate General Monographs

Calcium Phosphate, Tribasic
-see Tribasic Calcium Phosphate NFMonographs

Calcium with Vitamin D Tablets

DEFINITION
Calcium with Vitamin D Tablets contain NLT 90.0% and NMT

125.0% of the labeled amount of calcium (Ca), derived
from substances generally recognized as safe, and NLT
90.0% and NMT 165.0% of the labeled amount of
vitamin D as cholecalciferol (C27H440 ) or ergocalciferol
(C28H440 ). They contain no other vitamins or minerals for
which nutritional value is claimed. They may contain other
labeled added substancesor additional ingredients in
amounts that are unobjectionable.

IDENTIFICATION

STRENGTH

www.webofpharma.com

https://nhathuocngocanh.com/



4844 Calcium / Dietary Supplements USP 43

= peak area of cholecalciferol or ergocalciferol
from the Sample solution

= peak area of cholecalciferol or ergocalciferol
from the Standard solution

=concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg/mL)

= nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

= correction factor to account for the average
amount of previtamin D present in the Sample
solution, 1.09

F

• VITAMIN D
:~/M

[~
er.
u
tQ.;,.. . . Use
low-actinic glassware throughout this procedure.]

Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 IJg/mL of USP Ergocalciferol RS or USP

Cholecalciferol RS in n-hexane
System suitability solution: Heat a volume of Standard

solution at 60° for 1 h to partially isomerize vitamin D
(ergocalciferol or cholecalciferol) to its corresponding
precursor.

Sample solution: Weigh and grind NLT 20 Tablets. Transfer
the equivalent to 20 IJg of cholecalciferol or ergocalciferol
to a container having a polytef-Iined screw-cap. Add 8 mL
of dimethyl sulfoxide and 12 mL of n-hexane, and shakefor
45 min on a wrist-action shakerwith tubes in a water bath
maintained at 60°. Centrifuge for 10 min, withdraw the
hexane layer by means of a pipet, and transfer to an
evaporation flask. Add 12 mL of n-hexane to the dimethyl
sulfoxide layer, mix on a vortex mixer for 5 min, and again
withdraw the hexane layer by means of a pipet and add to
the evaporation flask. Repeat this extraction with 3
additional 12-mL portions of n-hexane, adding the hexane
extracts to the evaporation flask. Evaporate the combined
hexane extracts under vacuum at room temperature to
dryness. Dissolve in and dilute the residue in a volume of
n-hexane to obtain a concentration of 2 IJg/mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Detector: UV 265 nm
Flow rate: 1 mL/min
Injection volume: 100 IJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor, System suitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440 ) or ergocalciferol (C2sH440 ) in the
portion of Tablets taken:

Result= (rufrs) x (CsICu) x Fx 100

[NOTE-A commercially available atomic absorption
standard solution for calcium may be used where
preparation of a Calcium standard stock solution is
described in the following assay. Concentrations of the
Standard solutions and the Sample stock solution may
be modified to fit the linear or working range of the
instrument.]

lanthanum chloride solution: Dissolve 26.7 g of
lanthanum chloride in 0.125 N hydrochloric acid to make
100 mL.

Calcium standard stock solution: Weigh 1.001 g of .
calcium carbonate, chelometric standard, previously dried
at 300° for 3 h and cooled in a desiccator for 2 h. Dissolve
in 25 mL of 1 N hydrochloric acid. Boil to expel carbon
dioxide, and dilute with water to 1000 mL to obtain a
solution with a concentration of 400 IJg/mL of calcium.

Standard stock solution: 100 IJg/mL of calcium from a
volume of Calcium standard stocksolution in 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
separately pipet 1.0, 1.5,2.0, 2.5, and 3.0 mL of the
Standard stock solution. To each flask add 1.0 mL of
Lanthanum chloride solution, dilute with water to volume,
and obtain Standard solutions with concentrations of 1.0,
1.5, 2.0, 2.5, and 3.0 IJg/mL, of calcium.

Sample stock solution: Weigh and.finely powder NLT 20
Tablets. Transfer the equivalent to 500 mg of calcium, in
25 mL of hydrochloric acid, and heat for 30 min on a steam
bath. Cool, dilute with water to 1000 mL, and filter.

Sample solution: Quantitatively dilute a volume of Sample
stock solution with 0.125 N hydrochloric acid to obtain a
concentration of 100 IJg/mL of calcium. Transfer 2.0 mL of
this solution to a 1OO-mL volumetric flask, add 1.0 mL of
Lanthanum chloride solution, and dilute with water to
volume.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Calcium emission line,A22.7 nm .
Blank: 1 mL of Lanthanum chloride solution per 100 mL of

0.125 N hydrochloric acid
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of calcium, and draw
the straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in IJg/mL, of
calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Tablets taken:

Result= (Cleu) x 100

C = measured concentration of calcium in the Sample
solution (lJg/mL)

Cu =nominal concentration of calcium in the Sample
solution (pq/rnl)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca)
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Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D as cholecalciferol (Cz7H440) or ergocalciferol
(CZSH440)

Dietary Supplements / Calcium 4845

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements with respect to calcium
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Determine the amount of calcium (Ca) dissolved,

using the procedure in the assay for Calcium, making any
necessary volumetric adjustments.

Tolerances: NLT 75% of the labeled amount of calcium (Ca)
is dissolved.

• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MI.CROBIAL E.NUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/g, and the
total combined molds and yeasts count does not exceed 3
x 10z cfu/g.

• .ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absente of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states that the product is Calcium with

Vitamin D Tablets. The label states also the quantities of
calcium and vitamin D in terms of metric units/Tablet, and
the salt form of calcium and the chemical form of vitamin D
present in the Tablet.

• USP REFERENCE STANDARDS (11)
USP Cholecalciferol RS
USP Ergocalciferol RS

Calcium and Vitamin D with Minerals
Tablets

DEFINITION
Calcium and Vitamin D with Minerals Tablets contain

vitamin D as Ergocalciferol (vitamin Dz) or Cholecalciferol
(vitamin D3) , Calcium, and one or more minerals derived
from substances generally recognized as safe, furnishing
one or more of the following elements in ionizable form:
copper, magnesium, manganese, and zinc. Tablets contain
NLT 90.0% and NMT 165.0% of the labeled amount of
vitamin D as cholecalciferol (Cz7H440) or ergocalciferol
(CZSH 440), and NLT 90.0% and NMT 125.0% of the labeled
amount of calcium (Ca), copper (Cu), magnesium (Mg),
manganese (Mn), and zinc (Zn). Calcium and Vitamin D
with Minerals Tablets may contain other labeled added
substances that are generally recognized assafe, in
amounts that are unobjectionable.

IDENTIFICATION
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F

=peak height for cholecalciferol or ergocalciferol
from the Sample solution

=peak height for cholecalciferol or ergocalciferol
from the Standard solution

= concentration of USPErgocalciferol RS or USP
Cholecalciferol RS in the Standard solution
(lJg/ mL)

= nominal concentration of ergocalciferol or
cholecalciferol in the Sample solution (lJg/mL)

=correction factor to account for the average
amount of previtamin D present in the Sample
solution, 1.09

Acceptance criteria: 90.0%-165.0% of the labeled amount
of cholecalciferol (C27H440 ) or ergocalciferol (C28H440 )

Calculate the percentage of the labeled amount of
cholecalciferol (C27H440 ) or ergocalciferol (C28H440 ) in the
portion of Tablets taken:

Result =(rulrs) x (CslCu) x Fx 100

Use
rovv-acuruc qrassware throughout this procedure.]

Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 IJg/mL of USPErgocalciferol RS or USP

Cholecalciferol RS in n-hexane
System suitability solution: Heat a volume of Standard

solution at 60° for 1 h to partially isomerize vitamin D
(ergocalciferol or cholecalciferol) to its corresponding
precursor.

Sample solution: Weigh and grind NLT 20 Tablets. Transfer
the equivalent to 20 IJg of cholecalciferol or ergocalciferol
to a container having a polytef-Iined screw-cap. Add 8 mL
of dimethyl sulfoxide and 12 mL of n-hexane, and shake for
45 min on a wrist-action shaker with tubes in a water bath
maintained at 60°. Centrifuge for 10 min, withdraw the
hexane layer by means of a pipet, and transfer to an
evaporation flask. Add 12 mL of n-hexaneto the dimethyl
sulfoxide layer, mix on a vortex mixer for 5 min, and again
withdraw the hexane layer by means of a pipet and add to
the evaporation flask. Repeat this extraction with 3
additional 12-mL portions of n-hexane, adding the hexane
extracts to the evaporation flask. Evaporate the combined
hexane extracts under vacuum at room temperature to
dryness. Dissolve in and dilute the residue in a volume of
n-hexane to obtain a concentration of 2 IJg/mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L8
Flow rate: 1 mL/min
Injection volume: 100 IJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor, System suitability .
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Anaiysis
Samples: Standard solution and Sample solution
Measure the responses for the vitamin D peaks.

STRENGTH

• VITAMIN I) (CHOLECALCIFEROL OR ERGOCALCIFEROL),
d;l
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• '-11.1L.'-U.lIYI. M.~thod

commercially available atomic absorption
standard solution for calcium may be used where
preparation of a Calcium standardstock solution is
described in the following assay. Concentrations of the
Standardsolutionsand the Sample stock solution may
be modified to fit the linear or working range of the
instrument.]

Lanthanum chloride solution: 267 mg/mL of lanthanum
chloride heptahydrate in 0.125 N hydrochloric acid

Calcium standard stock solution: 400 lJg/mL of calcium.
Dissolve 1.001 g of calcium carbonate, previously dried at
300° for 3 h and cooled in a desiccator for 2 h. Dissolve in
25 mL of 1 N hydrochloric acid. Boil to expel carbon
dioxide, and dilute with water to 1000 mL.

Standard stock solution: 100 lJg/mL of calcium from
Calcium standardstocksolution diluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardst?ck
solution. To each flask add 1.0 mL of Lanthanumchloride
solution,and dilute with water to volume to obtain Standard
solutionswith concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0
lJg/mL of calcium.

Sample stock solution: Weigh and finely powder NLT 20
Tablets. Mix a portion of the powder equivalent to a
nominal amount of 500 mg of calcium with 25 mL of
concentrated hydrochloric acid, and heat for 30 min on a
steam bath. Cool, dilute with water to 1000 mL, and filter.

Sample solution: Quantitatively dilute a volume of the
Sample stocksolution with 0.125 N hydrochloric acid ~o

obtain a nominal concentration of 100 lJg/mL of calcium.
Transfer 2.0 mL of this solution to a 1OO-mL volumetric
flask, add 1.0 mL of Lanthanumchloride solution,and dilute
with water to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Calcium emission line, 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 mL
Analysis

Samples: Standardsolutions and Sample solution
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Determine the absorbancesof the solutions against the
Blank. Plot the absorbances of the Standardsolutions
versus concentration, in lJg/mL, of calcium, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in lJg/mL, of

.calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium

(Ca) in the portion of Tablets taken:

Result = (C/ Cu) x 100

C = measuredconcentration of calcium in the Sample
solution (lJg/mL)

Cu = nominal concentration of calcium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca)

• COPPER, Method 1
Copper standard solution: Dissolve1.00 g of copper foil

in a minimum volume of a 50% (v/v) solution of nitric acid
solution, and dilute with a 1% (v/v) solution of nitric acid.
to 1000 mL. This solution contains 1000 uq/rnl, of copper.

Standard stock solution: 100 lJg/mL of copper from Copper
standardsolution diluted with 0.125 N hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standardstock
solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 lJg/mL of
copper.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer the equivalent of 5 mg of copper from powdered
Tablets to a porcelain crucible. Heat for 6-12 h in a muffle
furnace maintained at 550°, and cool. Add 15 mL of
hydrochloric acid, and boil gently on a hot plate or a steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 6 N hydrochloric acid. Cool, and
quantitatively transfer the contents of the crucible to a
1OO-mL volumetric flask, rinsing the crucible with portions
of 6 N hydrochloric acid. Dilute the contents of the flask
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute the filtrate quantitatively with 0.125 N
hydrochloric acid to obtain a concentration of 2 lJg/mL of
copper.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Copper emission line, 324.7 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versus concentration, in lJg/mL, of copper, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in lJg/mL, of
copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Tablets taken:

Result= (C/ Cu) x 100

C = measured concentration of copper in the Sample
solution (lJg/mL) .

Cu =nominal concentration of copper in the Sample
solution (lJg/mL)
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Acceptance criteria: 90.0%-125.0% of the labeled amount
of copper (Cu)

• MAGNESIUM, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
Magnesium standard stock solution: Transfer 1.00 g of

magnesium to a 1OOO-mL volumetric flask, dissolve in
50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution having a known
concentration of 1000 IJg/mL.

Standard stock solution: 20 IJg/mL of magnesium from
Magnesium standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of Standard stock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 0.4, 0.5, and
0.6 IJg/mL of magnesium.

Sample solution: Finely powder NLT 20 Tablets. Transfer
the equivalent of 200 mg of magnesium to a porcelain
crucible. Heat for 6-12 h in a muffle furnace maintained at
550°, and cool.. Add 15 rnl, of hydrochloric acid, and boil
gently on a hot plate or a steam bath for 30 min,
intermittently rinsing the inner surface of the crucible with
6 N hydrochloric acid. Cool, and quantitatively transfer the
contents of the crucible to a 1OO-mL volumetric flask,
rinsing the crucible with portions of 6 N hydrochloric acid.
Dilute the contents of the flask with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute the
filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 0.4 IJg/mL of magnesium, adding
1 mL of Lanthanum chloride solution per 100 mL of the final
volume.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Magnesium emission line,

285.2 nm
Blank: 0.125 N hydrochloric acid containlnq 1 mL of

Lanthanum chloride solution per 100 mL
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusconcentration, in IJg/mL, of magnesium, and draw
the straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in IJg/mL, of
magnesium in the Sample solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Tablets taken:

Result=«(/Cu) x 100

C =measured concentration of magnesium in the
Sample solution (lJg/mL)

Cu =nominal concentration of magnesium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: Transfer 1.00 g of

manganese, weighed, to a 1OOO-mL volumetric flask.
Dissolvein 20 mL of nitric acid, dilute with 6 N hydrochloric
acid to volume, and mix to obtain a solution with a
concentration of 1000 IJg/mL of manganese.
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Standard stock solution: 50 IJg/mL of manganese from
Manganese standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Standard stock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with
concentrations of 0.5, 0.75, J.0, 1.5, and 2.0 IJg/mL of
manganese.

Sample solution: Finely powder NLT 20 Tablets. Transfer
the equivalent of 9 mg of manganese from powdered
Tablets to a porcelain crucible. Heat for 6-12 h in a muffle
furnace maintained at 550°, and cool. Add 15 mL of
hydrochloric acid, and boil gently on a hot plate or a steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 6 N hydrochloric acid. Cool, and
quantitatively transfer the contents of the crucible to a
1OO-mL volumetric flask, rinsing the crucible with portions
of 6 N hydrochloric acid. Dilute the contents of the flask
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute the filtrate quantitatively with 0.125 N
hydrochloric acid to obtain aconcentration of 1 IJg/mL of
manganese.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Manganese emission line,

279.5 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of manganese, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in mg/
mL,·of manganese in the Sample solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Tablets taken:

Result=«(/Cu) x 100

C =measured concentration of manganese in the
Sample solution (lJg/mL)

Cu =nominal concentration of manganese in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of manganese

• ZINC, Method 1 .
Zinc standard stock solution: 1000 IJg/mL of zinc from zinc

oxide dissolved in 5 M hydrochloric acid (3.89 mg/mL), and
diluted with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then
dilute to final volume.]

Standard stock solution: ·50 IJg/mL of zinc from Zinc
standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0,2.0, 3.0,4.0, and 5.0 mL
of Standard stock solution to separate 1OO-mL volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of zinc.

Sample solution: Weigh and finely powder NLT 20.Tablets.
Transfer the equivalent of 40 mgof zinc from powdered
Tablets to a porcelain crucible. Heat for 6-12 h in a muffle
furnace maintained at 550°, and cool. Add 15 mL of
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hydrochloric acid, and boil gently on a hot plate or a steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 6 N hydrochloric acid. Cool, and
quantitatively transfer the contents of the crucible to a
1OO-mL volumetric flask, rinsing the crucible with portions
of 6 N hydrochloric acid. Dilute the contents of the flask
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute the filtrate quantitatively with 0.125 N
hydrochloric acid to obtain a concentration of 2 IJg/mL
of zinc.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Zinc emission line, 213.8 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in IJg/mL, of zinc, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in J.Ig/mL, of
zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Tablets taken:

Result=(C/Cu) x 100

C = measured concentration of zinc in the Sample
solution (lJg/mL)

Cu =nominal concentration of zinc in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• CALCIUM, COPPER, MAGNESIUM, MANGANESE, AND ZINC,
Method 2

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NoTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aqua regiasolutionand
water (1:9) by adding 1 volume of Stock aqua regiasolution
to 2 volumes of water. Dilute with additional water to
volume, and mix well.

System suitability solution: Preparea mixture of 1000 mg/
L of yttrium in 5% (v/v) nitric acid solution and

·1000 mg/L of scandium in 5% (v/v) nitric acid solution with
Diluent (1:1 :198), and mix.

Standard stock solution (Ca, Cu, Mg, Mn, and Zn):
[NOTE-It isonly necessaryto include the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v)
nitric acid solution, pipet the appropriate amount of
element standard solution into avolumetric flask, and dilute
with 5% (v/v) nitric acid solution to obtain a solution having
final concentrations of about 1000 mg/L of calcium,
100 mg/L of copper, 500 mg/L of magnesium, 100 mg/L
of manganese, and 250 mg/L of zinc.

Standard solutions: Prepare a mixture of Standardstock
solution in Diluent to prepare a 6-point calibration curve to
bracket the concentration range of each mineral of interest.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a portion equal to the average Tablet weight to a
250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regiasolution in 5-mL increments, followed by mixing.
[NOTE-If the sample contains a carbonate, bubbling will
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occur. Wait until bubbling ends to proceed.] Bring the
solution to a boil on a hot plate. Continue to heat gently
until fumes cease (about 1 h). Removefrom heat, cool, and
dilute with water to volume. Pass about 30 mL into a
centrifuge tube using a 5-lJm pore size nylon syringe filter.
If necessary, make any further dilutions using the Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry, using a

spectrometer set to measure the emission of each mineral
of interest at about the corresponding wavelength.
[NOTE-The operating conditions may be developed and
optimized basedon the manufacturer's recommendation.
The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]

System suitability
Sample: System suitability solution

[NOTE-Analyze the System suitability solution and
obtain the responseas directed for Analysis.]

Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the

Standardsolutions and Sample solutionwith an inductively
coupled plasma system using the Diluentasthe blank. Plot
the emission of the Standardsolutions versus
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph, determine the concentration (C), ·in mg/L, for
each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral:'

Result= ex (V/W) x Fx (Wr/L) x 100

C = measured concentration of the relevant element
in the Sample solution (mg/L)

V =volume of the Sample solution (L)
W =sample weight (mg)
F = dilution factor of the Sample solution
Wr =average weight (mg/Tablet)
L =labeled amount of the relevant element (mg/

Tablet)

Acceptance criteria: NLT 90.0%-125.0% of the labeled
amount of calcium (Ca), copper (Cu), magnesium (Mg),
manganese (Mn), and zinc (Zn)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements with respect to calcium
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Determine the amount of calcium (Ca) dissolved,

using the procedure in the assay for Calcium, making any
necessary volumetric adjustments.

Tolerances: NLT 75% of the labeled amount of Ca is
dissolved.

• WEIGHT VARIATION (2091): Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/g, and the
total combined molds and yeastscount does not exceed 3
x 102 cfu/g.
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e ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

Change toread:.

• LABELING: The labelstates that the product is Calcium and
Vitamin D with Minerals Tablets. The labelalsostates the
quantitiesofeach mineral and vitamin DAin te~msofmetriC

unitsfTablet'A (U.sPl-M~Y-2020) the saltform ofthe mineral used
as the source of each element present, and the chemical
form of vitamin D present in the dosage unit.

e USP REFERENCE STANDARDS (11)
USP Cholecalciferol RS
USP Ergocalciferol RS

Anhydrous Dibasic Calcium Phosphate
-see Dibasic Calcium Phosphate DihydrateGeneral Monographs

Dlbaslc Calcium Phosphate Dihydrate
-see Dibasic Calcium Phosphate DihydrateGeneral Monographs

Calcium Phosphate, Dibasic Tablets
-see Dibasic Calcium Phosphate Tablets General Monographs
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Cat's Claw

DEfiNITION
Cat's Clawconsists of the inner bark of the stems of Uncaria

tomentosa (Willd.) DC. (Rubiaceae). It contains NLT 0.3% of
pentacyclicoxindole alkaloids as isopteropodine, calculated
on the dried basis, as the sum of speciophylline, uncarine F,
mitraphylline, isomitraphylline, pteropodine, and
isopteropodine.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHIC,IDENTIFICATION TEST

(201)
Standard solution: 100 mg of USP Powdered Cat's Claw

ExtractRS in 2 mLof methanol. Sonicatefor 5 min, shaking
occasionally, heat in a water bath at 60° for 15 min, cool,
and centrifuge.

Sample solution: 5 g of powdered Cat's Clawin 10 ml of
methanol. Sonicate for 5 min, shaking occasionally. Heat
the mixture in a water bath at 60° for 15 min, cool, and
filter.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 IJm (TLC plates)

Application volume: 20 IJL, as bands that are 1 cm in length
Developing solvent system: Ethyl acetate and hexane

(95:5)
Derivatization reagent A: Dissolve 0.85 g of basic bismuth

nitrate in 10 mLof glacial acetic acid and 40 ml of water
by heating. Filter if necessary(Solution A). Dissolve 8 g of
potassium iodide in 30 ml of water (Solution B). Mix
Solution A and Solution 8 (1 :1) to obtain a stock solution.
Dilute1 ml of the stock solution with 2 mL of glacial acetic
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acid and 10 mL of water. [NoTE-Use freshly mixed Solution
A and Solution 8.]

Derivatization reagent B: Use a 10% solution of sodium
nitrite in water.

Analysis
Samples: Standard solution and Sample solution
Developthe chromatogram to a length of NLT 12 cm,and

dry the plate in a current of air.
Acceptance criteria: Examine the plate under short-wave

UV light (254 nm). The Sample solution chromatogram
shows multiplezones that correspond in RFvalues to those
observed in the Standard solution chromatogram. Other
zones of varying intensities may be observed in the Sample
solution. Treat the plate with Derivatization reagent A
followed by Derivatization reagent 8, and examine the plate
under white light. The Sample solution chromatogram
shows multiple orange-brown zones that correspond in
color and RF values to those observed in the Standard
solution chromatogram. Other colored zones of varying
intensities may be observed in the Sample solution.

• B. The Sample solution exhibits peaksfor speciophylline,
uncarine F, mitraphylline, isomitraphylline, pteropodine,
and isopteropodine at retention times that correspond to
those in Standard solution A, as obtained in the test for
Content of Pentacyclic Oxindole Alkaloids and Limit of
Tetracyclic Oxindoles.

COMPOSITION
• CONTENT OF PENTACYCLIC OxINDOLE ALKALOIDS AND LIMIT

OF TETRACYCLIC OXINDOLES
Standard solution A: Dissolve an accurately weighed

quantity of USP Powdered Cat's Claw ExtractRS in
methanol, shakingfor 1 min. Dilutewith methanol to
obtain a solution having a known concentration of about
0.5 mg of the labeled amount of total oxindole alkaloids
per mL. Pass through a filter of 0.45-lJm or finer pore size.

Standard solution B: 0.1 mg/mL of USP Isopteropodine RS
in methanol. Pass through a nylonfilterof 0.45-lJmor finer
pore size.

Sample solution: Accurately weigh approximately 750 mg
ofground Cat's Claw, and place ina 1O-mL centrifuge tube.
Sonicate with 2.5 mLof methanol for 10 min. Centrifuge,
and transfer this solution to a 1O-ml volumetricflask.
Repeat the extraction three additional times combining the
extracts in the 1O-ml volumetricflask, and dilute with
methanol to volume. Transferabout 3 mLof the solution
to a test tube containing 300 mg of polyamidepowder, and
shake for 1 min. Pass through a nylon filter of 0.45-lJm or
finer pore size,discarding the first part of the filtrate.

Solution A: Prepare a filtered and degassed 10 mM pH 7.0
phosphate bufferby mixing6 ml of 1 Nsodium hydroxide,
10 ml of 1 M monobasic potassium phosphate, and
sufficientwater to make 1000 mL. Adjustto a pHof 7.0
± 0.1 by adding more of either solution.

Solution B: Acetonitrile
Solution C: Methanol and glacial acetic acid (99:1)
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 65 35 0

17 65 35 0

25 50 50 0

30 50 50 0

31 0 0 100

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Dietary Supplements / eat's Claw 4853

Time Solution A Solution B Solution C
(min) (%) (%) (%)

36 0 0 100

39 65 35 0

49 65 35 0

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 1051g; the total combined
molds and yeasts count does not exceed 103/g; and the
bile-tolerantGram-negative bacteriado not exceed 103/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

[NOTE-The Pharmacopeial article is constituted only
by the stem inner barkof U. tomentosa(Willd.) DC.
Descriptions of other parts of the plant are given to
aid in the collection of the right species. Compliance
should be determined using the entire monograph
and not only the botanicaldescription.]

Macroscopic: Cat's Clawisa woody vine with a main stem
up to 20 cm indiameter and up to 30 m long.The branches
are obtusely quadrangular and generally puberulous.
Stipules inthe budsare denselytomentose inthe upper side
(differentfrom U.guianensis in which the stipules are
glabrous) with the hairs, often with curved tips, meshed
together and with the longer hairs of the leafhelping to
connect the pairof stipulesalong the margins, but split
when older (different from U.quianensis in which the
stipulesseparate earlyin the bud development).Thornsare
straight to sickle-shaped, not spirally twisted(different from
U.guianensis), verypungent and woody, from 8 to 20 mm
longand from 3 to 6 mm wide.Whenrecentlycut, the color
of the inner barkcan be whitishgray,yellowish brown, or
dark red, with longitudinal fissures and persistent
rhytidome.The internalpart hasa slightly dustyfibrous and
laminartexture with a characteristic ferruginous dust and
an extremelyastringent taste. Theterminalbrancheshavea
quadrangular sectionand yellowish green internal medulla.

Microscopic: The periderm with cork(phellem) is
constituted by 6-8 rowsof cells havingwalls evenly
thickened, a compressed phellogenand a phellodermwith
1-7 rows of sclereids. [NOTE-The periderm and phellogen
should be absent in the Pharmacopeial article.] The
secondary cortex with concentric ringsof fibers are
separated by ringsof parenchyma; ringsof fibers are
frequently interrupted by radial rowsof parenchyma cells
(predominately 1 cell broad) or narrowmedullary rays (few
cells broad), forming rectangular bundles of fibers in a
regularnetwork.Inlongitudinal view, the fibers appear with
numerous conspicuouspits; calcium oxalate microcrystals
(sand-like) are abundant in the parenchyma, but usually
absent as large polyhedral crystals or in the form of styloids
with bifurcated endings, the latterforms typically present
in the parenchyma of U. guianensis; a brown substance is
dispersed in parenchymacells; starch isabundant, granules
are solitary (circular in outline, up to 10 IJm in diameter) or
compound (2-3 components up to 15 IJm in diameter).

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Cat's Claw, finely powdered
Analysis: Drythe Sample at 105°for 2 h.
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 2.0%

ADDITIONAL" REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.

Table 1 (continued)

Cu

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 10-cm; end-capped 3-lJm packing L1
Flowrate: 0.75 mL/min
Injection volume: 10 IJL

System suitability
Samples: StandardsolutionA and Standardsolution 8
Suitability requirements

Chromatogram similarity: The chromatogram obtained
using StandardsolutionA is similar to the reference
chromatogram provided with the USP PowderedCat's
ClawExtract RS.

Tailing factor: NMT 2.0 for the isopteropodine peak,
Standardsolution 8

Relativestandard deviation: NMT 2.0% for the
isopteropodine peak in repeated injections, Standard
solution 8

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Measure the areas of the analyte peaks. Identify the

retention times of the peaks corresponding to
speciophylline, uncarine F, mitraphylline,
isomitraphylline, rhynchophylline, isorhynchophylline,
pteropodine, and isopteropodine by comparison of the
chromatogram of Standardsolution A with the reference
chromatogram providedwiththe lotofthe USP Powdered
Cat's ClawExtract RS used.

Separately calculatethe percentages of speciophylline,
uncarine F, mitraphylline, isomitraphylline,
rhynchophylline, isorhynchophylline, pteropodine, and
isopteropodine, as isopteropodine, in the portion of Cat's
Clawtaken:

Result =(rulrs) x (CsICu) x 100

= peak responsefor each relevantalkaloid from the
Sample solution

=peak responsefor isopteropodine from Standard
solution 8

= concentration of USP Isopteropodine RS in
Standardsolution B (mg/mL)

= concentration of Cat's Clawin the Sample
solution (mg/mL)

Calculate the content of pentacyclic oxindolealkaloids by
adding the percentages of speciophylline, uncarine F,
mitraphylline, isomitraphylline, pteropodine, and
isopteropodine.

Calculate the content of tetracyclic oxindolealkaloids by
adding the individual percentages of rhynchophylline and
isorhynchophylline.

Acceptance criteria
Pentacyclic oxindole alkaloids: NLT 0.3%
Tetracyclic oxindole alkaloids: NMT 0.05%

CONTAMINANTS
.·ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
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• LABEliNG: The labelstates the Latin binomial and, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Isopteropodine RS
USP Powdered Cat's ClawExtract RS

Powdered Cat's Claw

DEFINITION
Powdered Cat's ClawisCat's Claw reduced to a powder or
veryfine powder. It contains NLT 0.3% of pentacydic
oxindolealkaloids as isopteropodine, calculatedon the dried
basis, as the sum ofspeciophylline, uncarineF, mitraphylline,
isomitraphylline, pteropodine, and isopteropodine.

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 100 mg of USP PowderedCat's Claw

Extract RS in 2 mL of methanol. Sonicatefor 5 min,shaking
occasionally, heat in a water bath at 60° for 15 min, cool,
and centrifuge.

Sample solution: 5 g of PowderedCat's Clawin 10 mL of
methanol. Sonicatefor 5 min, shakingoccasionally. Heat
the mixture in a water bath at 60° for 15 min, cool, and
filter.

Adsorbent: Chromatographic silica gel mixturewith an
average particlesizeof 10-15 um (TLC plates)

Application volume: 20 J.lL, as bands that are 1 cm in length
Developing solvent system: Ethyl acetate and hexane

(95:5)
Derivatization reagent A: Dissolve 0.85 g of basicbismuth

nitrate in 10 mL of glacial acetic acid and 40 mL of water
by heating. Filter if necessary (Solution A). Dissolve 8 g of
potassium iodide in 30 mL of water (Solution B). Mix
SolutionA and Solution B (1 :1) to obtain a stocksolution.
Dilute 1 mL of the stocksolutionwith 2 mL of glacial acetic
acid and 10 mL of water. [NoTE-Use freshly mixedSolution
A and Solution B.]

Derivatization reagent B: Use a 10% solutionof sodium
nitrite in water. .

Analysis
Samples: Standardsolutionand Sample solution
Develop the chromatogram to a length of NLT 12 em, and

dry the plate in a current of air.
Acceptance criteria: Examine the plate under short-wave

UV light (254 nm). The Sample solution chromatogram
shows multiplezones that correspond in RF values to those
observed in the Standardsolutionchromatogram. Other
zones of varying intensities may be observed in the Sample
solution. Treat the plate with Derivatization reagent A
followed by Derivatization reagent B,and examinethe plate
under white light. The Sample solutionchromatogram
shows multipleorange-brown zones that correspond in
color and RF values to those observed in the Standard
solution chromatogram. Other coloredzones of varying
intensities may be observed in the Sample solution.

• B. The Sample solution exhibits peaksfor speciophylline,
uncarine F, mitraphylline, isomitraphylline, pteropodine,
and isopteropodine at retention times that correspond to
those in StandardsolutionA, as obtained in the test for
Contentof Pentacyclic Oxindole Alkaloids and Limit of
Tetracyclic Oxindoles.

USP 43

COMPOSITION
• CONTENT OF PENTACVCLlC OXINDOLE ALKALOIDS AND LIMIT

OF TETRACYCLIC OxINDOLES
Standard solution A: Dissolve an accurately weighed

quantity of USP Powdered Cat's Claw Extract RS in
methanol, shakingfor 1 min. Dilute with methanol to
obtain a solution havinga known concentration of about
0.5 mg of the labeledamount of total oxindolealkaloids
per mL. Pass through a filter of 0,45-J.lm or finer pore size.

Standard solution B: 0.1 rnq/rnl,of USP IsopteropodineRS
in methanol. Pass through a nylon filter of 0,45-J.lm or finer
pore size.

Sample solution: Accurately weigh approximately 750 mg
of Powdered Cat's Claw, and place in a 1O-mL centrifuge
tube. Sonicatewith 2.5 mL of methanol for 10 min.
Centrifuge, and transferthis solution to a 1O-mL volumetric
flask. Repeatthe extraction three additional times
combining the extracts in the 1O-mL volumetric flask, and
dilutewith methanol to volume.Transfer about 3 mL of the
solution to a test tube containing 300 mg of polyamide
powder, and shakefor 1 min. Pass through a nylonfilter of
0,45-J.lm or finer pore size, discarding the first part of the
filtrate.

Solution A: Preparea filtered and degassed 10 mM pH 7.0
phosphate bufferby mixing 6 mL of 1 Nsodium hydroxide,
10 mL of 1 M monobasic potassium phosphate, and
sufficient water to make 1000 mL. Adjust to a pH of 7.0
± 0.1 by adding more of either solution.

Solution B: Acetonitrile
Solution C: Methanoland glacial acetic acid (99:1)
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 65 35 0

17 65 35 0

25 50 50 0

30 50 50 0

31 0 0 100

36 0 0 100

39 65 35 0

49 65 35 0

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 10-cm; end-capped 3-J.lm packing L1
Flowrate: 0.75 rnt/rnln
Injection volume: 10 J.lL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: Thechromatogramobtained
using StandardsolutionA issimilar to the reference
chromatogram providedwith the USP Powdered Cat's
ClawExtract RS.

Tailing factor: NMT 2.0 for the isopteropodine peak,
StandardsolutionB

Relative standard deviation: NMT 2.0% for the
isopteropodine peak in repeated injections, Standard
solution B
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Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
Measure the areas of the analyte peaks. Identify the

retention times of the peaks corresponding to
speciophylline, uncarine F, mitraphylline,
isomitraphylline, rhynchophylline, isorhynchophylline,
pteropodine, and isopteropodine by comparison of the
chromatogram of StandardsolutionAwith the reference
chromatogram provided with the lot of the USP Powdered
Cat's Claw Extract RS used.

Separately calculate the percentages of speciophylline,
uncarine F, mitraphylline, isomitraphylline,
rhynchophylline, isorhynchophylline, pteropodine, and
isopteropodine, as isopteropodine, in the portion of
Powdered Cat's Claw taken:

Result = (ru/rs) x (Cs/Cu) x 100

ru =peak response for each relevant alkaloid from the
Sample solution

ts = peak response for isopteropodine from Standard
solution B

Cs = concentration of USP Isopteropodine RS in
Standardsolution B (mg/mL)

Cu = concentration of Powdered Cat's Claw in the
Sample solution (mg/mL)

Calculate the content of pentacyclic oxindole alkaloids by
adding the percentages of speciophylline, uncarine F,
mitraphylline, isomitraphylline, pteropodine, and
isopteropodine.

Calculate the content of tetracyclic oxindole alkaloids by
adding the individualpercentages of rhynchophylline and
isorhynchophylline.

Acceptance criteria
Pentacyclic oxindole alkaloids: NLT 0.3%
Tetracyclic oxindole alkaloids: NMT 0.05%

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements .
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements . .
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 105/g; the total combined
molds and yeasts count does not exceed 103/g; and the
bile-tolerant Gram-negative bacteria do not exceed 103/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for the absence of Salmonella
species and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Presence of fragments of

cork and suberized cells,with cellwallsevenly thickened;
presence of phelloderm sclereids;fragments of fibers that
are crossed by vascular rays darkened due to the presence
of sand-likecalcium oxalate microcrystals; solitaryor two
to three-compound starch grains'up to 15 urn in diameter;
absence of styloids, typically present in U. guianensis

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Cat's Claw
Analysis: Drythe Sample at 1~5° for 2 h.
Acceptance criteria: NMT7.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 2.0%
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant from which the
articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Isopteropodine RS
USP Powdered Cat's Claw Extract RS

Powdered Cat's Claw Extract
DEFINITION
Powdered Cat's Claw Extract is prepared from Cat's Claw by

extraction with hydroalcoholic mixtures or other suitable
solvents. The ratio of plant material to extract is between
4:1 to 6:1. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of pentacyclic oxindole alkaloids as
isopteropodine, calculated on the dried basis, as the sum of
speciophylline, uncarine F, mitraphylline, isomitraphylline,
pteropodine, and isopteropodine. It may contain suitable
added substances.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 100 mg of USP Powdered Cat's Claw
ExtractRS in 2 mLof methanol. Sonicatefor 5 min, shaking
occasionally, heat in a water bath at 600 for 15 min, cool,
and centrifuge.

Sample solution: Shake a quantity of Powdered Extract,
equivalent to about 25 mg of the labeled amount of
pentacyclicoxindole alkaloids, in 20 mLof methanol. Allow
to stand for 15 min before use.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 urn (TLC plates)

Application volume: 20 J.lL, as bands that are 1 em in length
Developing solvent system: Ethyl acetate and hexane

(95:5)
Spray reagent A: Dissolve 0.85 g of basic bismuth nitrate in

10 mLof glacialacetic acid and 40 mLof water by heating.
Filter if necessary (Solution A). Dissolve 8 g of potassium
iodide in 30 mLof water (Solution B). Mix Solution Aand
Solution B (1:1) to obtain a stock solution. Dilute1 mLof
the stocksolution with 2 mLofglacial acetic acid and 10 mL
of water. [NoTE-Use freshly mixed Solution Aand Solution
B.]

Spray reagent B: Usea 10% solution of sodium nitrite in
water.

Analysis
Samples: Standardsolution and Sample solution

Developthe chromatogram to a length of NLT12 em, and
dry the plate in a current of air.

Acceptance criteria: Examine the plate under short UV
light. The Sample solution chromatogram shows multiple
zones that correspond in R Fvalues to those observed from
the Standardsolution chromatogram. Other zones of
varying intensities may be observed in the Sample solution.
Spray the plate with Spray reagentAfollowed by Spray
reagentB, and examine the plate under daylight. The
Sample solution chromatogram shows multiple
orange-brown zones that correspond in colorand R Fvalues
to those observed in the Standardsolutionchromatogram.
Other colored zones of varying intensitiesmay be observed
in the Sample solution.

• B. The chromatogram of the Sample solutionexhibits peaks
for speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, and isopteropodine at
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retention times that correspond to those of Standard
solution A, as obtained in the test for Content of Pentacyclic
OxindoleAlkaloidsand Limit of Tetracyclic Oxindole
Alkaloids. The sum of the peak areas for the tetracyclic
oxindole alkaloids rhynchophylline and isorhynchophylline
is less than 25% of the total peak areas detected for
pentacyclic oxindole alkaloids.

COMPOSITION
• CONTENTOIF PENTACYCLIC OXINDOLE ALKALOIDS AND LIMIT

OIF TETRACYCUC OxINDOLES
Standard solution A: Dissolve an accurately weighed

quantity of USP Powdered Cat's ClawExtractRS in
methanol, shaking for 1 min. Dilute with methanol to
obtain a solution having a known concentration of about
0.5 mg of the labeled amount of total oxindole alkaloids
per mL. Passthrough a filter of 0,45-J..Im or finer pore size.

Standard solution B: 0.1 mg/mL of USP Isopteropodine RS
in methanol. Pass through a nylonfilterof 0,45-J..Im or finer
pore size.

Sample solution: Transferan accuratelyweighed quantity
of Powdered Extract, equivalent to about 5 mg of the
labeled content of pentacyclicoxindole alkaloids, to a
1O-mL centrifuge tube. Add 2.5 mLof methanol, and
sonicate for 10 min. Centrifuge, and transfer the
supernatant to a 1O-mL volumetricflask. Repeat the
extraction three additional times combining the extracts in
the 1O-mL volumetric flask, and dilute with methanol to
volume. Transferabout 3 mLof the solution to a test tube
containing 300 mg of polyamide powder, and shake for
1 min. Passthrough a nylon filterof 0,45-J..Im or finer pore
size, discarding the first part of the filtrate.

Solution A: Prepare a filtered and degassed 10 mM pH 7.0
phosphate buffer by mixing6 mL of 1 Nsodium hydroxide,
10 mLof 1 M monobasic potassium phosphate, and
sufficientwater to make 1000 mL. Adjustto a pH of 7.0
± 0.1 by adding more of either solution.

Solution B: Acetonitrile
Solution C: Methanol and glacial acetic acid (99:1)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 65 35 0

17 65 35 0

25 50 50 0

30 50 50 0

31 0 0 100

36 0 0 100

39 65 35 0

49 65 35 0

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 10-cm; end-capped 3-J..Im packing L1
Flow rate: 0.75 mL/min
Injection size: 10 J..IL

System suitability
Samples: Standard solution A and Standardsolution B
Suitability requirements

Chromatogram similarity:. Thechromatogram obtained
using Standardsolution A issimilar to the Reference

USP 43

Chromatogram provided with the USP Powdered Cat's
Claw Extract RS being used:

Tailing factor: NMT 2.0 for the isopteropodine peak,
Standardsolution B

Relative standard deviation: NMT 2.0% for the
isopteropodine peak in repeated injections, Standard
solution B

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
Measurethe areas of the analyte peaks. Identify the

retention times of the peaks corresponding to
speciophylline, uncarine F, mitraphylline, .
isomitraphylline, rhynchophylline, isorhynchophylhne,
pteropodine, and isopteropodine by comparison of the
chromatogram of Standard solution A with the Reference
Chromatogram provided with the lot of the USP
Powdered Cat's Claw Extract RS used. '

Separatelycalculate the percentages of speciophylline,
uncarine F, mitraphylline, isomitraphylline,
rhynchophylline, isorhynchophylline, pteropodine, and
isopteropodine, as isopteropodine, in the portion of
Powdered Extract taken:

Result = (r vir s) x (CsiC v) x 100

= peak response for each relevantalkaloid from the
Sample solution

=peak response for isopteropodine from Standard
solution B

=concentration of USP Isopteropodine RS in
Standardsolution B (mg/mL)

=concentration of Powdered Extract in the
Sample solution (mg/mL)

Calculatethe percentage of the labeled amount of
pentacyclicoxindole alkaloids in the Powdered Extract:

Result =(,,£PAIL) x 100

r,PA = sum of percentages of speciophylline, uncarine F,
mitraphylline, isomitraphylline, pteropodine,
and isopteropodine (%)

L = labeled amount of pentacyclicalkaloids as
isopteropodine (%)

Calculatethe content of tetracyclicoxindole alkaloids by
adding the individual percentages of rhynchophylline and
isorhynchophylline.

Acceptance criteria
Pentacyclic oxindole alkaloids: 90.0%-110.0% of the

labeled amount on the dried basis
Tetracyclic oxindole alkaloids: NMT 25% of the labeled

amount of pentacyclicoxindole alkaloids on the dried
basis

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): Meets the

requirements of the tests for absence of Salmonella species
and Escherichia coli. The total aerobic microbial count does
not exceed 104/g, and the total combined moldsand yeasts
count does not exceed 103/g.

• OTHER REQUIREMENTS: It meets the requirements for
BotanicalExtracts (565), Residual Solvents and Pesticide
Residues.

SPECIFIC TESTS -. . . ... .'. , .
• Loss ON DRYING (731): Dry1 g-at 105°for 2 h.ltloses NMT

10.0% of its weight.
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant from whichthe
article was prepared. The labelalso indicatesthe content of
pentacyclic oxindolealkaloids, the extracting solventor
solvent mixtureused for preparation, and the ratioof the
starting crude plant materialto Powdered Extract. It meets
the requirementsfor BotanicalExtracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Isopteropodine RS
USP PowderedCat's ClawExtract RS

Cat's Claw Capsules
DEFINITION
Cat's Claw Capsules contain Powdered Cat's ClawExtract.

Capsules contain NLT 90.0% and NMT 110.0% of the
labeledamount of Powdered Extract, calculated as
pentacyclic oxindolealkaloids.

IDENTIFICAnON
• The Sample solution chromatogram exhibits peaksfor

speciophylJine, uncarine F, mitraphylline, isomitraphylline,
pteropodine, and isopteropodine at retention times that
correspond to those in StandardsolutionA, as obtained in
the test for ContentofPentacyclic Oxindole Alkaloids andLimit
of Tetracyclic Oxindole Alkaloids. The content of tetracyclic
oxindolealkaloids, calculated as the sum of
rhynchophylline and isorhynchophylline, is NMT 25% of
the labeledamount of pentacyclic oxindolealkaloids.

STRENGTH
• CONTENT OF PENTACYCLIC OXINDOLE ALKALOIDS AND LIMIT

OF TETRACYCLIC OXINDOLE ALKALOIDS
Solution A: Preparea 10 mM pH 7.0 phosphate buffer by

mixing 1 Nsodium hydroxide, 1 M monobasic potassium
phosphate, and water (3:5:492), and adjust.to a pHof 7.0
± 0.1 by adding more of either solution.

Solution B: Acetonitrile
Solution C: Methanol and glacial acetic acid (99:1)
Mobile phase: See the gradient table below.

Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 65 35 0

17 65 35 0

25 50 50 0

30 50 50 0

31 0 0 100

36 0 0 100

39 65 35 0

49 65 35 0

Standard solution A: Dissolve an accuratelyweighed
quantity of USP Powdered Cat's ClawExtract RS in
methanol, shakefor 1 min, and dilute with methanol to
obtain a solution having a known concentration of about
0.5 mg/mLof the labeled amount of total oxindole .
alkaloids. Pass through a filterof 0.45-~m or finerpore size.
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Standard solution B: 0.1 mg/mLof USP Isopteropodine RS
in methanol. Pass through a nylonfilter of 0.45-~m or finer
pore size.

Sample solution: Accurately weigh the contents of not
fewer than 20 Capsules and pulverize. Transfer an
accurately weighed quantity of the powder, equivalentto
20 mg of the labeledamount of pentacyclic oxindole
alkaloids, to a 50-mL centrifugetube. Sonicatewith 10 mL
of methanol for 10 min. Centrifugeand transfer this
solutionto a 50-mL volumetric flask. Repeatthe above
extractionthree more times, combining the extracts in the
50-mL volumetric flask, and dilute with methanol to
volume. Transfer 3 mL of the solution to a test tube
containing 300 mg of polyamide powder, and shakefor
1 min. Pass through a nylonfilterof 0.45-~m or finer pore
size, and discard the first part of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 10-cm; endcapped 3-~m packing L1
Flowrate: 0.75 mL/min
Injection size: 10 ~L

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: Thechromatogram obtained
using StandardsolutionA is similar to the Reference
Chromatogram providedwith the USP Powdered Cat's
ClawExtract RS being used.

Tailing factor: NMT 2.0 for the isopteropodine peak,
Standardsolution B

Relative standard deviation: NMT 2.0% from the
isopteropodine peak in repeated injections, Standard
solutionB

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Measure the areas of the analyte peaks. Identify the

retention times of the peakscorresponding to
speciophylline, uncarine F, mitraphylline,
isomitraphylJine, pteropodine, isopteropodine,
rhynchophylline, and isorhynchophylline by comparison
of the chromatogram of StandardsolutionA with the
Reference Chromatogram providedwith the lot of the
USP Powdered Cat's ClawExtract RS being used.

Calculate the content, in mg, of speciophylline, uncarine
F, mitraphylline, isomitraphylline, pteropodine, and
isopteropodine, as isopteropodine, in the portion of
Capsules taken:

Result =(ru/rs) x C, x V

ru = peak responsefor each relevantalkaloid fromthe
Sample solution

r, = peak responsefor isopteropodinefrom Standard
solution B

C, =concentration of USP Isopteropodine RS in
StandardsolutionB (mg/mL)

V = final dilution volume of the Sample solution (mL)

Calculate the content, in mg, of total pentacyclic oxindole
alkaloids (Cd in the portion of Capsules taken by adding
the individual contents of speciophylline, uncarine F,
mitraphylline, isomitraphylJine, pteropodine, and
isopteropodine.

Calculate the percentage of PowderedCat's ClawExtract
with respect to the labelclaim:
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Awe

Cat's Claw Tablets

DEFINITION
Cat's ClawTablets contain Powdered Cat's Claw Extract.

Tablets contain NLT 90.0% arid NMT 110.0% of the labeled

Standard solution A: Dissolve an accurately weighed
quantity of USP Powdered Cat's Claw ExtractRS in
methanol, shake for 1 min, and dilute with methanol to
obtain a solution having a known concentration of about
0.5 mg/mL of the labeled amount of total oxindole
alkaloids. Pass through a filterof 0.45-J..Im or finer pore size.

Standard solution B: 0.1 mg/mL of USP Isopteropodine RS
in methanol. Pass through a nylonfilterof 0.45-J..Im or finer
pore size.

Sample solution: Accurately weigh not fewer than 20
Tablets and pulverize. Transferan accurately weighed
quantity of the powder, equivalent to 20 mg of the labeled
amount of pentacyclicoxindole alkaloids, to a 50-mL
centrifuge tube. Sonicate with 10 mLof methanol for
10 min. Centrifuge and transfer this solution to a 50-mL
volumetricflask. Repeat the above extraction three more
times, combining the extracts in the 50-mLvolumetric
flask, and dilute with methanol to volume. Transfer3 mL of
the solution to a test tube containing 300 mg of polyamide
powder, and shakefor 1 min. Pass through a nylonfilterof
0.45-J..Im or finer pore size, and discard the first part of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 10-cm; endcapped 3-J..Im packing L1
Flow rate: 0.75 mL/min
Injection size: 10 J..IL

amount of Powdered Extract, calculated as pentacyclic
oxindole alkaloids.

IDENTIFICATION
• The Sample solutionchromatogram exhibits peaks for

speciophylline, uncarine F, mitraphylline, isomitraphylline,
pteropodine, and isopteropodine at retention times that
correspond to those in StandardsolutionA, as obtained .ln
the test for Contentof Pentacyclic Oxindole Alkaloids andLimit
of Tetracyclic Oxindole Alkaloids. The content of tetracyclic
oxindole alkaloids, calculated as the sum of
rhynchophylline and isorhynchophylline, is NMT 25% of
the labeled amount of pentacyclicoxindole alkaloids.

STRENGTH
• CONTENT OF PENTACYCLIC OXINDOLE ALKALOIDS AND LIMIT

OF TETRACYCLIC OXINDOLE ALKALOIDS
Solution A: Prepare a 10 mM pH 7.0 phosphate buffer by

mixing 1 N sodium hydroxide, 1 M monobasic potassium
phosphate, and water (3:5:492), and adjust to a pH of 7.0
± 0.1 by adding more of either solution.

Solution B: Acetonitrile
Solution C: Methanol and glacial acetic acid (99:1)
Mobile phase: See the gradient table below.

Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 65 35 0

17 65 35 0

25 50 50 0

30 50 50 0

31 0 0 100

36 0 0 100

39 65 35 0

49 65 35 0

Result =Ce x (Awe/W) x (1 OO/L~ x (100/L)

=content of total pentacyclicoxindole alkaloids in
the portion of Capsules taken (mg)

= average weight of Capsulescontents (mgl
Capsule)

=weight of the portion of Capsules taken (mg)
= content of total pentacyclicoxindole alkaloids,
. mg, in 100 mg of the Extract used to prepare
the Capsules

=amount of Extract per Capsuleaccording to label
claim (mg/Capsule)

Calculatethe percentage of tetracyclic oxindole alkaloids
with respect to the content of pentacyclicoxindole
alkaloids in the portion of Capsules taken:

L

Result = (rr/rp) x 100

rr = sum of peak responses for rhynchophylline and
isorhynchophylline in the chromatogram of the
Sample solution

rp =sum of peak responses for speciophylline,
uncarine F, mitraphylline, isomitraphylline,
petoropodine and isoperopodine in the
chromatogram of the Sample solution

Acceptance criteria: 90.0%-110.0% of the labeled amount
of Powdered Extractcalculated as pentacyclicoxindole
alkaloids; and NMT 25% of tetracyclicoxindole alkaloids
with respect to the labeled amount of pentacyclicoxindole
alkaloids isfound.

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meets the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meets the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 du/g, and the total
combined molds and yeastscount does not exceed 103 dul
g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The label states the Latin binomial and, following

the official name, the articlefrom which the Capsuleswere
prepared. Ifprepared with Extract, the labelalso indicates
the quantity, in mg, of Extract per Capsuleand the content,
in mg, of pentacyclic oxindole alkaloids per 100 mg of
Powdered Extract.

• USP REFERENCE STANDARDS (11)
USP Isopteropodine RS
USP Powdered Cat's Claw ExtractRS

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements .

Chromatogram similarity: The chromatogram obtained
using Standard solution A is similar to the Reference
Chromatogram provided with the USP Powdered Cat's
Claw ExtractRS being used.

Tailing factor: NMT2.0 for the isopteropodine peak,
Standard solution B

Relative standard deviation: NMT2.0% from the
isopteropodine peak in repeated injections, Standard
solution B

Analysis
Samples: Standard solution A, Standard solution B,and

Sample solution
Measure the areas of the analyte peaks. Identify the

retention times of the peaks corresponding to
speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, isopteropodine,
rhynchophylline, and isorhynchophylline by comparison
of the chromatogram of Standard solution A with the
Reference Chromatogram provided with the lot of the
USP Powdered Cat's Claw Extract RS being used.

Calculatethe content, in mg, of speciophylline, uncarine F,
mitraphylline, isomitraphylline, pteropodine, and
isopteropodine, as isopteropodine, in the portion of
Tablets taken:

Result = (ru/rs) x C, x V

ru =peak response for each relevant alkaloid from the
Sample solution

rs = peak response for isopteropodine from Standard
solution B

Cs = concentration of USP Isopteropodine RS in
Standard solution B(mg/ml)

V = final dilution volume of the Sample solution (ml)

Calculate the content, in mg, of total pentacyclic oxindole
alkaloids (CT) in the portion ofTablets taken by adding the
individual contents of speciophylline, uncarlne F,
mitraphylline, isomitraphylline, pteropodine, and
isopteropodine.

Calculate the percentage of Powdered Cat's Claw Extract
with respect to the label claim:

Result =CTx (AWT/W) x (100/lJ x (100/l)

CT =content of total pentacyclic oxindole alkaloids in
the portion of Tablets taken (mg)

AWT =average weight of Tablets (mg/Tablet)
W =weight of the portion of Tablets taken (mg)
le =content of total pentacyclic oxindole alkaloids,

mg, in 100 mg of the Extract used to prepare
the Tablets

l = amount of Extract per Tablet according to label
claim (mg/Tablet)

Calculate the percentage of tetracyclic oxindole alkaloids
with respect to the content of pentacyclic oxindole
alkaloids in the portion of Tablets taken:

Result =(rT/rp) x 100

= sum of peak responses for rhynchophyllineand
isorhynchophylline in the chromatogram of the
Sample solution

= sum of peak responses for speciophylline,
uncarine F, mitraphylline, isomitraphylline,
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petoropodine and isoperopodine in the
chromatogram of the Sample solution

Acceptance criteria: 90.0%-110.0% of the labeled amount
of Powdered Extractcalculated as pentacyclic oxindole
alkaloids; and NMT 25% of tetracyclic oxindole alkaloids
with respect to the labeled amount of pentacyclicoxindole
alkaloids isfound.

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meets the requirements for
Disintegration .

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meets the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g. The total
combined molds and yeasts count does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant
. containers, and store at room temperature.

• LABELING: The labelstates the latin binomial and, following
the official name, the article from which Tablets were
prepared. The labelalso indicates the quantity of Powdered
Extract per Tablet, in mg. label Tablets to indicate the
content, in mg, of pentacyclic oxindole alkaloids per
100 mg of Powdered Extract.

• USP REFERENCE STANDARDS (11)
USP Isopteropodine RS
USP Powdered Cat's Claw Extract RS

Centella asiatica
DEFINITION
Centella asiatica consists of the dried aerial parts of Centella

asiatica (l.) Urb. [Syn: Hydrocotyle asiatica l.]. (Fam.
Apiaceae). It is also known in commerce as gotu kola. It
contains NlT 2.0% of triterpene derivatives, calculated on
the dried basis.

IDENTIFICATION
• A. Centella asiatica meets the requirements for Specific Tests,

Botanical Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/ml of USP AslatlcosideRS in
methanol

Standard solution B: 10 mg/ml of USP Powdered Centella
aslatlca Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant.

Sample solution: About 0.5 g of Centella asiatica, finely
powdered, in 5 ml of methanol. Sonicate for 10 min,
centrifuge, and use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 IJm (TlC plates) or with an average
particle size of 5 IJm (HPTlC plates)

Application volume: 10 IJl (TlC plates) or 4 IJl (HPTlC
plates)

Developing solvent system: Methylene chloride,
methanol, and water (14:6:1)

Derivatization reagent: Asolution of 10% sulfuric acid in
methanol. [NOTE-Prepare fresh.]
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Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the Samples as bands. Use a saturated chamber.

Develop the chromatograms until the solvent front has
moved up about three-fourths of the plate. Remove the
plate from the chamber, dry, treat with Derivatization
reagent, heat for 3 min at 120°, and examine under white
light. ..

Acceptance criteria: The Sample solution chromatogram
exhibits a violet band in the lower third of the plate due to
asiaticoside, corresponding in color and RF to that in
Standard solution Ai a violet band due to madecassosideat
an RF lower than that of aslatlcoslde: and two additional
violet bands in the upper third of the plate due to asiatic
acid and madecassic acid. Bands detected in the Sample
solution correspond in position and color to bands in
Standard solution B. Other minor bands may be observed
in the Sample solution and Standard solution B.

• C. HPLC: The Sample solution chromatogram from the test
for Content of Triterpene Derivatives shows a peak at the
retention time corresponding to that of asiaticoside in
Standard solution A. Identify other triterpene derivative
peaks in the Sample solution by comparison with the
chromatogram of Standard solution Band the reference
chromatogram provided with the lot of USP Powdered
Centella asiatica Extract RS being used. The Sample solution
shows additional peaks corresponding to madecassoside
and asiaticoside B (these two peaks may co-elute),
madecassic acid, terminolic acid, and asiatic acid.

COMPOSITION
• CONTENT OF TRITERPENE DERIVATIVES

Solution A: Dilute 3 mL of phosphoric acid with water to
1000 mL, mix, filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (0/0) (%)

0 78 22

65 45 55

66 5 95

75 5 95

76 78 22

85 78 22

Standard solution A: 0.05 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B: Sonicate a portion of USP Powdered
Centella asiatica Extract RS in methanol to obtain a solution
with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45-l.Im or finer pore
size, discarding the first few mL of the filtrate.

Sample stock solution: Transfer about 1.0 g of Centella
asiatica, finely powdered and accurately weighed, to a
Soxhlet apparatus. Add 100 mL of methanol, extract for
8 h, cool, and dilute with methanol to 100 mL. Pass
through a membrane filter of 0.45-l.Im or finer pore size,
discarding the first few mL of the filtrate. [NOTE-Use a
thimble of a suitable size such that the volume of methanol
used in the Soxhlet extraction is at least twice the volume
of the thimble.]

Sample solution: Dilute 5.0 mLof Sample stock solution with
methanol to 10.0 mL.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cmi 5-l.Im packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 I.IL

System suitability .
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USPPowdered
Centella asiatica Extract RS being used.

Tailing factor. Between 0.8 and 2.0 for the asiaticoside
peak, Standard solution A

Resolution: NLT 1.5 between the madecassic acid and
terminolic acid peaks, Standard solution B

Relative standard deviation: NMT 2.0% determined
from the asiaticoside peak in replicate injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution. [NOTE-Standard solution A, Standard
solution B, and the Sample solution are stable for 48 h at
room temperature.]

Using the chromatograms of Standard solution A, Standard
solution B, and the reference chromatogram provided
with the lot of USP Powdered Centella asiatica Extract RS
being used, identify the retention times of the peaks
corresponding to different triterpene derivatives. The
approximate relative retention times of the different
triterpene derivatives are provided in Table 2.

Table 2
Approximate Relative

Analyte Retention Time

Madecassoside 0.71

Asiaticoside B 0.72

Asiaticoside 1.00

Madecassicacid 2.40

Terminolic acid 2.44

Asiatic acid 3.12

Separately calculate the percentages of the sum of
madecassoside and asiaticoside B (these two peaks may
co-elute), asiaticoside, the sum of madecassic acid and
terminolic acid, and asiatic acid in the portion of Centella
asiatica taken:

Result = (r vir s) x C s x (VIW) x 0 x F x 100

r u =peak areas of the triterpene derivatives from the
Sample solution

r s =peak area of aslaticoslde from Standard solution A
C s = concentration of USPAsiaticoside RS in Standard

solution A (mg/mL) . .
V =final volume of Sample stock solution (mL)
W =weight of Centella asiatica used to prepare Sample

stock solution (mg)
o =dilution factor to prepare the Sample solution

from the Sample stock solution
F =conversion factors for analytes: J.OO for

asiaticoside, 1.017 for the sum of m.adecassoside
and asiaticoside B, 0.526 for the sum of
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madecassic acid and terminolic acid, and
0.509 for asiatic acid

Acceptance criteria: Add the percentages of different
triterpene derivatives: NLT 2.0% on the dried basis.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 du/g, the total
combined yeasts and molds count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Stem is slender, yellowish-brown, with long
internodes, rooting at nodes; leaves are grayish-green,
simple, alternate or grouped together at the nodes,
reniform or oblong-elliptic, have palmate venation, usually
with 7 veins, apex obtuse, margin crenate, base cordate,
variable in size, 1-4 cm long, 2-4 cm and sometimes up to
7 cm wide, young leaves show a few trichomes on the lower
surface and adult leaves are glabrous; petioles are long,
grooved, base wider and sheathing; the inflorescence, if
present, is a single umbel and consists of 3 flowers, rarely
2 or 4; the flowers are very small (about 2 mm),
pentamerous, and have an inferior ovary; the fruit,
brownish-gray, orbicular cremocarp, up to 5 mm long, is
very flattened laterally and has 7-9 prominent curved
ridges. Pharmacopeial article is green to yellowish-green
masses composed mostly of leaves and stem fragments;
odor slight; taste slightly bitter to sweet.

Microscopic
Transverse section of stems: Epidermal layer,

subrounded or subsquare cells; 2-4 layers of collenchyma
cells; 6-8 layers of thin-walled parenchyma cells with
intercellular spaces; 6-7 collateral vascular bundles, xylem
vessels radially arranged, slightly lignified fiber groups
occurring outside the phloem; pith large, composed of
thin-walled parenchyma cells; secretory canals, composed
of 5-7 secretory cells, observed in cortex and
medullary rays

Transverse section of leaves: Upper and lower epidermis;
mesophyll composed of parenchyma cells, some contain
crystals of calcium oxalate; 2-3 layers of collenchyma
present in the midrib region next to both epidermal layers;
vascular bundles in the center with xylem on the ventral
side and phloem on the dorsal side. Transverse section of
petioles has a U shape, showinq an upper and a lower
epidermis, followed by 2-3 layers of collenchyma next to
both epidermal layers; a broad parenchymatous zone,
some cells contain crystals of calcium oxalate, 7 vascular
bundles forming a U-shape in the parenchymatous zone,
the two present in the projecting arms being less
developed.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 7.0%, of which NMT 5.0% are of
underground organs and NMT 2% are of other foreign
matter

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Centella asiatica
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

Dietary Supplements / Centella 4861

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of finely powdered Centella asiatica
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from Iightand moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the parts of the plant contained in the
article. The label states that this article is exempted from
the requirements of the Labeling (7), Labels and Labeling for
Products and Other Categories, Botanicals, with respect to
the pregnancy and lactation statement.

• USP REFERENCE STANDARDS (11)
USP Asiaticoside RS
USP Powdered Centella asiatica Extract RS

Powdered Centella asiatica
DEFINITION
Powdered Centella asiatica is Centella asiatica reduced to a

powder or very fine powder. It contains NLT 2.0% of
triterpene derivatives, calculated on the dried basis.

IDENTIFICATION
• A. Powdered Centella asiatica meets the requirements for

Specific Tests, Botanical Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B: 10 mg/mL of USP Powdered Centella
asiatica Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant.

Sample solution: About 0.5 g of Powdered Centella asiatica
in 5 mL of methanol. Sonicate for 10 min, centrifuge, and
use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 IJm (TLC plates) or with an average
particle size of 5 urn (HPTLC plates)

Application volume: 10 IJL (TLC plates) or 4 IJL (HPTLC
plates)

Developing solvent system: Methylene chloride,
methanol, and water (14:6:1)

Derivatization reagent: A solution of 10% sulfuric acid in
methanol. [NOTE-Prepare fresh.]

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the Samples as bands. Use a saturated chamber.

Develop the chromatograms until the solvent front has
moved up about three-fourths of the plate. Remove the
plate from the chamber, dry, treat with Derivatization
reagent, heat for 3 min at 120°, and examine under white
light.

Acceptance criteria: The Sample solution chromatogram
exhibits a violet band in the lower third of the plate due to
asiaticoside, corresponding in color and R F to that in
Standardsolution A; a violet band due to madecassoside at
an RF lower than that of asiaticoside; and two additional
violet bands in the upper third of the plate due to asiatic
acid and madecassic acid. Bands detected in the Sample
solution correspond in position and color to bands in
Standardsolution B. Other minor bands may be observed
in the Sample solution and Standardsolution B.
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• C. HPLC: The Sample solution chromatogram from the test
for Contentof Triterpene Derivatives shows a peak at the
retention time corresponding to that of asiaticoside in
StandardsolutionA. Identifyother triterpene derivative
peaks in the Sample solution by comparison with the
chromatogram of Standardsolution B and the reference
chromatogram provided with the lot of USP Powdered
Centellaasiatica ExtractRS being used. The Sample solution
shows additional peaks corresponding to madecassoside
and asiaticoside B(these two peaks may co-elute),
madecassicacid, terminolic acid, and asiaticacid.

COMPOSITION
• CONTENT OF TRITIERPENE DERIVATIVES

Solution A: Dilute 3 mLof phosphoric acid with water to
1000 mL, mix, filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 78 22

65 45 55

66 5 95

75 5 95

76 78 22

85 78 22

Standard solution A: 0.05 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B: Sonicate a portion of USP Powdered
Centellaasiatica ExtractRS in methanol to obtain a solution
with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45-lJm or finer pore
size, discarding the first few mLof the filtrate.

Sample stock solution: Transferabout 1.0 g of Powdered
Centella asiatica, accurately weighed, to a Soxhlet
apparatus. Add 100 mLof methanol, extract for 8 h, cool,
and dilute with methanol to 100 mL. Pass through a
membrane filterof 0.45-lJm or finer pore size, discarding
the firstfew mLof the filtrate. [NoTE-Use a thimble of a
suitable sizesuch that the volume of methanol used in the
Soxhlet extraction is at least twice the volume of the
thlmble.]

Sample solution: Dilute5.0 mLof Sample stock solutionwith
methanol to 10.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 IJL

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Centellaasiatica Extract RS being used.

Tailing factor: Between 0.8 and 2.0 for the asiaticoside
'peak, StandardsolutionA

Resolution: NLT 1.5 between the madecassicacid and
terminolicacid peaks, StandardsolutionB
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Relative standard deviation: NMT 2.0% determined
from the asiaticoside peak in replicate injections,
StandardsolutionA

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution. [NoTE-StandardsolutionA, Standard
solutionB, and Sample solutionare stable for48 h at room
temperature.]

Using the chromatograms of StandardsolutionA, Standard
solution B, and the reference chromatogram provided
with the lot of USP Powdered Centella asiatica Extract RS
being used, identifythe retention times of the peaks
corresponding to different triterpene derivatives. The
approximate relative retention times of the different
triterpene derivatives are provided in Table 2.

Table 2
Approximate Relative

Analyte Retention Time

Madecassoside 0.71

Asiaticoside B 0.72

Asiaticoside 1.00

Madecassic acid 2,40

Terminolic acid 2,44

Asiatic acid 3.12

Separatelycalculate the percentages of the sum of
madecassoside and asiaticoside B(these two peaks may
co-elute), asiaticoside, the sum of madecassic acid and
terminolic acid, and asiaticacid in the portion of
PowderedCentella asiaticataken:

Result =(r vir s) x Cs x (V/W) x 0 x F x 100

r u = peak areas of the triterpene derivatives from the
Sample solution

r s =peak area of asiaticoside from StandardsolutionA
Cs = concentration of USP Asiaticoside RS in Standard

solutionA (mg/mL)
V =final volume of Sample stock solution (mL)
W = weight of Powdered Centella asiatica used to

prepare the Sample stock solution (mg)
D =dilution factor to prepare the Sample solution

from the Sample stock solution
F = conversionfactors for analytes: 1.00 for

asiaticoside, 1.017 for the sum of madecassoside
and asiaticoside B, 0.526 for the sum of
madecassicacid and terminolicacid, and
0.509 for asiaticacid

Acceptance criteria: Add the percentages of different
triterpene derivatives: NLT 2.0% on the dried basis.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities(561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS(2021): The total aerobic

bacterial count does not exceed 10scfu/g, the total
combined yeast and mold count does not exceed'103

cfu/g, and the bile-tolerantGram-negative bacteria count
does not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS <202~): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli
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SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Greenish-gray to

greenish-brown in color; odor slight; taste slightly bitter to
sweet; under a microscope, factions of epidermal cells of
the leaves with irregular striated cuticle, showing
anlsocytic, some paracytic, and rarely anomocytic stomata;
epidermal cells of young leaves showing unicellular,
occasionally multicellular, non-glandular trichomes;
secretory canals composed of 5-7 secretory cells;
parenchyma cells, some showing prisms or rosettes of
calcium oxalate; bundles of narrow septate fibers from the
stem; spiral vessels; fragments of the fruits, layers of wide
cells in a parquetry arrangement, annular vessels,
parenchyma cells containing simple or compound starch
granules

• Loss ON DRYING (731 )
Sample: 1.0 g of Powdered Centella asiatica
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 1.0 g of Powdered Centella asiatica
Analysis: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the parts of the plant contained in the
article. The label states that this article is exempted from
the requirements of the Labeling (7), Labels and Labeling for
Products and Other Categories, Botanicals, with respect to
the pregnancy and lactation statement.

• USP REFERENCE STANDARDS (11)
USPAsiaticoside RS
USP Powdered Centella asiatica Extract RS

Powdered Centella asIatIca Extract
DEFINITION
Powdered Centella asiatica Extract is prepared from Centella

asiatica by extraction with alcohol, methanol, acetone, or a
mixture of these solvents. The ratio of plant material to
extract is between 65:1 and 30:1. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of triterpene derivatives;
the labeled amount of triterpene derivatives is NMT 40%,
calculated on the dried basis as the sum of madecassoside,
asiaticoside B, asiaticoside, madecassic acid, terminolic acid,
and asiatic acid. It may contain suitable added substances as
carriers.

IDENTIFICAnON
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 0.5 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B: 10 mg/mL of USP Powdered Centella
asiatica Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant.

Sample solution: Transfer an amount of Powdered Centella
asiatica Extract equivalent to about 5 mg of triterpene
derivatives to a centrifuge tube. Add 5 mL of methanol,
sonicate for 10 min, centrifuge, and use the supernatant.

Adsorbent: Chromatographicsilica gel with an average
particle size of 10-15 urn (TLCplates) or with an average
particle size of 5 urn (HPTLC plates)
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Application volume: 10 ~L (TLC plates) or 4 ~L (HPTLC
plates)

Developing solvent system: A mixture of methylene
chloride, methanol, and water (14:6:1)

Spray reagent: A solution of 10% sulfuric acid in methanol.
[Nora-Prepare fresh.]

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621 »).
Use a saturated chamber. Develop the chromatograms
until the solvent front has moved up about three-fourths
of the plate. Remove the plate from the chamber, dry,
spray with the Spray reagent/heatfor 3 min at 120°, and
examine under visible light.

Acceptance criteria: The Sample solution chromatogram
exhibits a violet band in the lower third of the plate due to
asiaticoside, corresponding in color and RF to that in
Standard solution A; a violet band due to madecassoside at
an RF lower than that of asiaticoside; and two additional
violet bands in the upper third of the plate due to asiatic
acid and madecassic acid. Bands detected in the Sample
solution correspond in position and color to bands in
Standard solution B. Other minor bands may be observed
in the Sample solution and Standard solution B.

• B. HPLC IDENTIFICATION TEST: The Sample solution
chromatogram from the test for Content of Triterpene
Derivatives shows a peak at the retention time
corresponding to that of asiaticoside in Standard solution
A. Identify other triterpene derivative peaks in the Sample
solution by comparison with the chromatogram of Standard
solution 8 and the reference chromatogram provided with
the lot of USP Powdered Centella asiatica Extract RS being
used. The Sample solution shows additional peaks
corresponding to madecassoside and asiaticoside B(these
two peaks may co-elute), madecassic acid, terminolic acid,
and asiatic acid.

COMPOSITION
• CONTENT OF TRITERPENE DERIVATIVES

Solution A: Dilute 3 mL of phosphoric acid with water to
1000 mL, mix, filter, and degas.

Solution B: Acetonitrile
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 78 22

65 45 55

66 5 95

75 5 95

76 78 22

85 78 22

Standard solution A: 0.1 mg/mL of USPAsiaticoside RS in
methanol

Standard solution B: Sonicate a portion of USP Powdered
Centella asiatica Extract RS in methanol to obtain a solution
with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45-~m or finer pore
size, discarding the firstfew mL of the filtrate.

Sample solution: Sonicate a portion of Powdered Centella
asiatica Extract in methanol to obtain a solution with a
concentration of about 5.0 mg/mL. Before injection, pass
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through a membrane filter of 0.45-lJm or finer pore size,
discarding the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.0 mLfmin
Injection size: 10 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Centella asiatica Extract RS being used.

Tailing factor: Between 0.8 and 2.0 for the asiaticoside
peak, Standard solution A

Resolution: NLT 1.5 between the madecassic acid and
terminolic acid peaks, Standard solution B

Relative standard deviation: NMT 2.0% determined
from the asiaticoside peak in repeated injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution. [NoTE-Standard solution A, Standard
solution B, and the Sample solution are stable for 48 h at
room temperature.]

Using the chromatograms of Standard solution A, Standard
solution B, and the reference chromatogram provided
with the lot of USP Powdered Centella asiatica Extract RS
being used, identify the retention times of the peaks
corresponding to different triterpene derivatives. The
approximate relative retention times of the different
triterpene derivatives are provided in the following table.

Approximate Relative
Analyte Retention Time

Madecassoside 0.71

Asiaticoside B 0.72

Asiaticoside 1.00

Madecassicacid 2.40

Terminolic acid 2.44

Asiatic acid 3.12

Separately calculate the percentages of the sum of
madecassoside and asiaticoside B (these two peaks may
co-elute), asiaticoside, the sum of madecassic acid and
terminolic acid, and asiatic acid in the portion of
Powdered Centella asiatica Extract taken:

Result = (rufrs) x (CslCu) x F x 100

ru =peak response(s) of the triterpene derivative(s)
from the Sample solution

rs =peak response of asiaticoside from Standard
solution A

Cs =concentration of USP Asiaticoside RS in Standard
solution A (mgfmL)

Cu = concentration of Powdered Centella asiatica
Extract in the Sample solution (mgfmL) ,

F =conversion factors for analytes: 1.00 for
asiaticoside, 1.017 for the sum of madecassoside
and asiaticoside B, 0.526 for the sum of
madecassic acid and terminolic acid, and
0.509 for asiatic acid

USP 43

Acceptance criteria: Add the percentages of different
triterpene derivatives: NLT 90.0% and NMT 110.0% of the
labeled amount of triterpene derivatives; the labeled
amount of triterpene derivatives is NMT40%, calculated on
the dried basis.

CONTAMINANTS

: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 du per g. The total
combined yeast and mold count does not exceed 103 cfu
per g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
• Loss ON DRVING (731): Dry 1.0 g of Powdered Centella

asiatica Extract at 105° for 2 h: it loses NMT 5% of its
weight.

• OTHER REQUIREMENTS: Meets the requirements of the test
for Residual Solvents under Botanical Extracts (565)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements
under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Asiaticoside RS
USP Powdered Centella asiatica Extract RS

Centella asiatica Triterpenes
DEFINITION
Centella asiatica Triterpenes is a fraction enriched in Centella

asiatica triterpenes derivatives. It is prepared from Centella
asiatica Extract using suitable solvents or other means. It
contains NLT 90.0% of triterpene derivatives, calculated on
the anhydrous basis, as the sum of two or more of the
following: madecassoside, asiaticoside B, asiaticoside,
madecassic acid, terminolic acid, and asiatic acid.

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 0.5 mgfmL of USP Asiaticoside RS in
methanol

Standard solution B: 10 rnq/rnl, of USP Powdered Centella
asiatica Extract RS in methanol. Sonicate for aboutl 0 min,
centrifuge, and use the supernatant.

Sample solution: Transfer an amount of Centella asiatica
Triterpenes, equivalent to about 5 mg of triterpene
derivatives, to a centrifuge tube. Add 5 rnl, of methanol,
sonicate for 10 min, centrifuge, and use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 IJm (TLC plates) or with an average
particle size of 5 IJm (HPTLC plates)

Application volume: 10 IJL (TLC plates) or 4 IJL (HPTLC
plates) . '.
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Approximate Relative Re-
Analyte tention Time

Madecassoside 0.71

Asiaticoside B 0.72

Asiaticoside 1.00

Madecassic acid 2.40

Terminolic acid 2.44

Asiatic acid 3.12

injection, pass through a membrane filter of 0.45-lJm or
finer pore size,discarding the firstfew mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flowrate: 1.0 mL/min
Injection size: 10 IJL

System suitability
Samples: Standardsolution A and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standardsolution8 issimilar to the reference
chromatogram providedwith the lot of USP Powdered
Centellaasiatica Extract RS being used.

Tailing factor: Between 0.8 and 2.0 for the asiaticoside
peak, StandardsolutionA

Resolution: NLT 1.5 between the madecassic acid and
terminolic acid peaks,Standardsolution B

Relativestandard deviation: NMT 2.0% determined
from the asiaticoside peak in repeated injections,
Standardsolution A

Analysis
Samples: StandardsolutionA, Standardsolution 8, and

Sample solution. [NoTE-Standard solutionA, Standard
. solution8, and the Sample solution are stable for 48 h at

room temperature.]
Using the chromatogramsof StandardsolutionA,Standard

solution8, and the referencechromatogram provided
with the lot of USP PowderedCentellaasiatica Extract RS
being used, identify the retention times of the peaks
corresponding to differenttriterpene derivatives. The
approximate relative retention times of the different
triterpene derivatives are provided in the following
table.

Developing solvent system: Amixture of methylene
chloride, methanol, and water (14:6:1)

Spray reagent: Asolutionof 10% sulfuric acid in methanol.
[NoTE-Prepare fresh.]

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Apply the samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621».
Use a saturated chamber. Develop the chromatograms
until the solventfront has moved up about three-fourths
of the plate. Remove the plate from the chamber, dry,
spray with Spray reagent, heat for 3 min at 120°, and
examine under visible light.

Acceptance criteria: The Sample solution chromatogram
exhibitsa violetband in the lowerthird of the plate due to
asiaticoside, corresponding in color and RF to that in
StandardsolutionA. The Sample solution shows additional
bands corresponding to some or all of the following .
triterpene derivatives: a violet band due to madecassoside
at an RF lowerthan that of asiaticoside, a violetband in the
upper third ofthe plate due to asiatic acid,and a violetband
due to madecassic acid at an RF lowerthan that of asiatic
acid. Bands detected in the Sample solution correspond in
position and color to bands in Standardsolution8. Other
minor bands may be observed in the Sample solutionand
Standardsolution 8.

• B. HPLC IDENTIFICATION TEST: The Sample solution
chromatogram from the test for Contentof Triterpene
Derivatives shows a peak at the retention time
corresponding to that of asiaticoside in Standardsolution
A. Identify other triterpene derivative peaks in the Sample
solution bycomparisonwith the chromatogram ofStandard
solution 8 and the referencechromatogram providedwith
the lot of USP Powdered Centellaasiatica Extract RS being
used. The Sample solution shows additional peaks
corresponding to some or allof the following: .
madecassoside and asiaticoside B(these two peaksmay
co-elute), madecassic acid, terminolic acid,and asiatic acid.

COMPOSITION
• CONTENT OF TRITERPENE DERIVATIVES

Solution A: Dilute 3 mLof phosphoric acid with water to
1000 mL, mix, filter, and degas. .

Solution B: Acetonitrile
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 78 22

65 45 55

66 5 95

75 5 95

76 78 22

85 78 22

Standard solution A: 0.2 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B: Sonicatea portion of USP Powdered
Centellaasiatica Extract RS in methanol to obtain a solution
with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filterof 0.45-lJm or finer pore
size, discarding the firstfew mL of the filtrate.

Sample solution: About 1.0 mgfmLof Cente/la asiatica
Triterpenes in methanol; sonicate if necessary. Before

F

Separately calculatethe percentages of the triterpene
derivatives in the portion of Cente/la asiaticaTriterpenes
taken:

Result =(rufrs) x (Cs/Cu) x Fx 100

=peak response(s) of the triterpene derivative(s)
from the Sample solution

= peak response of asiaticoside from Standard
solutionA

= concentration of USP Asiaticoside RS in Standard
solutionA (rnq/rnt)

= concentration of Cente/la asiaticaTriterpenes in
the Sample solution (mgfmL)

=conversion factors for analytes: 1.00 for
asiaticoside, 1.017 for madecassoside, 1.017 for
asiaticoside B, 0.526 for madecassic acid,
0.526 for terminolic acid, and 0.509 for
asiatic acid
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Acceptance criteria: Add the percentages of different
triterpene derivatives: NLT 90.0% on the anhydrous basis.

CONTAMINANTS

•~.I~J~~'
RbC!flpq¢
: Meets·fhe requirementS

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 103 cfu/g. The total
combined yeast and mold count does not exceed 102

cfu/g.
• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED

MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Escherichia coli

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 5%
II OTHER REQUIREMENTS: Meets the requirements of the test

for Residual Solvents under Botanical Extracts (565)

ADDITIONAL REQUIREMENTS
II PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELI~G.: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP Asiaticoside RS
USP Powdered Centella asiatica Extract RS

Chamomile
DEFINITION
Chamomile consists of the dried flower heads of Matricaria

recutita L. (Matricaria chamomillaL., MatricariacbamomillaL.
var. courrantiana, Chamomilla recutita L.) Rauschert (Fam.
Asteraceae alt. Compositae). It contains NLT 0.4% of blue
volatile oil, NLT 0.3% of apigenin-7-glucoside, and NLT
0.15% of bisabolol derivatives, calculated as levomenol.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 1.0 mg/mL of borneol, 2.0 mg/mL of
bornyl acetate, and 0.4 mg/mL of guaiazulene in toluene

Sample solution: Reduce 1.0 g of Chamomile to a coarse
powder, using a porcelain pestle and mortar. Transfer to a
~ .5-cm ~ 15-cm chromatographic column, and tamp
lightly With a short length of rubber hose. Rinse the pestle
and mortar twice, each time with 10 mL of methylene
chloride. Pour the rinsings into the column. Collect the
percolate in a flask with a long, narrow neck, and remove
the solvent by evaporation on a water bath. Dissolve the
residue in 0.5 mL of toluene.

Adsorbent: 0.25-mm layer of chromatographic silica gel
Developing solvent: Chloroform
Spray reagent: Mix anisaldehyde, glacial acetic acid, and

methanol (0.5: 10: 85). Then carefully add 5 mL of sulfuric
acid to this solution.

Application volume: 10 J,JL, as 3-mm x 20-mm bands
Analysis
Sampl~s: Standardsolution and Sample solution

Examine the plate under short-wavelength UV light: the
Sample solution exhibits a number of quenching areas,
the largest of which is due to en-yne-dicycloether and

USP 43

has the same RFvalue as the band due to bornyl acetate
in the Standardsolution.There is also a band due to
matricin near the line of application. Spray the plate
evenly with the Spray reagent. Examine the plate in
daylight while heating at 100°-105° for 5-10 min. The
chromatogram obtained from the Standardsolution
shows in the lower third a brownish yellow zone that
becomes violet-gray after a few hours and is due to
borneol; in the middle a yellowish brown to gray zone
due to bornyl acetate; and in the upper third a deep red
zone with a blue edge due to guaiazulene.

Acceptance criteria: The Sample solution exhibits a blue
zone due to matricin near the starting point; several
violet-red zones, one of which is due to bisabolol, at RF

values .between those of borneol and bornyl acetate; a
brownish zone, due to en-yne-dicycloether, at an R F value
corresponding to that of bornyl acetate; red zones, due to
terpenes, at R F values similar to those of guaiazulene; and
other zones that appear in the middle and lower parts of
the chromatogram.

• B.
A!lalysi~: Dissolve 0.25 g of dimet~ylaminobenzaldehyde

In .amixture of 5 mL of phosphoric acid, 45 mL of acetic
acid, and 45 rnl, of water. Transfer 2.5 mL of this solution
and 0.1 mL of the Sample solution, prepared asdirected for
Identification test A, to a test tube. Heat on a water bath for
2 min, and allow to cool. Add 5 mL of solvent hexane, and
shake.

Acceptance criteria: The aqueous layer has a distinct
greenish blue or blue color.

COMPOSITION
II CONTENT OF APIGENIN-7-GLUCOSIDE

Dilute phosphoric acid: Mix 5.0 mL of phosphoric acid in
50 mL of water. Dilute with water to 100 mL.

Solution A: 0.005 M solution of monobasic potassium
phosphate. Adjust with Dilutephosphoric acid to a pH of
2.55 ± 0.05.

Solution B: Acetonitrile and methanol (13:7)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 74 26

3 74 26

22 '15 85

27 74 26

30 74 26

Standard .solution: 25.0 J,Jg/mL of USP Apigenin
7-glucoslde RS and 10.0 J,Jg/mL of 7-methoxycoumarin in
methanol and water (1 :1)

Sample solution: Transfer 1.0 g of Chamomile to a suitable
flask fitted with a reflux condenser and a stirrer. Add
80.0 mL of methanol, and reflux the mixture with stirring
for 1 h. Cool the flask to room temperature, passthe extract
through a folded filter paper, and collect the filtrate in a
1OO-mLvolumetric flask. Rinse the flask with 3 mL of
methanol, pour the methanolic rinsings through the filter
paper, and add the filtrate to the volumetric flask. Dilute
with methanol to volume, and mix. Transfer 25.0 mL of the
filtered solution to a round-bottom flask fitted with a reflux
condenser and a stirrer; add 5.0 mL of sodium hyd~oxide
~olution, prepared bydissolving 0.4 g of sodium hydroxide
In 5.0 mL of water; and reflux the mixture for 25 min. Cool
the flask, and adjust the solution with hydrochloric acid to a
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pH of 5.0-6.2. Quantitatively transfer the solution toa
50-mL volumetric flask, dilute with methanol to volume,
and filter, discarding the first 10 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 335 nm
Column: 4-mm x 12.5-cm; packing L1
Flow rate: 1 mL/min

[NoTE-Make adjustments, if necessary, to obtain
relative retention times of 0.63 for apigenin-
7-glucoside and 1.0 for 7-methoxycoumarin.]

Injection size: 15 IJL
System suitability

Sample: Standard solution
[NOTE-The relative retention times for apigenin-

7-glucoside, 7-methoxycoumarin, apigenin,
trans-spiroether, and cis-spiroether are about 0.63,
1.0, 1.2, 1.6, and 1.8, respectively.]

Suitability requirements
Resolution: NLT 3.5 between apigenin-7-glucoside and

7-methoxycoumarin
Relative standard deviation: NMT 2.0% for apigenin

7-glucoside
Analysis

Samples: Standard solution and Sample solution
[NOTE-Allow the Sample solution to elute for NLT 6

times the retention time of apigenin-7-glucoside.]
Calculate the percentage of apigenin-7-glucoside in the

portion of Chamomile taken:

Result =(r vir 5) x C5 x (V/W) x 100

r u = peak response of apigenin-7-glucoside from the
Sample solution

r 5 = peak response of apigenin-7-glucoside from the
Standard solution

C 5 = concentration of USP Apigenin-7-glucoside RS in
the Standard solution (mg/mL)

V = volume of Sample solution (mL)
W = weight of Chamomile taken to prepare the

Sample solution (mg)

Acceptance criteria: NLT 0.3%
• CONTENT OF BISABOLANE DERIVATIVES

Standard solution: 1 mg/mL of USP Levomenol RS in
cyclohexane

Sample solution: Transfer the volatile oils obtained in the
test for Articles of Botanical Origin (561), Volatile Oil
Determination to a 25-mL volumetric flask, rinse the
graduated tube of the apparatus with a small portion of
cyclohexane, transfer the rinsing to the 25-mL volumetric
flask, add cyclohexane to volume, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary; coated

with a 0.25-lJm film of phase G16
Temperature

Column: See Table 2.

Table 2
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

e) e/min) e) (min)

70 4 230 10
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Detector: 250 0

Injection port: 220 0

Carrier gas: Helium
Flow rate: 1.0 mL/min
Injection size: 1 IJL

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 1.8 for levomenol
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solution and Sample solution

Measure the peak areas. Identify the peaks due to
levomenol, bisabolol oxide B, bisabolol oxide, and
bisabolol oxide A in the Sample solution, using the
retention time of levomenol in the Standard solution and
the approximate relative retention times of 0.89, 0.97,
and 1.1 for bisabol oxide B, bisabol oxide, and bisabol
oxide A, respectively, with reference to the
levomenol peak.

Calculate the percentage of bisabolane derivatives in the
portion of Chamomile taken:

Result = (r -lr 5) x C5 x (V/W) x 100

r r = sum of the peak areas for bisabolol oxide B,
bisabolol oxide, levomenol, and bisabolol oxide A
from the Sample solution

r 5 =levomenol peak area from the Standard solution
C 5 =concentration of USP Levomenol RS in the

Standard solution (mg/mL)
V =volume of Sample solution (mL)
W = weight of Chamomile taken to prepare the

Sample solution (mg)

Acceptance criteria: NLT 0.15%
• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination

(561)
Analysis: Proceed as directed, except use 60 g of coarsely

powdered Chamomile as the test specimen, a 2-L
round-bottom flask, 300 mL of water as distillation liquid,
and 0.5 mL of xylene in the graduated tube. Distill for 4 h
at a rate of 3-4 mL/min.

Acceptance criteria: NLT 0.4% of blue volatile oil is found.
[NoTE-Retain the volatile oils for use in the test for Content
of Bisabolane Derivatives.]

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 105du/g, the total combined molds
and yeasts count does not exceed 103 du/g, and the
bile-tolerant Gram-negative bacterial count does not
exceed 10 3 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues (561):
Meets the requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Flower head is hemispherical, about 6 mm in
diameter, composed of a few ray florets and numerous disk
florets (distinction from Matricaria discoidea, which has disk
florets only), carried on a receptacle surrounded by an
involucre. Involucre is green, formed of two to three rows
of lanceolate, glabrous, and imbricated bracts with blunt
apices and scariouswhitish edges. Rayflorets, which usually
have fallen off, have 10-20 pistils; corolla is Iigulate, white,
but darkens at a length of 6 mm and a width of about
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2 mm, 3-toothed, and traversed by four main veins. Disk
florets are yellow, perfect, about 2 mm in length; corolla is
tubular with five teeth; fivestamens are epipetalous and
syngenesious. Receptacle is hollow (distinction from
Chrysanthemum and Anthemis species), hemispherical in
the young and conical in the old flower head, 3-10 mm in
width, and lacking paleae. Achene is ovoid, and has three
to five longitudinal ribs.

Microscopic: Separate the capitulum into its parts, and
examine under a microscope. The outer, abaxial epidermis
of the involucral bracts shows a scarious margin with a
single layerof radially elongated cells and a central part
made up of chlorophyll tissue covered by elongated
epidermal cells with sinuous lateral walls, stomata, and
secretory trichomes. The vascular bundles are surrounded
by numerous elongated, pitted sclereidswith fairly large
lumens. In surfaceview, Iigulateand tubular corollas show
isodiametric or elongated cellswith more or lesswavywalls
and a few glandular trichomes. The outer part of the
epidermis of the Iigulate florets consists of papillary cells
with cuticularstriations radiating from their tips. In the
mesophyll, verysmall clusters of calcium oxalate are
sometimes seen. Fourmain veins run lengthwise through
the entire mesophyll, sometimes accompanied by one or
two other veins, which are shorter and run parallel to the
main veins. Each of the two main median veins split into
two near the tip and, with the lateralveins,anastomose two
by two to form three arcs at the three terminal teeth of the
ligule. The ovaries, oval to spherical, of both kinds offlorets
have at their base a sclerous ring consisting of a single row
of cells. The epidermisof the ovary ismade up of elongated
cells with sinuous walls between which secretory trichomes
are situated. The ovariescontain numerous, very small
clustersof calcium oxalate. In the tubular florets, the low
part of each stamen filament issurrounded by thick-walled
cells. Theends ofthe two stigmata have papilloseepidermal
cells. The pollengrains have a diameter of about 30 IJm and
are rounded and triangular, with three germinal pores
and a spiny exine.

• BROKEN FLOWERS: NMT 25% passes through a No. 25
standard-mesh sieve(see Particle Size Distribution Estimation
by Analytical Sieving (786».

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0% .

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561): NMT
13.0%, determined on 1.0 g of powdered Chamomile

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant contained in the
article. Thisarticle is exempted from the requirements of
the Labeling, (7), Labels and Labeling for Products and Other
Categories, Botanicals, with respect to the pregnancy and
lactation statement.

• USP REFERENCE STANDARDS (11)
USP Apigenin-7-glucoside RS
USP Levomenol RS

Chaste Tree
DEFINITION
Chaste Tree consists of the dried ripe fruits of Vitex

agnus-castus L. (Verbenaceae). It contains NLT 0.05% of
aqnuside and NLT 0.08% of castlcln, calculated on the dried
basis.

USP 43

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 100 mg of USP Powdered Chaste Tree
Extract RS in 1 mLof methanol. Heat in a water bath at 60°
for 10 min. Centrifuge, and use the clearsupernatant.

Sample solution: Transferabout 1 g of powdered plant
material to a screw-capped centrifuge tube. Add 10 mLof
methanol, heat in a water bath at 60° for 10-15 min, cool,
and filter.

Adsorbent: Chromatographic silica gel with an average
particlesize of 10-15 IJm (TLC plates)

Application volume: 90 IJL, Standard solution; 60 IJL,
Sample solution; in bands that are 2 cm in length

Developing solvent system: Ethyl acetate, methanol, and
water (77:15:8)

Derivatization reagent: 10 mg/mL of
p-dimethylaminobenzaldehyde in 1 N hydrochloric acid

Analysis
Samples: Standard solution and Sample solution
Developto a length of NLT 12 cm, and dry the plate in a
stream of air. Treat the plate with Derivatization reagent,
and heat for 10 min at 120°.

Acceptance criteria: The Sample solution shows the
following: a blue zone (at an RFvalueof about 0.21) due to
the presence of aucubin and that corresponds in color and
RF value to a similar zone for the Standard solution; a blue
zone (at an RF value of about 0.44) as a result of the
presence of agnuside that corresponds incolorand RFvalue
to a similarzone for the Standard solution; and one broad
zone, violet in the middle, near the solvent front and that
corresponds in color and RF value to a similar zone for the
Standard solution. Other colored zones ofvarying intensities
may be observed for the Sample solution.

• B. In the test for Content of Casticin, the chromatogram of
the Sample solution shows a peak at the retention time
corresponding to the casticin peak in the chromatogram
of the Standard solution.

COMPOSITION
• CONTENT OF CASTICIN

Standard solution: About 0.05 mg/mL of USP Casticin RS
in methanol, with sonication. Pass through a cellulose
membrane filter of 0.45-lJm or finer pore size.

Sample solution: Place about 1000 mg of ground plant
material in a container with a stopper. Extract twice with
40 mL of methanol, using a hand homogenizer at
19,000 rpm for 2 min. Filter each supernatant, and transfer
to a 250-mL round-bottom flask. Rinse the residue with
methanol, and filter the resultingsolution into the flask.
Evaporate the combined extract to dryness. Dissolve the
residue in methanol, quantitativelytransfer to a 20-mL
volumetricflask, and dilute with methanol to volume. Pass
through a cellulose membrane filterof0.45-lJm or finer
pore size.

Solution A: Methanol
Solution B: 5.88 gIL of phosphoric acid in water
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

a 50 50

a 50 50

13 65 35

18 100 a

23 50 50
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 3.1-mm x 12.5-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the casticin peak
Relative standard deviation: NMT 2.0% for the casticin

peak, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of casticin in the portion of Chaste

Tree taken:

Result =(rulrs) x (CsICu) x 100

ru =peak response of casticin from the Sample solution
rs =peak response of casticin from the Standard

solution
Cs =concentration of USP Casticin RS in the Standard

solution (mg/mL)
Cu =concentration of Chaste Tree in the Sample

solution (mg/mL)

Acceptance criteria: NLT 0.08% of casticin on the dried
basis

• CONTENT OF AGNUSIDE
Solvent: Methanol and water (1:19)
Standard solution: Dissolve a quantity of USP Agnuside RS

in Solvent, with sonication. Dilute with methanol to obtain a
concentration of about 0.125 mg/mL. Pass through a
cellulose membrane filter of 0.45-lJm or finer pore size.

Sample solution: Place about 1000 mg of ground plant
material in a container with a stopper. Extract twice with
40 mL of methanol, using a hand homogenizer at
19,000 rpm for 2 min. Centrifuge, and transfer each
supernatant to a 250-mL round-bottom flask. Rinsethe
residue with methanol, and filter the resulting solution into
the flask. Evaporate the combined extract to dryness, and
dissolve the residue in 2 mL of Solvent. Quantitatively
transfer the solution to a solid-phase extraction cartridge
packed with neutral aluminum oxide previously
conditioned with 5 mL of Solvent. Connect the cartridge
to a vacuum pressure not exceeding 300 mbar, and collect
the eluate. Rinse the round-bottom flask with 2 mL of
Solvent, pass this solution through the cartridge, apply the
vacuum, and collect the eluate. Rinse the cartridge with
4 mLof Solvent, and collect the eluate. Combine the eluates
from the cartridge, transfer to a 1O-mL volumetric flask, and
dilute with Solvent to volume.

Solution A: Acetonitrile
Solution B: 5.88 gIL of phosphoric acid in water
Mobile phase: See Table 2.

Table 2

Time Solution A Solution B
(min) (%) (%)

0 7 93

0.6 10 90

5 10 90

7 14 86

13 15 85
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Table 2 (continued)
Time Solution A Solution B
(min) (%) (%)

13.1 100 0

18 100 0

18.1 7 93

23 7 93

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 258 nm
Column: 3.1-mm x 12.5-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1.3 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the agnuside peak
Relative standard deviation: NMT 2.0% for the

agnuside peak, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of agnuside in the portion of

Chaste Tree taken:

Result =(ru/rs) x (CsICu) x 100

tu =peak response of agnuside from the Sample
solution

ts = peak response of agnuside from the Standard
solution

Cs = concentration of USP Agnuside RS in the Standard
solution (mg/mL)

Cu = concentration of Chaste Tree in the Sample
solution (mg/mL)

Acceptance criteria: NLT 0.05% of agnuside on the dried
basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 105 cfu/g, the total
combined molds and yeast count does not exceed 103 cful
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for the absence of Salmonella
species and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Mature chaste tree fruits are spherical to
ovoid, 2-4 mm in diameter, very hard, usually with a short
pedicel. The fruit is reddish brown to black, slightly rough,
and covered with glandular hairs. There are four grooves
perpendicular to one another, and a slight depression on
the apex, more evident on large fruits. The internal
appearance of the fruit is yellowish. The internal structure
of the fruit includes four compartments, each containing an
oblong seed. A group of up to six spongy, light tan,
immature fruits may also accompany mature fruits. The fruit
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isoften covered by a tubular, greenish-gray, fine tomentose
calyx, which is persistent and has five teeth.

Microscopic: The exocarp is brown and narrow, consisting
of parenchymatous cells with thin walls and partially
lignified cells with many pitted thickenings on the inside. In
surface view, the exocarp shows an epidermis of polygonal
cells with irregular thickenings and glandular hairs, each
with a short single-celled stalk and a four-celled head
containing essential oil. The outer mesocarp consists of
several layers of brown, isodiametric parenchyma cells. The
inner mesocarp consists of finely pitted sclerenchymatous
cells, some with moderately thickened walls, others
consisting of isodiametric stone cells with small lumen. The
endocarp consists of a layer of small brown sclereid cells.
The seeds are small, having large cotyledons surrounded by
thin-walled, large parenchymatous cells that have ribbed
thickenings. The nutritive tissue and the cells of the germ .
contain aleuron grains and oil globules. Starch is absent.
The outer epidermis of calyx iscomposed of polygonal cells,
covered by abundant unicellular or multicellular curved
trichomes. The inner epidermis of calyx is glabrous and
composed of rectangular, elongated cells with slightly wavy
walls.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 3.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Chaste Tree, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash(561): NMT
8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• LABELING: The label states the latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USPAgnuside RS
USPCasticin RS
USP Powdered Chaste Tree Extract RS

Powdered Chaste Tree

DEFINITION
Powdered Chaste Tree isChaste Tree reduced to a powder or a

very fine powder. It contains NlT 0.05% of agnuside and
NlT 0.08% of casticin, calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 100 mg of USPPowdered Chaste Tree
Extract RS in 1 mL of methanol. Heat in a water bath at 60°
for 10 min. Centrifuge, and use the clear supernatant.

Sample solution: Transfer about 1 g of Powdered Chaste
Tree to a screw-capped centrifuge tube. Add 10 ml of
methanol, heat in a water bath at 60° for 10-15 min, cool,
and filter.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 IJm (TLC plates)

Application volume: 90 IJL, Standard solution; 60 IJL,
Sample solution; in bands that are 2 cm in length

Developing solvent system: Ethyl acetate, methanol, and
water (77:15:8)

USP 43

Derivatization reagent: 10 mg/mL of . ..
p-dimethylaminobenzaldehyde in 1 N hydrochloric acid

Analysis
Samples: Standard solution and Sample solution
Develop to a length of NLT12 ern, and dry the plate in a

current of air. Treat the plate with Derivatization reagent,
and heat for 10 min at 120°.

Acceptance criteria: The Sample solution shows the
following: a blue zone (at an RFvalue of about 0.21) due to
the presence of aucubin and that corresponds in color and
RFvalue to a similar zone for the Standard solution; a blue
zone (at an RF value of about 0.44) as a result of the
presence of agnuside that corresponds in color and RFvalue
to a similar zone for the Standard solution; and one broad
zone, violet in the middle, near the solvent front and that
corresponds in color and RF value to a similar zone for the
Standard solution. Other colored zones of varying intensities
may be observed for the Sample solution.

• B. In the test for Content of Casticin, the chromatogram of
the Sample solution shows a peak at the retention time
corresponding to the casticin peak in the chromatogram
of the Standard solution.

COMPOSITION
• CONTENT OF CASTICIN

Standard solution: About 0.05 mg/mL of USP Casticin RS
in methanol, with sonication. Pass through a cellulose
membrane filter of 0.45-lJm or finer pore size.

Sample solution: Place about 1000 mg of Powdered Chaste
Tree in a container with a stopper. Extract twice with 40 mL
of methanol, using a hand homogenizer at 19,000 rpm for
2 min. Filter each supernatant, and transfer to a 250-mL
round-bottom flask. Rinse the residue with methanol, and
filter the resulting solution into the flask. Evaporate the
combined extract to dryness. Dissolve the residue in
methanol, quantitatively transfer to a 20-mL volumetric
flask, and dilute with methanol to volume. Pass through a
cellulose membrane filter of 0.45-lJm or finer pore size.

Solution A: Methanol
Solution B: 5.88 giL of phosphoric acid in water
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (0/0)

0 50 50

0 50 50

13 65 35

18 100 0

23 50 50

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 3.1-mm x 12.5-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the casticin peak
Relative standard deviation: NMT 2.0% for the casticin

peak, in repeated injections

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Analysis
Samples: Standardsolution and Sample solution
Calculatethe percentage of casticin in the portion of

Powdered Chaste Tree taken:

Result =(rulrs) x (CsICu) x 100

ru = peak response of casticinfrom the Sample solution
rs = peak response of casticinfrom the Standard

solution
Cs =concentration of USP Casticin RS in the Standard

solution (mg/mL)
Cu =concentration of Powdered Chaste Tree in the

Sample solution (mg/mL)

Acceptance criteria: NLT 0.08% of casticinon the dried
basis

• CONTENT OF AGNUSIDE
Solvent: Methanol and water (1 :19)
Standard solution: Dissolve a quantity of USP Agnuside RS

in Solvent, with sonication. Dilute with methanol to obtain a
concentration of about 0.125 mg/mL. Pass through a
cellulose membrane filter of 0.45-J,Jm or finer pore size.

Sample solution: Placeabout 1000 mg of PowderedChaste
Tree ina container with a stopper. Extract twicewith 40 mL
of methanol, using a hand homogenizer at 19,000 rpm for
2 min. Centrifuge, and transfer each supernatant to a
250-mLround-bottom flask. Rinse the residue with
methanol, and filter the resulting solution into the flask.
Evaporate the combined extract to dryness, and dissolve
the residue in 2 mLof Solvent. Quantitatively transfer the
solution to a solid-phase extraction cartridge packed with
neutral aluminum oxide previously conditioned with 5 mL
of Solvent. Connect the cartridge to a vacuum pressure not
exceeding 300 mbar, and collect the eluate. Rinse the
round-bottom flask with 2 mLof Solvent, pass this solution
through the cartridge, apply the vacuum, and-collect the
eluate. Rinse the cartridge with 4 mLof Solvent, and collect
the eluate. Combine the eluates from the cartridge, transfer
to a 1O-mL volumetricflask, and dilute with Solvent to
volume.

Solution A: Acetonitrile
Solution B: 5.88 giL of phosphoric acid in water
Mobile phase: See Table 2.

Table 2
Time Solution A Solution B
(min) (%) (%)

0 7 93

0.6 10 90

5 10 90

7 14 86

13 15 85

13.1 100 0

18 100 0

18.1 7 93

23 7 93

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 258 nm
Column: 3.1-mm x 12.5-cm; S-J,Jm packing L1
Column temperature: 25°
Flow rate: 1.3 mL/min
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Injection volume: 10 J,JL
System suitability

Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the agnuside peak
Relative standard deviation: NMT 2.0% for the.

aqnuslde peak, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of agnuside in the portion of

Powdered Chaste Tree taken:

Result =(rulrs) x (CsICu) x 100

tu = peak response of agnuside from the Sample
solution

rs = peak response of agnuside from the Standard
solution

Cs = concentration of USP AgnusideRS in the Standard
solution (mg/mL)

Cu =concentration of Powdered Chaste Tree in the
Sample solution (mg/mL)

Acceptance criteria: NLT 0.05% of agnuside on the dried
basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 105 cfu/g, the total
combined molds and yeast count does not exceed 103 cful
g, and the bile-tolerantGram-negative bacteria count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for the absence of Salmonella
species and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Powdered Chaste Tree is

dark brown, with a musty, slightly aromatic odor, and a
taste resembling that of sage. The following characteristics
are present: fragments of the calyx with covering and
glandular trichomes on the outer side and rectangular,
elongated cellswith slightlywavy walls on the inner side;
fragments of exocarp with trichomes and cellswith large
pits in the outer wall; thin-walledparenchymatous cells and
globules of fixed oil; stone-pitted cellsfrom the mesocarp;
ovoid, lignified cells with bands of reticulate thickening
from the testa; and endosperm and cotyledons with
fixed oil.

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Chaste Tree
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant from which the
articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Agnuside RS
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USP Casticin RS
USP Powdered Chaste Tree Extract RS

Powdered Chaste Tree Extract
DEfINITION
Powdered Chaste Tree Extract is prepared from Chaste Tree

by extraction with hydroalcoholic mixtures or other suitable
solvents. It contains NLT90.0% and NMT 110.0% of the
labeled amount of casticin and agnuside, calculated on the
dried basis. It may contain suitable added substances.

IDENTIfiCATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 100 mg of USP Powdered Chaste Tree
Extract RS in 1 mL of methanol. Heat in a water bath at 60°
for 10 min. Centrifuge, and use the clear supernatant.

Sample solution: Shake a quantity of Extract,equivalent to
about 10 rnq of the labeled amount of agnuside, in 10 mL
of methanol. Heat in a water bath at 60°. Centrifuge orfilter
before use.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-151Jm (TLC plates)

Application volume: 90 IJL, Standardsolution; 60 IJL,
Sample solution; in bands that are 2 cm in length

Developing solvent system: Ethyl acetate, methanol, and
water (77:15:8)

Spray reagent: 10 mg/mL of
p-dimethylaminobenzaldehyde in 1 N hydrochloric acid

Analysis
Samples: Standardsolution and Sample solution

Develop the chromatograms to a length of NLT 12 cm,
and dry the plate in a current of air. Spray the plate with
Sprayreagent, and heat for 10 min at 120°.

Acceptance criteria: The Sample solution shows the
following: a blue zone (at an R F value of about 0.21) due
to the presence of aucubin and that corresponds in color
and R F value to a similar zone for the Standardsolution; a
blue zone (at an R F value of about 0.44)-as a result of the
presence of agnuside that corresponds in color and RFvalue
to a similar zone for the Standardsolution; and-one broad
zone, violet in the middle, near the solvent front and that
corresponds in color and R F value to a similar zone for the
Standardsolution.Other colored zones of varying intensities
may be observed in the Sample solution.

• B. In the test for Contentof Casticin, the chromatogram of
the Sample solution exhibits a peak at the retention time
corresponding to casticin.

• C. In the test for Contentof Agnuside, the chromatogram of
the Sample solution exhibits a peak at the retention time
corresponding to agnuside.

COMPOSITION
• CONTENT OF CASTICIN

Standard solution: About 0.05 mg/mL of USPCasticin RS
in methanol, with sonication. Pass through a cellulose
membrane filter of 0.45-lJm or finer pore size.

Sample solution: Transfer a quantity of Extract, equivalent
to about 2.5 mg of the labeled content of casticin, into a
50-mL volumetric flask. Add 25 mL of methanol, and
sonicate in a bath at 40° for 10 min, shaking to disperse the
solid. Cool to room temperature, and dilute with methanol
to.volume. Centrifuge or pass through a filter of 0.45-lJm
or finer pore size.

Solution A: Methanol
Solution B: 5.88 gIL of phosphoric acid in water
Mobile phase: See Table 1.

USP 43

Table 1

Time Solution A Solution B
(min) (%) (%)

0 50 50

0 50 50

13 65 35

18 100 0

23 50 50

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 3.1-mm x 12.5-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0for the castldn peak
Relative standard deviation: NMT 2.0% for the casticin

peak, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of casticin, Pc, in the portion of

Extract taken:

Pc= (r vIr s) x (C sIC v) x 100

r u =peak response of casticin from the Sample solution
r s =peak response of casticin from the Standard

solution
C s = concentration of USP Casticin RS in the Standard

solution(mg/mL)
C u = concentration of Extract in the Sample solution

(mg/mL)

Calculate the percentage of the labeled amount of casticin
in the portion of Extract taken:

Result =(PclL) x 100

Pc =content of casticin as calculated above (%)
L =labeled amount of casticin (%) .

Acceptance criteria: 90.00/0-110.0% on the dried basis
• CONTENT OF AGNUSIDE

Solvent: Methanol and water (1:19)
Standard solution: Dissolve a quantity of USP Agnuside RS

in Solvent, with sonication. Dilute with methanol to obtain a
concentration of about 0.125 mg/mL. Pass through a
cellulose membrane filter of 0.45-lJm or finer pore size.

Sample solution: Transfer an amount of Extract, equivalent
to about 6.25 mg of the labeled content of agnuside, into a
50-mL volumetric flask. Add 25 mL of Solvent, and sonicate
in a bath at 40° for 10 min, shaking to disperse the solid.
Cool to room temperature, and dilute with Solvent to
volume. Centrifuge or pass through a filter of 0.45-lJm or
finer pore size. .

Solution A: Acetonitrile
Solution B: 5.88 gIL of phosphoric acid in water
Mobile phase: See Table 2.
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Table 2

Time Solution A Solution B
(min) (%) (%)

0 7 93

0.6 10 90

5 10 90

7 14 86

13 15 85

13.1 100 0

18 100 0

18.1 7 93

23 7 93

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 258 nm
Column: 3.1-mm x 12.5-cm; 5-~m packing L1
Column temperature: 25°
Flow rate: 1.3 mL/min
Injection size: 10 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the agnuside peak
Relative standard deviation: NMT 2.0% for the

agnuside peak, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of agnuside, Po, in the portion

of Extract taken:

Po=(r vir s) x (C siC v) x 100

r u =peak response of agnuside from the Sample
solution

r s =peak response of agnuside from the Standard
solution

C s = concentration of USPAgnuside RS in the Standard
solution (mg/mL)

C u = concentration of Extract in the Sample solution
(mg/mL)

Calculate the percentage of the labeled amount of agnuside
in the portion of Extract taken:

Result =(PalL) x 100

Pa = content of agnuside calculated above (%)
L = labeled amount of agnuside (%)

Acceptance criteria: 90.0%-110.0% on the dried basis

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g. The total combined
molds and yeasts count does not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

• OTHE~ REQUIREMENTS: It meets the requirements for
Botanical Extracts (565), Residual Solvents and Pesticide
Residues.

SPECIFIC TESTS
• loss ON DRYING (731): NMT 6.0%
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ADDITIONAL REQUIREMENTS
• PACKAGING,AND STORAGE: Preserve in tight containers, and

store in a cool place, protected from light.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant from which the
article was prepared. The label also indicates the content of
casticin and agnuside, the extracting solvent or solvent
mixture used for preparation, the ratio of the starting crude
plant material to Extract, the percentage of native extract,
and the name and quantity of any added substances. It
meets the requirements for Botanical Extracts (565),
Labeling.

• USP REFERENCE STANDARDS (11)
USP Agnuside RS
USP Casticin RS
USP Powdered Chaste Tree Extract RS

Horse Chestnut

DEFINITION
Horse Chestnut consists of the dried seeds of Aesculus

hippocastanum L. (Fam. Hippocastanaceae) harvested in the
fall. It contains NLT3.0% of triterpene glycosides, calculated
on the dried basis as escin (CssH86024)'

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 5 mg/mL of USP Escin RS in methanol
Sample solution: Transfer 1 g of the powdered plant

material to a screw-capped centrifuge tube, add 10 mLof a
mixture of alcohol and water (7:3), and heat on a steam
bath for 10 min. Centrifuge, and use the clear supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

(TLC plates)
Application volume: 10 ~L

Developing solvent system: Use the upper phase of a
mixture of l-butanol, glacial acetic acid, and water
(5:1 :4).

Derivatization reagent: Methanol, glacial acetic acid,
sulfuric acid, and p-anisaldehyde (85: 10: 5: 0.5)

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatograms to a length of NLT15 cm, and

dry the plate in a stream of air. Spray the plate with
Derivatization reagent, heat at 100° for 5 min, and
examine under white light.

Acceptance criteria: The chromatogram of the Sample
solution shows a blue-violet zone corresponding to escin,
comparable in position and color to the main zone in the
chromatogram of the Standardsolution. Above this zone,
the chromatogram of the Sample solution shows several
narrow, brown to brownish-red zones that are less intense
than the zone corresponding to escin.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solvent A: Methanol and water (13:7)
Solvent B: Use the lower phase of a mixture of chloroform,

0.1 N hydrochloric acid, and l-propanol (5:3:2).
Reagent: Dissolve 75 mg of ferric chloride in 50 mL of

ice-cold glacial acetic acid. Add 50 mLof sulfuric acid, while
swirling on an ice bath. Prepare immediately before use.

Standard solution A: 0.2 mg/mL of USP Escin RS in glacial
acetic acid, shaken for 1 min
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Standard solution B: 0.4 mg/mL of USP Escin RS in glacial
acetic acid, shaken for 1 min

Standard solution C: 0.6 mg/mL of USP Escin RS in glacial
acetic acid, shaken for 1 min

Sample solution: Accurately weigh about 1 g of ground
seeds, and transfer into a 250-mLround-bottom flask. Add
exactly100 mLofSolvent A, and weigh the filled flask with a
precisionof ±0.1 g. Attach a condenser, reflux for 30 min,
and allowto cool. Adjustto the initial weight by adding
Solvent A, and filter. Transfer30.0 mLof the filtrate to a
round-bottom flask, and evaporate under vacuum. Dissolve
the residue in 20 mL of 0.1 N hydrochloric acid, and
quantitatively transfer with the aid of two additional 5-mL
portions of 0.1 N hydrochloric acid to a 250-mLseparatory
funnel. Add 20 mLof 1-propanol and 50 mLof chloroform
and shakevigorously for 2 min. Collectand retain the lowe;
chlorofor~ I?yer! and add 50 mL of Solvent 8 to the upper
layer remaining In the separatory funnel. Shakevigorously
for 2 min; collect and retain the lower chloroform layer.
Combine the retained chloroformlayers in a round-bottom
flask, and evaporate to near-dryness under vacuum.
Evaporatethe remaining solvent under a stream of air.
Wash the ~esidu~ with two 1O-mL aliquots of ether, filter,
wash the filterwith 10 mLof ether, and discard the ether
filtrates. After evaporation of the residual ether, suspend the
resid.ue in 10 mLof glacial acetic acid, and passthrough the
previously used dried filter into a 50-mLvolumetricflask.
Repeat the addition of glacial acetic acid followed by
filtration two additional times, combining the filtrates in the
50-mLvolumetric flask. Wash the round-bottom flask with
small quantities of glacial acetic acid, and filter into the
volumetric flask. Dilutewith glacial acetic acid to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Wavelength: 540 nm
Blank: Glacial acetic acid

Analysis: Accurately transfer 1.0 mLeach of Standard
solutions A, 8, and C, Sample solution, and Blank into
separate screw-cap test tubes. Add 4.0 mLof Reagent to
each tube, cap the tubes, and keep them on a water bath
at 60° for 25 min, shaking occasionally. Measurethe
absorbances of the reacted Sample solutionand Standard
solutions A, 8, and C, corrected for the Blank. Plotthe
absorbances of Standardsolutions A, 8, and C against their
respectiveconcentrations, and establish the calibrationline
by linear regression. Fromthe plot, determine the
concentration, C, in mg/mL, of triterpene glycosides as
escin in the Sample solution.
Calculate the percentage of triterpene glycosides as escin

in the portion of HorseChestnut taken:

Result = (CIW) x (50/3)

=concentration of triterpene glycosides in the
Sample solution as obtained above (mg/mL)

= weight of HorseChestnut taken to prepare the
Sample solution (g)

Acceptance criteria: NLT 3.0% of triterpene glycosides,
calculated as escin (CssHs6024), on the dried basis

CONTAMINANTS
• ARtiCLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TE$TS (2021): The total aerobic

microbialcount does not exceed 106cfu/g, the total
combined molds and yeast count does not exceed 104cful
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g, and the bile-tolerantGram-negative bacteria count is
NMT 103 cfu/g.

• ABSENCE OF SPECIFIEID MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Horse chestnut seeds are dense and hard
subspherical to oval, slightly flattened, and from 2 to 4'cm
in diameter. They have a dark brown seed coat from 1 to
1.5 mm thick,with a large, round, light brown spot (hilum).
The seed coat is shiny, but only in fresh condition. The
space under ~he coat istotallyfilled with the shiny, massive
embryo and Its large, pale yellow cotyledons lacking
endosperm.

Microscopic: The epidermis of the testa in surface view has
yellowish-brown cells of fairly uniform size, with the
majorityof cells rounded to polygonal, and a few that are
square to obscurelytriangular. The walls of these cells are
considera~ly but.rather unevenlythickened, and lackpits.
Inth~ sectlona.1 view, the cells are columnar, approximately
3-4 times as high as they are wide, with the outer periclinal
wall markedlythickened, uneven, and becoming thinner
toward the base; beneath the epidermis there are a few
!ayers of smallcollenchymatously thickened cells with small
Intercellular spaces; the greater part of the testa consistsof
larger, loosely packed parenchymatous cellsforming a
sp~>ngy tissu~; t~e walls are variably and unevenly
thickened, With Intercellular and large circularspaces well
marked; the inner layerof the testa is a narrow zone with
ill-defined and thinner-walledcells. All the parenchy~atous
cells of the testa are darkly pigmented. The embryo has an
o.uterla,rerof smallcol?rless cells; almost square insectional
View, With outer and Side walls thickened. In the surface
view, only the irregularand more or lesspolygonal lumens
are discernible, giving a reticulate, pitted appearance.
C.otyledon~ are moderately thickened and indistinctly
pitted, havinq round to ovoid parenchymatous cells
densely filled with starch. Starch granules, mainlysimple
are present in two size ranges: from 15 to 30 IJm and fro~
3 to 10 IJm. The largest granules vary from circular, ovoid,
and bluntly polygonal to pyriform, most of them with a
well-marked cleft or stellate hilum, and lacking striations.
The.smal.ler starc~ granules are lessvariable, spherical to
ovoid, With the hilum more often a point. Compound
starch granules are found very infrequently.

• EXTRACTABLE MATTER
Analysis: Proceed as directed for Articles Of Botanical Origin

(5?1), Alcohol-Soluble Extractives, Method 2, except use a
mixture of methanol and water (8:2) instead of alcohol.

Acceptance criteria: NLT 18.0%
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2.0%
• Loss ON DRYING (731): Drya sample at 105° for 2 h: it loses

NMT 10.0% of its weight.
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT

4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a well-closed

light-resistantcontainer, protected from moisture. '
• LABELlN,G.: The labelstates the Latin binomial~nd, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Escin RS .
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Powdered Horse Chestnut
DEFINITION
Powdered Horse Chestnut is Horse Chestnut reduced to a

powder or very fine powder. It contains NLT 3.0% of
triterpene glycosides, calculated on the dried basis as escin
(CssH86024)'

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 5 mg/mL of USP Escin RS in methanol
Sample solution: Transfer 1 g of Powdered Horse Chestnut

to a screw-capped centrifuge tube, add 10 mLof a mixture
of alcohol and water (7:3), and heat on a steam bath for
10 min. Centrifuge, and use the clear supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

(TLC plates)
Application volume: 10 ~L

Developing solvent system: Use the upper phase of a
mixture of l-butanol, glacial acetic acid, and water
(5:1 :4).

Derivatization reagent: Methanol, glacial acetic acid,
sulfuric acid, and p-anisaldehyde (85: 10: 5: 0.5)

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatograms to a length of NLT 15 ern, and

dry the plate in a current of air. Spray the plate with
Derivatizationreagent, heat at 100° for 5 min, and
examine under white light.

Acceptance criteria: The chromatogram of the Sample
solution shows a blue-violet zone corresponding to escin,
comparable in position and color to the main zone in the
chromatogram of the Standardsolution. Above this zone,
the chromatogram of the Sample solution shows several
narrow, brown to brownish-red zones that are less intense
than the zone corresponding to escin.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solvent A: Methanol and water (13:7)
Solvent B: Use the lower phase of a mixture of chloroform,

0.1 N hydrochloric acid, and l-propanol (5:3:2) ..
Reagent: Dissolve 75 mg of ferric chloride in 50 mL of

ice-cold glacial acetic acid. Add 50 mLof sulfuric acid, while
swirling on an ice bath. Prepare immediately before use.

Standard solution A: 0.2 mg/mL of USP Escin RS in glacial
acetic acid, shaken for 1 min

Standard solution B: 0.4 mg/mL of USP Escin RS in glacial
acetic acid, shaken for 1 min

Standard solution C: 0.6 mg/mL of USP Escin RS in glacial
acetic acid, shaken for 1 min

Sample solution: Accurately weigh about 1 g of Powdered
Horse Chestnut, and transfer into a 250-mL round-bottom
flask. Add exactly 100 mL of Solvent A, and weigh the filled
flask with a precision of ±0.1 g. Attach a condenser, reflux
for 30 min, and allow to cool. Adjust to the initial weight
by adding Solvent A, and filter. Transfer 30.0 mL of the
filtrate to a round-bottom flask, and evaporate under
vacuum. Dissolve the residue in 20 mL of 0.1 N
hydrochloric acid, and quantitatively transfer with the aid
of two additional 5-mL portions of 0.1 N hydrochloric acid
to a 250-mL separatory funnel. Add 20 mL of l-propanol
and 50 mL of chloroform, and shake vigorously for 2 min.
Coiled and retain the lower chloroform layer, and add
50 mL of Solvent 8 to the upper layer remaining in the
separatory funnel. Shake vigorously for 2 min; collect and
retain the lower chloroform layer. Combine the retained
chloroform layers in a round-bottom flask, and evaporate
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to near-dryness under vacuum. Evaporate the remaining
solvent under a stream of air. Wash the residue with two
1O-mL aliquots of ether, filter, wash the filter with 10 mL of
ether, and discard the ether filtrates. After evaporation of
the residual ether, suspend the residue in 10 mL of glacial
acetic acid, and pass through the previously used dried filter
into a 50-mL volumetric flask. Repeat the addition of glacial
acetic acid followed by filtration two additional times,
combining the filtrates in the 50-mL volumetric flask. Wash
the round-bottom flask with small quantities of glacial
acetic acid, and filter into the volumetric flask. Dilute with
glacial acetic acid to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Wavelength: 540 nm
Mode: Visible
Blank: Glacial acetic acid

Analysis: Accurately transfer 1.0 mL each of Standard
solutions A, 8, and C, the Sample solution, and the Blankinto
separate screw-cap test tubes. Add 4.0 mL of Reagent to
each tube, cap the tubes, and keep them on a water bath
at 60° for 25 min, shaking occasionally. Measure the
absorbances of the reacted Sample solutionand Standard
solutions A, 8, and C, corrected for the Blank. Plot the
absorbances of Standardsolutions A, 8, and C against their
respective concentrations, and establish the calibration line
by linear regression. From the plot, determine the
concentration, C, in mg/mL, of triterpene glycosides as
escin in the Sample solution.
Calculate the percentage of triterpene glycosides as escin

in the portion of Powdered Horse Chestnut taken:

Result =(C/W) x (50/3)

=concentration of triterpene glycosides in the
Sample solution as obtained above (mg/mL)

= weight of Powdered Horse Chestnut taken to
prepare the Sample solution(g)

Acceptance criteria: NLT3.0% of triterpene glycosides,
calculated as escin (CssH86024), on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 106cfu/g, the total
combined molds and yeast count does not exceed 104du/
g, and the bile-tolerant Gram-negative bacteria count is
NMT 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia. coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Yellowish-brown powder,

odorless, with a somewhat mealy, disagreeably bitter, and
lingering taste. It shows numerous, different-sized fatty oil
droplets that are free or within the thin-walled, colorless
tissue of the cotyledons. Fragments of the testa consist of
thick-walled pitted sclerenchymatous cells. The following
are also present: pyriform, roundish or reniform larger
individual starch granules from 15 to 30 urn in diameter,
smaller individual granules from 3 to 10 urn, and only a few
compounded granules consisting of 2-4 single grains that
form rows up to 45 IJm in length. Many of the starch
granules have a bistellate or polystellate, but rarely simple,
hilum.
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G ~XTRACTABLIE MATYlER
Analysis: Proceed as directed for Articles of Botanical Origin

(561), Alcohol-Soluble Extractives, Method 2, except use a
mixture of methanol and water (8:2) instead of alcohol.

Acceptance criteria: NLT 18.0%
• Loss ON DRYING (731): Drya sample at 1050 for 2 h: it loses

NMT 10.0% of its weight.
G ARTIClES OF BOTANICAL ORIGIN, TotalAsh(561): NMT

4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistantcontainers, protected from moisture.
• LABIELlNG: The labelstates the Latin binomialand, following

the official name, the part of the plant from which the
articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Escin RS '

Powdered Horse Chestnut Extract
DEfiNITION
Powdered HorseChestnut Extractis prepared from Horse

Chestnut by extraction with alcohol-water mixturesor
methanol-water mixtures.The ratioofstarting plant material
to extract isbetween 5:1 and 8:1. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of triterpene glycosides,
calculated on the dried basis as escin (CssHs6024)' It may
contain suitable added substances.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 5 mg/mL of USP Escin RS in methanol
Sample solution: To 10 mLof methanol add a quantity of

Powdered Extract equivalent to 25 mg of the labeled
amount of triterpene glycosides, and shake. Allow to stand
for 15 min before use.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layerof chromatographic silica gel
Application volume: 10 IJL
Developing solvent system: Use the upper phase of a

mixture of 1-butanol, glacial acetic acid, and water
(5:1:4).

Spray reagent: Methanol, glacial acetic acid, sulfuric
acid, and p-anisaldehyde (85: 10: 5: 0.5)

Analysis
Samples: Standardsolution and Sample solution
Developthe chromatograms to a length of NlT 15 em, and

dry the plate ina current of air. Spraythe plate with Spray
reagent, heat the plate at 1000 for 5 min, and examine the
plate under daylight.

Acceptance criteria: The chromatogram from the Sample
solution shows a blue-violet zone corresponding to escin,
comparable in position and color to the main zone in the
chromatogram from the Standardsolution. Abovethiszone,
the chromatogram of the Sample solution shows several
narrow, brown to brownish-redzones that are lessintense
than the zone corresponding to escin.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solvent A: Methanol and water (13:7)
Solvent B: Use the lower phase of a mixture of chloroform,

0.1 N hydrochloric acid, and 1-propanol (5:3:2).
Reagent: Dissolve 75 mg offerrlcchloride in50 mL ofglacial

acetic acid. Add 50 mL of sulfuric acid, while shaking and
cooling. Prepare immediately before use.
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Standard solution A: 0.2 rnq/rnl, of USP Escin RS in glacial
acetic acid, shakingfor 1 min

Standard solution B: 0.4 mg/mL of USP Escin RS in glacial
acetic acid, shaking for 1 min

Standard solution C: 0.6 mg/mL of USP Escin RS in glacial
acetic acid, shaking for 1 min

Sample solution: Transfera quantity of Powdered Extract,
equivalent to 50 mg of the labeled content of triterpene
glycosides, into a 50-mLflask. Add 20 mL of 0.1 N
hydrochloricacid, and shakefor 5 min. Filter into a 250-mL
separatory funnel with the aid of two additional 5-mL
portions of 0.1 N hydrochloric acid. Add 20 mL of
1-propanol and 50 mL of chloroform,and shakevigorously
for 2 min. Separate the chloroform layer, and add Solvent
B to the upper phase remaining in the separation funnel.
Shakevigorously for 2 min, and separate the chloroform
layer. Combine the chloroform layers in a round-bottom
flask, and evaporate to dryness under vacuum. Evaporate
the remaining solventswith the aid ofa current ofair.Wash
the residue with two 1O-mL portions of ether, filter, wash
the filterwith 10 mLof ether, and discardthe ether filtrates.
After evaporation of the residual ether, add to the residuea
1O-mL portion of glacial acetic acid, and pass through the
previously used dried filter into a 1OO-mL volumetricflask.
Repeat the addition of glacial acetic acid followed by
filtration two additionaltimes, combining the filtrates inthe
volumetricflask. Wash the round-bottom flask with small
quantities of glacial acetic acid, and filter into the
volumetricflask. Dilutewith glacial acetic acid to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Wavelength: 540 nm
Blank: Glacial acetic acid

Analysis: Transfer1 mLeach of Standardsolutions A, B, and
C, the Sample solution, and the Blank to separate test tubes
with stoppers. Add4.0 mL of Reagent to each tube, cap the
tubes, and place them in a water bath at 600 for 25 min,
shaking occasionally. Measure the absorbances of the
reacted Sample solutionand the reacted Standardsolutions
A, B, and C, and correct for the Blank. Plotthe absorbances
of the reacted Standardsolutions A B, and C versus
concentrations, in mg/mL of USP Escin RS in the
corresponding Standardsolution. From the graphs
determine the concentration, C, in mg/mL, of trlterpene
glycosides as escin (CssHs6024) in the Sample solution.
Calculate the percentage of the labeled amount of

triterpene glycosides in the portion of Powdered Extract
taken:

Result =(C/C u) x 100

C = concentration of triterpene glycosides in the
Sample solution as obtained above (mg/mL)

C u =nominal concentration of triterpene glycosides
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-110.0% of the labeledamount
of triterpene glycosides as escin (CssHs6024) on the dried
basis

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104cfu/g, the total
combined molds and yeasts count does not exceed 102cfu/
g, and the count for enterobacteria does not exceed 103

cfu/g.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets

the requirements of the tests for absence of Salmonella
species and Escherichia coli.
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SPECIFIC TESTS
• Loss ON DRYING (731): Dry 1 gat 105° for 2 h: it loses NMT

5.0% of its weight.
• OTHER REQUIREMENTS: It meets the requirements in

Botanical Extracts (565), General Pharmacopeial
Requirements, for Packaging and Storage, Residual Solvents,
and Pesticide Residues for powdered extracts.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. Store in a cool place.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant from which the .
article was prepared. The label also indicates the content of
triterpene glycosides, the extracting solvent or solvent
mixture used for preparation, the ratio of the starting crude
plant material to Powdered Extract, and the name and
content of any added substance. It meets the requirements
for labeling in BotanicalExtracts (565).

• USP REFERENCE STANDARDS (11)
USP Esdn RS

Chia Seed Oil

[93384-40-8].

DEFINITION
Chia Seed Oil isderived from the seeds of the Chia plant (Salvia
. hispanica L.). The oil is extracted from the seeds by cold

pressing. No solvents or external heat are employed in the
extraction process. Tocopherol may be added as an
antioxidant.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils(401), Procedures, FattyAcidComposition.
• B. IDENTIFICATION OF FIXED OILS BY THIN-LAYER

CHROMATOGRAPHY (202): The RF values of the principal
spots of the Sample solution correspond to those of the
Standardsolution. .

• C. It meets the requirements in Specific Tests for Sterol
Composition. .

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, AcidValue: NMT2.5
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 10.0
• FATS AND FIXED OILS (401), Procedures, IodineValue: 180

210
• FATS AND FIXED OILS (401), Procedures,

Saponification Value: 180-230
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 1.5
• FATS AND FIXED OILS (401), Procedures, FattyAcid

Composition: Chia Seed Oil exhibits the composition
profile of fatty acids in Table 7.

Table 1
Area

Fatty Shorthand Percentage
Acid Notation (0/0)

Palmitic acid 16:0 5.0-9.0

Stearic add 18:0 2.0-5.0

Oleic acid 18:1 4.0-9.0

Linoleicacid 18:2 17.0-22.0

Alpha-linolenicacid 18:3 (n-3) 57.0-70.0
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Table 1 (continued)

Area
Fatty Shorthand Percentage
Acid Notation (0/0)

Gamma-linolenic
acid. 18:3 (n-6) 0.0-0.4

• STEROL COMPOSITION
Internal standard solution: 0.3 mg/mL of USP

Cholestanol RS in 2-propanol
Standard solution: Transfer 50 mg of USP Chia Seed Oil RS

to a 25-mL screw-cap test tube, add 2.0 mL of 2-propanol,
and sonicate to dissolve. Add 3.0 mL of 1 M methanolic
potassium hydroxide and 0.8 mL of Internalstandard
solution to the test tube. Cap the test tube and place in a
hot water bath at 80° for 60 min. Remove the test tube from
the water bath and cool to room temperature, then add
3 mL each of water and n-hexane. Mix the solution with a
vortex mixer or shake vigorously for at least 30 s.
Immediately add 5 mL of saturated sodium chloride, cap,
and mix with a vortex mixer or shake thoroughly for at least
15 s. Let the solution stand for 5 min, or until the upper
layer becomes clear, and transfer to a separate tube. Shake
the lower layer once more with 3 mL of n-hexane, and
combine the hexane extracts. Evaporate the hexane
extracts with the aid of a nitrogen stream to dryness. Add

.0.3 mL of pyridine silylated with 1.0 mL of BSA+TMCS
+TMSI mixture (3:2:3)1 and let it stand at room
temperature for 15 min. Inject this solution into a gas
chromatograph.

Sample solution: Prepare as directed for the Standard
solution, except replace USP Chia Seed Oil RS with Chia
Seed Oil.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica capillary, bonded

with a 0.25-lJm film of phase G27
Temperatures

Injection port: 240°
Detector: 32SO
Column: See Table 2.

Table 2
Initial Tempera- Final Hold Time at

Tempera- Hold Time ture Tempera- Final Tem-
ture at 240· Ramp ture perature
(") (min) ("/min) (") (min)

240 3 2 300 7

Carrier gas: Helium
Flow rate: 1.5 mL/min
Split ratio: 2:1
Injection volume: 1 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Resolution: NLT 1.5 between ~-sitosterol and
il5-avenasterol

Relative standard deviation: NMT2.0% for the ratios of
~-sitosterol to internal standard peak responses from
replicate injections

Chromatogram similarity: The chromatogram from the
Standardsolution is similar to the reference

1 BSA+TMCS+TMSI mixture (3:2:3) is available from Sigma-Aldrich,
Product #33030, www.sigmaaldrich.com/catalog/product/supelco/
33030.
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chromatogram supplied with USP Chia Seed Oil RS.
Identifythe retention times of six relevant sterol methyl
esters by comparing the chromatogram of the Standard
solutionwith the referencechromatogram supplied with
USP Chia Seed Oil RS. The retention times of the sterols
with reference to p-sitosterol are given in Table 3.

Table 3

Relative
Retention

Identification Time

Cholestanol (internal standard) 0.73

Campesterol 0.91

Stigmasterol 0.94

P-Sitosterol 1.00

65-Avenasterol 1.02

Cycloartenol 1.06

24-Methylenecycloartenol 1.11

Analysis
Sample: Sample solution
Calculate the area percentage of each individual sterol in

the portion of Chia Seed Oil taken:

Result = (Ru/Rr) x 100

Ru =peak response ratio of each sterol component to
the internal standard (internal standard ratio)
from the Sample solution

Rr =sum of six internal standard ratios from the
Sample solution

Acceptance criteria: Chia Seed Oilexhibits sixsterol
components, each with the normalizedarea percentage
shown in Table 4.

Table 4
Normalized

Area
Percentage

Component (%)

Campesterol 11.1-13.2

Stigmasterol 2.5-6.8

P-Sitosterol 66.2-68.9

65-Avenasterol 6.8-1004

Cycloartenol 3.0-5,6

24-Methylenecycloartenol 2.2-3.7

• REFRACTIVE INDEX (831): 1.460-1 .490 at 200

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight,

light-resistant containers.
• LABELING: Where Chia Seed Oil is intended for use in the

manufacture of dosage forms, it is so labeled.
• USP REFERENCE STANDARDS (11)

USP Chia Seed Oil RS
USP Cholestanol RS

3p-Hydroxy-5a-cholestane.
Ci 7H480 388.67

USP 43

Chinese Salvia

DEFINITION
Chinese Salvia consistsof the dried roots and rhizomes of

Salvia miltiorrhiza Bunge, also known as Danshen (Fam.
Lamiaceae). It contains NlT 0.1% of tanshinone ,,~ NLT
0.2% of total tanshinones, calculated as the sum of
cryptotanshinone, tanshinone I,and tanshinone I/~ and NLT
3.0% of salvianolic acid B; allcalculated on the dried basis. It
is collected in spring or fal/.

IDENTIFICATION
• A. Chinese Salvia meets the requirements for Specific Tests,

Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: Amixtureof about 0.5 mg/mLof USP
Tanshinone "A RS and about 1.5 mg/mL of USP Salvianolic
Acid BRS in alcohol

Standard solution B: About 0.25 g of USP Powdered
Chinese Salvia Extract RS in 5.0 ml of alcohol. Sonicatefor
15 min, centrifuge, and use the supernatant.

Sample solution: About 1.0 g of Chinese Salvia, finely
powdered, in 5.0 mL of alcohol. Sonicatefor 15 min,
centrifuge, and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particlesizeof 2-10 IJm (HPTLC plates)
Application volume: 5 IJl, as 8-mm bands
Developing solvent system A: Amixture of ethyl acetate,

chloroform, toluene, formic acid, and methanol
(8:6:4:4:1 )

Developing solvent system B: Amixture of solvent
hexane and ethyl acetate (4:1)

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Apply the samples as bands to a suitable high performance

thin-layerchromatographic plate. Usea saturated
chamber, and condition the plate to a relative humidityof
about 33% using a suitable device. Develop the '
chromatograms in Developing solvent system A until the
solvent front has moved up about 40% of the plate.
Remove the plate, and allowto dry. Develop the
chromatograms in a saturated chamber containing
Developing solvent system 8 until the solvent front has
moved up about three-fourths of the plate. Remove the
plate, dry, and examine under visible light and UV lightat
254 nm and 365 nm.

Acceptance criteria
Under visible light, the chromatogram of the Sample

solutionexhibitsthree bands similar in positionsand colors
to bands in the chromatogram of Standardsolution B.
These include a pink band in the upper third of the
chromatogram, similar in RF and color to the
tanshinone "A band in the chromatogram of Standard
solutionA, a yellowish-orange band in the upper third of
the chromatogram, and an orange band at about the
middle of the chromatogram due to tanshinone I and
cryptotanshinone, respectively.

UnderUV lightat 365 nm, the chromatogram of the Sample
solution exhibits three blue bands similarin positionsand
colors to bands in the chromatogram of Standardsolution
8. These include an intense blue band in the lower third
of the chromatogram corresponding in RFand color to the
salvianolic acid Bband in the chromatogram of Standard
solutionA, and two minor blue bands in the lowerthird of
the chromatogram and above the salvianolic acid Bband,
due to Iithospermic acid and rosmarinic acid.
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UnderUV lightat 254 nm, the chromatogram ofthe Sample
solution exhibits intense quenching bands at RF

corresponding to those for tanshinone itA and salvianolic
acid Bin the chromatogram of Standard solution A. The
chromatogram of the Sample solution also exhibitsother
quenching bands corresponding in RF to the bands in the
chromatogram of Standard solution 8.

o C. HPLC
Analysis: Proceed as directed in the test for Content of

Tanshinones.
Acceptance criteria; The chromatogram of the Sample

solution exhibits the most intense peak at a retention time
corresponding to that of tanshinone itA in the
chromatogram of Standard solution A. The Sample solution
chromatogram exhibits two additional peaks
corresponding to tanshinone I and cryptotanshinone, of
less intensity and accounting for about halfof the total
tanshinones content.

o D. HPLC
Analysis: Proceed as directed in the test for Content of

Salvianolic Acid 8.
Acceptance criteria: The chromatogram of the Sample

solution exhibits a peak at a retention time corresponding
to that of salvianolic acid B in the chromatogram of
Standard solution A.

COMPOSITION
o CONTENT OF TANSHINONES

Solution A: 0.02% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 39 61

6 39 61

20 10 90

20.5 39 61

25 39 61

[NOTE-Proceed under subdued light or use low-actinic
glassware. The Standard solution and Sample solution
are stable for 24 h at room temperature.]

Standard solution A: 0.02 mg/mL of USP Tanshinone itA RS
in methanol

Standard solution B: 2 mg/mL of USP Powdered Chinese
Salvia ExtractRS in methanol. Sonicatefor 15 min, and pass
through a membrane filter having a 0.45-lJm pore size.
Discard the firstfew mLof the filtrate.

Sample solution: About 300 mg of Chinese Salvia, finely
powdered and accurately weighed, in 40 mLof methanol.
Sonicatefor 30 min, filterinto a 50-mLvolumetricflask, and
wash the residue and the filter paper with a few mL of
methanol. Adjustwith methanol to volume, mix, and pass
through a membrane filter having a 0.45-lJm pore size.
Discard the firstfew mLof the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 200

Flow rate: 1.0 mL/min
Injection volume: 10 IJL

Dietary Supplements / Chinese Salvia 4879

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution 8 is similar to the reference
chromatogram provided with the lot of USP Powdered
Chinese Salvia Extract RS being used.

Tailing factor: NMT 2.0 for the tanshinone itA peak,
Standard solution A

Relative standard deviation: NMT 2.0%, determined
from the tanshinone IIApeak in repeated injections,
Standard solution A

Resolution: NLT 1.5 between the cryptotanshinone and
tanshinone I peaks, Standard solution B

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution 8, and the reference chromatogram provided
with the lot of USP Powdered Chinese Salvia Extract RS
being used, identifythe retention times of the peaks
corresponding to different tanshinones in the Sample
solution chromatogram. The approximate relative
retention times of the different peaksfor
cryptotanshinone, tanshinone I, and tanshinone itA are
0.75, 0.79, and 1.00, respectively.

Calculatethe percentages of cryptotanshinone, tanshinone
I, and tanshinone itA in the portion of Chinese Salvia
taken:

Result = (rulrs) x Cs x (VIW) x Fx 100

=peak area of the relevant analytefrom the Sample
solution

=peak area of tanshinone itA from Standard
solution A

= concentration of USP Tanshinone ItA.RS in
Standard solution A (mg/mL)

=volume of the Sample solution (mL)
=weight of Chinese Salvia taken to prepare the

Sample solution (mg)
=conversion factor for analytes (1 .18 for

cryptotanshinone, 1.31 for tanshinone I, and
1.00 for tanshinone IIA)

Add the percentages of cryptotanshinone, tanshinone I,
and tanshinone itA'

Acceptance criteria: NLT 0.1% tanshinone IIAand NLT
0.2% of total tanshinones, calculated on the dried basis

o CONTENT OF SALVIANOLIC ACID B
Solution A: 0.1% phosphoric acid in water (v/v)
Mobile phase: Solution A and acetonitrile (78:22)
[NOTE-The Standard solution and Sample solution are

stable for 12 h at room temperature.]
Solvent: Methanol and water (8:2)
Standard solution: 0.1 mg/mL of USP Salvianolic Acid BRS

in Solvent
Sample stock solution: About 150 mg of Chinese Salvia,
finely powdered and accurately weighed, in 40 mL of .
Solvent. Sonicate for 30 min, filter into a 50-mLvolumetric
flask, and wash the residue and the filter paper with a few
mLof Solvent. Adjustwith Solvent to volume, mix, and
centrifuge a portion.

Sample solution: Dilute a portion of the supernatant from
the Sample stock solution (1 :2) with Solvent, mix, and pass
through a membrane filter having a 0.45-lJm pore size.
Discard the first 2 mLof the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
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III ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Rhizomes short and thick, sometimes with
remains of stems at the apex. Roots, long, cylindrical,
slightlycurved, some branched, with rootlets, 10-20 cm
long, 0.3-1.5 cm in diameter. Externally brownish-red or
dark brownish-red, rough, longitudinally wrinkled. The
bark of old roots is loose, mostly purplish-brown, usually
scaling off; the bark of young roots is closely adhering to
wood and uneasy to be scaled off.Texture hard and fragile,
fracture loose, with brownish-red bark and greyish-yellow
or purplish-brown wood, showing bundles of vessels,
yellowish-white, arranged radially.

Microscopic
Transverse section: Cork, 4-8 rows of cellswith brown

contents; rhytidome tissues may be present; cortex broad,
parenchyma cellsshowing reddish-brown granules;
phloem narrow, crescent shape; cambium ina ring;xylem
vessels, lignified, mainlyscalariform and reticulate,
numerous near the cambium ring and fewer near the pith;
xylemfibers in bundle, scattered radially; pith in the
center.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble
Extractives,Method 7 (561): NLT 15.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble
Extractives,Method 2 (561): NLT 35.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Chinese Salvia
Analysis: Dryat 105° for 2 h.
Acceptance criteria: NMT 13%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 4.0 g of finely powdered Chinese Salvia
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Powdered Chinese Salvia ExtractRS
USP Salvianolic Acid B RS
USP Tanshinone IIA RS

Powdered Chinese Salvia

DEFINITION
Powdered Chinese Salvia is Chinese Salvia reduced to a

powder or veryfine powder. It contains NLT 0.1%
tanshinone II~ NLT 0.2% of total tanshinones, calculated as
the sum of cryptotanshinone, tanshinone I, and .
tanshinone II~ and NLT 3.0% of salvianolic acid B; all
calculated on the dried basis.

Result =(ru/rs) x Cs x (V/W) x D x 100

=peak area of salvianolic acid Bfrom the Sample
solution

=peak area of salvianolic acid Bfrom the Standard
solution

= concentration of USP Salvianolic Acid B RS in the
Standard solution (mg/mL)

=volume of the Sample stock solution (mL)
=weight of Chinese Salvia used to prepare the

Sample stock solution (mg)
=dilution factor to prepare the Sample solution

from the Sample stock solution, 2

Acceptance criteria: NLT 3.0%, calculated on 'the dried
basis

Mode: LC
Detector: UV 286 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L1
Column temperature: 20 ± 1°
Flow rate: 1.2 mL/min
Injection volume: 10 J.lL

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the salvianolic acid Bpeak
Relative standard deviation: NMT 2.0%, determined
from the salvianolic acid B peak in repeated injections

Analysis
Sa~ples: Standard solution and Sample solution
USing the chromatogram of the Standard solution, identify

the retention time of the peak corresponding to salvianolic
acid B in the Sample solution.

Calculatethe percentage of salvianolic acid Bin the portion
of Chinese Salvia taken:

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Fordeionized water: Usedeionized water of at least 18
megaohm. .

Sample solution: UseChinese Salvia previously dried for 2 h
at 60°, ground to coarse powder. Accurately weigh 0.5 g
of the powder, transfer to a closed microwavevessel, and
add 5-1 0 mLof concentrated nitricacid. [NoTE-In case of a
severe reaction, set the vessel aside until the reaction
ceases.] Digest under pressure following the instrument
manufacturer's recommendations, cool to below 60°, and
remove the vessel. Cool to room temperature, transfer the
contents with the aid of three 1O-mL portions of deionized
water to a 250-mL volumetric flask, dilute with deionized
water to volume, and mix. [NoTE-In case of deposits,
centrifuge, and use the supernatant.]

Acceptance criteria
Arsenic: NMT 2J.lg/g
Cadmium: NMT0.3 J.lg/g
lead: NMT 5 J.lg/g
Mercury: NMT 0.2 J.lg/g

.~~'~I~;~;~~.
(.?9J).4.S«(i;I'!J •

• MICROBIAL ENUMERATION TESTS ): The total aerobic
bacterial count does not 05 cfu/g, the total
combined molds and yeasts count does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacteria does not'
exceed 103 cfu/g. .
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IDENTIFICATION
• A. Powdered Chinese Salvia meets the requirements for

Specific Tests, Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: A mixture of about 0.5 mg/mL of USP
Tanshinone IIA RS and about 1.5 mg/mL of USPSalvianolic
Acid B RS in alcohol

Standard solution B: About 0.25 g of USP Powdered
Chinese Salvia Extract RS in 5.0 mL of alcohol. Sonicate for
15 min, centrifuge, and use the supernatant.

Sample solution: About 1.0 g of Powdered Chinese Salvia
in 5.0 mL of alcohol. Sonicate for 15 min, centrifuge, and
use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 2-10 IJm (HPTLC plates)
Application volume: 5 IJL, as 8-mm bands
Developing solvent system A: A mixture of ethyl acetate,

chloroform, toluene, formic acid, and methanol
(8:6:4:4:1)

Developing solvent system B: A mixture of solvent
hexane and ethyl acetate (4:1)

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the samples as bands to a suitable high performance

thin-layer chromatographic plate. Use a saturated
chamber, and condition the plate to a relative humidity of
about 33% using a suitable device. Develop the
chromatograms in Developing solvent system A until the
solvent front has moved up about 40% of the plate.
Remove the plate, and allow to dry. Develop the
chromatograms in a saturated chamber containing
Developing solvent systemBuntil the solvent front has
moved up about three-fourths of the plate. Remove the
plate, dry, and examine under visible light arid UV light at
254 nm and 365 nm.

Acceptance criteria
Under visible light, the chromatogram of the Sample

solution exhibits three bands similar in positions and colors
to bands in the chromatogram of Standard solution B.
These include a pink band in the upper third of the
chromatogram, similar in RF and color to the
tanshinone IIA band in the chromatogram of Standard
solution A, a yellowish-orange band in the upper third of
the chromatogram, and an orange band at about the
middle of the chromatogram due to tanshinone I and
cryptotanshinone, respectively.

Under UV light at 365 nm, the chromatogram of the Sample
solution exhibits three blue bands similar in positions and
colors to bands.in the chromatogram of Standard solution
B. These include an intense blue band in the lower third
of the chromatogram corresponding in RFand color to the
salvianolic acid B band in the chromatogram of Standard
solution A, and two minor blue bands in the lower third of
the chromatogram and above the salvianolic acid Bband,
due to Iithospermic acid and rosmarinic acid.

Under UV light at 254 nm, the chromatogram of the Sample
solution exhibits intense quenching bands at RF

corresponding to those for tanshinone IIA and salvianolic
acid B in the chromatogram of Standard solution A. The
chromatogram of the Sample solution also exhibits other
quenching bands corresponding in RF to the bands in the
chromatogram of the Standard solution B.

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Tanshinones.
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Acceptance criteria: The chromatogram of the Sample
solution exhibits the most intense peak at a retention time
corresponding to that of tanshinone IIA in the
chromatogram of Standard solution A. The Sample solution .
chromatogram exhibits two additional peaks
corresponding to tanshinone I and cryptotanshinone, of
less intensity and accounting for about half of the total
tanshinones content.

• D. HPLC
Analysis: Proceed as directed in the test for Content of

Salvianolic Acid B.
Acceptance criteria: The chromatogram of the Sample

solution exhibits a peak at a retention time corresponding
to that of salvianolic acid B in the chromatogram of
Standard solution A.

COMPOSITION
• CONTENT OF TANSHINONES

Solution A: 0.02% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 39 61

6 39 61

20 10 90

20.5 39 61

25 39 61

[NOTE-Proceed under subdued light or use low-actinic
glassware. The Standard solution and Sample solution are
stable for 24 h at room temperature.]

Standard solution A: 0.02 mg/mL of USP Tanshinone IIA RS
in methanol

Standard solution B: 2 mg/mL of USP Powdered Chinese
SalviaExtract RS in methanol. Sonicate for 15 min, and pass
through a membrane filter having a 0.45-lJm pore size.
Discard the first few mL of the filtrate.

Sample solution: About 300 mg of Powdered Chinese
Salvia, accurately weighed, in 40 mL of methanol. Sonicate
for 30 min, and filter into a 50-mL volumetric flask. Wash
the residue and the filter paper with a few mL of methanol,
adjust to volume with methanol, mix, and pass through a
membrane filter having a 0.45-lJm pore size. Discard the
first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 20 0

Flow rate: 1.0 mL/min
Injection volume: 10 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Chinese Salvia Extract RS being used.

Tailing factor: NMT 2.0 for the tanshinone IIA peak,
Standard solution A

Relative standard deviation: NMT 2.0%, determined
from the tanshinone IIA peak in repeated injections,
Standard solution A
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Resolution: NLT 1.5 between the cryptotanshinone and
tanshinone I peaks, Standard solution B

~~ili .
Samples: Standard solution A, Standard solution 8, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution 8, and the reference chromatogram provided
with the lot of USP Powdered Chinese Salvia Extract RS
being used, identify the retention times of the peaks
corresponding to different tanshinones in the Sample
solution chromatogram. The approximate relative
retention times of the different peaks for
cryptotanshinone, tanshinone I, and tanshinone IIA are
0.75, 0.79, and 1.00, respectively.

Calculate the percentages of cryptotanshinone, tanshinone
I, and tanshinone IIA in the portion of Powdered Chinese
Salvia taken:

Result =(ru/rs) x Cs x (V/W') x Fx 100

ru =peak area of the relevant analyte from the Sample
solution .

rs =peak area of tanshinone IIA from the Standard
solution A

Cs = concentration of USP Tanshinone IIA RS in the
Standard solution A (mg/mL)

V =volume of the Sample solution (mL)
W =weight of Powdered Chinese Salvia taken to

prepare the Sample solution (mg)
F = conversion factor for analytes (1.18 for

cryptotanshinone, 1.31 for tanshinone I, and
1.00 for tanshinone IIJ

Add the percentages of cryptotanshinone, tanshinone I,
and tanshinone IIA•

Acceptance criteria: NLT0.1 % tanshinone IIA and NLT
0.2% of total tanshinones, calculated on the dried basis

• CONTENT OF SALVIANOLIC ACID B
Solution A: 0.1 % phosphoric acid in water (v/v)
Mobile phase: Solution A and acetonitrile (78:22)
[NOTE-The Standard solution and Sample solution are

stable for 12 h at room temperature.]
Solvent: Methanol and water (8:2)
Standard solution: 0.1 mg/mL of USP SalvianolicAcid B RS

in Solvent
Sample stock solution: About 150 mg of Powdered

Chinese Salvia, accurately weighed, in 40 mL of Solvent.
Sonicate for 30 min, and filter into a 50-mL volumetric flask.
Wash the residue and the filter paper with a few mL of
Solvent, adjust to volume with Solvent, mix, and
centrifuge a portion.

Sample solution: Dilute a portion of the supernatant from
the Sample stock solution (1:2) with Solvent, mix, and pass
through a membrane filter having a 0.45-J.Im pore size.
Discard the first 2 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.6-mm x 25-cm; 5-J.Im packing L1
Column temperature: 20 ± 1°
Flow rate: 1.2 mL/min
Injection volume: 10 J.IL

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the salvianolic acid B peak
Relative standard deviation: NMT 2.0%, determined

from the salvianolic acid B peak in repeated injections

USP 43

Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of Standard solution, identify the

retention time of the peak corresponding to salvianolic
acid B in the Sample solution.

Calculate the percentage of salvianolic acid B in the portion
of Powdered Chinese Salvia taken:

Result = (rufrs) x Cs x (V/W') x D x 100

tu =peak area of salvianolic acid B from the Sample
solution

rs = peak area of salvianolic acid Bfrom the Standard
solution

Cs = concentration of USPSalvianolic Acid B RSin the
Standard solution (mg/mL)

V = volume of Sample stock solution (mL)
W = weight of Powdered Chinese Salvia used to

prepare the Samplesolution (mg)
o = dilution factor to prepare the Sample solution

from Sample stock solution, 2

Acceptance criteria: NLT 3.0%, calculated on the dried
basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

. For deionized water: Use deionized water of at least 18
megaohm.

Sample solution: Use Powdered Chinese Salvia previously
dried for 2 h at 60°, weigh accurately 0.5 g, transfer to a
closed microwave vessel, and add 5-10 mLof concentrated
nitric acid. [NoTE-In case of a severe reaction, set the vessel
aside until the reaction ceases.] Digest under pressure
following the instrument manufacturer's
recommendations, cool to below 60°, remove the vessel,
cool to room temperature, transfer the content with the aid
of three 1O-mL portions of deionized water to a 250-mL
volumetric flask, complete to volume with deionized water,
and mix. [NoTE-In case of deposits, centrifuge, and use the
supernatant.]

Acceptance criteria
Arsenic: NMT 2 J.Ig/g .
Cadmium: NMT 0.3 J.Ig/g
Lead: NMT 5 J.Ig/g
Mercury: NMT 0.2 J.Ig/g

: Meets
~ MICROBIAL ENUMEIlATION TESTS

bacterial count does not 05 cfu/g, the total
combined molds and yeasts count does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacteria does not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022)~ Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Yellowish-brown to reddish-brown in color
Microscopic: It shows fragments of cork cells, .

subrectangular or polygonal, containing yellowish-brown
pigments, 10-150 J.Im in diameter; parenchymatous cells
of cortex, subsquare or polygonal, containing .
reddish-brown pigments; stone cells, subrounded,
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subtriangular, subrectangular or irregular shape, some
elongated, mostly 14-70 IJm in diameter, up to 270 IJm in
length; fibers mostly in bundles, long fusiform in shape,
ends oblique-sharp or blunt-round, with oblique or
criss-cross striations, 10-60 IJm in diameter; and reticulate
and pitted vessels, up to 120 IJm in diameter.

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble
Extractives,Method 7 (561): NLT 15.0%

• ARTICLES or:: BOTANICAL ORIGIN, Water-Soluble
Extractives/Method 2 (561): NLT 35.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered ChineseSalvia
Analysis: Dry at 1050 for 2 h.
Acceptance criteria: NMT 13%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 4.0 g of Powdered ChineseSalvia
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture,and store at
room temperature. .

• LABELING: The label states the Latin binomial and, followlnq
the official name, the parts of the plant from which the
articlewas obtained.

• USP REFERENCESTANDARDS (11)
USP PowderedChineseSalvia Extract RS
USP Salvianolic Acid BRS
USP Tanshinone IIA RS

Cholecalciferol-see Cholecalciferol General
Monographs

Cholecalciferol Capsules-see Chotecakitero'
Capsules General Monographs .
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TICLES OF BOTAN-ICAL ORIGIN (203)
A: 0 mg/mL of USP Baicalein

0.5 mg/mL of USP Baicalein RS in
·ssolve.

ul
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amber, remove the plate from the chamber,
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ds below baicalein, a light~yellow band co~luted

onin.7;..O·glucuronide, and ayellow band below
lein 7-0-gJuc:uronide.

Ace nee,'eriteria: TheSample solution ex~ibits r dark
. l;)ands: two ,corresponding in RF and color to the b s due

to baicalein 7.:.0-glucuronide and baicalein in Standard
solutionA and StandardsolutionB; and one above baicalein

CONTAMINANTS
• ARTDCLIES OF BOTANIC

Impurities: ' .
• ARTICLES OF

Analysis: M
-ARTIC

Meet
- MICRO

bacteri
combi
g~ an
not

• Ass
Procedures,
for Absence of Esc
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lein
ein RS

5~lJm packing L1

= peak area of the relevaliF a~alyte frOm the Sample
solution .

= peak area'ofeor
baicaleinfr

=concentration of.U
7~0-GlucuronideR
Standard solution A

=volume of the Sampv

Standard stock solution: 0.50 mg/mL. 0

7.,0~Glucuronlde RS and 0.10.mg/
in methanol . .

Standard solution A:
7-0-Glucuronide RS a
from Standard stock so

Standard soluti
baicalensis Roo
15 min, ce
filterof 0.4

Samplesolu
Skullcap R t
flask, add
filled flask
temperatLi
Solvent, if needed. . re
membrane filter of 0.4 -
the first portio ra e.

Chromatograp
(See Chromatography (621), Systef]i SUifa6i1ity.)
Mo . LC
Det
Colu
Colum
Flow ra
Injectio lume

System suitability
S les' dsolution A and Standard solution S
S ents . . .

Res

T
7
s

Relativ
baica
repeat

Chrom
Stand
chrom
baical

Analysis
Samples: Standard solution A,.Stanqard solution 8, and

Sample solution
Using the chromatogr

solution 8, and the re
with the lot of USP S
Extract RS being u
to baicaleln 7-0-gl
baicalein, and

Separately calcu
7-0-glucuronide an
USP Baicalein 7:'0-
baicaleinand wog
portion.of Chinese

Result = (fu/rs) x C;x (V/~x f x 100

Solvent: Methanol and 'Nate~ (7:3)

7-O-glucuronide due towogonin 7-O~gl
above baicalein due to wo oninl bo
arid color to similarban -
solution exhibits additi
blue bands below baidein
with wogonin 7~0~gl
baicalein 7~0-glucuro

correspondin in
solution.8. Th
the upper halfof th
lateriflora, •S. scordii
multiple red bands in
baicalein):

.. B. HPlC
Analysis: Proceed as directed in the test for .Cohtent of

Flavone GI c nides an . e
Acceptan

intense
and a smalle
solution A. T
wogo
peaks
7-0-gluc
rete' ti
Stan 0
between the relative r
7-0-gluc:uronide and
the peak cor
wogonin 7
7-0~glucur

ratio of total fl
is NLT 3.0.

COMPOSITION
.. CONTENT OF FLAVONE GLUCURONIDES AND FLAVONE

AGLYCONES -
[NOTE-Protect solutions

low actinic light, The s
Sample solution are stable for 24 h at
temperature.]

Solution A: 0.1% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A SolutionB
(min) (%) . (%)

0 78. 22

10 75 25

15 75 25

25 68 32

30 60 40

35 60 40

40 50 50

45 5 95

50 .s 95

50.1 78. 22

60 78 22
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p

Table 1

01 'and water (7:3)
solutio' 0 mg/
e RSan mg

balcaens
Analysis " .

Samples: Standard solution A, Standiird solution S, and
Sample solution

time SolutioriA SolutionB
(Illin) (0/0) (%)

0 78 ,22

10 75 25

15 75 25

25 68, 32

30 60 .itC)

35 60 40

.40 .50 50

45 5 95

'50 5 95

50.1 78 22

60 78 22

..
er

enfof

• B. H C
Analysis: Proceed as directed

Flavone Glucuronid
Acceptance c

inten
and
solution A
wogon'
peaks
7-0-gluc
retention I
Standard solutio
between the rei
7-0-glucuro .
the peak cor
wogonin 7
7-0-glucuro
ratio of total flav
is NLT 4.0.

COMPOSITION
• CONTENT OF FLAVONE GLUCURONIDES AND FLAVONE

ACLVCONES . ,..

[NOTE-Protectsolutio
low actinic light. Th
Sample solution are stable f
temperature.] ,'.. . "..

Solution A: 0.1 % phosphoric acid inwater
Solution ,8: Acetonitrile
Mobile phase: 'See Table 1.
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3du/

lucuronide RS
aicalensis Root'Dry Extract R5. (liSP 1.D:C~2019)

'f(565),preparafionS;'Cen- l
H 1\,.j'LUI.Jt:t1.1I l\1t::I.IU·irements,. pesticide Residue ts the

Tot~lflav()ne aglycone,s: 90%-110% of the labeled
amount ()n the dried basis

ru

.'s

t s

V =
w

F,

Result =;(ru/fs) xCsx(V{l1:?~ x):_x]~O

f th~e relevantanalYtefrQ.m th~SainpJe

Result~'(PlL)xJOO

P 'ronI<1e~ as

lJ =

Cholecalciferol Chewable Gels

• PROCEDURE
[NoTE-Use amber, low-actinic glassware. Use cryogenic

gloveswhen handling liquid nitrogen.]
Mobile phase: 1.2% isopropyl alcohol in hexane

DEFINITION
Cholecalciferol ChewableGels contain NLT 90.0% and NMT

140.0% of the labeledamount ofcholecalciferol (C27H440 ).

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standard solution, as
obtained in the test for Strength.

STRENGTH

Result=(P/L) x) 00

n,e aglyconesas ~qeterniined

~ of tot~1 flav()'fle agly~ones: (0/0)

Acceptance criteri~
Total flavon

3J!lOlJnt on

}\nalyte

p

L

WogoriiI'l7"0-glucuronide

W6gonin

,Baicalehl
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[NoTE-Wash the column periodically with 5% isopropyl
alcohol in hexane to eliminate retained substances and
avoid carryover interferences.]

Standard stock solution: 0.3 mg/mL of USP
Cholecalciferol RS in 2,2,4-trimethylpentane. Shake on a
mechanical shaker for 15 min.

Standard solution: 1 IJg/mL of USP Cholecalciferol RS in
2/2,4-trimethylpentane from the Standardstock solution,
prepared accurately

Sample solution: Immerse 25-30 Chewable Gels in liquid
nitrogen in a cryogenic vessel for 10 min. Cool a blender
jar by swirling liquid nitrogenfor about 1 min and discard
the contents. Add frozen Chewable Gels to the cooled
blender jar and grind to a fine powder. Transfer a portion
of the powder, nominally equivalent to 10 IJg of
cholecalciferol, into a 50-mL centrifuge tube.
[NOTE-Proceed to this step immediately or keep the
powdered Chewable Gels frozen until use.] Add 300 mg of
pancreatin and 5 mL of water and shakeon a shakerwater
bath at 55° until complete dissolution (about 20 min). Mix
the solution on a vortex mixer to suspend any undissolved
solids, add 20 mL of dimethyl sulfoxide, and mix again on a
vortex mixer until well mixed. Pipet 10 mL of
2,2,4-trimethylpentane, mix on a vortex mixer until the
phases are well mixed, then shakethe tube on a horizontal
shaker for 20 min, and centrifuge the sample at 2500 rpm
for 10 min. Pass a portion of the 2/2,4-trimethylpentane
layer through a 0,45-lJm glass microfiber filter, discarding
the first 2 mL of the filtrate.

Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L3
Flow rate: 1.3 mL/min
Injection volume: 80 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis .

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

cholecalciferol (C27H 440 ) in the portion of Chewable Gels
taken:

Result= (ru/rs) x (Cs/Cu) x 100

=peak area of cholecalciferol from the Sample
solution

= peak area of cholecalciferol from the Standard
solution

=concentration of
~~~r~~~(§if~;[gl;6: in the Standard
solution (lJg/mL)

=nominal concentration of cholecalciferol in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-140.0%

PERFORMANCE TESTS

e DISINTEGRATION AND DISSOLUTION (2040)/ Dissolution
[Nora-Perform this test under light conditions that

minimize photodegradation.]
Medium: 0.1% (w/v) octoxynol-9 in 0.05 M phosphate

buffer pH 6.8; 500 mL
Apparatus 2: 75 rpm

USP 43

Time: 30 min
Mobile phase: Acetonitrile and water (70:30)
Standard stock solution: 0.5 mg/mL of USP

Cholecalciferol RS in isopropyl alcohol
Standard solution: Dilute the Standardstock solutionwith

Medium to obtain the concentration equivalent to that
expected in the Sample solution. .

Sample solution: Withdraw a portion of the solution under
test, passthrough a 0,45-lJm polyvinylidene fluoride (PVDF)
filter, and use the pooled sampleasthe test specimen.

Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 2.7-lJm packing L96
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 100 IJL

System suitability
Sample: Standardsolution
Suitability requirements ,.

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

cholecalciferol dissolved:

Result= (ru/rs) x (Cs x V/L) x 100

ru = peak area of cholecalciferol from the Sample
solution

ts = peak area of cholecalciferol from the Standard
solution

Cs = concentration of

solution (lJg/mL)
V = volume of Medium, 500 mL
L = label claim of cholecalciferol (lJg/Chewable Gel)

Tolerances: NLT 75% of the labeled amount of
cholecalciferol is dissolved.

e WEIGHT VARIATION (2091Ixft:1+;i(gS!!il1¥g~¢£g~!1i9J;
requirements

SPECIFIC TESTS
e, pH (791)

Sample solution: Cut the Chewable Gels into small pieces.
Transfer about 15 g of the cut Chewable Gels into a 50-mL
centrifuge tube, add 15 g of hot water (80°-90°)/ close the
cap, place the centrifuge tube into a shaker water bath at
55°, and shake for 50-60 min or until all of the Chewable
Gelsare dissolved. Cool down to 30° and measure the pH.

Acceptance criteria: NMT 4.5
e WATER ACTIVITY

Sample: Slice the Chewable Gels into pieces about 2 mm
thick.

Procedure: Measure the water activity,using the AOAC's
OfficialMethods of Analysis, Official Method #978.18.

Acceptance criteria: NMT 0.75

CONTAMINANTS
e MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count is NMT 103 cfu/g, and the total combined
yeastsand molds count is NMT 102 cfu/g.

e ABSENCE OF SPECIFIED MICROORGANISMS (2022)/ Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements
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ADDITIONAL REQUIREMENTS
CD PACKAGING AND STORAGE: Preserve in well-closed

containers; protect from heat.

V
B
N
F
W

=Sample titrant volume (mL)
=Blanktitrant volume (mL)
=titrant normality (mEq/mL)
== equivalencyfactor, 253.2 mg/mEq
= weight of the Sample (mg)

Acceptance criteria: 99.0%-100.5% on the anhydrous
basis

IMPURITIES
• RESIDUAL SOLVENTS (467): Meet the requirements, except

that the limitfor 1A-dioxane is 10 I-Ig/g
• RESIDUE ON IGNITION (281): NMT 0.1%
• ARSENIC, Method I (211)
Analysis: Add 30 mLof water and 5 mLof hydrochloricacid

to dissolve the sample.
Acceptance criteria: NMT 2 ppm

• LEAD (251)
[NoTE-Use methylene chloride in place ofchloroformto

prepare the DithizoneExtraction Solutionand Standard
DithizoneSolution.]

Solution A: Transfer8.4 g of sodium hydroxide solution
(1 in 2) to a plastic bottle, add 100 mLof ammonium
hydroxide, and mix.

Standard solution: Transfer1.0 mLof the Diluted Standard
Lead Solution to a separatory funnel containing 25.0 mL of
water.

Sample solution: Dissolve 3.00 g of Choline Bitartratein a
separatory funnel containing 25.0 mLof water.

Analysis
Samples: Standardsolution and Sample solution

Separatelyadd 6.0 mLof Ammonium Citrate Solution and
3.0 mLof Potassium Cyanide Solution to the Standard
solution and the Sample solution. Extracteach of the
resultingsolutions three times with 5.0-mL portions of
DithizoneExtraction Solution, shaking for 60 sand
draining off each extract into another separator. Shake
the combined dithizone solutions for 30 s with 20.0 mL
of nitric acid (1 in 100), and discard the methylene
chloride layer.Add 6.0 mLof Ammonia-Cyanide
Solution, 2 mLof Solution A, and 10 mL of Standard
DithizoneSolution, and shake for 45 s. Allow the phases
to separate, and measure the absorbance of the lower
layerat 510 nm with a suitable spectrophotometer.

Acceptance criteria: The absorbance of the Sample solution
is NMT the absorbance of the Standardsolution (NMT
0.3 ppm).

• LIMIT OF TOTALAMINES
Standard solution: 500 I-Ig/mL of trimethylamine

hydrochloride
Sample solution: Transfer10.0 g of Choline Bitartrateto a

beaker containing a plastic-coated stirring bar, add 70 mL
of sodium hydroxideTSand 130 mLof water, and stir until
dissolved.

System suitability stock solution: 10 I-Ig/mL of
trimethylamine hydrochloride

System suitability solution: Transfer10.0 mLof System
suitability stock solution containing a plastic-coated stirring
bar, add 160 mL water and 30.0 mLsodium hydroxideTS,
and stir until dissolved.

Electrode system: Usea gas-sensing, ammonia-specific
indicating electrode with internal reference connected to a
pH meter capable of measuring potentials with a minimum
reproducibility of ±0.1 mV (see pH (791».

Standard response line: Mix 30.0 mLof sodium hydroxide
TS and 170 mLof water. Add a plastic-coated stirring bar,
insert the electrode into the solution, and record the

-OJ}YOH
OH 0

H'\lH,
HO~~'CH,

Choline Bitartrate

• LABELING: Label the Chewable Gelsto indicate the content
of cholecalciferol, in
cholecaldfehj ,. '
parenthe~esa

• USP R.EFERENCE STANDARDS (11)
USP Cholecalciferol RS

• B.
Sample: 1 g
Analysis: Dissolve the Sample in 20 mLof water, and add

2 mLof potassium chloride solution (1 in 4).
Acceptance criteria: Awhite precipitate of potassium

bitartrate isformed.

ASSAY
• PROCEDURE

Sample: 200 mg
Titrimetric system

(See Titrimetry(541).)
Mode: Directtitration
Titrant: 0.1 N perchloricacid VS
Endpoint detection: Potentiometric
Blank: 50 mL of glacial acetic acid

Analysis: Dissolve the Sample in 50 mLof glacial acetic acid
and titrate with Titrant.
Calculate the percentage of choline bitartrate (C9H19N07)

in the Sample taken:

Result = [(V- B) x Nx Fx 100]/W

Cholecalciferol Solution-see Cholecalciferol
Solution General Monographs

C9H19N0 7 2.53.25
2-Hydroxyethanaminium, -N,N,N-trimethyl-, [R-(R*, R*)]

2,3-dihydroxybutanedioate (1 :1);
(2-Hydroxyethyl)trimethylammonium-L-(+)-tartrate salt (1:1)

[87-67-2].

DEFINITION
Choline Bitartratecontains NLT 99.0% and NMT 100.5% of

choline bitartrate (C9H19N07) , calculated on the anhydrous
basis.

IDENTIFICATION
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F= antilog [(mV F- mV 0)/5]

mV F = final reading after the additions of the Standard
solution (rnv)

mV 0 = initial reading of the Sample solution (rnv)
S = slope of the Standard response line for the

electrode

Acceptance criteria: NMT 10 J,Jg/g
• CHROMATOGRAPHIC PURITY

Buffer solution: 7.1 giL of anhydrous dibasic sodium
phosphate. Adjust with phosphoric acid to a pH of 2.5.

Mobile phase: Buffer solution and acetonitrile (7:3)
Standard solution: Transfer an amount, NMT 100 mg, of

USPCholine Chloride RS to a 24-mL screw-capped vial,and
add 400 mg of 3,5-dinitrobenzoyl chloride and 10 mL of
acetonitrile. Cap the vial, heat to 55°, and continue heating
for 2 h. Cool to room temperature, and add 5 mLofwater.
Allowto stand for 5 min. Quantitatively transfer the solution
to a 25-mL volumetric flask and dilute with acetonitrile to
volume. Dilute a volume of this solution with Mobile phase
to obtain a concentration of 2.0 J,Jg/mL of USP Choline
Chloride RS.

Sample solution: Transfer 500 mg of Choline Bitartrate to a
centrifuge tube, add 2.0 mL of water, and swirl to dissolve.
Add 0.5 mL of potassium chloride solution (7.5 in 25),
centrifuge, and transfer 1.0 mL of the supernatant to a
24-mL screw-capped vial. Dry at 120° for 2 h. Add 400 mg
of 3,5~dinitrobenzoyl chloride and 10 mL of acetonitrile.
Cap the vial, and heat at 55° for 2 h. Cool to room

CI
H3\lH,

HO~~'CH3

Result = (r ulr s) x (C siC u) x (M rdM r2) X 100

r u = peak response for each impurity, excluding that
for the choline derivative and 3,5-dinitrobenzoic
acid from the Sample solution

r 5 =peak response for the choline derivative from the
Standard solution

C 5 =concentration of USPCholine Chloride RS in the
Standard solution (mg/mL)

C u =concentration of Choline Bitartrate in the
Sample solution (mg/mL)

M rl =molecular weight of choline bitartrate, 253.25
M r2 = molecular weight of choline chloride, 139.62

temperature, add 5 mL of water, and allow to stand for
5 min. Quantitatively transfer this solution to a 50-mL
volumetric flask, and dilute with Mobile phaseto volume.
Pipet 2.0 mL of the solution to a 25-mL volumetric flask,
and dilute with Mobile phaseto volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 208 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 30°
Flow rate: 1 mL/min
Injection size: 20 J,JL

System suitability
Sample: Standard solution
Suitability requirements

Capacity factor (k'): NLT 2
Relative standard deviation: NMT 5%, determined

from the choline derivative peak
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of

Choline Bitartrate taken:

Acceptance criteria .
Individual impurities: NMT 0.3%
Total impurity: NMT 2.0%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 400 mg/mL in water
Acceptance criteria: +17.5° to +18.5°

• pH (791): 3.0-4.0, in a solution (1 in 10)
• WATER DETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Choline Bitartrate RS
USP Choline Chloride RS

Choline Chloride

CsH 14CINO 139.62
(2-Hydroxyethyl)trimethylammonium chloride;
2-Hydroxy-N~N,N-trimethylethanaminium chloride [67-48-

1].

Result =(C s x VJ/[(F - 1) x WJ

= concentration of the Standard solution (J,Jg/mL)
=total volume of the Standard solution added to the

Sample solution (mL)
= weight of Choline Bitartrate taken to prepare the

Sample solution (g) .
= correction factor, calculated by the formula:

W

F

potential, in mY. Continue stirring, and at 5-min intervals,
add 0.200, 0.600, 1.00, and 2.00 mL of Standard solution,
and record the potential after each addition. Plot the
logarithms of the cumulative trimethylamine hydrochloride
concentrations (0.50, 1.50, 2.50, and 5.00 J,Jg/mL) versus
potential, in mY, and determine the slope (5) of the
Standard response linefor the electrode.

System suitability
Sample: System suitability solution
Proceed as directed in Analysis, except to replace the

Sample solution with the System suitability solution and in
the formula below to replace W with V, which equals
10 mL.

Suitability requirements: The total change is NLT 10 mV
for a O.4-mLcumulative addition of the Standard
solution; the hydrochloride
found is 8.5-11 .5

Analysis
Samples: Standard solution and Sample solution

Rinse the electrode, insert it into the Sample solution, stir,
and record the potential, in mY. Add 0.100 mL of the
Standard solution, and record the potential. Add another
0.100 mL of the Standard solution, and record the
potential. [NOTE-Ifthe total change after the second
addition of the Standard solution is less than 10 mY,
add a third aliquot of 0.200 mL.]

Calculate the content, in J,Jg/g, of total amines as
trimethylamine hydrochloride in the portion of sample
taken:
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Result = (C s x VA)/[(F- 1) x WJ

= concentration of Standard solution (~g/mL)

= total volume of the Standard solution added to the
Sample solution (mL)

=weight of Choline Chloride taken to prepare the
Sample solution (g)

= correction factor, calculated by the formula:

F= antilog [(mV F - mV0)/5]

W

F

Dithizone Solution, and shake for 45 s. Allow the phases
to separate, and measure the absorbance of the lower
layerat 510 nm with a suitable spectrophotometer.

Acceptance criteria: The absorbance of the Sample solution
is NMT the absorbance of the Standard solution (NMT
0.3 ppm).

• LIMIT OF TOTAL AMINES
Standard solution: 500 ~g/mL of trimethylamine

hydrochloride in water
Sample solution: Transfer 10.0 g of Choline Chloride to a

beaker containing a plastic-<:oated stirri~g bar, add 1?Om~
ofwater and 30.0 mLof sodium hydroxideTS, and stir until
dissolved.

System suitability stock solution: 10 ~g/mL of
trimethylamine hydrochloride in water

System suitability solution: Transfer10.0 mLof System
suitability stock solution to a beaker containing a
plastic-coated stirring bar, add 160 mLof water and
30.0 mLof sodium hydroxide TS, and stir until dissolved.

Electrode system: Usea gas-sensing, ammonia-specific
indicating electrode with internal reference connected to a
pH meter capable of measuring potentials with a minimum
reproducibility of ±0.1 mV(see pH (791».

Standard response line: Mix30.0 mLof sodium hydroxide
TS, and 170 mLof water. Add a plastic-coated stirring bar,
insert the electrode into the solution, and record the
potential, in mY. Continue stirring, and at 5-min intervals
add 0.200, 0.600, 1.00, and 2.00 mLof Standard solution,
and record the potential after each addition. Plot the
logarithmsof the cumulative trimethylamine hydrochloride
concentrations (0.50, 1.50, 2.50, and 5.00 ~g/mL) versus
potential, in mY, and determine the slope (5) of the
Standard response linefor the electrode.

System suitability
Sample: System suitability solution

Proceed as directed in Analysis, except to replace the
Sample solution with the System suitability solution and in
the formula below to replace W with V, which equals
10 mL.

Suitability requirements: The total change is NLT 10 mV
for a OA-mL cumulative addition of the Standard
solution; the amount of hydrochloride
found is 8.5-11.5 r~j:.i!~I.,r!1)I¥;j~~~{Ei~~'11tLli!if~Ql1~)

Analysis
Samples: Standard solution and Sample solution
Rinse the electrode, insert it into the Sample solution, stir,

and record the potential, in mY. Add 0.100 mLof the
Standard solution, and record the potential. Add another
0.100 mLof the Standard solution, and record the
potential. [NOTE-If the total change after the second
addition of the Standard solution is lessthan 10 mY, add a
third aliquot of 0.200 mL.]

Calculate the content, in ~g/g, of total amines as
trimethylamine hydrochloride in the portion of sample
taken:

DEFINITION
Choline Chloride contains NLT 99.0% and NMT100.5% of

choline chloride (CsH14C1NO), calculated on the anhydrous
basis.

IDENTifiCATION

USP 43

~
• B. IDENTIFICATION TESTS-GENERAL, Chloride (191): A

solution (1 in 20) meets the requirements.

ASSAV
• PROCEDURE

Sample: 120 mg
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N silvernitrate VS
Endpoint detection: Potentiometric
Blank: 35 mLof water. Add 3 drops of acetic acid.

Analysis: Dissolve the Sample in 35 mLof water and add 3
drops of acetic acid. Titrate with Titrant.
Calculate the percentage of choline chloride (CsH14CINO)

in the Sample taken:

Result = [(V - B) x N x F x 100]/W

V = Sample titrant volume (mL)
B = Blank titrant volume (mL)
N =titrant normality (mEq/mL)
F =equivalency factor, 139.6 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 99.0%-100.5% on the anhydrous
basis

IMPURITIES
• RESIDUAL SOLVENTS (467): Meets the requirements, except

that the limitfor l,4-dioxane is 10 ~g/g .
• RESIDUE ON IGNITION (281): NMT 0.05% .
• ARSENIC, Method I (211)

Analysis: Add 30 mLof water and 5 mLof hydrochloricacid
to dissolvethe sample.

Acceptance criteria: NMT 2 ppm
• LEAD (251)

[NoTE-Use methylene chloride in place of chloroform to
prepare the Dithizone Extraction Solution and Standard
Dithizone Solution.]

Solution A: Transfer 804 9 of sodium hydroxide sol~tion

(1 in 2) to a plastic bottle, add 100 mLof ammonium
hydroxide, and mix.

Standard solution: Transfer1.0 mLof the Diluted Standard
Lead Solution to a separatory funnel containing 25.0 mLof
water.

Sample solution: Dissolve 3.00 g of Choline Chloride in a
separatoryfunnel containing 25.0 mLof water.

Analysis
Samples: Standard solution and Sample solution

Separately add 6.0 mLof Ammonium Citrate Solution and
3.0 mLof Potassium Cyanide Solution to the Standard
solution and the Sample solution. Extracteach o~ the
resulting solutions three times with 5.0-mL portions of
Dithizone Extraction Soltltion, shaking for 60 sand
draining off each extract into another separator. Shake
the combined dithizone solutions for 30 s with 20.0 mL
of nitric acid (1 in 100), and discard the methylene
chloride layer.Add 6.0 mLof Ammonia-Cyanide
Solution, 2 mLof Solution A, and 10 mLof Standard
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mV o
S

= final reading after the additions of the Standard
solution (mV)

=initial reading of the Sample solution (mV)
= slope of the Standardresponse line for the

electrode

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USPCholine Chloride RS

Acceptance criteria: NMT 10 ~g/g

• CHROMATOGRAPHIC PURITY
Buffer solution: 7.1 giL of anhydrous dibasic sodium

phosphate. Adjust with phosphoric acid to a pH of 2.5.
Mobile phase: Buffer solution and acetonitrile (7:3)
Standard solution: Transfer an amount, NMT 100 mg, of

USPCholine Chloride RS to a 24-mL screw-capped vial, and
add 400 mg of 3,5-dinitrobenzoyl chloride and 10 mL of
acetonitrile. Cap the vial, heat to 55°, and continue heating
for 2 h. Cool to room temperature, and add 5 mL of water.
Allowto stand for 5 min. Quantitatively transfer the solution
to a 25-mL volumetric flask, and dilute with acetonitrile to
volume. Dilute a volume of this solution with Mobilephase
to obtain a concentration of 2.0 ~g/mL of USP Choline
Chloride RS.

Sample solution: Transfer 110 mg of Choline Chloride to a
24-mL screw-capped vial. Dry at 120° for 2 h. Add 400 mg
of 3,5-dinitrobenzoyl chloride and 10 mL of acetonitrile.
Cap the vial, heat to 55°, and continue heating for 2 h. Cool
to room temperature, and add 5 mL of water. Allow to
stand for 5 min. Quantitatively transfer the solution to a
50-mL volumetric flask, and dilute with. Mobilephaseto
volume. Pipet 2.0 mL of the solution to a 25-mL volumetric
flask, and dilute with Mobilephase to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 208 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection size: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Capacity factor (k'): NLT 2
Relative standard deviation: NMT 5%, determined

from the choline derivative peak .
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of

Choline Chloride taken:

Result =(r vir 5) x (C siC v) x 100

r u =peak response for each impurity, excluding that
for the choline derivative and 3,5-dinitrobenzoic
acid from the Sample solution

r 5 =peak response for the choline derivative from the
Standardsolution

C 5 =concentration of USP Choline Chloride RS in the
Standardsolution (mg/mL)

C u =concentration of Choline Chloride in the Sample
solution(mg/mL)

Acceptance criteria
Individual impurities: NMT 0.3%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• pH (791): 4.0-7.0, in a solution (1 in 10)
• WATER DETERMINATION, Method I (921): NMT 0.5%

Chondroitin Sulfate Sodium

Chondroitin, hydrogen sulfate, sodium salt [9082-07-9].

DEFINITION
Chondroitin Sulfate Sodium is the sodium salt of the sulfated

linear glycosaminoglycan obtained from bovine, porcine, or
avian cartilages of healthy and domestic animals used for
food by humans. Chondroitin Sulfate Sodium consists mostly
of the sodium salt of the sulfate ester of
N-acetylchondrosamine (2-acetamido
2-deoxy-jJ-o-galactopyranose) and o-glucuronic acid
copolymer. These hexoses are alternately linked P-l,4 and
P-1,3 in the polymer. Chondrosamine moieties in the
prevalent glycosaminoglycan are monosulfated primarily on
position 4 and less so on position 6. It contains NLT 90.0%
and NMT 105.0% of chondroitin sulfate sodium, calculated
on the dried basis.
[NOTE-Chondroitin Sulfate Sodium is extremely

hygroscopic once dried. Avoid exposure to the
atmosphere, and weigh promptly.]

IDENTIFICATION

• A.~~~~~
Spggtr9$ 'f!!~uJl/9.:~

• B. IDENTIFICATION TESTS-GENERAL (191), Sodium
Sample solution: 0.5 g in 10 mL of water
Acceptance criteria: Meets the requirements

• C. DISACCHARIDE COMPOSITION: The chromatogram of the
enzymatically digested Sample solution as obtained in the
test for Limit of Nonspecific Disaccharides shows three main
peaks corresponding to dehydrated glucuronic
acid-[1-+3]-chondrosamine-4-sulfated (~Di-4S),

dehydrated glucuronic acid-[1-+3]-chondrosamine
6-sulfated (~Di-6S), and nonsulfated dehydrated
glucuronic acid-[1-+3]-chondrosamine (~Di-OS) in the
enzymatically digested Standardsolution. By peak-area
response, ~Di-4S is the most abundant, followed by ~Di

6S, with ~Di-OS being the least abundant of the three. The
ratio of the peak response of the ~Di-4S to the ~Di-6S is
NLT1.0.

• D. SPECIFIC ROTATION: Meets the requirements for Optical
Rotation (781 S), Specific Rotation in Specific Tests

COMPOSITION
• CONTENT OF CHONDROITIN SULFATE SODIUM

Standard solutions: 1.5, 1.0, and 0.5 mg/mL of USP
Chondroitin Sulfate Sodium RS in water

Sample solution: Transfer 100 mg of dried Chondroitin
Sulfate Sodium to a 1OO-mL volumetric flask, dissolve in
30 mL of water, and dilute with water to volume.

Diluent: Weigh about 297 mg of monobasic potassium
phosphate, 492 mg of dibasic potassium phosphate, and
250 mg of polysorbate 80, and transfer to a l-L beaker.
Dissolve in 900 mL of water, and adjust with potassium
hydroxide or phosphoric acid to a pH of 7.0 ± 0.2. Dilute
with water to 1 L, and mix thoroughly.

Titrimetric system
(See Titrimetry(541 ).)
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Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water.

Degas before use.
Endpoint detection: Turbidimetric with a photoelectric

probe
Analysis

Samples: Standardsolutions, Sample solution, and Diluent
Transfer 5.0 mL each of the Standardsolutions and the

Sample solution to separate titration vessels, and add
25 mL of Diluent to each. Stir until a steady reading is
obtained with a phototrode either at 420, 550, or 660 nm.
Set the instrument to zero in absorbance mode. Titrate
with Titrant using the phototrode to determine the
endpoint turbidimetrically. From a linear regression
equation, calculated using the volumes of Titrant
consumed versus concentrations of the Standard
solutions, determine the concentration of chondroitin
sulfate sodium in the Sample solution.

Calculate the percentage of chondroitin sulfate sodium in
the portion of Chondroitin Sulfate Sodium taken:

Result= (C/C u) x 100

C =concentration of chondroitin sulfate sodium in
the aliquot of the Sample solution, obtained from
the regression equation (mg/mL)

C u = concentration of Chondroitin Sulfate Sodium in
the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-105.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): 20.0%-30.0% on the dried

basis
• CHLORIDE AND SULFATE (221), Chloride: NMT 0.50%; a

0.10-g portion shows no more chloride than corresponds
to 0.7 mL of 0.020 N hydrochloric acid.

• CHLORIDE AND SULFATE (221), Sulfate
Sample solution: Dissolve 200 mg in 40 mL of water. Add

10 mL of a 30-mg/mL solution of cetylpyridinium chloride,
passthrough a filter, and usea 25-mL portion of the filtrate.

Acceptance criteria: NMT 0.24%; the Sample solution
shows no more sulfate than corresponds to 0.25 mL of
0.020 N sulfuric acid.

• ELECTROPHORETIC PURITY
[CAUTION-Voltages used in electrophoresis can readily

deliver a lethal shock. The hazard is increased by the
use of aqueous buffer solutions and the possibility of
working in damp environments. The equipment,
with the possible exception of the power supply,
should be enclosed in.either a grounded metal case
or a casemade of insulating material. The caseshould
have an interlock that deenergizes the power supply
when the case is opened, after which reactivation
should be prevented until activation of a reset switch
is carried out. High-voltage cables from the power
supply to the apparatus should preferably be a type
in which a braided metal shield. completely encloses
the insulated central conductor, and the shield should
be grounded. The base of the apparatus should be
grounded metal or contain a grounded metal rim
that is constructed in such a way that any leakage of
electrolyte will produce a short that will deenergize
the power supply before the electrolyte can flow
beyond the protective enclosure. If the power supply
contains capacitors as part of a filter circuit, it should
also contain a bleeder resistor to ensure discharge of
the capacitors before the protective caseis opened. A
shorting bar that isactivated by opening the casemay
be considered asan added precaution. Because of the
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potential hazard associated with electrophoresis,
laboratory personnel should be completely familiar
with electrophoresis equipment before using it.]

Barium acetate buffer: Dissolve 25.24 g of barium acetate
in 900 mL of water. Adjust with acetic acid to a pH of 5.0,
and dilute with water to 1000 mL.

Staining reagent: Dissolve 1 g of toluidine blue in 1000 mL
of 0.1 M acetic acid.

Standard solution A: 30 mg/mL of USP Chondroitin Sulfate
Sodium RS in water

Standard solution B: Dilute 1 mL of Standard solutionAwith
water to 50 mL.

Sample solution: 30 mg/mL of Chondroitin Sulfate Sodium
in water

Analysis: Fill the chambers of an electrophoresis apparatus
suitable for separations on cellulose acetate membranes1 (a
small submarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soak a
cellulose acetate membrane, 5-6 cm x 12-14 cm, in Barium
acetate buffer for 10 min, or until evenly wetted, then blot
dry between two sheets of absorbent paper. Using an
applicator- suitable for electrophoresis, apply equal
volumes (0.5 J.JL) of StandardsolutionA, Standardsolution
B,and Sample solutionto the brighter side of the membrane
held in position in an appropriate applicator stand or on a
separating bridge in the chamber. Ensure that both ends of
the membrane are dipped at least 0.5-1 .0 cm deep into the
buffer chambers. Apply a constant 60 V (6 rnA at the start)
for 2 h. [NOTE-Perform the application of solutions and
voltage within 5 min becausefurther drying of the blotted
paper reduces sensitivity.]
Place the membrane in a plastic staining tray, and with the

application side down, float or gently immerse in Staining
reagentfor 5 min. Then stir the solution gently for 1 min.
Remove the membrane, and destain in 5% acetic acid
until the background clears. Compare the bands.
[NOTE-Document the results by taking a picture within
15 min of completion of destaining.]

Acceptance criteria: The electropherogram from the
Sample solution exhibits a major band that is identical in
position to the band from Standardsolution A. The band
from StandardsolutionB isclearly visible at a mobility similar
to the band from StandardsolutionA. Any secondary band
in the electropherogram of the Sample solution is not more
intense than the band from StandardsolutionB. NMT 2%
of any individual impurity is found. [NOTE-Document the
results by taking a picture within 15 min of completion of
destaining.]

• LIMIT OF PROTEIN
Solution A: 20 mg/mL of sodium tartrate dihydrate
Solution B: 10 mg/mL of cupric sulfate ,
Solution C: 20 mg/mL of anhydrous sodium carbonate in

0.1 M sodium hydroxide
Dilute Folin-Ciocalteu reagent: Dilute Folin-Ciocalteu

phenol TSwith water (1:5). Prepare immediately
before use.

Alkaline cupric tartaric reagent: Mix 1 mL each of Solution
A and Solution B, and to the mixture slowly add 100 mL of
Solution C with stirring. Usewithin 24 h, and discard
afterward.

Standard solution: 36 J.Jg/mL of bovine serum albumin
certified standard in water

1 Suitablecellulose acetate membranes for electrophoresis are available
from MaltaChemetron SRL, Milano, Italy; Fluka Chemical Corp., .
Milwaukee, WI; and DiaSys Corp., Waterbury,CT(www.diasys.com).
2 Suitableapplicatorsare available from DiaSys Corp., Waterbury, CT
(www.diasys.com) and HelenaLaboratories, Beaumont,TX
(www.helena.com).
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Sample solution: Transfer a portion of Chondroitin Sulfate
Sodium, equivalent to 60 mg of the dried substance, to a
1OO-mL volumetric flask, and dissolve in and dilute with
water to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 750 nm
Blank: Water

Analysis
Samples: Standardsolution, Sample solution, and Blank
Add 2.0 mL of freshly prepared Alkalinecuprictartaric

reagent to test tubes containing 2.0 mL of the Standard
solution, 2.0 mL of the Sample solution, or 2.0 mL of the
Blank. After 10 min, add 1.0 mL of Dilute Folin-Ciocalteu
reagent to each test tube, and mix immediately and
vigorously. After 30 min, measure the absorbance of the
Standardsolution and Sample solution against the Blank.

Acceptance criteria: NMT 6.0% on the dried basis; the
absorbance of the Sample solution is NMT the absorbance
of the Standardsolution.

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 10 3 cfu/g, and the total combined
molds and yeasts count does not exceed 102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• LIMIT OF NONSPECIFIC DISSACCHARIDES

Solution A: Water adjusted with 0.1 N hydrochloric acid to a
pH of 3.5

Solution B: 1 M sodium chloride adjusted with 0.1 N
hydrochloric acid to a pH of 3.5

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0.0 100 0

4.5 100 0

21.0 61 39

21.1 100 0

Buffer solution: 50 mM tris(hydroxymethyl)aminomethane
and 60 mM sodium acetate, adjusted with diluted
hydrochloric acid to a pH of 8.0

Blank: Water
Chondroitinase AC solution: Use appropriate

chondroitinase AC that is capable of cleaving the
N-acetylhexosaminide linkage in chondroitin 4-su/fateand
chondroitin 6-sulfate, yielding 114-unsaturated

disaccharides (I1Di-OS, I1Di-4S, and I1Di-6S). The working
concentration of the chondroitinase AC in Buffersolution
must be sufficient for a complete digestion and meet the
enzyme suitability requirement that follows.
[NOTE-If Chondroitinase AC from Arthrobacter

auresens' is used, 0.2 Units/mL in Buffer solution is a
typical working concentration; if Chondroitinase AC
from Flavobacterium heparium' is used, 3 UnitslmL in
Buffersolution is a typical working concentration. The
working enzyme concentration may be increased if a

3 Chondroitinase ACfrom Arthrobacter auresens, Chromadex, part
number ASB-0000361 3-10.
4 Chondroitinase ACfrom Flavobacterium heparium, ~200 units/mg
protein, Sigma-Aldrich, catalog number E2039.
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complete digestion could not be achieved. The
working enzyme aliquots should be stored at -20°
when not in use for a period of time to avoid a decrease
in the enzyme activity. A working enzyme solution is
typically stable for 4 days when stored at 4°.]

Enzyme suitability: Dilute the digested Standardsolution
and digested Blank (see Analysis section) (1 in 10), and
measure the absorbance at 230 nm in t-ern path cells.
Make correction with the diluted Blank.
Calculate the absorptivity of USP Chondroitin Sulfate

Sodium RS:

Result = AI(C x D x d)

A = absorbance of the diluted and digested Standard
solution

C = concentration of USP Chondroitin Sulfate
Sodium RS in the Standardsolution (mg/mL)

D =dilution factor of digested Standardsolution
(1/5)

d =dilution factor for the UV measurement (1/10)

Enzyme suitability requirement: The absorptivity of the
digested USP Chondroitin Sulfate Sodium RS is NLT8 AU.
mL . mg-1 • crrr'.

Standard solution: 2.4 mg/mL of dried USPChondroitin
Sulfate Sodium RS in water

Sample solution: Transfer about 250 mg of dried (105° for
4 h) Chondroitin Sulfate Sodium to a 1OO-mL volumetric
flask, and dissolve in and dilute with water to volume.

System suitability solution: Add 1 volume of Standard
solution to 1 volume of Sample solution.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: LC

. Detector: UV 230 nm
Column: 4.6-mm x 25-cm; 5-l-lm packing L14
Flow rate: 1 mL/min
Injection volume: 25 I-lL

[NoTE-The Injection volume may be decreased to
improve the peak shape of the analytes.]

System suitability
Samples: Standardsolution, Sample solution, and System

sUitabilitysolution (prepared as directed for Samples in the
Analysis)
[NOTE-The relative retention times for the I1Di-OS,

I1Di-6S, and I1Di-4S peaks are 0.80, 0.97, and 1.0,
respectively. ]

Suitability requirements
Chromatogram similarity: The chromatogram of the

Standardsolution is similar to that of the reference
chromatogram provided with USP Chondroitin Sulfate
Sodium RS.

Resolution: NLT 1.0 between the I1Di-4S and I1Di-6S
peaks, Standardsolution

Recovery factor: NLT95% of the USP Chondroitin
Sulfate Sodium RS added to the Sample solution
[NOTE-This test is intended to demonstrate the

absence of enzyme inhibition by impurities in the
articles being tested. Performance of this test is
required only for the articles being tested not
meeting the Acceptance criteria. The Recovery factor
can be calculated as follows:

Result ={[(2 x r.r Sy) - r,r u]/r.r s } x 100

=sum of the peak areas of I1Di-OS, I1Di..4S, and
I1Di-6S from the System suitability solution

=sum of the peak areas of I1Di-OS;, I1Di·AS, and
I1Di-6S from the Sample solution .
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=sum of the peak areas of ilDi-OS, ilDi-4S, and
ilDi-6S from the Standardsolution]

Analysis
Samples: Blank, Standardsolution, Sample solution, and

System suitability solution
Infour separate vials, combine 4 volumes (e.g., 800 ~L) of

Chondroitinase ACsolution with 1 volume (e.g., 200 ~L)

each of Standardsolution, Sample solution, System
suitabilitysolution, and Blank. Mix thoroughly. Incubate at
37° for 3 h. [NoTE-the incubation period may be
increased, if necessary, to complete the digestion.] Allow
the solutions to cool before injection.

Calculate the percentage of specific disaccharides in the
portion of Chondroitin Sulfate Sodium taken:

Result =(~r u/~r s) x (C siC u) x 100

= sum of the peak areas of ilDi-OS, ilDi-4S, and
ilDi-6S from the Sample solution

=sum of the peak areas of ilDi-OS, ilDi-4S, and
ilDi-6S from the Standardsolution

=concentration of chondroitin sulfate sodium in
the Standardsolution (mg/mL) .

=concentration of Chondroitin SulfateSodium in
the Sample solution (mg/mL)

Calculate the content of nonspecific disaccharides in the
sample taken:

Result =CSC - SOC

CSC =chondroitin sulfate sodium content from the
test for Contentof Chondroitin Sulfate Sodium
(%)

SOC =specific disaccharidescontent (%)

. Acceptance criteria: NMT 10.0%
• CLARITY AND COLOR OF SOLUTION
Sample solution: Transfer2.5 g of Chondroitin Sulfate

Sodium to a 50-mLvolumetricflask. Dissolve in and dilute
with carbon dioxide-freewater to volume, and examine
immediately.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 420 nm
Cell: 1 cm
Blank: Carbon dioxide-freewater

Analysis: Measure the absorbance of the Sample solution.
Acceptance criteria: NMT 0.35

'. OPTICAL ROTATION (781S), Specific Rotation
Sample solution: 30 mg/mL
Acceptance criteria: -20.0° to -30.0°

• pH (791): 5.5-7.5,·in a solution (1 in 100)
• Loss ON DRYING (731)

[NOTE-Chondroitin SulfateSodium isextremely
hygroscopic once dried. Avoid exposure to the
atmosphere, and weigh promptly.]

Analysis: Dryat 105° for 4 h.
Acceptance criteria: NMT 12.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to state the source(s)from which the

articlewas derived, whether bovine, porcine, avian,or a
mixture of any of them.

• USP REFERENCE STANDARDS (11)
USP Chondroitin SulfateSodium RS
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Chondroitin Sulfate Sodium Tablets

DEfiNITION
Chondroitin SulfateSodium Tablets contain NLT 90.0% and

NMT 120.0% of the labeled amount of chondroitin sulfate
sodium.
[NOTE-Chondroitin SulfateSodium isextremely

hygrobpic once dried. Avoid exposure to the
atmosphere, and weigh promptly.]

IDENTifiCATION
• A. ELECTROPHORESIS

Barium acetate buffer: Dissolve 25.24 g of barium acetate
in 900 mL of water. Adjustwith acetic acid to a pH of 5.0,
and dilute with water to 1000 mL.

Staining reagent: 0.1% (w/v) toluidine blue in 0.1 M
acetic acid

Standard solution: Use the Standardsolution of middle
concentration from the Contentof Chondroitin Sulfate
Sodium.

Sample solution: Prepare as directed in the Contentof
Chondroitin Sulfate Sodium.

Analysis: Fill the chambers of an electrophoresis apparatus
suitablefor separations on celluloseacetate membranes1 (a
smallsubmarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soaka
cellulose acetate membrane 5-6 cm x 12-14 cm in Barium
acetate bufferfor 10 min, or until evenlywetted, then blot
dry between two sheets of absorbent paper. Using an
applicator- suitable for electrophoresis, apply equal
volumes (0.5 ~L) of the Sample solution and Standard
solution to the brighter sldeof the membrane held in
position in an appropriate applicator stand or on a
separating bridge in the chamber. Ensure that both ends of
the membrane are dipped at least 0.5-1.0-cm deep into the
bufferchambers. Applya constant 60 volts (6 mAat the
start) for 2 h. [NoTE-Perform the application of solutions
and voltage within 5 min because further drying of the
blotted paper reduces sensitivity.]
Place the membrane in a plasticstaining tray, and with the

application side down, flo~t or gentl~ immerse in Staini~g

reagentfor 5 min. Then stir the solution gently for 1 min.
Remove the membrane, and destain in 5% acetic acid
until the background clears.

Acceptance criteria: The principal spot from the Sample
solution has the same migration as the principalspot from
the Standardsolution. [NOTE-Document the results by
taking a picture Within 15 min of completion ofdestaining.]

STRENGTH
• CONTENT OF CHONDROITIN SULFATE SODIUM

Standard solutions: 1.5, 1.0, and 0.5 mg/mL of USP
Chondroitin SulfateSodium RS in water

Sample solution: Transferan equivalent to 100 mg of
chondroitin sulfate sodium from NLT 20 Tablets, finely
powdered, to 60 mLof-water, and shake to suspend th~

powder insolution. Sonicate in a 65°water bath for 20 min.
Remove from the bath, stir or shake for 5 min, dilute with
water to 100 mL, and centrifuge or pass through a suitable
filter.

Diluent: Weigh about 297 mg of monobasic potassium
phosphate, 492 mg of dibasic potassium phosphate, and
250 mg of polysorbate 80, and transfer into a l-L beaker.

1 Suitablecellulose acetate membranes for electrophoresisare available
from Fluka Chemical Corp., Milwaukee, WI; and DiaSys Corp., Waterbury,
CT(www.diasys.com).
2 Suitableapplicatorsare available from DiaSys Corp., Waterbury,CT
(www.diasys.com) and Helena Laboratories, Beaumont, TX
(www.helena.com).
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Dissolve in approximately 900 mLof water, and adjust with
potassium hydroxide or phosphoric acid to a pH of 7.0
± 0.2. Dilutewith water to 1 L, and mix thoroughly.

Titrimetric system
(See Titrimetry (541).)
Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water
Endpoint detection: Turbidimetricwith photoelectric

probe
Analysis: Transfer5.0 mLof each Standard solution and the

Sample solution to separate titration vessels, and add 25 mL
of Diluent to each. Stir until a steady reading is obtained
with a photoelectric probe either at 420, 550, or 660 nm.
Set the instrument to zero inabsorbance mode. Titratewith
Titrant using the photoelectric probe to determine the
endpoint turbidimetrically. From a linear regression
equation, calculated using the volumes of Titrant
consumed versus concentrations of the Standard solutions,
determine the concentration of chondroitin sulfate sodium
in the Sample solution.
Calculate the percentage of the labeled amount of

chondroitin sulfate sodium in the portion of Tablets
taken:

Result =(CICu) x 1qo

C = determined concentration of chondroitin sulfate
sodium in the Sample solution (mg/mL)

Cu =nominal concentration of chondroitin sulfate
sodium in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-120.0% of the label claim

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Titrant and Diluent: Prepare as directed as in Content of

Chondroitin Sulfate Sodium.
Standard solutions: 1.5, 1.0, and 0.5 mg/mL of USP

Chondroitin Sulfate Sodium RS in water
Sample solution: Combine equal portions of the solutions

withdrawn from 6 dissolution vessels and pass through a
suitable filter; use the pooled sample as the test specimen.

Analysis: Transfer5.0 mLof each Standard solution, and an
aliquot of the Sample solution equivalent to about 5 mg of
chondroitin sulfate sodium, to separate titration vessels.
Add 25 mLof Diluent to each titration vessel. Stir until a
steady reading is obtained with a photoelectric probe. Set
the instrument to zero in absorbance mode. Titrate with
Titrant using the photoelectric probe to determine the
endpoint turbidimetrically, either at 420, 550, or 660 nm.
From a linear regression equation, calculated using the
volumes of Titrant consumed versus amount, in mg, of
chondroitin sulfate sodium from each Standard solution,
determine the amount, in mg, of chondroitin sulfate
sodium in the aliquot of Sample solution taken.
Calculate the percentage of the labeled amount of

chondroitin sulfate. sodium dissolved:

Result = (Wsla) x (VIL) x 100

Ws, = amount of chondroitin sulfate sodium in the
aliquot of the Sample solution taken (mg)

a = volume of the aliquot of Sample solution taken
V = volume of Medium; 900 mL

USP 43

L = label claim of chondroitin sulfate sodium (mgl
Tablet)

Tolerances: NLT 75% of the labeled amount of chondroitin
sultate sodium is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL IJEQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: Label it to indicate the species of the source from

which the chondroitin used to prepare the Tablets was
derived. Label it to state the source(s)of chondroitin sulfate
sodium, whether bovine, porcine, avian,or a mixtureofany
of them. The label states on the front panel the content of
chondroitin sulfate sodium on the dried basis.

• USP REFERENCE STANDARDS (11)
USP Chondroitin SulfateSodium RS

Chondroitin Sulfate Sodium, Shark

Chondroitin, hydrogen sulfate, sodium salt [9082-07-9].

. DEFINITION
Chondroitin SulfateSodium, Shark is the sodium salt of the

sulfated linear glycosaminoglycan obtained from shark
. cartilages used for human foods. Chondroitin Sulfate

Sodium, Sharkconsists mostly of the sodium salt of the
sulfate ester of N-acetylchondrosamine (2-acetamido
2-deoxy-~-D-galactopyranose) and D-glucuronic acid
copolymer. These hexoses are alternately linked ~-1 ,4 and
~-1 ,3 in the polymer. Chondrosamine moieties in the
prevalent glycosaminoglycan are monosulfated primarily on
position 6 and lessso on position 4 with minor disulfation on
both positions 4 and 6. NLT 8% of the D-glucuronic acid
moieties are monosulfated on position 2. It contains NLT
90.0% and NMT 105.0% of chondroitin sulfate sodium,
calculated on the dried basis.

[NOTE-Chondroitin Sulfate Sodium, Shark is extremely
hygroscopic once dried. Avoid exposure to the
atmosphere, and weigh promptly.]

IDENTIFICATION

• A.
'?ri ¢

• B. IDENTIFICATION TESTs-GENERAL (191), Sodium
Sample solution: 0.5 g in 10 mLof water
Acceptance criteria: Meets the requirements

• C. SPECIFIC DISACCHARIDES: The chromatogram of the
enzymaticallydigested Sample solution as obtained in the
test for Disaccharide Composition shows three main peaks
due to 6-sulfated (LiDi-6S), 4-sulfated (LiDi-4S), and
2,6-disulfated (LiDi-2,6diS) disaccharides, corresponding to
those of the enzymatically digested Standard solution, with
LiDi-6S being the most abundant, followed by LiDi-4S, with
NLT 8% corresponding to LiDi-2,6diS.Additional minor
peaks corresponding to nonsulfated (LiDi-OS) and 4,6
disulfation may be detected. .

• D. SPECIFIC ROTATION: Meets the requirements in the
Specific Tests
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COMPOSITION
• CONTENT OF CHONDROITIN SULFATE SODIUM

Standard solutions: 1.5, 1.0, and 0.5 mg/mL of dried USP
Chondroitin Sulfate Sodium, Shark RS in water

Sample solution: Transfer 100 mg of dried Chondroitin
Sulfate Sodium, Shark into a 1OO-mL volumetric flask,
dissolve in 30 mLof water, and dilute with water to volume.

Diluent: Weigh about 297 mg of monobasic potassium
phosphate, 492 mg of dibasic potassium phosphate, and
250 mg of polysorbate 80, and transfer to a 1-L beaker.
Dissolve in 900 mL of water, and adjust with potassium
hydroxide or phosphoric acid to a pH of 7.0 ± 0.2. Dilute
with water to 1 L, and mix thoroughly. A

Titrimetric system
(See Titrimetry(541 ).)
Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water.

Degas before use.
Endpoint detection: Turbidimetric with a photoelectric

probe
Analysis: Transfer 5.0 mL each of the Standardsolution and

the Sample solution to separate titration vessels, and add
25 mL of Diluent to each. Stir until a steady reading is .
obtained with the photoelectric probe set either at 420,
550, or 660 nm. Set the instrument to zero in absorbance
mode. Titrate with Titrant using the photoelectric probe to
determine the endpoint turbidimetrically. From a linear
regression equation, calculated using the volumes of Titrant
consumed versus concentrations of the Standardsolutions,
determine the concentration-of chondroitin sulfate sodium
in the Sample solution.
Calculate the percentage of chondroitin sulfate sodium in

the portion of Chondroitin Sulfate Sodium, Shark taken:

Result =(C/C u) x 100

=concentration of chondroitin sulfate sodium in
the aliquot of the Sample solution, obtained from
the regression equation (mg/mL)

=concentration of Chondroitin Sulfate Sodium,
Shark in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-105.0% on the dried basis
• DISACCHARIDE COMPOSITION

Solution A: Water adjusted with 0.1 N hydrochloric acid to a
pH of 3.5 '\

Solution B: 1 M sodium chloride adjusted with 0.1 N
hydrochloric acid to a pH of 3.5

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0.0 100 a

4.0 100 0

45.0 50 50

45.1 100 a

Buffer solution: 50 mM tris(hydroxymethyl)aminomethane
and 60 mM sodium acetate, adjusted with diluted
hydrochloric acid to a pH of 8.0

Standard solution: 2.4 mg/mL of dried USP Chondroitin
Sulfate Sodium, Shark RS in water

Sample solution: Transfer about 250 mg of dried
Chondroitin Sulfate Sodium, Shark to a 1OO-mL volumetric
flask, and dissolve and dilute with water to volume. Filterto
obtain a clear solution.

Dietary Supplements / Chondroitin 4899

Blank: Water
Chondroitinase ABC solution: Dissolve 1 unit (U/mg of

protein) of chondroitinase ABC' in 1.0 mLof Buffersolution.
Mix thoroughly.

Chondroitinase ABC solution suitability: Dilute the
intubated Standardsolution (1 in 10), and measure its
absorbance against the incubated Blankat 232 nm. The
absorptivity is NLT 8 AU. mL. mg-' . crrr".

Chromatographic system
(See Chromatography(621), System SUitability.)
Mode: LC
Detector: UV 232 nm
Column: 4.6-mm x 25-cm; 5-~m packing L14
Flow rate: 1 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution (prepared per Analysis below)

[NOTE-The relative retention times for the ilDi-OS,
ilDi-6S, ilDi-4S, and ilDi-2,6diS peaks are 0.50, 0.75,
0.80, and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of the

Standardsolution is similar to the reference
chromatogram provided with USP Chondroitin Sulfate
Sodium, Shark RS. . .~,

Resolution: NLT2.0 between the ilDi-6S and ilDi-4S
peaks

Relative standard deviation: NMT 5.0% for the ilDi-6S,
ilDi-4S, or ilDi-2,6diS peaks

Analysis
Samples: Standardsolution, Sample solution, and Blank
In three separate vials, combine 0.8 mL of Buffersolution,

0.1 mL of Chondroitinase ABC solution, and 0.1 mL each
of the Standardsolution, Sample solution, and Blank. Mix
thoroughly. Incubate at 37° for 3 h. Allow the solution to
cool to room temperature, and centrifuqe prior to
injection.

Calculate the percentage of each disaccharide in the sample
taken:

Result = (r ul'Zr u) x 100

ru =peak area of ilDi-OS, ilDi-6S, ilDi-4S, or ilDi- .
2,6diS from the Sample solution

'Zr u = sum of the peak areas of ilDi-OS, ilDi-6S, ilDi-
4S, and ilDi-2,6diS from the Sample solution

Acceptance criteria: The area percentage of the ilDi-6S
peak is greater than that of the ilDi-4S peak, and the area
percentage of the ilDi-2,6diS peak isthe lowest of the three.
The area percentage of the ilDi-2,6diS peak is NLT 8%.

IMPURITIES
• RESIDUE ON IGNITION (281): 20.0%-30.0% on the dried
b~~ .

• CHLORIDE AND SULFATE (221), Chloride
Standard solution: 0.7 mL of 0.020 N hydrochloric acid
Sample: 0.1 9
Acceptance criteria: NMT 0.50%

• CHLORIDE AND SULFATE (221), Sulfate
Standard solution: 0.25 mL of 0.020 N sulfuric acid
Sample solution: Dissolve 200 mg in 40 mL of water. Add

10 mL of a solution of cetylpyridinium chloride having a
concentration of 30 mg/mL, and pass through a filter. Use a
25-mL portion of the filtrate. .

Acceptance criteria: NMT 0.24%; the Sample solution
shows no more sulfate than that of the Standardsolution.

, Chondroitinase ABC from Proteus vulgaris is availablefrom Sigma
(www.sigmaaldrich.com). Catalog Number C3667.

www.webofpharma.com

https://nhathuocngocanh.com/



4900 Chondroitin / Dietary Supplements

• ELECTROPHORETIC PURITY
[CAUTION-Voltages used in electrophoresis can readily

deliver a lethal shock. The hazard is increased by the use
of aqueous buffersolutions and the possibility of working
in damp environments. The equipment, with the possible
exception of the power supply, should be enclosed in
either a grounded metal case or a case made of insulating
material. The case should have an interlock that
deenergizes the power supply when the case isopened,
after which reactivationshould be prevented until
activation of a reset switch is carried out. High-voltage
cables from the power supply to the apparatus should
preferably be a type in which a braided metal shield
completely encloses the insulated central conductor, and
the shield should be grounded. The base of the apparatus
should be grounded metal or contain a grounded metal
rim which isconstructed in such a way that any leakage
of electrolyte will produce' a short which will deenergize
the power supply before the electrolyte can flow beyond
the protective enclosure. Ifthe power supply contains
capacitors as part of a filtercircuit, it should alsocontain a
bleeder resistorto ensure discharge of the capacitors
before the protective case is opened. Ashorting bar that
isactivated by opening the case may be considered as an
added precaution. Because of the potential hazard
associated with electrophoresis, laboratory personnel
should be completely familiar with electrophoresis
equipment before using it.]

Barium acetate buffer: Dissolve 25.24 g of barium acetate
in 900 mLof water. Adjustwith acetic acid to a pH of 5.0,
and dilute with water to 1000 mL.

Staining reagent: Dissolve 1 g of toluidine blue in 1000 mL
of 0.1 M acetic acid.

Standard solution A: 30 mg/mL of USP Chondroitin Sulfate
Sodium, Shark RS in water

Standard solution B: Dilute1 mLof Standard solution Awith
water to 50 mL.

Sample solution: 30 mg/mLofChondroitin Sulfate Sodium,
,Sharkin water

Analysis: Fill the chambers of an electrophoresis apparatus
suitablefor separations on cellulose acetate membranes- (a
small submarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soaka
cellulose acetate membrane, 5-6 cm x 12-14 cm, in Barium
acetate bufferfor10 min, or until evenlywetted, then blot
dry between two sheets of absorbent paper. Using an
appllcator- suitable for electrophoresis, apply equal
volumes (0.5 I-lL) of the Sample solution, Standard
solution A, and Standard solution Bto the brighter side of
the membrane held in position in an appropriate applicator
stand or on a separating bridge in the chamber. Ensure that
both ends of the membrane are dipped at least 0.5-1 .0 cm
deep into the buffer chambers. Apply a constant 60 volts
(6 mAat the start) for 2 h. [Nora-Perform the application
of solutions, and voltage within 5 min because further
drying of the blotted paper reduces sensitivity.]
Placethe membrane in a plasticstaining tray, and with the

application side down, float or gently immerse in the
Staining reagent for 5 min. Then stir the solution gentlyfor
1 min. Remove the membrane, and destain in 5% acetic
acid until the background clears. Compare the bands.

2 Suitablecellulose acetate membranes for electrophoresis are available
from Malta Chemetron SRL, Milano, Italy; Fluka Chemical Corp.,
Milwaukee, WI; and ApacorLtd., Berkshire, England (www.apacor.com/
products/electrophoresis/cellulose-acetate-membranes).
3 Suitableapplicators are available from Apacor Ltd., Berkshire, England
(www.apacor.com/PDF/APA092-ElectrophoresisEquipmentSupplies.pdf)
and HelenaLaboratories, Beaumont, TX (www.helena.com).
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[NOTE-Document the results by taking a picture within
15 min of the completion of destaining.]

Acceptance criteria: The electropherogram from the
Sample solution exhibits a major band that is identical in
position to the band from Standard solution A. The band
from Standard solution Bisclearly visible at a mobility similar
to the band from Standard solution A. Anysecondary band
in the electropherogram of the Sample solution is not more
intense than the band from Standard solution B. NMT 2%
of any individual impurity in Chondroitin Sulfate Sodium,
Sharkisfound.

• LIMIT OF PROTEIN
Solution A: 20 mg/mL of sodium tartrate dihydrate
Solution B: 10 mg/mL of cupric sulfate
Solution C: 20 mg/mL of anhydrous sodium carbonate in

0.1 M sodium hydroxide
Dilute Folin-Ciocalteu reagent: Dilute Folin-Ciocalteu

phenol TS with water (1 :5). Prepare immediately
before use..

Alkalinecupric tartaric reagent: Mix 1 mL each of Solution
A and Solution B, and to the mixture slowly add 100 mL of
Solution C with stirring. Use within 24 h, and discard
afterward.

Standard solution: 36 uq/rnl, of bovine serum albumin
certified standard in water '.. ''\

Sample solution: Transfer a portion of Chondroitin Sulfate
Sodium, Shark, equivalent to 60 mg of the dried substance,
to a 1OO-mL volumetricflask, and dissolve inand dilute with
water to volume.

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Analytical wavelength: 750 nm
Blank: Water

Analysis
Samples: Standard solution, Sample solution, and Blank
Add 2.0 mLof freshly prepared Alkaline cupric tartaric

reagent to three test tubes, each containing 2.0 mLof the
Standard solution, 2.0 mLof the Sample solution, or 2.0 mL
of the Blank. After10 min, add 1.0 mLof Dilute
Folin-Ciocalteu reagent to each test tube, and mix
immediatelyand vigorously. After 30 min, measure the
absorbance of the Standard solution and Sample solution
against the Blank.

Acceptance criteria: NMT 6.0% on the dried basis; the
absorbance of the Sample solution is NMT the absorbance
of the Standard solution.

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 I-lg/g
Cadmium: NMT 1.0 I-lg/g
Lead: NMT 1.0 I-lg/g
Mercury: NMT 1.0 I-lg/g

• MICROBIAL ENUMERATION TESTS (2021): The total bacterial
count does not exceed 103 du/g, and the total combined
molds and yeasts count does not exceed 102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• CLARITY AND COLOR OF SOLUTION

Sample solution: Transfer 2.5 g of Chondroitin Sulfate
Sodium, Sharkto a 50-mLvolumetricflask. Dissolve in and
dilute with carbon dioxide-free water to volume, and
examine immediately.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 420 nm
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Cell: 1 cm
Blank: Carbon dioxide-free water

Analysis: Measure the absorbance of the Sample solution.
Acceptance criteria: NMT 0.35

• OPTICAL ROTATION (781 S), Specific Rotation
Sample solution: 30 mg/mL in water
Acceptance criteria: -12.0°. to -23.0°

• pH (791)
Sample solution: 10 mg/mL
Acceptance criteria: 5.5-7.5

• Loss ON DRYING (731)
Analysis: Dry a sample at 105° for 4 h. [NoTE-Chondroitin

Sulfate Sodium, Shark is extremely hygroscopic once dried.
Avoid exposure to the atmosphere, and weigh promptly.]

Acceptance criteria: NMT 12.0%

ADDITIONAL REQUIREMENTS,
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to state the source(s) from which the

article was derived.
• USP REFEREN(,:E STANDARDS (11)

USP Chondroitin Sulfate Sodium, Shark RS

Chromium Picolinate

2
~ -!~
/-N.•. i '..JIJ

o o.···:::::t'(····o--if'
C,8H12N306Cr 418.30
Chromium Tripicolinate [14639-25-9].

DEFINITION
Chromium Picolinate contains NLT 98.0% and NMT 102.0%

of chromium picolinate (C,8H12N306Cr), calculated on the
dried basis.

IDENTIFICATION

Sample solution: 4 mg/mL
Analysis: To 5 mL of the Sample solution add 1 mL of 5 N

sodium hydroxide and 10 drops of 30% hydrogen
peroxide, and heat gently for 2 min.

Acceptance criteria: A yellow color develops.

ASSAY
• PROCEDURE

Standard stock solution: 100 I-Ig/mL of chromium. Transfer
0.283 g of potassium dichromate, previously dried at 120°
for 4 h, to a 1OOO-mL volumetric flask, and dilute with water
to volume. Store in a polyethylene bottle.

Standard solutions: 1.0, 2.0, 3.0, and 4.0 I-Ig/mL of
chromium. Separately transfer 1.0 and 2.0 mL of the
Standardstocksolution to 1OO-mL volumetric flasks, and
transfer 1.5 and 2.0mL of the Standardstock solution to
separate 50-mL volumetric flasks. Add 1.0 mL of nitricacid
to each flask, and dilute the contents of each flask with
water to volume.

Dietary Supplements / Chromium 4901

Sample solution: Transfer 200 mg of Chromium Picolinate
to a 1OO-mL beaker, and add 25 mL of water. Slowly add
10 mL of nitric acid, and boil for 10 min with constant
swirling. Cool the solution, quantitatively transfer to a
500-mL volumetric flask, and dilute with water to volume.
Filter a portion of the solution, and transfer 5.0 mL of the
filtrate to a 1OO-mL volumetric flask. Add 1 mL of nitric acid,
and dilute with water to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 357.9 nm
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Blank: Diluted nitric acid

Analysis
Samples: Standardsolutions and Sample solution

Determine the absorbances of the Standard solutions and
the Sample solution. Plot the absorbances of the Standard
solutions versusthe chromium concentration, in I-Ig/mL,
and draw the straight line best fitting the four plotted
points. From the graph so obtained, determine the
chromium concentration, in I-Ig/mL, in the Sample
solution.

Calculate the percentage of chromium plcollnate.....
(C18H12N306Cr) in the portion of Chromium Picolinate
taken:

Result=(C eriC u) x (M ,fAr) x 100

C Cr =concentration of chromium in the Sample
solution, obtained from the graph (l-Ig/mL)

C u =concentration of Chromium Picolinate in the
Sample solution (l-Ig/mL)

M r =molecular weight of chromium picolinate,
418.31

A r =atomic weight of chromium, 51.996

Acceptance criteria: 98.0%-102.0% on the dried basis

IMPURITIES
• CHLORIDE AND SULFATE, Chloride (221)

Sample solution: Dissolve 30 mg of Chromium Picolinate in
30-40 mL of water, and heat to 70°. Cool overnight, and
filter to remove the precipitate.

Analysis: Add 1 mL each of nitric acid and silver nitrate TS,
and add sufficient water to make 50 mL. Mix, and allow to
stand for 5 min, protected from direct sunlight.

Acceptance criteria: Any turbidity formed is NMT that
produced in a similarly treated control solution containing
0.25 mL of 0.002 N hydrochloric acid (NMT 0.06%).

• CHLORIDE AND SULFATE, Sulfate (221)
Sample solution: Dissolve 100 mg of Chromium Picolinate

in 30-40 mL of water, and heat to 90°. Cool overnight, and
filter to remove the precipitate.

Analysis: Add 1 mL of 3 N hydrochloric acid, 3 mL of barium
chloride TS, and sufficient water to make 50 mL. Mix, and
allow to stand for 10 min.

Acceptance criteria: Any turbidity formed is NMT that
produced in a similarly treated control solution containing
0.2 mL of 0.02 N sulfuric acid (NMT 0.2%).

SPECIFICTESTS
• Loss ON DRYING (731): Dry a sample at 105° for 4 h: it loses

NMT 4.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Chromium Picolinate RS
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Chromium Picolinate Tablets

DEFINITION
Chromium Picolinate Tablets contain NLT 95.0% and NMT

125.0% of the labeled amount of chromium (Cr).

IDENTIFICATION
• A. The Sample solution prepared as directed in the t~st for

Strengthgives a positive test for chromium, determined at
357.9 nm using the Instrumental conditions in the test for
Contentof Chromium.

STRENGTH
• CONTENT OF CHROMIUM

Standard stock solution A: 1000 IJg/mL of chromium from
potassium dichromate, previously dried at 120 0 for 4 h, in
water. Store in a polyethylene bottle.

Standard stock solution B: Transfer 1.0 mL of Standard
stock solutionA to a 1OO-mL volumetric flask, add 5.0 mL of
6 N hydrochloric acid, and dilute with water to volume to
obtain a solution having a concentration of 10 IJg/mL of
chromium'.

Standard solutions: Dilute Standardstock solution 8 with
0.125 N hydrochloric acid to obtain concentrations of 1.0,
2.0, 3.0, and 4.0 IJg/mL of chromium.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to 5 Tablets,
to a porcelain crucible, heat the crucible in a muffle furnace
maintained at about 550 0 for 6-12 h, and cool. Add 60 mL
of hydrochloric acid, and boil gently on a hot plate or steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 6 N hydrochloric acid. Cool, and transfer
the contents of the crucible to a 1OO-mL volumetric flask.
Rinse the crucible with small portions of 6 N hydrochloric
acid, and add the rinsings to the flask. Dilute with water to
volume, mix, and filter, discarding the first 5 mL of the
filtrate. Dilute this solution with 0.125 N hydrochloric acid
to obtain a solution havinq a concentration of 2.5 IJg/mL
of chromium.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 357.9 nm (chromium emission

line) "
Blank: 0.1.25 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solutio'!

Determine the absorbances of the Samples, usmq the
Blank. From a linear regression equation, calculated
using the absorbances of the Standardsolutions versus
the concentration, in IJg/mL, of chromium, determine
the concentration, (, in IJg/mL, of chromium in the
Sample solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Tablets taken:

Result = «(/Cu) x 100

= determined concentration of chromium in the
Sample solution (lJg/mL)

= nominal concentration of chromium in the
Sample solution (pq/rnl)

Acceptance criteria: 95.0%-125.0%
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PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.

Clnnamomum cassIa Twig
DEFINITION
Cinnamomum cassia Twig consists of the dried twigs'of

Cinnamomum cassia (L.) J.Presl [syn. Cinnamomum
aromaticumNees] (Fam. Lauraceae) collected in spring or
summer. It contains NLT 0.8% of total phenylpropanoids,
calculated as the sum of cinnamyl alcohol, cinnamic acid,
2-methoxycinnamic acid, cinnamaldehyde, and .
2-methoxycinnamaldehyde on the anhydrous basis.

IDENTIFICATION ," " >"
• A. HPTlC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL each of USP
Cinnamaldehyde RS and coumarin in methanol

Standard solution B: USP Cinnamomum cassia Twig
Powder RS in methanol (1 in 5). Sonicate for 10 min,
centrifuge or filter, and evaporate the solvent. Suspend the
residue in a volume of toluene equivalent to one-fifth the
volume of methanol used for the extraction. Sonicate for
about 2 min, centrifuge or filter, and use the supernatant
or the filtrate.

Sample solution: 2 g of Cinnamomum ~assia Twig, fi~ely

powdered, in 10 mL of methanol. SOnicate for 10 min,
centrifuge or filter, and transfer the extract to a '
round-bottom flask. Evaporate the solution under reduced
pressure to dryness. Dissolve the residue in 2 mL of toluene,
sonicate for about 2 min, centrifuge or filter, and use the
supernatant or the filtrate.

Chromatographic system
Adsorbent: Chromatographic silica gel F254 mixture' with

an average particle size of about 5 IJm
Application volume: 6 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Temperature: About 25 0

Developing solvent system: Toluene and ethyl acetate
(19:1)

Developing distance: 6 cm
Derivatization reagent: Methanol, acetic acid, sulfuric

acid, and p-anisaldehyde (170:20:10:1). [NOTE-Prepare
fresh. Slowly add sulfuric acid to ice-cold methanol,
followed by acetic acid and p-anisaldehyde.]

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber (20 min with filter paper), remove the
plate from the chamber, and dry in air. ~xamine under UV
light at 254 nm. Then treat the plate With the
Derivatization reagent, heat at 1000 for 4 min, and
examine under UV light at 366 nm.

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: Prior to derivatlzatlon, under UV

light at 254 nm, StandardsolutionA exhibits a quenching
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band due to cinnamaldehyde in the middle third of the
chromatogram, and a quenching band due to coumarin
in the upper part of the lower third.
Under UV light at 254 nm, Standardsolution Bexhibits, in

the middle-third section, an intense quenching band
corresponding in RF to the cinnamaldehyde band in
Standard solutionA. In the upper part of the lower-third
section, Standardsolution B exhibits a weak quenching
band due to coumarin, a quenching band close to the
starting position due to the co-elution of cinnamic acid
and 2-methoxycinnamic acid, and a quenching band
between coumarin and cinnamic acid due to cinnamyl
alcohol. After derivatization, under UV light at366 nm,
Standard solution B exhibits a band corresponding in RF

and color to the cinnamaldehyde band in Standard
solution A, and a yellow band immediately below the
cinnamaldehyde band. :'

Acceptance criteria: Under UVlight at 254 nm, the Sample
solutionexhibits the most intense quenching band in the
middle-third section, corresponding in RF to the
cinnarnaldehyde band in StandardsolutionA.The Sample
solutionexhibits additional bands corresponding to similar
bands in Standardsolution B; these incluc;fe a weak
quenching band In.the upper part of the lower-third section
due to coumarin, a quenching band close to the starting
position due to the co-elution of cinnamic acid and
2-methoxycinnamic acid, and a quenching band between
the coumarin and cinnamic acid bands. After derivatization,
under UV light at 366 nm, the Sample solutionexhibits a
band corresponding in RF and color to the cinnamaldehyde
band in StandardsolutionA and Standardsolution B, and a
yellow band immediately below the cinnamaldehyde band.
There is no red band immediately above the
cinnamaldehyde band (a distinction from
Cinnamomum verum).

• B. HPLC
Analysis: Proceed as directed in the test for Contentof Total

Phenylpropanoids and Coumarin.
Acceptance criteria: The Sample solution exhibits the most

intense peak at a retention time corresponding to
cinnamaldehyde in Standardsolution B; a peak with a
retention 'time corresponding to cinnamic acid in Standard
solution A; and peaks due to coumarin, cinnamyl alcohol,
2-methoxycinnamic acid, and 2-methoxycinnamaldehyde
at retention times corresponding to the same constituents
in Standardsolution B.The content ratios of these
constituents relative to cinnamic acid are within the typical
ratio ranges listed in Table 2. The content of
cinnamaldehyde is NLT 65% of the content of total
phenylpropanoids.

, COMPOSITION
• CONTENT OF TOTAL PHENVLPROPANOIDS AND COUMARIN

[NOTE-Protect from light and proceed under low
actinic light. StandardsolutionA, Standard solution8,
and the Sample solution are stable for 24 h at room
temperature.]

Solution A: 0.05% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

'0 75 25

1 75 25

21 62 38
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Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

30 60 40

35 60 40

Solvent: Methanol and water (7:3)
Standard solution A: 0.05 mg/mL of USP Cinnamic Acid RS

in methanol
Standard solution B: Transfer about 250 mg of USP

Cinnamomum cassia Twig Powder RS into a 50-mL
round-bottom centrifuge tube, and add 25 mL of Solvent.
Sonicate for 30 min, cool, and centrifuge. Before injection,
pass through a membrane filter of 0.45-l..lm or finer
pore size.

Sample solution: Accurately transfer about 500 mg of finely
powdered Cinnamomum cassia Twig into a 50-mL
round-bottom centrifuge tube, and add 25 mL of Solvent.
Sonicate for 30 min (250 W,33 kHz), cool, centrifuge, and
transfer the supernatant to a 50-mL volumetric flask. Repeat
the extraction one more time by adding 15 mL of Solvent,
and transfer the supernatant to the same 50-mL volumetric
flask, dilute with Solvent to volume, and mix. "Before
injection, pass through a membrane filter of 0.45-I..l'm or
finer pore size and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-l..lm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 I..lL

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Resolution: NLT 1.5 between the cinnamyl alcohol and
cinnamic acid peaks and between the coumarin and
cinnamyl alcohol peaks, Standardsolution 8

Tailing factor: NMT 2.0 for the cinnamic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
cinnamic acid peak in repeated injections, Standard
solutionA

Chromatographic similarity: The chromatogram of
StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP ,
Cinnamomum cassia Twig Powder RS being used.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of StandardsolutionA and

StandardsolutionB and the reference chromatogram
provided with the lot of USP Cinnamomum cassia Twig
Powder RS being used, identify the retention times of the
peaks corresponding to coumarin, cinnamyl alcohol,
cinnamic acid, 2-methoxycinnamic acid,
cinnamaldehyde, and 2-methoxycinnamaldehyde in the
Sample solution. [NOTE-see Table 2 for relative retention
times.]
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Table 2

Separately calculate the percentages of coumarin, cinnamyl
alcohol, cinnamic acid, 2-methoxycinnamic acid, .
cinnamaldehyde, and 2-methoxyci.nnamaldehyde in the
portion of Cinnamomum cassia Twig taken:

Result = (rulrs) x Cs x (V/W) x F x 100

Approxl- Content Ra-
mate Typical tio

Relative Conver- Content Relative to
Reten- sion Range Cinnam-

Anaiyte tion Time Factor (%) ic Acid

0.02-
Coumarin 0.8 2.10 0.15 0.2-1.3

Cinnamyl 0.003-
alcohol 0.9 2.12 0.05 0.02-0.6

0.04-
Cinnamic acid 1.0 1.00 0.16 1.0

2-Methoxycinnam- 0.002-
ic acid 1.1 1.82 0.02 0.04-0.16

0.6-
Cinnamaldehyde 1.3 1.47 2.0 6-30

2-Methoxycinnamal- ; 0.08-
dehyde 1.5 2.69 0.5 0.5-6.0

v
W

F

=peak area of the relevant analyte from the Sample
solution

=peak area of clnnarnlc acid from Standard
solutionA

=concentration of USP Cinnamic Acid RS in
StandardsolutionA (mg/mL)

= volume of the Sample solution (mL)
=weight of Cinnamomum cassia Twig taken to

prepare the Sample solution (mg)
= conversion factor for the analyte (see Table 2)

in young branches. Cork consists of 3-5 layer~ of cells, the
inner-most cells with thickened outer walls. 0,1 cells and
stone cells are scattered in the cortex. Groups of stone cells
in the pericycle are arranged in an interrupted rinQ,
accompanied by fiber bundles. Secretory cells and fibers are
scattered in phloem. Cambium is distinct. Xylem with rays
1-2 cells wide containing brown contents; vessels.are
scattered single or two to several aggregated; lignified
fibers have relatively thin walls and are difficult to
differentiate from lignified parenchymatous cells. In pith,
cell walls are slightly thickened and lignified; ray cells
contain fine needle crystals of calcium oxalate.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter. NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Alcohol-Soluble Extractives, Method 1: NLT 6.0%

• WATER DETERMINATION (921), Method 1/: NMT 15.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of

Analysis, TotalAsh: NMT 3.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of

Analysis,Acid-lnsoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature. "

• LABELING: The label states the Latin binomial followlnq the
official name of the plant from which the article was
derived.

• USP REFERENCE STANDARDS (11)
USP Cinnamaldehyde RS
USP Cinnamic Acid RS
USP Cinnamomum cassia Twig Powder RS

Cinnamomum cassia Twig Powder
Calculate content of total phenylpropanoids asthe sum of
cinnamyl alcohol, cinnamic acid, 2-methoxycinnamic
acid, cinnamaldehyde, and 2-methoxycinnamaldehyde.

Acceptance criteria: NLT 0.8% of total phenylpropanoids
on the anhydrous basis

CONTAMINANTS
• ARTICLES,9F BOTANICAL ORIGIN (561), Limitsof Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 du/g, the total
combined molds and yeasts count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella SpeciesandTest for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Long cylindrical, branched, 30-75 cm long,
0.3-1 cm in diameter at the thicker end. Externally brown
to reddish brown, with longitudinal ridges, fine wrinkles,
dotted with scarsfrom leaves, branches or buds, and dotted
lenticels. Texture hard and fragile, easily broken. Slices2
4 mm thick, cut surface showing reddish-brown in bark,
yellowish white to pale yellow-brown in wood, pith in
subsquare.

Microscopic: In the transverse section, epidermis consists of
one layer of cells, unicellular nonglandular hairs are visible

DEFINITION
Cinnamomum cassia Twig Powder consists of the dried twigs

of Cinnamomum cassia (L.) J.Presl [syn. Cinnamomum
aromaticumNees] (Fam. Lauraceae) collected in spring or
summer, reduced to a fine or very fine powder. It contains
NLT 0.8% of total phenylpropanoids, calculated as the sum
of cinnamyl alcohol, cinnamic acid, 2-methoxycinnamic
acid, cinnamaldehyde, and 2-methoxycinnamaldehyde on
the anhydrous basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL each of USP
Cinnamaldehyde RS and coumarin in methanol

Standard solution B: USP Cinnamomum cassia Twig
Powder RS in methanol (1 in 5). Sonicate for 10 min,
centrifuge or filter, and evaporate the solvent. Suspend the
residue in a volume of toluene equivalent to one-fifth the
volume of methanol used for the extraction. Sonicate for
about 2 min, centrifuge or filter, and use the supernatant
or the filtrate. .

Sample solution: 2 g of Powder in 10 mL of methanol.
Sonicate for 10 min, centrifuge or filter, and transfer the
extract to a round-bottom flask. Evaporate the solution
under reduced pressure to dryness. Dissolve the residue in
2 mL of toluene, sonicate for about 2 min, centrifuge or
filter, and use the supernatant or the filtrate.

Chromatographic system
Adsorbent: ChromatographiC silica gel F254 mixture with

an average particle size of about 5 urn
Application volume: 6 ~L, as 8-mm bands
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Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Temperature: About 25°
Developing solvent system: Toluene and ethyl acetate

(19:1)
Developing distance: 6 cm
Derivatization reagent: Methanol, acetic acid, sulfuric

acid, and p-anisaldehyde (170:20:10:1). [NoTE-Prepare
fresh. Slowly add sulfuric acid to ice-cold methanol,
followed by acetic acid and p-anisaldehyde.]

Analysis
Samples: StandardsolutionA, StandardsolutionB,and

Sample solution
Apply the Samples asbands and dry in air. Develop in a

saturated chamber (20 min with filter paper), remove the
plate from the chamber, and dry in air. Examine under UV
light at 254 nm. Then treat the plate with the
Derivatization reagent, heat at 100° for 4 min, and
examine under UV light at 366 nm.

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: Prior to derivatization, under UV

light at 254 nm, StandardsolutionA exhibits a quenching
band due to cinnamaldehyde in the middle third of the
chromatogram, and a quenching band due to coumarin
in the upper part of the lower third.
Under UV light at 254 nm, StandardsolutionBexhibits, in

the middle-third section, an intense quenching band
corresponding in RF to the cinnamaldehyde band in
StandardsolutionA. In the-upper part of the lower-third
section, Standardsolution B exhibits a weak quenching
band due to coumarin, a quenching band close to the
starting position due to the co-elution of cinnamic acid
and 2-methoxycinnamic acid, and a quenching band
between coumarin and cinnamic acid due to cinnamyl
alcohol. After derivatization, under UV light at 366 nm,
Standardsolution Bexhibits a band corresponding in RF

and color to the cinnamaldehyde band in Standard
solutionA, and a yellow band immediately below the
cinnamaldehyde band.

Acceptance criteria: Under UV light at 254 nrn, the Sample
solutionexhibits the most intense quenching band in the
middle-third section, corresponding in RF to the
cinnamaldehyde band in StandardsolutionA. The Sample
solutionexhibits additional bands corresponding to similar
bands in Standardsolution B; these include a weak
quenching band in the upper part of the lower-third section
due to coumarin, a quenching band close to the starting
position due to the co-elution of cinnamic acid and
2-methoxycinnamic acid, and a quenching band between
the coumarin and cinnamic acid bands. After derivatization,
under UV light at 366 nm, the Sample solution exhibits a
band corresponding in RF and color to the cinnamaldehyde
band in StandardsolutionA and Standardsolution B, and a
yellow band immediately below the cinnamaldehyde band.
There is no red band immediately above the
cinnamaldehyde band (a distinction from
Cinnamomum verum).

• B. HPLC
Analysis: Proceed as directed in the test for Contentof Total

Phenylpropanoids and Coumarin.
Acceptance criteria: The Sample solution exhibits the most

intense peak at a retention time corresponding to
cinnamaldehyde in Standardsolution B;a peak with a
retention time corresponding to cinnamic acid in Standard
solutionA; and peaks due to coumarin, cinnamyl alcohol,
2-methoxycinnamic acid, and 2-methoxycinnamaldehyde
at retention times corresponding to the same constituents
in StandardsolutionB.The content ratios of these

Dietary Supplements / Cinnamomum cassia 4905

constituents relative to cinnamic acid are within the typical
ratio ranges listed in Table 2. The content of
cinnamaldehyde is NLT 65% of the content of total
phenylpropanoids.

COMPOSITION
• CONTENT OF TOTAL PHENVLPROPANOIDS AND COUMARIN

[NOTE-Protect from light and proceed under low
actinic light. Standardsolution A, Standardsolution B,
and the Sample solutionare stable for 24 h at room
temperature.]

Solution A: 0.05% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 75 25

1 75 25

21 62 38

30 60 40

35 60 4-0 "

Solvent: Methanol and water (7:3)
Standard solution A: 0.05 mg/mL of USP Cinnamic Acid RS

in methanol
Standard solution B: Transfer about 250 mg of USP

Cinnamomum cassia Twig Powder RS into a 50-mL
round-bottom centrifuge tube, and add 25 mL of Solvent.
Sonicate for 30 min, cool, and centrifuge. Before injection,
pass through a membrane filter of 0.45-J.lm or finer
pore size.

Sample solution: Accurately transfer about 500 mg of
Powder into a 50-mL round-bottom centrifuge tube, and
add 25 mL of Solvent. Sonicatefor 30 min (250 W, 33 kHz),
cool, centrifuge, and transfer the supernatant to a 50-mL
volumetric flask. Repeat the extraction one more tlrne by
adding 15 mL of Solvent, and transfer the supernatant to
the same 50-mL volumetric flask, dilute with Solvent to
volume, and mix. Before injection, pass through a '
membrane filter of 0.45-J.lm or finer pore sizeand discard
the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 J.lL

System suitability
Samples: StandardsolutionA and Standard solutionB
Suitability requirements

Resolution: NLT 1.5 between the cinnamyl alcohol and
cinnamic acid peaks arid between the coumarin and
cinnamyl alcohol peaks, Standard solutionB

Tailing factor: NMT 2.0 for the cinnamic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
cinnamic acid peak in repeated injections, Standard
solutionA

Chromatographic similarity: The chromatogram of
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP
Cinnamomumcassia Twig Powder RS being used.
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Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of StandardsolutionA and

StandardsolutionBand the reference chromatogram
provided with the lot of USP Cinnamomum cassia Twig
Powder RS being used, identifythe retention times of the
peaks corresponding to coumarin, cinnamyl alcohol,
cinnamic acid, 2-methoxycinnamic acid,
cinnamaldehyde, and 2-methoxycinnamaldehyde in the
Sample solution. [NoTE-See Table 2 for relative retention
times.]

Table 2

Approxl- Content Ra-
mate Typical tio

Relative Conver- Content Relative to
Reten- sion Range Cinnam-

AnaIyte tion Time Factor (%) ic Acid

0.02-
Coumarin 0.8 2.10 0.15 0.2-1.3

Cinnamyl 0.003-
alcohol 0.9 2.12 0.05 0.02-0.6

0.04-
Cinnamic acid 1.0 1.00 0.16 1.0

2-Methoxycinnam- 0.002-
ic acid 1.1 1.82 0.02 0.04-0.16

0.6-
Cinnamaldehyde 1.3 1.47 2.0 6-30

2-Methoxycinnamal- 0.08-
dehyde 1.5 2.69 0.5 0.5-6.0

Separatelycalculatethe percentages ofcoumarin, cinnamyl
alcohol, cinnamic acid, 2-methoxycinnamic acid,
cinnamaldehyde, and 2-methoxycinnam~ldehyde in the
portion of Powder taken:

Result = (ru/rs) x Cs x (V/lIV) x Fx 100

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella SpeciesandTest for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Reddish-brown powder
Microscopic: Stone cells subsquare or subrounded, 30-65

IJm in diameter with thickened walls, some with a verythin
wall at one side. Phloemfibers mostly in bundles or
scattered singly, colorless or brown, fusiform, some
margins serrate, 10-40 IJm in diameter, with heavily
thickened walls, lignified, pit canals indistinct. Oilcells
subrounded or elliptical, 40-105 IJm in diameter. Xylary
fibers numerous, usually in bundles, pits oblique or crossed.
Corkcells yellowish brown, polygonal in surface view,
containing reddish-browncontent. Vessels mainlywith
bordered pits, up to 80 IJm in diameter.

• ARTICLES OF BOTANICAL ORIGIN (561), Alcohol-Soluble
Extractives, Method 7: NLT 6.0%

• WATER DETERMINATION (921), Method 1/: NMT 15.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods.of

Analysis, TotalAsh: NMT 3.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of

Analysis,Acid-lnsoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
.• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial following the
official name of the plant from which the articlewas
derived.

• USP REFERENCE STANDARDS (11)
USP Cinnamaldehyde RS
USP CinnamicAcid RS
USP Cinnamomum cassia Twig Powder RS

Calculatethe content of total phenylpropanoids as the
sum of cinnamyl alcohol, cinnamic acid,
2-methoxycinnamic acid, cinnamaldehyde, and
2-methoxycinnamaldehyde.

Acceptance criteria: NLT 0.8% of total phenylpropanoids
on the anhydrous basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined moldsand yeasts count does not exceed 103 cfu/
g, and the bile-tolerantGram-negative bacteria count does
not exceed 103 cfu/g.

Add the folloWing:

~Citicoline'Sodium

a 510.31
'~trr ydrogen diphosphate), P'-[2~

I ylammonio)ethyl] ester, inner salt, monosodium
salt·

CDP~choline (sodium) [33818-15-4].

DEFINitiON
Citicoline SodiumcontainsNLT98.0% and NMT 102:0% of

citicoline s . m (C14H2SN4NaOllP2), calculated on the
anhyqrou5 i? .

IDENTIFICATIO·N

=peak area of the relevant analyte·from the Sample
solution

=peak area.of cinnamic acid from Standard
solutionA

=concentration of USP CinnamicAcid RS in
.$tandardsolutionA (mg/mL)

=volume of the Sample solution (mL)
= weight of Powder taken to prepare the Sample

solution (mg)
=conversionfactor for the analyte (see Table 2)

v
W

F
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f USP CitiColine
dylicAcidRS in

I Cytidylic t:!c.id standard

C}/tidyli(aCid in the,portion

·solljtion:.4.8J.ig!m(of-OSP
ter

Result::={ru(fS) x (c;.$/Cu), xl 00

~esporiseof '5'-c)ttidylkacidfroll1 theSanipfe.

Result~, (ru/f~) x (Cslc:u) x(llf).x ,100

osphate'
impurity from

riJ

F

er
Standardcs(Jlutii>h:-2A~glrnL. of OSptitic:9Iine.Sodium~R$

i '.

Acceptance criteria:._ See-table 2.

Table 2
Relative Relcltlve Acceptance

Retention Respons~ CriterIa;
~a~e .' Time Factor Ntv11T.(OIo)

,Citicolinesodiunl l.O -..: -
5';;Cyqdylicaciq 2;2 - 0.2

Cyj;idine~

5';':1'Tl os
pnat¢ yles~

0:15ter 3:2 (j.~

f5n'i~n_specified -impurity 1.0 0.1

gesurt:~ (rifsf~(t;rc.~rx lQ()

~ ~~a~~:espoJJ~e_ troJl)_th~ ~9mple ~olt1tiQ(1

Accel'tancecriteria;.'~~:()o/o-:lJ)2 :g% _~rjJh~jlrJ~ycf[9l!~
b~~is - - -

tlm~ SolutlOIJP. s~I~~':1J1!(11'!11l~ '-(,~) -

0 100 0

5 roo 0

.'15' 8~ 1§

~Q ~$ lSi

~r 1_QO d

3.5 :1-0() 0
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Citrulline

Result =(rvlrs) x (CsfCv) x (1IF) x 100

= peak response of each impurity from the Sample
solution

= peak response of citrulline from the Standard
solution

=concentration of USP Citrulline RS in the Standard
solution(mg/mL)

=concentration of Citrulline in the Sample solution
(mg/mL)

=relative response factor (see Table 2)F

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 15-cm; 5-l..lm packing II
Flow rate: 1 ml/min
Injection volume: 20 ut,

System suitability ,
Samples: System suitabilitysolution and Standardsolution

[NoTE-The relative retention times for L-citrulline and
N-acetyl-L-Ieucineare 1.0 and 2.4, respectively.]

Suitability requirements
Resolution: NlT 10.0 between L-citrulline and

N-acetyl-L-Ieucinepeaks, System suitability solution
Tailing factor: NMT 2.0, Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of L-citrulline (C6H13N30 3) in the

portion of Citrulline taken:

Result =(rv/rs) x (CsfCv) x 100

to =peak response from the Sample solution;
rs = peak response from the Standardsolution
Cs =concentration of USP L-Citrulline RS in the

Standardsolution(mg/mL)
Cv =concentration of Citrulline in the Sample solution

(mg/ml)

Acceptancecriteria: See Table 2. [NoTE-Depending on the
manufacturing process, delta-Acetylornithine impurity may
not be observed in the article being tested. Disregard any
impurity less than 0.1%.]

Acceptance criteria: 98.0%-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE (221), Chloride

Standard solution: 0.10 ml of 0..020 N hydrochloric acid
Sample: 0.36 9 of Citrulline
Acceptance criteria: NMT 0.02%

• CHLORIDE AND SULFATE (221), Sulfate
Standard solution: 0.10 mL of 0.020 N sulfuric acid
Sample: 0.48 9 of Citrulline
Acceptance criteria: NMT 0.02%

• RELATED COMPOUNDS
Mobile phase, System suitability solution,

Chromatographic system, and System suitability:
Proceed asdirected in the Assay. .

Standard solution: 2.5 I..lg/ml of USP Citrulline RS in water
Sample solution: 0.5 mg/ml of Citrulline in water
Analysis

Samples: Standardsolution and Sample solution .
Calculate the percentage of each impurity in the portion of

Citrulline taken:

System suitability solution: 0.1 mg/mL of USP
L-Citrulline RS and 0.05 mg/mL of USP
N-Acetyl-L-Ieucine RS in water

Standard solution: 0.1 mg/mL of USP L-Citrulline RS in
water

Sample solution: 0.1 mg/mL of Citrulline in water

C6H13N30 3 175.19
(5)-2-Amino-5-ureidopentanoic acid;
L-Citrulline [372-75-8].

DEFINITION
Citrulline contains NLT 98.0% and NMT 102.0% of

L-citrulline (C6HnN30 3) , calculated on the dried basis.

IDENTIFICATION

• A.
',~

• B. It meets the requirements in Specific Tests for Optical
Rotation (781S), Procedures, Specific Rotation.

• C. The'retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY I

• PROCEDURE
Solution A: 10 mM octanesulfonic acid sodium salt in water.

Adjust with dilute phosphoric acid (1 in 10) to a pH of 2.5.
Solution B: Acetonitrile
Mobile phase: Gradient elution. See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 85 15

4 85 15

15 70 30

20 85 15

25 85 15
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potassium
0% sodium
wateno

ss m
. . % . phoric

ith water tol OOOmL. Pass this
.2"J.lm pore size.' '

Table 1

Time SolLitlonA SOhiti'on'S
(min) (%) (%)

.Q 15 85

:2 1'5 85

2-;.$ 20 80

8 23 77

:1;0 2~ 75

22 30 70

2tl 35 65

3d ~5 65

,31 70 30

4() (0 30

4~'LS 15 85

45 15 85

Relative Relative Acceptance
Retention Response Criteria,

Name Time Factor NMT (%)

Citrulline 1.0 - -
delta-Acetylornlthlne- 1.1 2.8 0.5

Any unspecified -impurity 1.0 0.1

Total impurities - - 2.0

Table 2

"'Cobamamide

Clover, Red-see Red Clover

a (2S)-5-Acetamido-2-aminopentanoic acid.

SPECIFIC TESTS
- OPTICAL ROTATION (781 S), Procedures, Specific Rotation

Sample solution: 80 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +24.5° to ~26.5°

- Loss ON DRYING (731) .
Analysis: Dry at 105° for 3 h.
Acceptance cr!teria: NMT 0.2%

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in well-closed

containers.
- USP REFERENCE STANDARDS (11)

USP N-Acetyl-L-Ieucine RS
Acetyl-L-Ieucine.
C8H1SN0 3 173.21

USP L-Citrulline RS

p "
-B.: SPECTRO

Ultraviolet-'
[NoTE.:::..Use 10 

Sample solutionfro_

C72Hl00CoN18017P
5,6-Dimethylbenziniidazo
Adenosylcobalamin [13

DEFINITION
Cob?lmamide contai

cob .'
anh
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=peak res
impurity

= sum of al t e p
solution

Calcu
an .. ethyko
taken.:' .

~esul~ ~ (iu/rs)i<,(Cslc;u)x.:l!J0

Calculatethe percenta
impurity inthe porti

Re~ul!.~ (fJ/!;):x~'f0(j

ru

Cod liver Oil-see Cod Liver Oil General Monographs

Cod liver Oil Capsules

DEFINITION
Cod Liver Oil Capsules contain NLT 95.0% and NMT 105.0%

of the labeled amount of Cod Liver Oil, where Cod Liver Oil
is the partially destearinated fixed oilobtained from fresh
livers of Gadus morrhua L.and other speciesof Fam',9~gi~~e:
Cod Liver Oil contains, in each gram, NLT 180 IJg i~i~S(&S~~l~

n

=co
C
stan

=concen
water content) in t

= 'molecular: weight
'=molecularweight ofhydroXQcobalamin chloride,
1382.8' .. . .

C;

res
Suita

Colu
co

Tailin ac or:
Standard solution

Analysis
Samples: Standard solution and
Calculate the percenta . co

(C72Hl00CoN1S017P) i pomide
taken:

~esult ~ (!u/rs)x (~s/~utxj ~o

= peak response of cobamamideJrom the Sample
solution ..

=peak responseof cobamamidefrom the Standard
solution . -

=concentration ,of USP CbbamarnideRS (corrected
for water content) in the Standard solution
(mg/mL) .. - . .

= concentration of
wa~er content) i

Acceptance criteria: 96.0o/<r:"102.0%'ontheannyarous
basis . .

IMPURITIES
-HYDROXOCOBALAMIN AND

Mobile phase, Diluent,
Sample solution, C
suitability:' Proceed

[NoTE-Use low-actini
following solutio 0

Hydroxocobal h
IJg/mL of USP . x

Cyariocob~lamin st
Cyanocobalamin (

Methylcoba .
..Methylcob
Analysis

Samples: Sa
Calculate the the

portion ofC

Result,= (r~/j;)x'(CsICu) x(f\4r7!Mr;r~·too
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Table 2

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements

Chromatogram similarity: The chromatogram from the
Standard solution is similar to the reference
chromatogram supplied with USP Cod Liver Oil RS.
Identify the retention times of the relevantfatty acid
methyl esters by comparing the chromatogram of the
Standard solution with the reference chromatogram
supplied with USP Cod Liver Oil RS.

Resolution: NLT 1.3 between methyloleate and methyl
cis-vaccinate, and that between methyl gadoleate and
methyl gondoate is sufficient for purposes of
identification and area measurement, Standard solution

Theoretical area percentages: 24.4 ± 1 for methyl
palmitate, 24.8 ± 1 for methyl stearate, 25.2 ± 1 for
methyl arachidate, and 25.6 ± 1 for methyl behenate,
System suitability solution .

Analysis
Samples: Standard solution and Sample solution
Identify the retention timesof the relevantfatty acid methyl

esters in the Sample solution by comparing the
chromatogram of the Sample solution with that of the
Standard solution.

Determine the number of fatty acid methyl ester.peaks in
the Sample solution. The number offatty acid methylester
peaksexceeding 0.05% of the total area of fatty acid
methylesters isat least24, and the 24 largestpeaksof the
methylesters account for more than 90% ofthe total area.
(Thesecorrespond to the following, in common elution
order: 14:0, 15:0, 16:0, 16:1 n-7, 16:4 n-l, 18:0, 18:1 n
-9; 18:1 n-7, 18:2 n-6, 18:3 n-3, 18:4 n-3, 20:1 n-ll,
20:1 n-9, 20:1 n-7, 20:2 n-6, 20:4 n-6, 20:3 n-3, 20:4
n-3, 20:5 n-3, 22:1 n-ll, 22:1 n-9, 21:5 n-3, 22:5 n-3,
and 22:6 n-3.)

Calculate the area percentage for each fatty acid methyl
ester in the portion of Capsules taken:

Result = (rA/rS) x 100

=peak area of each individual fatty acid methyl
ester in the Sample solution

=total area from all peaks, except the solvent peak
and butylated hydroxytoluene, in the Sample'
solution

Acceptance criteria: The Sample solution meets the limits
described in Table 2.

Shorthand lower limit Upper limit
Fatty Acid Notation (Area %) (Area %)

Saturated fatty acids

Myristic acid 14:0 2.0 6.0

Palmitic acid 16:0 7.0 14.0

Stearicacid 18:0 1.0 4.0

Monounsaturated fatty acids

Palmitoleic acid 16:1 n-7 4.5 11.5

cis-Vaccenic acid 18:1 n-7 2.0 7.0

Oleicacid 18:1 n-9 12.0 21.0

Gadoleic acid 20:1 n-l1 1.0 5.5

Gondoicacid 20:1 n-9 5.0 17.0

Erucic acid 22:1 n-9 0 1.5

USP 43

Carrie.r gas: Helium
Injection volume: 1 ~L

Injection type: Split; split ratio, 200:1

Table 1

.",~.,;,;,••,"'N; of vitaminAand NLT 1.5 ~g

~g of vitamin D.
may be flavored by of NMT 1% of a

suitableflavor or a mixture of flavors. Asuitableantioxidant
may be added.

IDENTIFICATION
• A. PRESENCE OF VITAMIN A

Sample solution: 25 mg/mLofoilcontained inthe Capsules
in chloroform

Analysis: To 1 mL of the Sample solution add 10 mL of
antimony trichloride TS.

Acceptance criteria: A blue color results immediately.

• B. FATTY ACID PROFILE
Antioxidant solution: 0.05 mg/mL of butylated

hydroxytoluene in hexanes
System suitability solution: Preparea mixturecontaining

equal amounts of methyl palmitate, methylstearate,
methylarachidate, and methyl behenate in Antioxidant
solution.

Standard stock solution: 45 mg/mLof USP Cod Liver Oil RS
in Antioxidant solution

Standard solution: Transfer 2.0 mL of the Standard stock
solution into a 'igl~~$1.{~~(U~f'4J) tube, and evaporate with a
gentle stream of nitrogen. Add 1.5 mL of a 2% solution of
sodium hydroxidein methanol. Cap tightlywith a
polytetrafluoroethylene-Iined cap, mix, and heat in a water
bath for 7 min. Cool, add 2 rnl,of a 120-mg/mLsolution of
boron trichloride in methanol. Coverwith nitrogen, cap
tightly, and mix. Heat in a water bath for 30 min. Cool to
40°-50°. Add 1 mL of isooctane, cap, and mixin a vortex
mixeror shakevigorously for at least 30 s. Immediately add
5 mL of saturated sodium chloridesolution. Coverwith
nitrogen, cap, and mix in a vortex mixeror shake
thoroughly for at least 15 s. Allow the upper layerto
become clear, and transfer to a separate tube. Shake the
methanol layeronce more with 1 mL of isoocta~e, and
combine the isooctane extracts. Wash the combined
extracts twice with 1 mL of water, and dry over anhydrous
sodium sulfate.

Sample solution: Prepareas directed in the Standard
solution, except use a weighed quantity of the oil contained
in the Capsules,

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; coated

with a 0.25-~m film of phase G16
Temperatures

Injector: 250°
Detector: 280°
Column: See Table 1.

HoldTime
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

170 1 225 20
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• LABELING:
vitanl;rlD labelemphasizesthe
need to avoidfreezingor exposure to excessive humidityor
to a temperature above 40°. Where the content of
docosahexaenoic acid and eicosapentaenoic acid is
claimed, state the amount in mg/Capsule on the label.

ell FATS AND FIXED OILS (401), Procedures,
Saponification Value: 180-192
[NOTE-If carbon dioxidehas been used asa preservative,

expose the oil contained in the Capsules in a shallow
dish in a vacuum desiccator for 24 h before weighing
the specimen for determination of the saponification
value.]

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at

room temperature. Protect from light.

Shorthand Lower Limit Upper Limit
Fatty Acid Notation (Area %) (Area %)

Cetoleic acid 22:1 n-11 5.0 12.0

Polyunsaturated fatty acids

Linoleic acid 18:2 n-6 0.5 3.0

a-Linolenic acid 18:3 n-3 0 2.0

Moroctic acid 18:4 n-3 0.5 4.5

Eicosapentaenoic acid 20:5 n-3 7.0 16.0

Docosahexaenoic acid 22:6 n-3 6.0 18.0

Table 2 (continued)

• VITAMIN A
Sample: 500 mg to 1 g of oil contained in the Capsules
Analysis:. Proceed as directed in VitaminA Assa (571),

AAssciy, themir~rj_l ~Mt)th(,;;

Acceptance criteria: 180
of vitamin A per gram of oil contained in the Capsules

• VITAMIN D

STRENGTH

Acceptance criteria: 1.5 to 6.25 I-Ig
of vitamin D per gram of oil contained in the Capsules

• CONTENT OF COD LIVER OIL
Analysis: Weigh NLT10 Capsulesina tared weighing bottle.

Witha sharp blade, or byother appropriate means, carefully
open the Capsules,without loss of shell material, and
transfer the combined Capsulecontents to a 100-mL
beaker. Remove any adhering substance from the emptied
Capsules by washing with several small portions of
isooctane. Discard the washings, and allowthe empty
Capsules to dry in a current of dry air until the isooctane is
completely evaporated. Weigh the empty Capsules in the
original tared weighing bottle, and calculate the average
net weight per Capsule.

Acceptance criteria: 95.0%-105.0% of the labeledamount
of cod liveroil

PERFORMANCE TESTS
• WEIGHT VARIATION (2091): Meet the requirements
• DISINTEGRATION AND DISSOLUTION (2040), Rupture Test for

SoftShell Capsules: Meet the requirements

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 1.30%
• FATS AND FIXED OILS (401), Procedures, AcidValue

Sample solution: Mix 15 mL of alcoholwith 15 mL of ether,
add 5 drops of phenolphthalein TS, and neutralizewith
0.1 N sodium hydroxide. Dissolve 2.0 g of oil contained in
the Capsules in the mixture, and boilthe oilsolution gently
under a reflux condenser for 10 min.

Analysis: Cool, and titrate the mixture with 0.1 N sodium
hydroxide VS to the production of a pinkcolor that persists
after shaking for 30 s.

Acceptance criteria: NMT 1.0 mL of 0.1 N sodium
hydroxide is required.

• FATS AND FIXED OILS (401), Procedures, Iodine Value: 145
180

Coffee Fruit Dry Extract

DEFINITION
Coffee Fruit DryExtractis prepared from the dried

semi-ripened light red entire fruit of Coftea arabicaL. (Fam.
Rubiaceae) by extraction with hydroalcoholic mixtures. It
contains NLT40% of caffeoylquinic acids, calculatedas the
sum of neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid, lsochloroqenlc acid B,
isochlorogenic acid A, and isochlorogenicacid C on the
dried basis; and NLT 15% of chlorogenic acid on the dried
basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL of USP Chlorogenic
Acid RS in methanol

Standard solution B: 4 mg/mL of USP CoffeeFruit Dry
Extract RS in methanol. Sonicate for 10 min, centrifuge or
filter, and use the supernatant or filtrate.

Sample solution: 4 mg/mL of CoffeeFruit DryExtract in
methanol. Sonicatefor 10 min, centrifuge or filter, and use
the supernatant or filtrate.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particlesize of 5 IJm
Application volume: 5 IJL, as 8-mmbands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Temperature: About 25°
Developing solvent system: The upper layersolutionof a

mixture of n-butyl acetate, formic acid, and water
(7:5:5)

Developing distance: 6 cm
Derivatization reagent A: 10 mg/mL of 2-aminoethyl

diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene

glycol 4000 in alcohol
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Analysis
Samples: Standard solutionA, Standardsolution 8, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent
A, and dry in air. Immediately treat the plate with
Derivatization reagent 8, dry in air, and examine under UV
light at 366 nm.

Suitability requirements: Under UV light at 366 nm,
Standard solutionA exhibits a blue fluorescent band due to
chlorogenic acid in the lower-third section of the
chromatogram. StandardsolutionBexhibits an intense blue
fluorescent band corresponding in R F to chlorogenic acid
in Standard solutionA; a band above chlorogenic acid in
deeper blue color; and a blue fluorescent band below
chlorogenic acid. In the middle-third section, Standard
solution 8 exhibits at least three blue fluorescent bands.

Acceptance criteria: Under UV light at 366 nm, the Sample
solution exhibits an intense band corresponding in RF and
color to chloroqenlc acid in Standardsolution A.The Sample
solution exhibits additional bands corresponding to similar
bands in Standardsolution8, including a band above
chlorogenic acid in deeper blue color; a'blue fluorescent
band below chlorogenic acid; three blue fluorescent bands
in the middle-third section with the top one due to
isochlorogenic acid A, and below that, a pair of bands
corresponding to other isochlorogenic acids; and several
faint blue fluorescent bands above isochlorogenic acid A.

• B. HPLC
Analysis: Proceed as directed In the test for Content of

Caffeoylquinic Acids.
Acceptance criteria: The chromatogram of the Sample

solution exhibits the most intense peak corresponding to
chlorogenic acid in StandardsolutionA, and peaks
corresponding to neochlorogenic acid; cryptochlorogenic
acid; 5-0-feruloylquinic acid, which typically coelutes with
another constituent and sometimes can be resolved into
two peaks; isochlorogenic acid B; isochlorogenic acid A;
and isochlorogenic acid C in the chromatogram of
Standard solution B.The peaks of neochlorogenic acid and
cryptochlorogenic acid are of comparable medium
intensity. The peaks of 5-0-feruloylquinic acid,
isochlorogenic acid B, isochlorogenic acid A, and .
isochlorogenic acid C are of lower intensity.

"

COMPOSITION
• CONTENT OF CAFFEOYLQUINIC ACIDS

Solution A: 2% acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

9 95 5

11.5 91 9

21.5 91 9

60 75 25

75 75 25

,75.1 95 5

80 95 5

Dietary Supplemlents / Coffee Fruit 4913

[NOTE-Protect from light and proceed under low-actinic
light. Each Standard solutionand the Sample solution
are stable for 24 h at room temperature.]

Solvent: Methanol and water (1:1)
Standard solution A: 0.2 mg/mL of USP Chlorogenic

Acid RS in Solvent
Standard solution B: 1.0 mg/mL of USP Coffee Fruit Dry

Extract RS in Solvent. Sonicate for 10 min, and pass
through a hydrophilic polypropylene (GHP) membrane
filter of 0.45-J.lm or finer pore size.

Sample solution: Accurately transfer a quantity of Coffee
Fruit Dry Extract, equivalent to about 10 mg of total
caffeoylquinic acids calculated based on the labeled
content, into a 25-mL volumetric flask, and add 15 mL of
Solvent. Sonicate the sample for 10 min, cool to room
temperature, dilute with Solvent to volume, and mix. Before
injection, passthrough a GHP membrane filter of 0.45-J.lm
or finer pore sizeand discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; 5-J.lm packing L1
Temperatures

Autosampler: 4°
Column: 25°

. Flow rate: 1.0 mL/min
Injection volume: 20 J.lL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Resolution: NLT 1.5 between the peaks of chlorogenic
acid and cryptochlorogenic acid; and peaksof
isochlorogenic acid Band isochlorogenic acid A,
Standard solutionB

Tailing factor: NMT 2.0 for the chlorogenic acid peak,
Standard solutionA .

Relative standard deviation: NMT 2.0% for the
chlorogenic acid peak in repeated injections, Standard
solution A

Chromatographic similarity: The chromatogram of
Standard solution8 is similar to the reference
chromatogram provided with the lot of USP Coffee Fruit
Dry Extract RS being used. '

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution8, and the reference chromatogram provided
with the lot of USP Coffee Fruit Dry Extract RS being used,
identify the peaksfor neochlorogenic acid, chlorogenic
acid, cryptochlorogenic acid, 5-0-feruloylquinic acid,
isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C in the Sample solution. [NOTE-See
Table 2 for relative retention times. Thesevaluesmay vary
due to differences in the chromatographic conditions
allowed by the Suitabilityrequirements.]

Table 2

Approximate
Relative Conversion

Analyte Retention Time Factor

Neochlorogenic acld- 0.57 1.00

Chlorogenic acld" 1.00 1.00

Cryptochlorogenic add- 1.06 1.00

5.Q·Feruloylquinic acld" 1.84 -
Isochlorogenic acid Be 2.90 0.84
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I

= weight of Coffee Fruit Dry Extract taken to
prepare the Sample solution (mg)

= conversion factor for the analyte (see Table 2)

W

F

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 J,Jg/g
Cadmium: NMT 0.5 J,Jg/g
lead: NMT 5.0 J,Jg/g
Mercu : NMT 0.2

•

Calculate the content of caffeoylquinic acids asthe sum of
the percentages of neochlorogenic acid, chlorogenic acid,
cryptochlorogenicacid, isochlorogenic ~cid ~'
isochlorogenic acid A, and isochlorogenrc acid ~'. .

Acceptance criteria: NLT 40% of total caffeoylqulnlc adds
on the dried basis; NLT 15% of chlorogenic acid on the
dried basis

: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 du/g, and the total
combined molds and yeastscount does not exceed 103 du/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• LIMIT OF CAFFEINE .

Mobile phase: 0.1% perchloric acid in a mixture of water
and acetonitrile (9: 1) ,

Standard solution: 0.05 rnq/rn], of USP Caffeine RS in
Mobilephase

Sample solution: Acc~rately transfer a quantity of C;offee
Fruit Dry Extract, equivalent to 1.0-2.0 mg of caffeine
calculated based on the labeled amount, into a 25-mL
volumetric flask, and add 15 mL of Mobilephase. Sonicate
for 10 min, cool to room temperature, dilute with
Mobilephase to volume, and mix. Transfer 5.0 mL of the
solution into a 15-mL centrifuge tube containing 1 9 of PSA
(primary and secondary amine) bonded silica. Mix on a
vortex mixer for 3 min and allow to sit at room temperature
for 10 min. Before injection, passthrough a GHPmembrane
filter of 0.45-J,Jm or finer pore size, and discard the first
portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.0-mm x 15-cm; 2.7-J,Jm packing L11
Temperatures

Autosampler: 4°
Column: 30°

Flow rate: 0.6 mL/min
Injection volume: 10 J,JL
Run time: 15 min

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0% for the caffeine
peak in repeated injections

Analysis .
Samples: Standardsolution and Sample solutio~. .
l)sing the chromatogram of the Stan,dard solution, Iden~lfy

the peak corresponding to caffeine In the Sample solution.

Table 2 (continued)

= peak area of the relevant analyte from the Sample
solution

= peak area of chlorogenic acid from Standard
solutionA .

=concentration of USP Chlorogenic Acid RS in
StandardsolutionA (mg/mL)

= volume of the Sample solution (mL)v

rs,

[NOTE-These compounds are often referred in the
literature as 3-/4-/5-/mono-/di-substituted quinic
acids. Due to the confusion in historic and evolving
IUPAC ring numbering, that nomenclature is not used
in this Pharmacopeia. Instead, the compounds are .
described by their conformational structures in the
Table 3.]

Table 3. Graphic Conformational Structures of
Caffeoylquinic Acids

Separately calcul~te t~e percentages of n~och!orogenic
acid, chlorogenrc acid, cryptochlorogenrc acid,
isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C in the portion of Coffee Fruit Dry
Extract taken:

Result=(r u/r s) xC s x (V/W) x Fx·l00

Approximate
ConversionRelative

Analyte Retention Time Factor

Isochlorogenic acid AI 2.94 0.80

Isochlorogenic acid C9 3.20 0.80

a (1R,3R,4S,SR)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-l,4,S
trihydroxycyclohexane-l-carboxylic acid.
b (1S,3R,4R,SR)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1 ,4,S
trihydroxycyclohexane-l-carboxylic acid.
c (1S,3R,4S,SR)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1 ,3,S
trihydroxycyclohexane-l-carboxylic acid.
d(1S,3R,4R,SR)-l,3,4-Trihydroxy-S-{[(E)-3-(4-hydroxy-3-methoxyphenyl)
acryloyl]oxy}cyclohexane-l-carboxylic acid.
e (1S,3R,4R,SR)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l,S
dihydroxycyclohexane-l-carboxylic acid.
f (1S,3R,4S,SR)-3,S-Bis{[(E)-3-(3,4:dil}>:droxyphenyl)acryloyl]oxy}-l ,4
dihydroxycyclohexane-l-carboxylrc acid.
9 (1R,3R,4S,SR)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l ,S
dihydroxycyclohexane-l-carboxylic acid.

OR3

HOOe OR2

OH OR1

CaffeoylquinicAcids Rl R2 R3

Neochlorogenicacid Caffeoyl H H

Chlorogenic A,cid H H Caffeoyl

Cryptochloroqenlc acid H Caffeoyl H

S-O-Feruloylquinic acid H H Caffeoyl

Isochlorogenic acid A Caffeoyl H Caffeoyl

Isochlorogenic acid B H Caffeoyl Caffeoyl

Isochlorogenic acid C Caffeoyl Caffeoyl H
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Calculate the percentage of caffeine in the portion of Coffee
Fruit Dry Extract taken:

Result=(r vir s) x C s x (VIW) x 100

= peak area of caffeine from the Sample solution
= peak area of caffeine from the Standardsolution
= concentration of USP Caffeine RS in the Standard

solution (mg/mL)
= volume of the Sample solution (mL)
= weight of Coffee Fruit Dry Extract taken to

prepare the Sample solution (mg)

Acceptance criteria: NMT 2.0% on the dried basis
-Loss ON DRYING (731)

Sample: 1.0 g of Coffee Fruit Dry Extract
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

- LABELING: The label states the Latin binomial of the plant
from which the article was prepared following the official
name. It meets other labeling requirements in Botanical
Extracts (565).

- USP REFERENCE STANDARDS (11)
USP Caffeine RS
USP Chlorogenic Acid RS
USP Coffee Fruit Dry Extract RS

Cohosh, Black-see Black Cohosh

Coix Seed

DEFINITION
Coix Seed, also known asJob's tears, consists of the dried ripe

caryopsis, freed from the shell, of Coixlacryma-jobivar.
ma-yuen (Rom.Caill.) Stapf (Fam. Poaceae,alt. Gramineae)
collected in 'the fall. It contains NLT 3.5% of triglycerides
calculated as'the sum of trilinolein (Cs7H9S06),
1,2-dilinoleoyl-3-palmitin (CSSH9S06), 1,2-dilinoleoyl
3-0lein (Cs7H,0006), 1-palmitoyl-2-0Ieoyl-3-linolein
(CsSH'0006)' 1,2-dioleoyl-3-linolein (Cs7H,0206),
1,2-dioleoyl-3-palmitin (CSSH'0206), and triolein
(Cs7H,0406) on the dried basis.

IDENTIFICATION
- A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 2 mg/mL of USP Oleic Acid RS in
methanol

Standard solution B: 40 mg/mL (about 50 ~L/mL) of USP
Coix Seed Oil Extract RS in methylene chloride

Sample solution: Sonicate 0.5 g of finely powdered Coix
.Seed in 5 mL of methylene chloride for 10 min. Centrifuge
at 5000 rpm for 5 min and use the supernatant.

Chromatographic system and System suitability
Use Identification of Fixed Oilsby Thin-Layer Chromatography

(202), Identification, Method II.
Derivatization reagent: 25 mg/mL of

phosphomolybdic acid in 96% alcohol

Dietary Supplements / Coix 4915

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber up to 7 cm, remove the plate from the
chamber, and dry in air. Treat the plate with Derivatization
reagent, heat at 120° for 3 min, and examine in white
light.

Acceptance criteria: The Sample solutionexhibits, in the
upper half, a band corresponding in R F and color to the
olei~ ~cid ba.n.d in StandardsolutionA. The Sample solution
exhibits additional bands that correspond to similar bands
in .Stan,dard solutionB, including one band right above oleic
acid With the same color, a cluster of four blue bands in the
lower half, and some faint bands in the middle third.

- B. HPLC
Analysis: Proceed as directed in the test for Contentof

Triglycerides.
Acceptance criteria: The Sample solution exhibits a peak

with a retention time corresponding to triolein in Standard
stock solution and peaks due to trilinolein, 1,2-dilinoleoyl
3-~almi~in,1,2-d.i1inoleoyl-.3-0Ie.in, I-palrnttoyl-z-oleoyl
3-hnoleln, 1,2-dloleoyl-3-hnoleln, and 1,2-dioleoyl
3-palmitin at retention times corresponding to the same
trigly~erides in Stc;ndard so/~tion. 6. The 1,2-dilinoleoyl
3-01eln and 1,2-dloleoyl-3-hnoleln are the most intense

. peaks; 1-palmitoyl-2-0Ieoyl-3-linolein and triolein are
medium-intensity peaks; trilinolein, 1,2-dilinoleoyl
3-palmitin, and 1,2-dioleoyl-3-palmitin are low-intensity
peaks (distinction from Sorghum bicolor(L.) Moench which
has similar triglyceride peaks, all of low intensity, a~d
Hor~eum v.ulgare L., which has four triglyceride peaks, all of
low intensity).

COMPOSITION
- CONTENT OF TRIGLYCERIDES

Mobile phase: Methanol
Standard stock solution: 0.20 mg/mL of USP Triolein RS in

methanol. Sonicate to dissolve.
Standard solutions 1-5: Dilute the Standardstock solution

with methanol to obtain solutions of 0.0125, 0.025, 0.05,
0.10, and 0.20 mg/mL of USP Triolein RS. Pass each
through a suitable membrane filter of 0.45-~m or finer
pore size. '

Standard solution 6: 0.5 mg/mL of USP Coix Seed Oil
Extract RS in methanol

Sample solution: Accurately transfer about 500 mg of finely
powdered Coix Seed into a suitable flask and add 35 mL of
methanol. Sonicate for 30 min and filter undervacuum.
Rinse the original flask and the residue left in the flask with
~ mL o.fmeth~no.l, and wash the residue and paper on the
filter With the rinsing. Repeat the rinse and wash procedures
one more time, and transfer the filtrate from the vacuum
flask to a 50-mL volumetric flask. Wash the vacuum flask
twice with about 2.5 mL of methanol each time transfer
the washings into the volumetric flask, dilute with methanol
to.volume, and mix. Before injection, pass through a
s~ltable mer:tbrane ~ilter of 0.45-~m or finer pore size, and
discard the first portion of the filtrate. [NOTE-Dried filter
and vacuum flask should be used.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [NOTE-The

parameters should be adjusted to achieve the best
signal-to-noise ratio, according to the manufacturer's
recommendations.]

Column: 3.0-mm x 1O-cm; 2.7-~m packing L7
Column temperature: 20°
Flow rate: 0.3 mL/min
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C

v
w

1 Suitable grade of Zearala'lest'". Available from Vicam, Cat. No. G1012
(ZearalaTest)or Cat. No. G1 026 (ZearalaTestWB).

Result = 5000 x (C/W)

= content of zearalenone as determined above
(ng)

=weight of Coix Seed taken to prepare the Sample
solution (g)

C

W

Acceptance criteria: NLT 3.5% on the dried basis

CONTAMINANTS
• LIMIT OF ZEARALENONE

Mobile phase: Acetonitrile and water (1:1)
Standard stock solution: 250 ng/mL of zearalenone in

methanol
Standard solution: Accurately transfer 1 mL of Standard

stock solution to a 1O-mL volumetricflask and add methanol
to volume.

Sample solution: Accurately transfer about 20 g of finely
powdered CoixSeed to a suitable centrifuge tube. Add
4.0 g of sodium chloride, and accurately add 100 mL of
90% acetonitrile. Mix for 2 min with a high speed disperser
(NLT 11,000 rpm), and centrifuge for 5 min (4000 rpm).
Immediatelypipet 10.0 mLof the supernatant into a 50-mL
volumetricflask, add water to volume, mix,and centrifuge.
Pipet 10.0 mLof the supernatant onto an immunoaffinity
column' capable of binding zearalenone, and elute at a
flow rate of approximately 3 mL/min (60 drops/min). Wash
the column with 10 mL of water at a flow rate of
approximately 6 mL/min (120 drops/min), let the column
run dry, and discard the water eluate. Wash the column
with 1.5 mL of methanol at a flow rate of approximately
~ mL/min (20 drops/min), collect the methanoleluate
rnto a 2-mLvolumetricflask, and let the column run dry.
Add methanol to volume, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorometric

Excitation wavelength: 232 nm
Emission wavelength: 460 nm

Column: 4.6-mm x 15-cm; 5-lJm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 IJL of Sample solution

System suitability
Sample: Standard solution
Suitability requirements

Column efficiency: NLT 10,000 theoretical plates
Relative standard deviation: NMT 10.0% for the

zearalenone peak
Correlation coefficient: NLT 0.999 for the regression

line as determined in Analysis
Analysis

Samples: Standard solution and Sample solution
Inject the Standard solution in volumesof 5, 10, 15, 20, and

25 IJL, and measure zearalenone peak areas for each
injection. Plot the peak areas versusthe amounts, in ng,
of zearalenone in the injections, and establish the
r~gression line using a least-squaresanalysis.

USing the chromatogram of the Standard solution, identify
the retention time of the peak corresponding to
zearalenone in the Sample solution.

From the graph, determine the content (C), in ng, of
zearalenone in the Sample solution.

Calculatecontent, in ng/g, of zearalenone in the portion of
CoixSeed taken:

Result = C x (V/W) x 100

=concentration of the relevant analyte in the
Sample solution as determined above (mg/mL)

=volume of the Sample solution (mL)
=weight of Coix Seed taken to prepare the Sample

solution (mg)

Calculate the content of triglycerides as the sum of the
percentages of trilinolein, l,2-dilinoleoyl-3-palmitin,
l,2-dilinoleoyl-3-0Iein, 1-palmitoyl-2-0Ieoyl-3-linolein,
l,2-dioleoyl-3-linolein, l,2:'dioleoyl-3-palmitin, and
triolein.

Table 1

Injection volume: 5 IJL
System suitability

Samples: Standard stock solution and Standard solutions
7-6

Suitability requirements
Resolution: NLT 1.5 between the peak of l,2-dilinoleoyl

3-0leinand the small peak following it, Standard
solution 6

Tailing fact.or: NMT 1.5 for the triolein peak, Standard
stock solution

Relative standard deviation: NMT 5.0% for the triolein
peak in repeated injections, Standard stock solution

Correlation coefficient: NLT 0.995 for the regression
line as determined in Analysis, Standard solutions 7-5

Signal-to-noise ratio: NLT 15 for the triolein peak,
Standard solution 7 (0.0125 mg/mL)

Chromatogram similarity: The chromatogram of
Standard solution 6 is similarto the reference
chromatogram provided with the lot of USP Coix Seed
Oil Extract RS being used.

Analysis ,
Samples: Standard solutions 7-6 and Sample solution
Using the chromatograms of Standard solutions 5-6 and the

reference chromatogram provided with the lot of USP
CoixSeed OilExtractRS being used, identifythe retention
times of the peaks of the relevant analytes in the Sample
solution. [NOTE-See Table 7 for the approximate relative
retention times.]

Plotthe logarithms of peak responsesversus the logarithms
of concentrations, in mg/mL, of triolein from Standard
solutions 7-5. Using a least-squares analysis, establish the
regression line or determine a linear regressionequation.

Determinethe concentration (C), in mg/mL,of the relevant
analytes in the Sample solution by usingthe regression line
or linear regression equation.

. Separatelycalculate the percentages of trilinolein,
l,2-dilinoleoyl-3-palmitin, l,2-dilinoleoyl-3-0Iein,
1-palmitoyl-2-0Ieoyl-3-linolein, l,2-dioleoyl-3-linolein,
l,2-dioleoyl-3-palmitin,and triolein in the portion of Coix
Seed taken:

Analyte
Approximate Relative

Retention Time

Trilinolein 0.61

1,2-Dilinoleoyl-3-palmitin 0.67

1,2-Dilinoleoyl-3-olein 0.71

1-Palmitoyl-2-oleoyl-3-linolein 0.79

1,2-Dioleoyl- 3-linolein 0.84

1,2-Dioleoyl-3-palmitin 0.94

Triolein 1.00
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Acceptance criteria: NMT 60 ng/g on the dried basis
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105du/g, the total
combined molds and yeastscount does not exceed 103 dul
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS .

Macroscopic: Broad ovoid or elongated-elliptical, 4-8 mm
long, 3-6 mm wide. Externally milky white, smooth, with
yellowish-brown testa occasionally. One end obtusely
rounded, the other end relatively broad and slightly dented
with one pale, brown dotted hilum. Dorsal surface rounded
and protruding; ventral surface with one relatively broad
and deep longitudinal furrow. Texture hard, fracture white
and starchy.

Microscopic: The powder contains numerous starch
granules usually in clumps, simple granule spherical or
polyhedral, 2-20 IJm in diameter with a stellate, y-shaped
hilum; compound granules rare, usually consisting of two
to three simple granules.

• Loss ON DRYING (731)
Analysis: Finely powder and dry at 105 0 for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign Organic Matter: NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Alcohol-Soluble Extractives, Method 7: NLT 5.5%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING 'AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
40 _100

•

• LABELING: The Iabel states the Latin binomial following the
official name of the plant contained in the article.

• USP REFERENCE STANDARDS (11)
USP Coix Seed Oil Extract RS
USP Oleic Acid RS
USP Triolein RS

Coix Seed Powder

DEFINITION
Coix SeedPowder, also known as Job's tears powder, consists

of the dried ripe caryopsis, freed from the shell, of Coix
lacryma-jobivar. ma-yuen (Rom.Caill.) Stapf (Fam. Poaceae,
alt. Gramineae) collected in the fall and reduced to a fine
or very fine powder. It contains NLT 3.5% of triglycerides
calculated as the sum of trilinolein (Cs7H9S06),
1,2-dilinoleoyl-3-palmitin (CssH9s06),1 ,2-dilinoleoyl
3-0lein (Cs7H10006), l-palmitoyl-2-0Ieoyl-3-linolein
(CSSH10006)' 1,2-dioleoyl-3-linolein (Cs7H10206),
1,2-dioleoyl-3-palmitin (CSSH10206), and triolein
(Cs7H10406) on the dried basis.

DietarySupplements / Coix 4917

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 2 mg/mL of USP Oleic Acid RS in
methanol

Standard solution B: 40 mg/mL (about 50 IJL/mL) of USP
Coix SeedOil Extract RS in methylene chloride

Sample solution: Sonicate 0.5 g of Coix Seed Powder in
5 mL of methylene chloride for 10 min. Centrifuge at
5000 rpm for 5 min and use the supernatant.

Chromatographic system and System suitability
Use Identification of Fixed Oils by Thin-Layer Chromatography
. (202), Identification Method II.

Derivatization reagent: 25 mg/mL of
phosphomolybdic acid in 96% alcohol

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber up to 7 em, remove the plate from the
chamber, and dry in air. Treat the plate with Derivatization
reagent, heat at 120 0 for 3 min, and examine in white
light. .

Acceptance criteria: The Sample solutionexhibits, in the
upper half, a band corresponding in R F and color to the
oleic acid band in Standard solution A. The Somplesotutlon
exhibits additional bands that correspond to similar bands
in Standard solution B, including one band right above oleic
acid with the same color, a cluster of four blue bands in the
lower half, and some faint bands in the middle third.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Triglycerides.
Acceptance criteria: The Sample solutionexhibits a peak

with a retention time corresponding to triolein in Standard
stock solutionand peaks due to trilinolein, 1,2-dilinoleoyl
3-palmitin,1 ,2-dilinoleoyl-3-0Iein, I-palmltoyl-z-oleoyl
3-linolein, 1,2-dioleoyl-3-linolein, and 1,2-dioleoyl
3-palmitin at retention times corresponding to the same
triglycerides in Standardsolution 6. The 1,2-dilinoleoyl
3-0lein and 1,2-dioleoyl-3-linolein are the most intense
peaks; l-palmitoyl-2-0Ieoyl-3-linolein and triolein are
medium-intensity peaks; trilinolein, 1,2-dilinoleoyl
3-palmitin, and 1,2-dioleoyl-3-palmitin are low-intensity ,
peaks (distinction from Sorghum bicolor(L.) Moench, which
has similar triglyceride peaks, all of low intensity, and
Hordeum vulgare L., which hasfour triglyceride peaks, all of
low intensity).

COMPOSITION
• CONTENT OF TRIGLYCERIDES

Mobile phase: Methanol
Standard stock solution: 0.20 mg/mL of USP Triolein RS in

methanol. Sonicate to dissolve.
Standard solutions 1-5: Dilute the Standard stock solution

with methanol to obtain solutions of 0.0125, 0.025, 0.05,
0.10, and 0.20 mg/mL of USP Triolein RS. Pass each
through a suitable membrane filter of 0.45-lJm or finer
pore size.

Standard solution 6: 0.5 mg/mL of USP Coix Seed Oil
Extract RS in methanol

Sample solutlon: Accurately transfer about 500 mg of Coix
Seed Powder into a suitable flask and add 35 mL of

. methanol. Sonicate for 30 min and filter under vacuum.
Rinse the original flask and the residue left in the flask with
5 mL of methanol, and wash the residue and paper on the
filter with the rinsing. Repeat the rinse and wash procedures
one more time, and transfer the filtrate from the vacuum
flask to a 50-mL volumetric flask. Wash the vacuum flask
twice with about 2.5 mL of methanol each time, transfer
the washings into the volumetric flask, dilute with methanol
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to volume, and mix. Before injection, pass through a
suitable membrane filter of 0.45-~m or finer pore size, and
discard the first portion of the filtrate. [Nors-Drted filter
and vacuum flask should be used.]

Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [NOTE-The

parameters should be adjusted to achieve the best
signal-to-noise ratio, according to manufacturer's
recommendations.]

Column: 3.0-mm x 1O-cm; 2.7-~m packing L7
Column temperature: 20°
Flow rate: 0.3 mL/min
Injection volume: 5 ~L

System suitability
Samples: Standard stock solution and Standard solutions 1

6.
Resolution: NLT·l .5 between the peak of l,2-dilinoleoyl

3-olein and the small peak following it, Standard solution
6 (

Tailing factor: NMT 1.5 for the triolein peak, Standard
stock solution

Relative standard deviation: NMT'5.0% for the triolein
peak in repeated injections, Standard stock solutio'! .

Correlation coefficient: NLT 0.995 for the regression line
as determined in Analysis, Standard solutions 1-5

Signal-to-noise ratio: NLT 15 for the triolein peak,
Standard solution 1 (0.0125 mg/mL)

Chromatogram similarity: The chromatogram of
Standard solution 6 is similar to the reference
chromatogram provided with the lot of USPCoix Seed Oil
Extract RS being used.

Analysis
Samples: Standard solutions 1-6 and Sample solution
Using the chromatograms of Standard solutions 5-6 and the

reference chromatogram provided with the lot of USP
Coix Seed Oil Extract RS being used, identify the retention
times of the peaks of the relevant analytes in the Sample
solution. [NOTE-See Table 1 for the approximate relative
retention times.]

Table 1
Approximate Relative

Analyte Retention Time

Trilinolein \ 0.61

1,2-Dilinoleoyl-3-palmitin 0.67

1,2-Dilinoleoyl-3-olein 0.71

l-Palmitoyl-2-oleoyl-3-linolein 0.79

1,2-Dioleoyl-3-linolein 0.84

1,2-Dioleoyl-3-palmitin 0.94

Triolein 1.00

Plot the logarithms of peak responses versus the logarithms
of concentrations, in mg/mL, of triolein fr?m Stan1ard
solutions 1-5. Using a least-squares analysis, establish a
regression line or determine a linear regression equation.

Determine the concentration (C)/ in mg/mL, of the relevant
analytes in the Sample solution by using the regression line
or linear regression equation.

Separately calculate the percentages of trilinolein,
l,2-dilinoleoyl-3-palmit!n, l,~-dilinol~oyl-3-ole!n, .
1-palmitoyl-2-oleoyl-3-lInoleln, l,2-dloleoyl-3-lInoleln, .
1,2-dioleoyl-3-palmitin, and triolein in the portion of COIX
Seed Powder taken:

USP 43

Result = ex (V/W) x 100

C = concentration of relevant analyte in the Sample
solution as determined above (mg/mL)

V =volume of the Sample solution (mL)
W =weight of Coix Seed Powder taken to prepare the

Sample solution (mg)

Calculate the content of triglycerides as the sum of the
percentages of trilinolein, l,2-9ilinoleoyl-3-pal~itin,.

l,2-dilinoleoyl-3-olein, 1-palr:n1toyl-2-oleoy~-~-hnoleln,
1/2-dioleoyl-3-linolein, l,2-dloleoyl-3-palmltln, and
triolein.

Acceptance criteria: NLT 3.5% on the dried basis

CONTAMINANTS
• LIMIT OF ZEARALENONE

Mobile phase: Acetonitrile and water (1:1) .
Standard stock solution: 250 ng/mL of zearalenone In

methanol
Standard solution: Accurately transfer 1 mL of Standard

stock solution to a 1O-mLvolumetric flaskand add methanol
to volume. .

Sample solution: Accurately transfer about 20 g of Coix
Seed Powder to a suitable centrifuge tube, Add 4.0 g of
sodium chloride, and accurately add 100 mL: of'90%
acetonitrile. Mixfor 2 min with a high-speed disperser (NLT
11,000 rpm), and centrifuge for 5 min (4000 rpm).
Immediately pipet 10.0 mLof the supern?tant into a 5.0-mL
volumetric flask, add water to volume, rrux, and centrtfuge.
Pipet 10.0 mL of the supernatant onto an immunoaffinity
column1 capable of binding zearalenone, and elute at a
flow rate of approximately 3 mL/min (60 drops/min). Wash
the column with 10 mL of water at a flow rate of
approximately 6 mL/min (120 drops/min), let the column
run dry and discard the water eluate. Wash the column
with 1.5 mL of methanol at a flow rate of approximately
1 mL/min (20 drops/min), collect the methanol eluate
into a 2-mL volumetric flask, and let the column run dry.
Add methanol to volume, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorometric

Excitation wavelength: 232 nm
Emission wavelength: 460 nm

Column: 4.6-mm x 15-cm; 5-~m packing L1 .
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 ~L of Sample solution

System suitability
Sample: Standard solution
Suitability requirements

Column efficiency: NLT 10,000 theoretical plates
Relative standard deviation: NMTl 0.0% for the

zearalenone peak
Correlation coefficient: NLT 0.999 for the regression

line as determined in Analysis
Analysis .

Samples: Standard solution and Sample solution
Inject the Standard solution with volumes of 5, 10, 15, 20,

and 25 ~L, and measure zearalenone peak areas for each
injection. Plot the peak areas versus the amounts, in ng,
of zearalenone in the injections, and establish the
regression line using a least-squares analysis.

1 Suitable grade of Zearalal'est'". Available from Vicam, Cat. No. Gl012
(ZearalaTest) or Cat. No. Gl 026 (ZearalaTestWB).
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Using the chromatogram of the Standard s~/ution, identify
the retention time of the peak corresponding to
zearalenone in the Sample solution.

From the graph, determine the content (C), in ng, of
zearalenone in the Sample solution.

Calculate content, in ng/g, of zearalenone in the portion of
Coix Seed Powder taken:

Result =5000 x (C/ iN)

C = content of zearalenone as determined above
(ng)

W = weight of Coix Seed Powder taken to prepare the
Sample solution (g)

Acceptance criteria: NMT 60 ng/g on the dried basis
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENU,MERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 du/g, the total
combined molds and yeasts count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Pale, whitish powder .
Microscopic: Starch granules numerous, usually In clumps,

simple granules spherical or polyhedral, 2-20 IJm in
diameter with a stellate, y-shaped hilum; compound
granules rare, usually consisting of two to three simple
granules.

• Loss ON DRYING (731)
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 12.0% .

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Alcohol-Soluble Extractives, Method 7: NLT5.5% .

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 3.0%

"

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
4°_10°.

• LABELING: The label states the Latin binomial following the
. official name of the plant contained in the article.
• USP REFERENCE STANDARDS (11)

USP Coix Seed Oil Extract RS
USPOleic Acid RS
USP Triolein RS

Copper Gluconate-see Copper Gluconate General
Monographs

Co-Ql0-see Ubidecarenone in DietarySupplements section

Dietary Supplements I Cranberry 4919

Cranberry Liquid Preparation
DEFINITION
Cranberry Liquid Preparation is a bright red juice derived from

the fruits of Vaccinium macrocarpon Ait. or Vaccinium
oxycoccos L. (Farn. Ericaceae). It contains no added
substances.

IDENTIFICATION
• A. HPLC The retention times of the quinic acid, malic acid,

and citric acid peaks of the Sample solutioncorrespond to
those of the Standard solution, as obtained in the test for
Contentof OrganicAcids.

• B. ABSENCE OF ADULTERANTS
Standard solution: 1.0 mg/mL of tartaric acid and 0.1 mg/

mL of fumaric acid
Sample solution: Use the Liquid Preparation.
Mobile phase and Chromatographic system: Proceed as

directed in the test for Contentof OrganicAcids.
Analysis

Samples: Standard solutionand Sample solution
Injection size: 2? IJL .. : .

Acceptance critena: The retention times of t~e tartaric add
and fumaric acid peaks of the Standard solutiondo not
correspond to any of the retention times for peaks observed
from the Sample solution.

COMPOSITION
• CONTENT OF DEXTROSE AND FRUCTOSE

Mobile phase: Water
Standard solution: 6.0 mg/mL of USP Dextrose RS and

2.0 mg/mL of USP Fructose RS in water
Sample solution: Transfer 1.0 g of sodium carboxylate

cation-exchange resin to a 50-mL beaker, add 5 mLof water
to make a slurry, and transfer the slurry to a polypropylene
automatic pipet fitted with a small plug of silanized glass
wool. Quantitatively transfer the slurry to a small
chromatographic tube, rinsing the beaker with water ~nd
packing the column evenly. Keep the column wet until
ready for use. Using a volumetric pipet, transfer 1.0 mL of
Liquid Preparation to the column, collect the eluate, and
discard it. Pipet 4.0 mLof water onto the top of the column,
collect the eluate in a clean vial, and filter if necessary.

Chromatographic system '
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Columns

Guard: Packing L19
Analytical: 7.8-mm x 30-cmi packing L19

Column temperature: 85°
Flow rate: 0.6 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution

[NOTE-The approximate relative retention times for
dextrose and fructose are about 0.8 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 1.8 between the dextrose and fructose

peaks
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentages of dextrose and fructose in the

volume of Liquid Preparation taken: .

Result = (r v/r s) x (C s/V) x 0.5
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r u = peak response of each appropriate analyte from
the Sample solution

r s =peak response of each appropriate analyte from
the Standardsolution

Cs = concentration of the appropriate USP Reference
Standard in the Standardsolution (mg/mL)

V =volume of Liquid Preparation taken for the Sample
solution (ml)

Acceptance criteria: NlT 204% dextrose and NLT 0.7%
fructose

• CONTENT OF ORGANIC ACIDS
Mobile phase: Transfer 27.2 9 of monobasic potassium

phosphate to a 1OOO-ml volumetric flask, and dissolve in
950 ml of water. Adjust with phosphoric acid to a pH of
204, and dilute with water to volume.

Standard solution: 1.0 mg/ml each of USP Citric Acid RS,
USP Malic Acid RS, and USP Quinic Acid RS

Sample solution: Use the filtered Liquid Preparation.
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 214 nm
Columns

Guard: 5-lJm; packing II
[NoTE-Before use, condition the column with

methanol, then with water, and finally with
Mobilephase.]

Analytical: 4.6-mm x 25-cm analytical; packing L1
Flow rate: 0.6 ml/min
Injection size: 20 IJl

System suitability
Sample: Standardsolution

[NOTE-The approximate relative retention times for
quinic acid, malic acid, and citric acid are 004, 0.5,
and 1.0, respectively.]

Suitability requirements
Resolution: NlT 2.5 between quinic acid and malic acid
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areas. Calculate the percentages of quinic

acid, malic acid, and citric acid in the volume of liquid
Preparation taken: "

Result = (r u/rs) x C s x 0.1

r u = peak area of each appropriate analyte from the
Sample solution

r s =peak area of each appropriate analyte from the
Standardsolution .

C s = concentration of the appropriate USP Reference
Standard in the Standardsolution (mg/ml)

Acceptance criteria: NlTO.9% each of quinic acid and citric
acid; NLT0.7% of malic acid. The ratio of quinic acid to
malic acid is NLT 1.0.

ADULTERANTS
• LIMIT OF SORBITOL AND SUCROSE

Mobile phase and Sample solution: Prepare as directed in
the test for Contentof Dextrose and Fructose.

Standard solution: 0.5 mg/ml each of USP Sorbitol RS and
USPSucrose RS

Chromatographic system: Proceed as directed in the test
for Contentof Dextrose and Fructose.

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for sucrose and
sorbitol are about 004 and 1.0, respectively.]

USP 43

Suitability requirements
Resolution: NLt 1.8 between the sucrose and sorbitol

peaks
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Injection size: 20 IJl
Calculate the percentages of sucrose and sorbitol in the

volume of Liquid Preparation taken:

Result = (ru/rs) x (C s/V) x 0.5

r u =peak response of each appropriate analyte from
the Sample solution

r s =peak response of each appropriate analyte from
the Standardsolution

Cs =concentration of the appropriate USP Reference
Standard in the Standard solution (mg/ml)

V =volume of Liquid Preparation taken for the Sample
solution (ml)

Acceptance criteria: NMT 0.05% each of sorbitol and
sucrose

SPECIFIC TESTS
• REFRACTIVE INDEX (831): 1.3435-1.3445"
• pH (791): 2.5 ± 0.1

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store in a refrigerator.
• LABELING: The label states the Latin binomial name and,

"following the official name, the parts of the plant source
from which the article was derived. The label also states that
it isfor manufacturing purposes only. This article is exempt
from the requirements of the Labeling (7), Labels and
Labeling for Products and Other Categories, Botanicals, with
respect to the pregnancy and lactation statement.

• USP REFERENCE STANDARDS (11)
USP Citric Acid RS
USP Dextrose RS
USP Fructose RS
USP Malic Acid RS
USP Quinic Acid RS
USP Sorbitol RS
USP Sucrose RS
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reatine from the Standard

f USP Creatine RS in the Standard
l)

Ion ofCreatine in the Sample solution

Result =(ru/rs) x (CsfCu) x 100

leu/ate the percentage of dicya.ndiamide and
zine in the port!on of Creatine ta~en:'"

,Result = (rulrs) x (CsiCu) x ,<11F)x 100

icyandiamideor
pIesolution

the Standcird

ation of USPCreatineRSin the Standard
ml) . .,..

n of Creatine in the Sample solution

IE 1
.ase,· Diluent; System'suitability solution,

a .hie system, and System sui!a,bility: .
. the Assay. ,,'

Jjg/mlof USP Cr.eatineRS and2~5

e RSin j)i1uent
g/mL qfCreatine..in Diluent

on and Sample solution
,.' e of.creatinine(C.iH7N30) in the
e taken:

R~.sul1:,~·.(rulrs).~ (Cs/Cu2x) 90

se of creatinine from the 'Sample

~'peak·r~sRonseof creatinine from the Standard
Ion

atlon of USP Creatinine RS in the
soJution(mg/ml) . .
tion of Creatine in the' Sample ~olution

Separatel
~ihydr

A~cep.ta·n(e<:rite,ria: See,Table 1.

Table 1

Relative Relative Acceptance
Rtlfention ResRonse Criteria,

Name Time Factor NMT(%)

Qlcy'al\ltii~mide 0~.8 68.5 0.1

~~~a1:fn~ 1.0 1.0 -
Iljillygiotrjazin~ 1.j 44.5, 0.0005

~r~a!inin~ 2.0 - 0.1

Ai'i~um:slietifiedirnpLJrltY - 1.0 0.1

TofalurisRec:lTleo· impurities - - 1.5

~otaljrnp'lldties - ~ 2.0

IDENTIFI(ATION
• A. SPIECTROSCOPICiDIENTIFICATION'
• B•.The r~t~ntion time.ofthe maj

solution corresponds to'tha~ ofth
obtained in the Assay;

ASSAY
• PROCEDURE

Mobile phase: Dissolve 2' Tmono .
phosphatein.l L of wateadIu~t
toa pH of 4.0.

Diluent: Water
System suitabilitYsolutio
Cre~tine.RS, 0.1.mgl
0.002 mg/mL ofdic

Standard solution:' ,2. ilueQ~
Sample solution:' 2.5 mgl
Chromatographiesystem " ,. .,.. . , "

(See Chromatography (621),5ystem§uitaqility.)
Mode: lC
Detector: UV 225 nm
Column:4.0-:tn 5-cm;5-l.lm packlog L~
Column temper 25°
Flow rate: 1:0 nill in
Injection volume: 20 I.lL

System suitability
Samples: System sultabilit

[NoTE-The relative rete
creatine, ..
respectiv

Suitabili
Resoluti

creatin ,
Column efficien .

Standard solution
Relative standard deviation: NMT 2.0~~ StanJJ(;/t~

solution .
Analysis ,

Samples: Standard solutionandSamp
Calculatethe percentage of creatine (

portion of Creatine taken:

Result =: (rvirs),x (Csft u) x100

= pe~kresponse ofcreatir'le from,'the'ScifrjpJe.
solution

= peak response Of c'reatfne!from iheSlano'Jrd
solution

= concentration of USP Creatine RSihtne;StandatCf
solution (mg/ml) , " ' .. ' '" '.. ~-.c.-~P"" c',

= concentration of Crea~irw iO Jhe.SgmpTesoLut(oi]
(mg/ml)

Acceptance criteria: 98.00/0.:.:'-02.0% o'~the aried'E)~'~G

IMPURITIES
• RESIDUE ON ICNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE (221), Sulfate

Standard solution: 0.10 mLof 0.020 Mslj1furk ilcip
Sample: 200 mg of Creatine
Acc;eptance criteria: NMTO.1 %

PROCESS-RELATEDIMPORITIES
[NoTE-Onthe basis of information

manufacturing process, perfQrJTl ei t.or
Procedure 2.]

1 UseACS reagentgrade.
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0:13,Q

O':OJ6

;1.0

0.11

0.15

0.28

0:73

f USP CreatineRSf,'-theStaiulard

reatir:H~ In the Sampl~ $dlu~iob.

Relative
Retention

Time

Cu

Dicyandiamide

Name

Urea

Creatinine

Sarcosine

Anyunspecified impurity

Creatine

Totalimpurities

'SPECIFIC TESTS
.. Loss ON DRYING (731 )

Analysis: .Dryat 105° for2 h.
Acc;eptance criteri~: 1b.5o/o-12.5%

c
-L

u
p

-US
US S
USP Creatinine RS. (USpi'M~Y-2020)

Crypthecodinium cohn;; Oil

Result = (r ulrr) x 100

= peak responseof each individual fatty acid as
methylester

= sum of all the peak responses, except the solvent
and butylated hydroxytoluene peaks

Acceptance'criteria: See Table:2.

Table ~

DEFINITION
Crypthecodinium cohnii Oil isobtained from the fermentation

and extractionof algae of the species Crypthecodinium
cohnii and contains NLT 35,0% (w/w) of docosahexaenoic
acid (DHA, C22H3202) (C22: 6 n-3), as the onlysignificant
polyunsaturated fatty acid present. Suitable antioxidants in
appropriate concentration may be added.

IDENTIFICATION
• A. LONG-CHAIN UNSATURATED FATTY ACID PROFILE:

Proceed as directed in Fats and Fixed Oils (401), Omega-3
Fatty Acids Determination and Profile, Content of EPA
and DHA.

Analysis
Samples: Standard Solution 2a, Standard Solution 2b, and

Test Solution 7
Calculate the area percentage for each fatty acid as methyl

ester in Test Solution 7:

Result =.(ru/rsr'1.(Cslc;:~r~(l~FX(1.ao
= peak respon

sarcosin.
= peak response

solution
= concentrati PCreatineR5.intne Standard

solution m
== co ~. irt'thi(Samp/(iiolLitipn

( .' "- .... . ," -.'
7"_relative response fac,tQr(se~TaQle:2)

= pea sPtJ.rityfrom
the pI

= peak ponse
solution

Calculate the perce
portion of Creati

Result=(rulrs)x(t}Cu)~lOb

Result ~(r~/rs).~ (c$~<;urKtQq

ru = peak response of cr~atil1il'!eJro~ttl.eSample
solution

rs == peak responseotcreatiriJn~fr9m.tbe}Jaridaid
solution

Cs = concentratio inthe .
Standard s

Cu ='concentra ~'S(]mp'/~ solution
(mg/ml)

Separatelv calculatet
urea, and sarcosine

'F
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Acceptance criteria: The retention times of the peaksfor
the docosahexaenoicacid methyl ester and the
eicosapentaenoicacid methyl ester from Test Solution 7
correspond to those from Standard Solution 2a and
Standard Solution 2b, respectively. The area percentage for
the methyl esters of the fatty acidsfrom Test Solution 7
meets the requirements for each fatty acid indicated in
Table 7.

Table 1

Lower Upper
Relative Limit Limit

Fatty Retention Shorthand (Area, (Area,
Acid Time Notation %) %)

Linoleic acid 0.52 18:2 n-6 0 1.0

Eicosapentaenoic acid 0.79 20:5 n-3 0 0.1

Docosapentaenoic acid 0.94 22:5 n-6 0 0.1

Docosahexaenoic acid 1.00 22:6 n-3 35.0 47.0

COMPOSITION
• CONTENT OF DHA
Analysis: Proceedas directed in Fats and Fixed Oils (401),

Omega-3 FattyAcids Determination and Profile, Contentof
EPA and DHA.

Acceptance criteria: NLT 35.0% (w/w) ofdocosahexaenoic
acid (DHA)

IMPURITIES
• LIMIT OF ARSENIC

[NOTE-For the preparation ofall aqueous solutionsand
for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content ofarsenicas practicable, and store.all reagent
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plastic vessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionized water.]

Solution A: Transfer 1 g of ultrapure palladium metal to a
Teflon beaker. Add 20 mL of water and 10 mL of
nitricacid, and warm on a hot plate to dissolve. Allow the
solution to cool to room temperature, transfer it into a
1OO-mL volumetric flask, and dilute with deionizedwater
to volume. \

Solution B: Transfer 1 g of ultrapuremagnesium nitrate to a
Teflon beaker.Add40 mL of water and 1 mL of nitricacid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionizedwater
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid
(3:2:5). Avolume of 5 JJL provides 0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Standard stock solution: Transfer 10.0 mL of Standard
Arsenic Solution, prepared as directed in Arsenic (211), to a
1OO-mL volumetric flask. Add 40 mL of water and 5 mL of
nitricacid, and dilute with water to volume. This solution
contains 0.10 JJg/mL of arsenic.

Blank: Nitric acid and water (1 :19)
Standard solutions: Dilute the Standard stock solutionwith

the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 J.jg/mL of arsenic.

Sample solution: Forpreparation, use a microwave oven
with a magnetron frequency of 2455 MHz and a selectable
output power of 0-950 watts in 1% increments, equipped
with advanced composite vessels with 1OO-mL polytef
liners. Use rupture membranes to vent vessels should the

DietarySupplements / Crypthecodinium 4923

pressureexceed 125 psi.Thevessels fit into a turntable, and
each vessel can be vented intoan overflow container. Equip
the microwave oven with an exhaust tube to ventilate
fumes. [CAUTIoN-Wear proper eye protection and
protectiveclothing and gloves.]
Transfer approximately500 mg of Crypthecodinium cohnii

Oil, weighed to the nearest0.1 mg, into aTeflon digestion
vessel liner. Preparesamples·in duplicate.Add 15 mL of
nitric acid, and swirl gently. Coverthe vessels with lids,
leaving the vent fitting off. Predigest overnight under a
hood. Place the rupture membrane inthe vent fitting,and
tighten the lid. Place all vessels on the microwave oven
turntable. Connect the vent tubes to the vent trap, and
connect the pressure-sensing lineto the appropriate
vessel. Initiate a two-stage digestionprocedure by heating
the microwave at 15% power for 15 min, followed by
25% power for 45 min. Remove the turntable of vessels
from the oven, and allow the vessels to cool to room
temperature. [NOTE-A cool water bath may be used to
speed the cooling process.] Ventthe vessels when they
reach room temperature. Remove the lids, andslowlyadd
2 mL of 30% hydrogen peroxide to each. Allow·the
reactionsto subside, and seal the vessels. Return the
vessels on the turntable to the microwave oven, and heat
for an additional 15 min at 30% power. Remove-the
vessels from the oven, and allowthem to cool to room
temperature. Transfer the cooled digests into 25-mL
volumetric flasks, and dilute with water to volume.

Analysis: Programthe graphite furnace as follows. Dryat
115°, using a l-s ramp, a 65-s hold, and an argon flow of
300 mL/min; char the sample at 1000°, usinga l-s ramp, a
20;.s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 mL/min; atomize at
2400°, usinga O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a l-s ramp and a 5-s
hold. Separatelyinject equal volumes (20 JJL) of the
Standard solutions, the Sample solution, and the Blank,
followed by an injection of5 JJL of Solution Cfor each of the
samples, into the graphite tube of a suitablegraphite
furnace atomic absorption spectrophotometer equipped
with a hollow-cathode lamp for arsenic. Determinethe
peak area at the arsenicemission lineat 193.7 nm, ,
corrected for background absorption. Plotthe corrected
peakareas of the Standard solutions versus their contents of
arsenic, in J.jg/mL, and calculatethe regression line best
fitting the points. Determinethe concentration, C, in
JJg/mL, of arsenic in each mL of the Sample solution by
interpolationfrom the regression line.
Calculate the content of arsenic in the portion of

Crypthecodinium cohnii Oil taken:

Result = (C/W) x 25

C =concentration, as obtained above
W = weight of Crypthecodinium cohniiOil taken to

prepare the Sample solution(g)

Acceptance criteria: NMT 0.1 JJg/g
• LIMIT OF LEAD

[NOTE-For the preparationofall aqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content of lead as practicable, and store all reagent
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plastic vessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionizedwater.]
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Solution A: 109 of ultrapure monobasic ammonium
phosphate in 1 mL of nitric acid and 40 mL of water to
dissolve the phosphate. Dilute with deionized water to
100 mL.

Solution B: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution 8, and 2% nitric acid
(2:1 :2). A volume of 5 ~L provides 0.2 mg of phosphate and
0.01 mg of magnesium nitrate.

Standard stock solution: Transfer 10.0 mL of lead nitrate
stock solution TSto a 1OO-mL volumetric flask. Add 40 mL
of water and 5 mL of nitric acid, and dilute with water to
volume. Transfer 1.0 mL of this solution to a second 100-mL
volumetric flask, add 50 mL of water and 1 mL of
nitric acid, and dilute with water to volume. This solution
contains 0.10 ~g/mL of lead.

Blank: Nltrlc acid and water (1:19)
Standard solutions: Dilute the Standard stock solutionwith

the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 uq/rnt, of lead.

Sample solution: Prepareasdirected for the Sample solution
in the test for Limitof Arsenic.

Analysis: Program the graphite furnace asfollows. Dry at
120°, using a 1-s ramp, a 55-s hold, and an argon flow of
300 mL/min; char the sample at 850°, using a 1-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 mL/min; atomize at
2100°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a I-s ramp and a 5-s
hold. Separately inject equal volumes (20 ~L) of the
Standard solutions, the Sample solution, and the Blank,
followed by an injection of 5 ~L of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrophotometer equipped
with a hollow-cathode lamp for lead. Determine the peak
area at the lead emission line at 283.3 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standardsolutions versus their contents of lead, in
~g/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in ~g/mL, of lead
in each lilt of the Sample solutionby interpolation from the
regressiorlline.
Calculate the content of lead in the portion of

Crypthecodinium cohniiOil taken:

Result= (C/ W) x 25

C =concentration, asobtained above
W =weight of Crypthecodinium cohniiOil taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF CADMIUM
[NOTE-For the preparation of all aqueous solutions and

for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content of cadmium as practicable, and store all
reagent solutions in containers of borosilicate glass.
'Cleanse glass, polytef, and plastic vessels before use
by soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionized water.]

Solution A: 109 of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to
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dissolve the phosphate. Dilute with deionized water to
100 mL.

Solution B: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution 8, and 2% nitric acidto
volume (2:1:2). A volume of 5 ~L provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Standard stock solution A: 0.1372 mg/mL of cadmium
nitrate

Standard stock solution B: Standard stock solution A,
nitric acid, and water (2:1 :97). This solution contains 0.10
~g/mL of cadmium. [NoTE-Before make-up to final volume
dissolve in a portion of water and nitric acid.]

Blank: Nitric acid and water (1:19)
Standard solutions: Dilute Standard stock solution 8 with

the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 ~g/mL of cadmium.

Sample solution: Prepareasdirected for the Sample solution
in the test for Limit of Arsenic.

Analysis: Program the graphite furnace asfollows. Dry at
120°, using a 1-s ramp, a 55-s hold, and an arqon flow of
300 mL/min; char the sample at 850°, using a 1-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 mL/min; atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 ~L) of the
Standard solutions, the Sample solution, and the Blank,
followed by an injection of 5 ~L of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrophotometer equipped
with a hollow-cathode lamp for cadmium. Determine the
peak area at the cadmium emission line at 228.8 nm,
corrected for background absorption. Plot the corrected'
peak areas of the Standardsolutions versustheir contents of
cadmium, in ~g/mL, and calculate the regression line best
fitting the points.
Determine the concentration, C, in ~g/mL, of cadrniurn in

each mL of the Sample solutionby interpolation from the
regression line.

Calculate the content of cadmium in the portion of
Crypthecodinium cohniiOil taken:

Result=(C/W) x 25

C = concentration, as obtained above
W = weight of Crypthecodinium cohniiOil taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF MERCURY: Proceed as directed in Mercury(261),
Method 110, except use a Standard Mercury Solution having

. the equivalent of 0.1 ~g/mL of mercury.
Sample solution: Prepareasdirected for the Sample solution

in the test for Limitof Arsenic, combining the two duplicate
cooled digests into 1.0 mL of Potassium Permanganate
Solution.

Acceptance criteria: NMT 0.1 ~g/g

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Anisidine Value: NMT 20.0
• FATS AND FIXED OILS (401), AcidValue (Free FattyAcids):

The free fatty acids in 109 require NMT 1,42 mL of 0.1 N
sodium hydroxide for neutralization.

• FATS AND FIXED OILS (401), Peroxide Value: NMT 5.0
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• FATS AND FIXED OILS (401), TotalOxidation Value (TOTOX)
NMT 26, calculatedas:

Result =(2 x PV) + AV

PV = peroxidevalue
AV = anisidine value

• FATS AND FIXED OILS (401), Unsaponifiable Matter. NMT
3.5%

• SPECIFIC GRAVITY (841): 0.91-0.93

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and avoid exposure to excessive heat.
• LABELING: The labelstates the content of docosahexaenoic

acid in mg/g. It also states the name and concentration of
any added antioxidant. .'

Crypthecodinlum cohnil Oil Capsules
DEFINITION
Crypthecodinium cohnii Oil Capsules are prepared from

Crypthecodinium cohniiOil and contain NLT 95.0% and NMT
105.0% of the labeled amount of docosahexaenoicacid
(DHA, C22H3202) (C22:6 n-3).

IDENTIFICATION
• LONG-CHAIN UNSATURATED FA'FTY ACID PROFILE: Proceed

as directed in Contentof DHA.
Analysis

Samples: Standard Solution 2a, Standard Solution 2b, and
Test solution 1

Calculate the area percentage for each fatty acid as methyl
ester in Test solution 1:

Result = (ru/rr) x 100

tu =peak response of each individual fatty acid as
methylester .

rr = sum of all the peak responses,except the solvent
and butylated hydroxytoluene peaks .

Acceptance criteria: The retention time of the peaksof the
docosahexaenolc acid methyl ester and the
eicosapentaenoic acid methyl ester from Test solution 1
correspondsto that from the docosahexaenoicacid methyl
ester and eicosapentanoic acid methyl ~ster peaksfro!""'
Standard Solution 2a and StandardSolution 2b, respectively,
as obtained in thetest for Contentof EPA and DHA. The area
percent for the methyl esters of the fatty acidsfrom Test
solution 7 in the test for Contentof EPA and DHA meet the
requirements for each fatty acid indicated in Table 1.

Table 1
Lower Upper

Relative Limit Limit
Fatty Retention Shorthand (Area, (Area,
Acid Time Notation %) %)

Linoleic acid 0.52 18:2 n-6 0 1.0

Eicosapentanoic acid 0.79 20:5 n-3 0 0.1

Docosapentaeno-
0.94 22:5 n-6 0 0.1ic acid

Docosahexaeno-
35.0 47.0ic acid 1.00 22:6 n-3
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STRENGTH
• CONTENT OF DHA
Test solution 1 and Test solution 2: Weigh NLT 10

Capsules in a tared weighing bottle. With a sharp blade or
other appropriate means, carefully open the Capsules,
without lossofthe shell material, and transferthe combined
Capsulecontents to a 1OO-mL bea~er. Remove any .
adhering substance from the emptied Capsules by washmg
with several small portions of isooctane. Discard the
washings,and allowthe empty Capsules to dry in a current
of dry air until the isooctane iscompletelyevaporated.
Weigh the empty Capsules in the original tared weighing
bottle, and calculatethe averagefill weight (AFW) of
Crypthecodinium cohnnioil/Capsule. Proceedwith the
content of Capsules as directed in the Analysis.

Analysis: Proceed as directed in Fats and Fixed Oils(401),
Omega-3 FattyAcids Determination and Profile, Contentof
EPA and DHA.

Calculatethe percentage of the labeled amount of
docosahexaenoic acid (DHA) in the Capsules taken:

Result = Rx AFW/L

R =determined percentage of DHA in the portion of
oil taken from the Capsules (%) . .

AFW =average fill weight of the Capsules taken '(nig)
L . =labeled amount of DHA (mg/Capsule)

Acceptance criteria: NLT 95.0% and NMT 105.0% of the
labeled amount of DHA

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Rupture Test.for Sott Shell Capsules
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

IMPURITIES
• LIMITOF ARSENIC

[NOTE-For the preparationofallaqueoussolutionsand
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as. Iowa
content ofarsenicas practicable, and store allreagent '
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plastic vessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionized water.]

Solution A: Transfer 1 g of ultrapure palladium metal into a
Teflon beaker.Add20 mL ofwater and 10 mL of nitricacid,
and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL
volumetric flask, and dilutewithdeionizedwater to volume.

Solution B: Transfer 1 g of ultrapure magnesium nitrate
into a Teflon beaker.Add40 mL of water and 1 mL of nitric
acid, and warm on a hot plate to dissolve the solid~. ~lIow

the solution to cool to room temperature, transfer It Intoa
1OO-mL volumetric flask, and dilute with deionizedwater
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid
(3:2:5). Avolume of 5 IJL provides 0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1 :19)
Standard stock solution: Transfer 10.0 mL of Standard

Arsenic Solution, prepared as directed in the test for Arsenic
(211), to a 1OO-mL volumetric flask. Add 40 mL of water
and 5 mL of nitricacid, and dilute with water to volume.
This solutioncontains 0.10 IJg/mL of arsenic.
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Standard solutions: Dilute the Standard stock solution with
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 IJg/mL of arsenic.

Sample solution: For preparation of the Sample solution,
use a microwaveoven with a magnetron frequency of
2455 MHz and a selectable output power of 0-950 watts
in 1% increments, equipped with advanced composite
vessels with 1OO-mL polytef liners. Userupture membranes
to vent vessels should the pressure exceed 125 psi.The
vessels fit into a turntable, and each vessel can be vented
into an overflow container. Equip the microwaveoven with
an exhaust tube to ventilatefLimes. [CAuTION-Wear proper
eye protection and protective clothing and gloves.]
Transferapproximately 500 mg of Crypthecondinium cohnii

oil from Capsules, weighed to the nearest 0.1 mg, into a
Teflon digestion vessel liner. Preparesamples induplicate.
Add 15 mLof nitric acid,and swirl gently. Cover the
vessels with lids, leaving the vent fitting off. Predigest
overnight under a hood. Place the rupture membrane in
the vent fitting, and tighten the lid.Placeallvessels on the
microwaveoven turntable. Connect the vent tubes to the
vent trap, and connect the pressure-sensing line to the
appropriate vessel. Initiatea two-staqe digestion
procedure by heating the-microwave at 15% power for
15 min, followed by 25% power for 45 min. Remove the
turntable of vessels from the oven, and allow the vessels
to cool to room temperature. [NOTE-A cool water bath
may be used to speed the cooling process.]Vent the
vessels when they reach room temperature. Remove the
lids, and slowly add 2 mLof 30% hydrogen peroxide to
each. Allow the reactions to subside, and seal the vessels.
Return the vessels on the turntable to the microwave
oven, and heat for an additional 15 min at 30% power.
Remove the vessels from the oven, and allowthem to cool
to room temperature. Transfer the cooled digests into
25-mLvolumetricflasks, and dilute with water to volume.

Analysis: Program the graphite furnace as follows. Dryat
115°, using a 1-s ramp, a 65-s hold, and an argon flow of
300 mL/min; char the sample at 1000°, using a 1-s ramp, a
20-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 rriL/min; atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 IJL) of the
Standard, solutions, the Sample solution, and the Blank,
followedby an injectionof 5 IJL of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission lineat 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standard solutions versus their contents of arsenic, in
IJg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in IJg/mL, of
arsenic in each mLof the Sample solution by interpolation
from the regression line.
Calculate the content of arsenic in the portion of Capsules

taken:

Result = (C/W) x 25

C =concentration as obtained above
W = weight of Capsulescontent taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF LEAD

[NOTE-For the preparation ofallaqueous solutionsand
for the rinsing of glass, polytef, and plasticvessels
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before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Select all reagents to have as Iowa
content of lead as practicable, and store all reagent
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plasticvessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionized water.]

Solution A: 10 g of ultrapure monobasic ammonium
phosphate in 1 mLof nitricacid and 40 mL of water to
dissolve the phosphate. Dilutewith deionizedwater to
100 mL.

Solution B: Transfer1 g of ultrapure magnesium nitrate to a
Teflon beaker.Add 40 mL of water and 1 mL of nitricacid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetricflask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution B, and 2% nitricacid
(2:1 :2).Avolumeof5 IJL provides0.2 mg of phosphate and
0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1:19) 0

Standard stock solution: Transfer10.0 mL of lead nitrate
stock solutionTS toa 1OO-mL volumetricflask. Add 40 mL
of water and 5 mLof nitric acid, and dilute with water to
volume.Transfer 1.0 mLof this solutionto a secohd 100-mL
volumetric flask, add 50 mLof water and 1 mL of nitricacid,
and dilutewithwater to volume.Thissolutioncontains0.10
IJg/mL of lead.

Standard solutions: Dilute the Standard stock solution with
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 IJg/mL of lead.

Sample solution: Prepare as directed for Sample solution in
the test for Limit ofArsenic..

Analysis: Program the graphite furnace as follows. Dryat
120°, using a 1-s ramp, a 55-s hold, and an argon flowof
300 mL/min; char the sample oat 850°, using a I-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 mL/min; atomize at
2100°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separatelyinject equal volumes (20 IJL) of the
Standard solutions, the Sample solution, and the Bldnk"
followed by an injectionof 5 IJL of the Solution Cfor each
of the samples, into the graphite tube ofa suitablegraphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at
the lead emission line at 283.3 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standard solutions versus their contents of lead, in
IJg/mL, and calculate the regression line best fitting the
points. Determine the concentration,C, in IJg/mL, of lead
in each mLof the Sample solution by interpolationfrom the
regression line.
Calculatethe content of lead in the portion of Capsules

taken:

Result = (C/W) x 25

C = concentration as obtained above
W =weight of Capsulescontent taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF CADMIUM

[NOTE-For the preparation of all aqueous solutionsand
for the rinsingof glass, polytef, and plasticvessels .
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
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resin before use. Select all reagents to have as Iowa
content of cadmium as practicable, and store all
reagent solutions in containers of borosilicate glass.
Cleanseglass, polytef, and plastic vessels before use
by soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionized water.]

Solution A: 10 g of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to
dissolve the phosphate. Dilute with deionized water to
100 mL.

Solution B: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution. B, and 2% nitric acid to
volume (2:1 :2). A volume of 5 ~L provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1:19)
Standard stock solution A: 0.1372 mg/mL of cadmium

nitrate
Standard stock solution B: Standardstock solutionA, nitric

acid, and water (2:1:97). This solution contains 0.10 ~g/mL

of cadmium. [NoTE-Before make up to final volume
dissolve in a portion of water and nitric acid.]

Standard solutions: Dilute Standardstock solutionBwith
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 ~g/mL of cadmium.

Sample solution: Prepare as directed for Sample solution in
the test for Limit of Arsenic.

Analysis: Program the graphite furnace asfollows. Dry at
120°, using a 1-s ramp, a 55-s hold, and an argon flow of
300 mL/min; char the sample at 850°, using a 1-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 rnl./rnin: atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 ~L) of the
Standardsolutions, the Sample solution, and the Blank,
followed by an injection of 5 ~L of the Solution C for each
of the samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for cadmium. Determine the peak
area at the cadmium emission line at 228.8 nm, corrected
for background absorption. Plot the corrected peak areas
of the Standardsolutions versustheir contents of cadmium,
in ~g/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in ~g/mL, of
cadmium in each mL of the Sample solutionby interpolation
from the regression line.
Calculate the content of cadmium in the Capsules taken:

Result=(CIW) x 25

C = concentration as obtained above
W = weight of Capsulescontent taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF MERCURY: Proceed as directed in Mercury (261),
Method lIa, except use a StandardMercury Solution having
the equivalent of 0.1 ~g/mL of mercury.

Sample solution: Prepareasdirected for the Sample solution
in the test for Limit of Arsenic, combining the two duplicate
cooled digests into 1.0 mL of Potassium Permanganate
Solution.

Acceptance criteria: NMT 0.1 ~g/g
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SPECifiC TESTS
It fATS AND fiXED OILS, Anisidine Value (401): NMT 20.0,

determined on the contents of the Capsules
• fATS AND fiXED OILS, Free FattyAcids (401): The free fatty

acids in 109 require for neutralization NMT 1.42 mL of
0.1 N sodium hydroxide.

• fATS AND fiXED OILS, Peroxide Value (401): NMT 5.0,
determined on the contents of the Capsules

• fATS AND fiXED OILS, TotalOxidationValue (TOTOX) (401):
NMT 26 (determined on the contents of the Capsules),
calculated as:

Result=(2 x PV) + AV

PV =peroxide value
AV =anisidine value

• fATS AND fiXED OILS,. Unsaponifiable Matter (401): NMT
3.5%, determined on the contents of the Capsules

• SPECIFIC GRAVITY (841): 0.91-0.93, determined on the
contents of the Capsules

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and avoid exposure to excessive heat..
• LABELING: The label states the content of docosahexaenoic

.acid in mg/Capsule. It also states the name and
concentration of any added antioxidant.

• USP REFERENCE STANDARDS (11)
USP Docosahexaenoic Acid Ethyl EsterRS
USP Eicosapentaenoic Acid Ethyl EsterRS
USP Methyl TricosanoateRS

Curcuminoids
DEFINITION
Curcuminoids is a partially purified natural complex of diaryl

heptanoid derivatives isolated from Turmeric, Curcuma longa
L. It contains NLT 95.0% of curcuminoids, calculated on the
dried basis, as the sum of curcumin, desmethoxycurcumin,
and bisdesmethoxycurcumin. It contains NLT 70.0% and
NMT 80.0% of curcumin, NLT 15.0% and NMT 25.0% of
desmethoxycurcumin, and NLT 2.5% and NMT 6.5% of
bisdesmethoxycurcumin.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 1 mg/mL of USP Curcuminoids RS in
methanol

Sample solution: Suspend about 5 mg of Curcuminoids in
5 mL of methanol, and sonicate briefly.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate)'
Application volume: 2 ~L each of the Standardsolution

and the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene and glacial acetic

acid (4:1)
Developing distance: 6 cm
Derivatization reagent: 85 mL of ice-cold methanol

combined with 10 mL of glacial acetic acid, 5 mL of
sulfuric acid,' and 0.5 mL of p-anisaldehyde

1 Suitable commercially available plates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Injection volume: 20 j.JL
System suitability

Samples: StandardsolutionA and StandardsolutionB
[NoTE-The relative retention times for the curcumin,

desmethoxycurcumin, and bisdesmethoxycurcumin
peaks are 1.0, 1.2, and 1.4, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

StandardsolutionA is similar to the reference
chromatogram provided with USP Curcuminoids RS.

Resolution: NLT 2.0 between curcumin and
desmethoxycurcumin peaks and desmethoxycurcumin
and bisdesmethoxycurcumin peaks, Standard solution B

Tailing factor: NMT 1.5 for bisdesmethoxycurcumin,
desmethoxycurcumin, arid curcumin peaks, Standard
solution B

Relative standard deviation: NMT 2.0% for the
desmethoxycurcumin peak, in replicate injections,
Standard solutionB

Analysis
Samples: Standardsolution Band Sample solution
Calculatethe percentages of curcumin, .

desmethoxycurcumin, and bisdesmethoxycurcumin in
the portion of Curcuminoidstaken:

.' '. """
Result =(rv/rs) xC s x (V/W) x D x 100

r u =peak area of the relevantanalyte from the Sample
solution

r s =peak area of the relevant analyte from Standard
solutionB

C s = concentration of the relevant analyte in Standard
solutionB (mg/mL)

V = volume of the Sample stock solution (mL)
W =weight of Curcuminoids used to prepare the

Sample stock solution (mg)
o = dilutionfactor to obtain the Sample solutionfrom

the Sample stocksolution, 10

Acceptance criteria: Curcuminoidscontains NLT 95.0% of
curcuminoids, calculated on the dried basis, as the sum of
curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin. It contains 70.00/0-80.0% of
curcumin, 15.00/0-25.0% of desmethoxycurcumin,I and
2.50/0-6.5% of bisdesmethoxycurcumin.

CONTAMINANTS

·~I~~
~fjHE
Resi gs:i~{(¢N1t Y'~A~6rMeets the requirements

• BOTANICAL EXTRACTS (565), Preparations, General
Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeasts count does not exceed 103 cfu/
g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741), Procedures,

Procedure for Class I, Apparatus II: 172°-178°
• loss ON DRYING (731)

Sample: 1.0 g of Curcuminoids

Analysis
Samples: Standardsolution and Sample solution
Applythe Samples as bands and dry in air. Develop in a

saturated chamber and dry inair.Treatwith Derivatization
reagent, heat at 100° for 3 min, and examine under
long-wave UV light (365 nm) and under white light.

System suitability: Under long-waveUV light (365 nm), the
derivatized chromatogram of the Standardsolution
exhibits, in its lower half, three bands in the order of
increasing R F: an orange band due to
bisdesmethoxycurcumin, an orange band due to
desmethoxycurcumin, and the red band due to curcumin.
Under white light, the two lower bands appear orange,
while the topmost band is reddish-pink.

Acceptance criteria: Under long-wave UV light (365 nm),
the derivatized chromatogram of the Sample solution
displays two orange bands. and one red band, similar in
position and color to those observed in the Standard
solution. At the bottom part of the upper halfof the plate,
two purple bands are seen. Under white light, two orange
bands and a darker red band are seen coincident with the
bands due to bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin in the Standard
solution, in the order of increasing R'F' In the upper halfof
the plate, the lowerof the two bands appears purple, while'
the upper band is brown. No bands appear in the topmost
quarter of the plate, which ischaracteristicof Curcuma
zanthorrhiza Roxb. and Curcuma aromatica Salisb. These
confounders, and occasional adulterants, also lackthe
lower orange band corresponding to
bisdesmethoxycurcumin.Additional weak bands may be
observed in the Sample solution under either illumination
condition.

• B. HPlC
Analysis: Proceed as directed in the test for Contentof

Curcuminoids.
Acceptance criteria: The retention times of the peaksfor

curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin of the Sample solutioncorrespond
to those of StandardsolutionA and Standardsolution B.

COMPOSITION
• CONTENTOF CURCUMINOIDS

Mobile phase: Tetrahydrofuran and 1 ing/mL of citricacid
in water (4:6)

Standard solution A: 40 j.Jg/mL of USP Curcuminoids RS in
Mobilephase

Standard solution B: Acomposite solution containing 40
j.Jg/mL of USP Curcumin RS, 10 j.Jg/mL of USP
Desmethoxycurcumin RS, and 2.0 uq/rnl, of USP
Bisdesmethoxycurcumin RS in Mobilephase. Usesonication
if necessary. Before injection, pass through a filterof
0.45-j.Jm pore size, and discard the initial 10 mLof the
filtrate.

Sample stock solution: Transfer about 20 mg of
Curcuminoids, accuratelyweighed, to a 50-mLvolumetric
flask, add 30 mL of acetone, and sonicate for 30 min.
Dilute with acetone to volume, mix, and centrifuge.

Sample solution: Transfer 5.0 mL of the Sample stock
solution to a 50-mLvolumetricflask. Dilutewith
Mobilephase to volume, and mix. Before injection, pass
through a filterof 0.45-j.Jm pore size,and discard the initial
10 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Vis 420 nm
Column: 4.6-mm x 25-cm; 5-j.Jm packing L1
Flow rate: 1.0 mL/min
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Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers; protect from light and moisture, and store at
room temperature.

• LABELING: The label states the content of curcuminoids and
the content of the individual curcuminoids, on the dried
basis; the Latin binomial; and the part of the plant used to
prepare the article.

• USP REFERENCE STANDARDS (11)
USP Bisdesmethoxycurcumin RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin R$

Curcuminoids Capsules
DEFINITION
Curcuminoids Capsulesare prepared from Curcuminoids and

contain NLT 90.0% and NMT 110.0% of the labeled amount
of curcuminoids, calculated as the sum of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 0.2 mg/mL of USP Curcuminoids RS in
acetone

Sample solution: Weigh and finely powder the contents of
NLT 20 Capsules. Transfer a portion of the powder,
equivalent to about 10 mg of curcuminoids, to a suitable
container, add 5 mL of acetone, shake for 1 min, and
sonicate for 10 min. Allow to stand for 15 min before use.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 urn (TLC plates)

Application volume: 10 /-IL, as bands .
Developing solvent system: Chloroform, methanol, and

formic acid (96:4:1)
Analysis

Samples: Standardsolution and Sample solution
Apply the 'samplesas bands to a suitable thin-layer

chromatographic plate (see Chromatography (621».
Usea saturated chamber. Develop the chromatograms
until the solvent front has moved up about three-fourths
of the length of the plate. Remove the plate from the
chamber, dry, and examine under UV light at 365 nm.

Acceptance criteria: The Sample solution chromatogram
shows yellowish-brown bands due to
bisdesmethoxycurcumin, desmethoxycurcumin, and
curcumin at RF values of about 004,0.6, and 0.7,
respectively, corresponding in position and color to those
obtained from the Standardsolution.

• B. The retention times of the peaks for curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin of the
Sample solution correspond to those of the Standard
solutionfor the appropriate USP Reference Standard, as
obtained in the test for Contentof Curcuminoids.

STRENGTH
• CONTENT OF CURCUMINOIDS

Mobile phase: Tetrahydrofuran and 1 mg/mL of citric acid
in water (4:6) .
[NoTE-Sonication may be necessaryto dissolve the RS

in each Standardsolution; all solutions should be
passed through a filter with OA5-/-Im pore size before
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injection. USP Curcumin RS, USP
Desmethoxycurcumin RS, and USP
Bisdesmethoxycurcumin RS can also be prepared in
one standard solution containing the final
concentration specified below for each.]

Standard solution A: 40 /-Ig/mL of USP Curcuminoids RS in
Mobilephase

Standard solution B: 40 /-Ig/mL of USP Curcumin RS in
Mobilephase

Standard solution C: 10 /-Ig/mL of USP
Desmethoxycurcumin RS in Mobilephase

Standard solution D: 2 /-Ig/mL of USP
Bisdesmethoxycurcumin RS in Mobilephase

Sample stock solution: Weigh and finely powder the
contents of NLT 20 Capsules. Transfer an accurately
weighed amount of the powder, equivalent to about 20 mg
of curcuminoids, to a 50-mL volumetric flask. Add about
30 mL of acetone, sonicate for 30 min, dilute with acetone
to volume, mix, and centrifuge.

Sample solution: Dilute a portion of the Sample stock
solution 1 in 10 with Mobilephase, and mix.

Chromatographic system .
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV-Vis420 nm
Column: 4.6-mm x 25-cm; 5-/-Im packing L1
Flow rate: 1 mL/min
Injection size: 20 /-IL

System suitability
Sample: StandardsolutionA
[NoTE-The relative retention times for the curcumin,

desmethoxycurcumln, and bisdesmethoxycurcumin
peaksare about 1.0, 1.2, and lA, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

StandardsolutionA is similar to the Reference
Chromatogram provided with the lot of USP
Curcuminoids RS being used.

Resolution: NLT 2.0 between the curcumin and
desmethoxycurcumin peaksand the
desmethoxycurcumin and bisdesmethoxycurcumin
peaks

Tailing factor: NMT 1.5 for the bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin peaks

Relative standard deviation: NMT 2.0% for
desmethoxycurcumin peak, in repeated injections

Analysis
Samples: StandardsolutionA, Standardsolution8, Standard

solution C, Standardsolution0, and Sample solution
Calculate the quantity, in mg, of curcumin,

desmethoxycurcumin, and bisdesmethoxycurcumin in
each Capsule:

Result=(rulrs) x Cs x 0 x V x (WFIWu)

t» = peak areafor curcumin, desmethoxycurcumin, or
bisdesmethoxycurcumin from the Sample
solution

rs = peak areafor curcumin, desmethoxycurcumin, or
bisdesmethoxycurcumin from the appropriate
Standardsolution

Cs = concentration of the appropriate Standard
solution (mg/mL)

o = dilution factor to prepare the Sample solution
from Sample stock solution

V = volume of Sample stock solution (mL)
WF = average fill weight of Capsules (mg)
Wu =weight of content of Capsules taken to prepare

the Sample stock solution (mg)
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Curcuminoids Tablets

Calculate the percentage of the labeled amount of
curcuminoids in the Capsule:

Result= (T..Q/L) x 100

DEFINITION
Curcuminoids Tablets are prepared from Curcuminoids and

contain NLT 90.0% and NMT 110.0% of the labeled amount
of curcuminoids, calculated as the sum of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 0.2 mg/mL of USP Curcuminoids RS in
acetone

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to about
10 mg of curcuminoids, to a suitable container, add 5 mL

of acetone, shakefor 1 min, and sonicate for 10 min. Allow
to stand for 15 min before use.

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 10-15 J,Jm (TLC plates)

Application volume: 10 J,Jl, as bands
Developing solvent system: Chloroform, methanol, and

formic acid (96:4:1)
Analysis

Samples: Standardsolution and Sample solution
Apply the samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621».
Use a saturated chamber. Develop the chromatograms
until the solvent front has moved up about three-fourths
of the length of the plate. Remove the plate from the
chamber, dry, and examine under UV light at 365 nm.

Acceptance criteria: The Sample solution chromatogram
shows yellowish-brown bands due to
bisdesmethoxycurcumin, desmethoxycurcumin, and
curcumin at 'RF values of about 0.4, 0.6, and 0.7,
respectively, corresponding in position and color to those
obtained from the Standardsolution.

• B. The retention times of the peaks for curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin of the
Sample solutioncorrespond to those of the Standard
solution for the appropriate USP Reference Standard, as
obtained in the test for Contentof Curcuminoids.

STRENGTH
• CONTENT OF CURCUMINOIDS

Mobile phase: Tetrahydrofuran and 1 mg/mL of citric acid
in water (4:6)
[Nort--Sonlcatlon may be necessary to dissolve the RS

in each Standard solution; all solutions should be
passed through a filter with 0.45-J,Jm pore size before
injection. USP Curcumin RS, USP
Desmethoxycurcumin RS and USP
Bisdesmethoxycurcumin RS can also be prepared in
one standard solution containing the final
concentration specified below for each.]

Standard solution A: 40 J,Jg/mlof USP Curcuminoids RS in
Mobilephase

Standard solution B: 40 J,Jg/mlof USP Curcumin RS in
Mobilephase

Standard solution C: 10 J,Jg/mL of USP
Desmethoxycurcumin RS in Mobilephase

Standard solution D: 2 J,Jg/mL ofUSP
Bisdesmethoxycurcumin RS in Mobilephase

Sample stock solution: Weigh and finely powder NLT 20
Tablets. Transfer an accurately weighed amount of the
powder, equivalent to about 20 mg of curcuminoids, to a
50-ml volumetric flask. Add about 30 mL of acetone,
sonicate for 30 min, dilute with acetone to volume, mix,
and centrifuge.

Sample solution: Dilute a portion of the Sample stock
solution (1 in 10) with Mobilephase,and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis 420 nm
Column: 4~6-mm x 25-cm; 5-J,Jm packing II
Flow rate: 1 ml/min
Injection size: 20 J,JL

System suitability
Sample: StandardsolutionA
[NoTE-The relative retention times for the curcurnln,

desmethoxycurcumin, and bisdesmethoxycurcumin
peaksare about 1.0, 1.2, and 1.4, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

Standard solutionA is similar to the Reference

=sum of the quantities of curcumin,
desmethoxycurcumin, and
bisdesmethoxycurcumin in the Capsule (mg)

= labeled amount of curcuminoids (mg/Capsule)L

T..Q

Acceptance criteria: 90.00/0-110.0% of the label claim

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040)

Mode: Dissolution
Medium: Water containing 1% sodium lauryl sulfate;

900 mL
Apparatus 2: 100 rpm
Time: 60 min
Sample solution: Combine 25-mL portions of the solution

under test from each of the six dissolution vessels, and mix.
Transfer 5' mL to a 25-mL volumetric flask, and dilute with
Mobilephase to volume.

Analysis: Determine the amount of curcurnln (CZ1HZ00 6)

dissolved by using the method used in Strength, making
any necessarymodifications.

Tolerances: NLT 75% of the content of curcumin (C21HZ00 6)

is dissolved.
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):

Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeastscount does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for the absence of Salmonella
species and Escherichia coli

ADDITIONAL REQ.UIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protect from light and moisture, and store at
room temperature.

• LABELING: The label states the content of curcuminoids in
mg/Capsule.

• lIlSP REFERENCE STANDARDS (11)
USP Blsdesrnethoxycurcurnln RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS
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• ABSIENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for the absence of Salmonella
species and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protect from light and moisture, and store at
room temperature.

• LABELING: The label states the content of curcuminoids in
mg/Tablet.

• USP REFERENCE STANDARDS (11)
USP Bisdesmethoxycurcumin RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS

Cyanocobalamin-see Cyanocobalamin General
Monographs= peak areafor curcumin, desmethoxycurcumin, or

blsdesrnethoxycurcumln from the Sample
solution

=peak areafor curcumin, desmethoxycurcumin, or
bisdesmethoxycurcumin from the appropriate
Standard solution

= concentration of the appropriate Standard
solution(mg/ml)

= dilution factor to prepare the Sample solution
from the Sample stock solution

=volume of Sample solution (ml)
= average weight of Tablets (mg)
=weight of Tablets powder taken to prepare the

Sample stock solution (mg) ,

Calculate the percentage of the labeled amount of
curcuminoids in the Tablet:

ru

o

Chromatogram provided with the lot of USP
Curcuminoids RS being used.

Resolution: NlT 2.0 between the curcumin and
desmethoxycurcumin peaks and the
desmethoxycurcumin and bisdesmethoxycurcumin
peaks

Tailing factor: NMT 1.5 for the bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin peaks

Relative standard deviation: NMT 2.0% for
desmethoxycurcumin peak, in repeated injections

Analysis
Samples: StandardsolutionA, Standardsolution 8, Standard

solution C,Standard solution 0, and Sample solution
Calculate the quantity, in mg, of curcumin,

desmethoxycurcumin, and bisdesmethoxycurcumin in
each Tablet:

Result = (rulrs) x Cs x0 x V x (WJWu)

USP 43

Result =(r.QIL) x 100

r.Q = sum of the quantities of curcumin,
desmethoxycurcumin, and
bisdesmethoxycurcumin in the Tablet (mg)

L = labeled amount of curcuminoids (mg/Tablet)

Acceptance criteria: 90.0%-110.0% of the label claim

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040)

Mode: Dissolution
Medium: Water containing 1% sodium lauryl sulfate;

900 ml
Apparatus 2: 100 rpm
Time: 60 min
Sample solution: Combine 25-ml portions of the solution

under test from each of the six dissolution vessels, and mix.
Transfer 5 ml to a 25-ml volumetric flask, and dilute with
Mobilephaseto volume.

Analysis: Determine the amount of curcumin (C21H2006)
dissolved by using the method used in the Content of
Curcuminoids, making any necessarymodifications.

Tolerances: NlT 75% of the content of curcumin (C21H2006)
is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeastscount does not exceed 103 cful
g.
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Acceptance criteria: -215° to -225°, determined at 20°
• C. The RF value of the principal spot of the Sample solution

corresponds to that of the Standard solution, as obtained in
the test for OrganicImpurities.

ASSAY

, yeto'Te;(fd: .
• PROCEDURE

Sample solution: Transferabout 0.1 g of Cystine to a
glass-stoppered flask, and dissolve in a mixture of 2 ml of
dilute sodium hydroxide A(50 giL in waier)A(USP 1-0ec-2019)
and ,1 0 rTll of w~ter.}\dd 10 ml of :"freshly
prepare,dA (USP1-0e~.2019) potassium bromidesolution (200 gl
l in water), 50.0 ml of 0.1 N potassium bromate VS, and
15 mlof dilute hydrochloric acid A(170 mL/l in
vvat~r):A( 19) Immediatelyinsert the stopper into
the flask,. e solution well/and cool in an ice'water
bath·for 10 min in the dark.A(USP 1-0ec-2019)

Titrimetric system
(See Titrimetry (541).)
Mode: Residual titration
Titrant: 0.1 N potassium bromate VS
Back-titrant: 0.1 N sodium thiosulfate VS .. ''\
Endpoint detection: Visual
'Equivalency: Each milliliter of 0.1 N potassiumbromate VS

isequivalent to 2.403 mg of cystine (C6H12Nz04SZ) on the
dried basis.

Analyst~: Almmediatey add 5 mL of potassiumiodi'de
so in, ofwater) to the Sample solution, a'nd

. 1/ te sl y (dropwise addltion)A(uSp 1-oec-2019)
with Back-titrant, usingstarch TS as the indicator. Perform a
blank determination, and make any necessarycorrection.

Acceptance criteria: 98.5%-101.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE (221), Chloride: NMT 200 ppm. A

O.7-g portion shows no more chloride than corresponds to
0.40 ml of 0.01 N hydrochloric acid.

• WEIGHT VARIATION (2091), 'Tablets; UncoatedTableffand
Film~Coated Tablets:' Meet tbe requiremen~s

SPECIFIC TESTS
• pH (791)

Sample solution: Cut the,Che '
Transfer about 15 9 of the cu
centrifuge tube, ,add 15 .
the cap. Put the centrifu
55°. Shakefor 50-60 .
are dissolved. Cool to

Acceptance criteria:' NMT
• WATER ACTlVITV

Sample: Slice the Chewable Gelsiri~opieces,abouf.2:rnm
thick;

Analysis: Measure the water a "ty byusl
Methods of Analysis of AOACIn atiopal,

Acceptance criteria: NMT 0.75

CONTAMINANTS
• MICROBIAL ENUMERATION,TESTS

microbial count does no
combined yeasts and mo
g.

• ABSENCE 'OF SPE(IFIEDMI
Procedures, Test for Absen. Sal t
for Absence of Escherichia coli:,Me

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:, Preservefritigh(cqn~alDets~

protect from heat. .
• LABELING: The'label states the qua

in f.Ig/Chewable Gel.The Strengt
determine complianceisstated,lri
from Method 1.

• USP REFERENCE STANDARDS (11)
USP Cyanocobalamin (Crystalline) RSA(usj, i-Aug~20195

Cystein~ Hydrochloride-see Cysteine
Hydrochloride General Monographs

Cystine

HO~ l' ~s, »<: 1If <:»: s' Y 'OH

o NH,

C6H1ZNz04SZ 240.30
L-Cystine;
3,3'-Disulfanediylbis [(2R)-2-aminopropanoic acid] [56-89

3].

DEFINITION
Cystinecontains NlT 98.5% and NMT 101.5% of cystine

(C6H1ZNz04SZ)' as L-cystine, calculated on the dried basis.

IDENTIFICATION

Change to read:

• A. ASPECTROSCOPIC'IDENTIFICATloN.TE$T~(1 'l7);Jf1fl{JrfiJ
Spectroscopy: 197KA(CN,l-May-2020)

• B. OPTICAL ROTATION (781S), Procedures, Specific Rotation
Sample solution: 20 mg/ml, in 1 N hydrochloricacid.

Perform the measurements immediately after preparation.

• CHLORIDE AND SULFATE (221), Sulfate , '
. solution: Dissolve 0.10 ml of 0.020 N

. ydrochloricadd (0.,2g/ml
r to 40 mL.

issolve O. 9 ofCystinein5 m[ ofdilLJte
0.2 g/ml in water) and dilute with water

f barium chloride TS to the Sample
tandardsolution.Add sufficient water
ume of each solution to 50 mL. Mix

lutions to,stand for 10 min.
he observed turbidity of the' Sample

of the Standard solution (NMT
c-2019)

• IRON (241): NMT 10ppm
• ORGANIC IMPURITIES

System suitability solution: Dissolve quantities of USP
Cystine RS and USP Arginine Hydrochloride RS in 1 N
hydrochloricacid, and dilutewith water to obtain a solution
having a known concentration of about 0.4 mg/ml each.

Standard solution: Dissolve a quantity of USP Cystine RS in
1 N hydrochloricacid, and dilute with water to obtain a
solution having a known concentration of about 0.02 mg/
mL. '
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DEFINITION
Diosmin contains NLT 90.0% and NMT 102.0% of diosmin

(C2sH3201S), calculated on the anhydrous basis.

IDENTIFICATION

= peak response from the Sample solution
=peak response from the Standard solution
= concentration of USP Diosmin RS in the Standard

solution (mg/mL)
=concentration of Diosmin in the Sample solution

(mg/mL)

• A •.. ;~~~
~pgqtr;q~qgp ; .20)

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Mobile phase: Methanol, acetonitrile, acetic acid, and
water (27:2:6:65)

Standard solution: ,1.0 mg/mL of USP Diosmin RS in
dimethyl sulfoxide

System suitability solution: 1 mg/mL of USP Diosmin for
System SUitability RS in dimethyl sulfoxide

Sample solution: 1.0 mg/mL of Diosmin in dimethyl
sulfoxide

Chromatographic system
(See Chromatography (621), System SuitabllitY.J"
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm x 1O-cm; 3-~m packing L1
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection size: 10 ~L

System suitability
Samples: System suitability solution and Standard solution.

[NOTE-Allow the run time about 6 times the diosmin
retention time. The relative retention times for
diosmin, acetoisovanillone, hesperidin, isorhoifolin,
Iinarin, and diosmetin are 1, 0.5, 0.6, 0.8, 2.6, and
4.5, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from the

System suitability solution is similar to the Reference
Chromatogram provided with the USPDiosmin for
System SUitability RS being used.

Resolution: NLT 2.5 between hesperidin and
isorhoifolin, System suitability solution

Relative standard deviation: NMT 2.0%, Standard
solution

Analysis .
Samples: Standard solution and Sample solution

Calculate the percentage of diosmin (C2sH3201S), in the
portion of Diosmin taken:

Result = (ru/rs) x (CslCu) x 100

Dexpanthenol-see Dexpanthenol General NJonographs

"

Dexpanthenol Preparation-see Dexpanthenol
Preparation General Monographs

Diosmin

Sample solution: Dissolve a quantity of Cystine in 1 N
hydrochloric acid, and dilute with water to obtain a solution
having a known concentration of about 10 mg/mL.

Chromatographic system
(See Chromatography (621), General Procedures, Thin-Layer

Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 ~L

Developing solvent system: Ammonia and 2-propanol
(3:7)

Spray.reagent: Dissolve 0.2 g of ninhydrin in 100 mL of a
mixture of butanol and 2 N acetic acid (95:5).

Analysis
Samples: System suitability solution, Standard solution, and

Sample solution
Proceed as directed in the chapter. After air-drying the

plate, spray with Spray reagent, and heat between 100°
and 105° for about 15 min. Examine the plate. The
chromatogram from the System suitabilitysolution exhibits
2 clearly separated spots.

Acceptance criteria: Any secondary spot from the Sample
solution is not larger or more intense than the principal spot
from the Standard solution.
Individual impurities: NMT 0.2%
Total impurities: NMT 2.0%

SPECIFICTESTS
• Loss ON DRVING (731)

Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• USP REFERENCE STANDARDS (11)

USP Arginine Hydrochloride RS
USP Cystine RS

C2sH3201S 608.54
5-Hydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-[(25,3 R,4S,5S,

6R)-3,4,5-trihydroxy-6-[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy
6-m~thyloxan-2-yl]oxymethyl]oxan-2-yl]oxychromen-4

one'
7-[[6~O-(6-Deoxy-a-L-mannopyranosyl)-~-D-glucopyranosyl]

oxy]-5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-4H-l
benzopyran-4-one [520-27-4].

Acceptance criteria: 90.00/0-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON. IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 0.2%
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• LIMIT OF IODINE
Determine the total content of iodine by potentiometry,

using an iodide-selective electrode, after oxygen flask
combustion (see Oxygen Flask Combustion (471».

Sample solution: [CAUTIoN-Observe rigorously the
precautions set forth for Procedure under Oxygen Flask
Combustion (471).] Wrap 0.100 9 of Diosmin in a piece of
free-halide filter paper, and place it in the platinum gauze
specimen holder. Introduce into the flask 50.0 mL of a
0.2 giL solution of hydrazine. Flush the flask with oxygen
for 10 min. Ignite the filter paper. Stir the contents of the
flask immediately after the end of the combustion to
dissolve completely the combustion products. Continue
stirring for 1 h.

Standard solution: 33.2 IJg/mL of potassium iodide in
water, equivalent to 25.4 IJg/mL of iodine

Potassium nitrate solution: 200 mg/mL of potassium
nitrate in 0.1 M nitric acid .

Analysis
Samples: Sample solution and Standardsolution

Transfer 30 mL of Potassium nitrate solution to a beaker,
immerse the electrodes, and stir for 10 min. The
potential (nUl) must remain stable. Measure the
potential (nUl)' Add 1 rnl, of the Sample solution, and
measure the potential (nU2) .

Transfer 30 mL of Potassium nitrate solution to a beaker,
immerse the electrodes, and stir for 10 min. The
potential (nS,) must remain stable. Measure the
potential (nS,). Add 80 IJLof the Standardsolution, and
measure the potential (nS2).

Acceptance criteria: NMT 0.1%: The absolute value
InU21-lnU 11 is not higher than the absolute value

InS21-lnS11·
• RELATED COMPOUNDS

Mobile phase, System suitability solution; Sample
solution, and Chromatographic system: Proceed as
directed in the Assay.

Standard solution: 0.05 mg/mL of USP Diosmin RS in
dimethyl sulfoxide

System suitability
Sample: System suitability solution. [NOTE-Allow the run

time about 6 times that of the diosmin retention time. The
relative retention times for diosmin, acetoisovanillone,
hesperldln, isorhoifolin, linarin, and diosmetin are 1, 0.5,
0.6, 0.8, 2.'6, and 4.5, respectively.]

System suitability requirements
Chromatogram similarity: The chromatogram from the

System suitability solution is similar to the Reference
Chromatogram provided with the USP Diosmin for
System Suitability RS being used.

Resolution: NLT 2.5 between hesperidin and
isorhoifolin, System suitability solution

Analysis
Samples: Standardsolution and Sample solution

Calculate the percentage of each impurity in the portion
of Diosmin taken: [NoTE-Disregard any impurity less
than 0.1%.]

Result=(rulrs) x (CsICu) x Fx 100

tu =peak response for each impurity from the
Sample solution

rs = peak response for diosmin from the Standard
solution _

Cs =concentration of USP Diosmin RS in the Standard
solution (mg/mL)

Cv = concentration of Diosmin in the Sample solution
(mg/mL)

Dietary Supplements / Echinacea 4935

F = correction factor for each individual impurity (see
Table 7)

Acceptance criteria
Total impurities: NMT 10%
Individual impurities: See Table 7.
Total other impurities and acetoisovanillone: NMT 1%

Table 1

Relative Correction Acceptance
Retention Factor Criteria,

Name Time (F) NMT(%)

Acetoisovanillone' 0.5 0.3 1

Hesperldin" 0.6 1 5

lsorholfolln" 0.8 1 3

linarind 2.6 1 3

Dlosrnetlns 4.5 0.5 3

Any other impurity - 1 1

Total impurities - - 10

a.l-(3-Hydroxy-4-methoxyphenyl)ethanone.
b (25)-7 -[[ 6-0-(6-Deoxy-a-L-mannopyranosyl)-~-D-glucopyra'nosyl]oXy]-5
hydroxy-2-(3-hydroxy-4-methoxyphenyl)-2,3-dihydro-4H-l-benzopyran-4
one.
c 7-[[ 6-0-(6-Deoxy-a-L-mannopyranosyl)-~-D-glucopyranosyl]oxy]-S-hydroxy
2-(4-hydroxyphenyl)-4H-l-benzopyran-4-one.
d 7-[[6- 0-(6-Deoxy-a-L-mannopyranosyl)-~-D-glucopyranosyl]oxy]-S-hydroxy
2-(4-methoxyphenyl)-4H-l-benzopyran-4-one.
e 5,7-Dihydroxy-2-(3-hydroxy-4-methoxyphenyl)-4H-l-benzopyran-4-one.

SPECIFICTESTS
• WATERDETERMINATION, Method la (921)

Sample: 0.3 9
Acceptance criteria: NMT 6.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight

containers.
• USP REFERENCE STANDARDS (11)

USP Diosmin RS
USP Diosmin for System SUitability RS

EchinaCBa angusfifolia

DEFINITION
Echinacea angustifoliaconsists of the dried rhizome and roots

of Echinacea angustifolia DC. (Fam. Asteraceae). It is
harvested in the fall after one or more years of growth. It
contains NLT 0.5% of total phenols, calculated on the dried
basisasthe sum of echinacoside (C3sH460Z0), dicaffeoylquinic
acid (CZSHZ4012), and chlorogenic acid (C16H1S09)' It contains
NLT 0.075% of dodecatetraenoic acid isobutylamides
(C16HzsNO) on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of echinacoside and dicaffeoylquinic acid
(cynarin(e»
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

and 0.2 mg/mL of dicaffeoylquinic acid (cynarin) in
methanol

Standard solution B: 0.05 mg/mL of USP Caftaric
Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and
0.05 mg/mL of USP Chicoric Acid RS in methanol

www.webofpharma.com

https://nhathuocngocanh.com/



4936 Echinacea / Dietary Supplements

Standard solution C: 20 mg/mL of USP Powdered
Echinacea angustifolia Extract RS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: Transfer1 g of finely pulverized
Echinacea angustifolia to a centrifuge tube, add 10 mLof
methanol, mix well, and sonicate for 10 min. Centrifuge,
and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJL StandardsolutionCand Sample

solution, and 2 IJL StandardsolutionA and Standard
solution B as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA, Standard solutionB,
Standardsolution C, and Sample solution

Apply the Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, heat at 100° for 5 min,
derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: StandardsolutionA shows two major
blue bands, one in the lower third of the chromatogram
due to echinacoside, and the other band in the middle
section of the chromatogram due to dicaffeoylquinic acid
(cynarin).StandardsolutionBshowstwo major blue bands
at about the middle of the chromatogram due to caftaric
acid (higher R F) and chlorogenic acid (lower R F) that are
clearlyseparated, and a blue band for chicoricacid in the
upper third section of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in the lower
third section of the chromatogram at an R.correspondlnq
to the echlnacoslde band in the chromatogram of
StandardsolutionA and Standardsolution C (absent in
Echinacea purpurea).The Sample solutionchromatogram
exhibits a prominent greenish blue band in the middle
section of the chromatogram at an RF corresponding to
the dicaffeoylquinic acid (cynarin) band in the
chromatogram of StandardsolutionA and Standard
solution C (absent in Echinacea pallida and Echinacea
purpurea).The Sample solution chromatogram does not
exhibit, or exhibits veryfaint blue bands at an R F

corresponding to the caftaric acid and chicoricacid
bands in Standardsolution B (difference from Echinacea
pallida and Echinacea purpurea).The Sample solution
chromatogram exhibits minor bands between the
positionsof echinacoside and cynarin.One of these isdue
to chlorogenic acid at an R F corresponding to that of
chlorogenic acid in Standardsolution B.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP ~-Sitosterol RS in
methanol

Standard solution B: 100 rng/mL of USP Powdered
Echinacea angustifolia Extract RS in dichloromethane.

USP 43

Shaketo disperse, sonicate for 5 min, and centrifuge. Use
the supernatant. .

Sample solution: Transfer1 g of finely pulverized
Echinacea angustifoliato a centrifuge tube, add 10 mL of
dichloromethane, mix well, and sonicate for 10 min.

. Centrifuge, and use the supernatant.
Chromatographic system

(See Chromatography (621); Thin-Layer
Chromatography.)

Adsorbent: Chromatographic silica gel with an average
particlesizeof 5 IJm (HPTLC plates)

Application volume: 5 IJL StandardsolutionBand Sample
solution, and 2 IJL StandardsolutionA as 8-mm bands

Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitable device.

Developing solvent system: A mixture of toluene, ethyl
acetate, cyclohexane, and formic acid (8: 2: 1: 0.3)

Developing distance: 6 cm
Derivatization reagent: Place85 mL of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or ina freezer.To the ice-cold methanol,
slowly and carefully add 10 mLof acetic acid and 5 mL
of sulfuric acid, and mix well. Allow the mixture to cool
to room temperature, then add 0.5 mLof
p-anisaldehyde. . · :-"

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Apply the Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derivatizewith
Derivatization reagent, heat at 100° for 3-5 min, set aside
to cool, and examine under visible light.

System suitability: The ~-sitosterol band of the Standard
solution B chromatogram and the two bands below are
clearly separated from one another. These two bands, in
decreasing R F' include a major blue violet band and a
yellowband.

Acceptance criteria: The most prominent band of the
Sample solutionchromatogram isa blue violetband in the
lower-third section of the chromatogram (much less
prominent in Echinacea purpureaand absent in Echlnacea
pallida).This bluevioletband isbetween two bands: a less
prominent blue violet band at a higher R F corresponding
to the ~-sitosterol band in the chromatograms of Standard
solution A and StandardsolutionB, and a characteristic
yellow band at a lower RF (absent in Echinacea purpurea
and Echinacea pallida). Theyellowband turns reddish pink
when the plate is heated at 100° for more than 10 min.
The Sample solution chromatogram exhibits a minor
pink-violet band at about the middle of the
chromatogram (much more prominent in Echinacea
purpurea), a minor pink-violet band at about two-thirds of
the chromatogram (much more prominent in Echinacea
pallida), and a broad pink-violet band close to the solvent
front.

• C. The retention time of the major peak of the Sample
solutioncorresponds to that of the echinacoside peak of
Standard solution A and Standardsolution C; and the
retention time of the peak for 1,3-dicaffeoylquinic acid
from the Sample solutioncorresponds to that of Standard
solution A, all peaks as obtained in the test for Contentof
TotalPhenols.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoricacid (0.1 in 100) in water
Solution B: Acetonitrile
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Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

3 90 10

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea

angustifolia Extract RS in Solvent, shaking and heating in a
water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a
membrane filter having a 0.45-J.Im or finer pore size.

Standard solution B: 40 J.Ig/mL of USP Chlorogenic Acid RS
in Solvent

Standard solution C: 80 J.Ig/mL of USP Echinacoside RS in
Solvent

Sample solution: Transferabout 125 mg offinely powdered
Echinacea angustifolia (capable of passing through a
40-mesh sieve), accurately weighed, to a round-bottom
flask equipped with a condenser. Add 25.0 mL of Solvent,
and heat under reflux, while shaking by mechanical means
for 15 min. Centrifuge, or passthrough a membrane filter
having a 0.45-J.Im or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-J.Im packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
lnjectlon volume: 5 J.IL

System suitability
Samples: StandardsolutionA and StandardsolutionC
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the Reference
Chromatogram for total phenols provided with the
USP Powdered Echinacea angustifolia Extract RS.

Resolution: NLT 1.0between the l,3-dicaffeoylquinic
acid isomer and echinacoside, StandardsolutionA.
[NOTE-Echinacoside peak may be resolved in two
components.]

Capacity factor (k'): NLT 3.0 from StandardsolutionC
Tailing factor: NMT 2.0 for the echinacoside peak,

Standardsolution C
Relative standard deviation: NMT 2.5% for the

echinacoside peaks in repeated injections, Standard
solution C

Analysis
Samples: StandardsolutionA, Standardsolution8,

Standardsolution C, and Sample solution
Identify the relevant analytes in the chromatogram from

the Sample solution by comparison with the
chromatogram from StandardsolutionA. Measure the
areas for the relevant peaks.

Separately calculate the percentage of chlorogenic acid
(C16H1S09), dicaffeoylquinic acids (C2sH24012), and
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echinacoside (C3sH46020) in the portion of Echinacea
angustifolia taken:

Result=(r vir s) xC sx (VIW) x Fx 100

=peak response for the relevant analyte from the
Sample solution

= peak response for chlorogenic acid or both
components of echinacoside from the
corresponding Standardsolution

= concentration ofchiorogenic acid or
echinacoside in the corresponding Standard
solution (mg/mL)

= volume of the Sample solution (mL)
=weight of Echinacea angustifoliataken to prepare

the Sample solution (mg)
= response factor and is equal to 0.729 for

dicaffeoylquinic acids, relative to chlorogenic
acid, 1.00 for chlorogenic acid, and 1.00 for
echinacoside components

Calculate the percentage of total phenols in the portion of
Echinacea angustifolia taken by adding the individual
percentages calculated.

Acceptance criteria: NLT 0.5% of total phenolson.the
dried basis

·.CONTENT OF DODECATETRAENOIC ACID ISOBUTVLAMIDES
Mobile phase: Acetonitrile and water (55:45)
Standard solution A: Dissolve, with sonication, USP

Powdered Echinacea angustifolia Extract RS in methanol,
shaking for 10 min, and dilute with methanol to obtain a
solution having a concentration of 5 mg/mL. Pass through a
membrane filter having a 0.45-J.Im or finer pore size.

Standard solution B: 10 J.Ig/mL of USP 2E,4E-Hexadienoic
Acid Isobutylamide RS in methanol

Sample solution: Transfer about 2.5 g, accurately weighed,
of finely powdered Echinacea angustifolia(capable of .
passing through a 40-mesh sieve) to a round-bottom flask.
Add 80 mL of methanol, and reflux for 30 min. Cool to
room temperature, and filter into a 1OO-mL volumetric
flask, using small portions of methanol to rinse the flask and
the filter. Dilute with methanol to volume. Pass through a
membrane filter having a 0.45-J.Im or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-J.Im packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 25 J.IL

System suitability
Samples: StandardsolutionA and Standardsolution 8
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the reference
chromatogram for alkamides provided with USP
Powdered Echinacea angustifolia Extract RS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, StandardsolutionA

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoicacid
isobutylamide peak, Standardsolution8

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in repeated
injections, Standardsolution 8

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution

www.webofpharma.com

https://nhathuocngocanh.com/



4938 Echinacea / Dietary Supplements

Identify the peaks due to 2E,4E,8Z,1OE-dodecatetraenoic
acid isobutylamideand 2E,4E,8Z,1OZ-dodecatetraenoic
acid isobutylamide in the chromatogram from the
Sample solution by comparison with the chromatogram
from StandardsolutionA. Measure the areas for the
relevant peaks.

Calculatethe percentage of dodecatetraenoic acid
isobutylamides in the portion of Echinacea angustifolia
taken:

Result = (r vir s) x Csx (VIW) x Fx 100

r u =sum of the peak responsesof the relevantanalytes
from.the Sample solution

r s = peak response for 2E,4E-hexadienoic acid
isobutylamide from StandardsolutionB

C s =concentration of USP 2E,4E-Hexadienoic Acid
Isobutylamide RS in StandardsolutionB
(mg/mL)

V = volume of the Sample solution (mL)
W = welqht of Echinacea angustifoliataken to prepare

the Sample solution (mg)
F = response factor for 2E,4E-hexadienoic acid

isobutylamide, 1.353

Acceptance criteria: NLT 0.075% of dodecatetraenoic acid
isobutylamides (C16H2SNO) on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 IJglg
Cadmium: NMT 0.5 IJglg
lead: NMT5.0 IJg/g
Mercury: NMT 1.0 IJg/g

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The outer surface of the rhizome is pale to
yellowish brown, crowned with remains of the aerialstem,
and sometimes showing surface annulations up to 15 mm
in diameter. The roots are also pale to yellowish brown,
cylindrical or slightlytapering, sometimes spirally twisted,
longitudinally wrinkled and deeply furrowed, up to 4-
10 mm in diameter, and passing imperceptibly into
rhizome.Thefracture isshort when dryand becomes tough
and pliableon exposure to air.

Microscopic: The rhizomes and roots in transverse section
show a thin outer bark separated from a wide xylem by a
distinct cambial line. The cork is composed of several rows
of thin-walled cellscontaining yellowish-brown pigment.
The rhizome has a small circularpith, occasionalsmall
groups of thick-walled, lignified fibers inthe pericycle, and a
parenchymatous cortex. The phloem and xylem are
composed of narrow strands of vasculartissueseparated by
wide, nonlignified medullary rays. Xylem vessels are
lignified, 25-75 IJm in diameter, usually with reticulate
thickening but occasionally with spiralor annular
thickening. Sclereids occur singlyor in small groups,
varying considerably in size and shape from rounded to
rectangular to elongated and fiber-like, up to 300 IJm long
and 20-40 IJm wide, with intercellular spaces forming
schizogenous oleoresin canals that are 80-150 IJm in
diameter and contain a dense blackdeposit. The canals are
present outside of the central cylinderonly (unlike

USP 43

Echinacea pallida, where they are present both insideand
outside of the central cylinder). Spherocrystalline massesof
inulin occur throughout the parenchymatous tissues.
Lignified fibers, 300-800 IJm long, are present in scattered
groups, and are usually surrounded by phytomelanin
(unlike fibers in Echinacea pallida, where they usually occur
singly in the periphery of the cortex and are 100-300 IJm
long, with phytomelanin often absent).

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 3.0%

• Loss ON DRYING (731)
Analysis: Dry a sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
7.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in well-closed,

light-resistantcontainers.
• LABELING: The labelstates the Latin binomialand, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Caftaric Acid RS "
USP Chicoric AcidRS
USP ChlorogenicAcid RS
USP Powdered Echinacea angustifolia Extract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP ~-Sitosterol RS

Powdered Echinacea angustlfolla

DEFINITION
Powdered Echinacea angustifoliaconsistsof the dried rhizome

and roots of Echinacea angustifoliaDC.(Fam.Asteraceae),
harvested in the fall after one or more years of growth, and
reduced to powder. It contains NLT 0.5% of total phenols,
calculated on the dried basisas the sum.of echlnacoside
(C3sH46020), dicaffeoylquinic acid (C2sH24012), and
chlorogenic acid (C16H1S09)' It contains NLT 0.075% of
dodecatetraenoic acid isobutylamides (C16H2SNO) on the
dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of echinacoside and dicaffeoylquinic acid
(cynarin(e»
Standard solution A: Amixture of 0.2 mg/mL of USP

Echinacoside RS and 0.2 mg/mL of dicaffeoylquinic acid
(cynarin) in methanol

Standard solution B: 0.05 mg/mL of USP Caftaric
Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and
0.05 mg/mL of USP Chicoric Acid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea angustifolia Extract RS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: Transfer 1 g of Powdered Echlnacea
angustifoliato a centrifuge tube, add 10 mL of methanol,
mixwell, and sonicate for 10 min. Centrifuge,and use the
supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
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Adsorbent: Chromatographic silica gel mixturewith an
average particlesizeof 5 urn (HPTLC plates)

Applicationvolume: 5 ~L StandardsolutionCand Sample
solution, and 2 ~L StandardsolutionA and Standard
solution B, as 8-mm bands

Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Developing solvent system: Amixture of ethyl acetate,
methylethyl ketone, water, and formicacid (5:3:1:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA, Standardsolution B,
Standardsolution C, and Sample solution

Apply the Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, heat at 100° for 5 min,
derivatize the plate whilestill warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: StandardsolutionA shows two major
blue bands, one in the lower third of the chromatogram
due to echinacoside, and the other band in the middle
sectionof the chromatogram due to dicaffeoylquinic acid
(cynarin). StandardsolutionBshowstwo majorblue bands
at about the middle of the chromatogram due to caftaric
acid (higher R F) and chlorogenic acid (lowerR F) that are
clearly separated, and a blue band for chicoric acid in the
upper third section of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in the lower
thirdsectionofthe chromatogram at an RFcorresponding
to the echinacosideband in the chromatogram of
Standard solutionA and StandardsolutionC(absent in
Echinacea purpurea).The Sample solution chromatogram
exhibits a prominent greenish blue band in the middle
section of the chromatogram at an R F corresponding to
the dicaffeoylquinic acid (cynarin) band in the
chromatogram of StandardsolutionA and Standard
solution' C(absent in Echinacea pallida and Echinacea
purpurea). The Sample solution chromatogram does not
exhibit, or exhibitsveryfaint blue bands at an R F

corresponding to the caftaric acid and chicoric acid
bands in Standardsolution B (difference from Echinacea
pallida and Echinacea purpurea).The Sample solution
chromatogram exhibits minor bands between the
positions of echinacosideand cynarin. One of these isdue
to chlorogenic acid at an RF corresponding to that of
chlorogenicacid in Standardsolution B.

o B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP P-Sitosterol RS in
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea angustifolia Extract RS in dichloromethane.
Shake to disperse, sonicatefor 5 min, and centrifuge. Use
the supernatant.

Sample solution: Transfer 1 g of Powdered Echinacea
angustifoliato a centrifuge tube, add 10 mL of
dichloromethane, mixwell, and sonicate for 10 min.
Centrifuge, and use the supernatant.

Chromatographic system
(See'Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 urn (HPTLC plates)
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Application volume: 5 ~L StandardsolutionBand Sample
solution, and 2 ~L StandardsolutionA as 8-mm bands

Relativehumidity: Condition the plate to a relative
humidityof about 33% using a suitable device.

Developing solvent system: A mixtureof toluene, ethyl
acetate, cyclohexane, and formicacid (8:2: 1: 0.3)

Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a

1OO-mL glassbottle, and cool it down in a water-ice
cubes-salt bath or ina freezer. Tothe ice-cold methanol,
slowly and carefully add 10 mL of acetic acid and 5 mL
of sulfuric acid, and mixwell. Allow the mixtureto cool
to room temperature, then add 0.5 mL of
p-anisaldehyde.

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Apply the Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derivatize with
Derivatization reagent, heat at 100° for 3-5 min, dry in
air, and examine under visible light.

System suitability: The p-sitosterol band of the Standard
solution Bchromatogram and the two bands underneath
are clearly separated from one another. Thesetwo bands,
in decreasing R F' includea major blue violetband and a
yellowband.

Acceptance criteria: The most prominent band of the
Sample solutionchromatogram isa blue violetband in the
lower-third section of the chromatogram (much less
prominent in Echinacea purpureaand absent in Echinacea
pallida). This bluevioletband isbetween two bands: a less
prominent blue violetband at a higher R Fcorresponding
to the p-sitosterol band inthe chromatograms of Standard
solutionA and Standardsolution B, and a characteristic
yellowband at a lower RF (absent in Echinacea purpurea
and Echinacea pallida). Theyellow band turns reddishpink
when the plate is heated at 100° for more than 10 min.
The Sample solution chromatogram exhibits a minor
pink-violet band at about the middle of the
chromatogram (much more prominent in Echinacea
purpurea),a minor pink-violet band at about two-thirdsof
the chromatogram (much more prominent in Echinacea
pallida), and a broad pink-violet band closeto the solvent
front.

o C. The retention time of the major peak of the Sample
solution corresponds to that of the echinacosidepeak of
StandardsolutionA and Standardsolution C, and the
retention time of the 1,3-dicaffeoylquinic acid peak
from the Sample solution corresponds to that of Standard
solutionA, all peaks as obtained in the test for Contentof
Total Phenols.

COMPOSITION
o CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 90 10

3 90 10

16 78 22

17 60 40
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F

v
w

=peak response for chlorogenic acid or both
components of echinacoside from the
corresponding Standardsolution

=concentration of chlorogenic acid or
echinacoside in the corresponding Standard
solution (mg/mL)

=volume of the Sample solution (mL)
=weight of Powdered Echinacea angustifolia used

to prepare the Sample solution (mg)
= response factor: 0.729 for dicaffeoylquinic acids,

relative to chlorogenic acid, 1.00 for chlorogenic
acid, and 1.00 for echinacoside components

Calculate the percentage of total phenols in the portion
of Powdered Echinacea angustifolia taken by adding the
individual percentages calculated.

Acceptance criteria: NLT 0.5% of total phenols on the
dried basis

• CONTENT OF DODECATETRAENOIC ACID ISOBUTYLAMIDES
Standard solution A: Dissolve, with sonication, USP

Powdered Echinacea angustifolia Extract RS in methanol,
shaking for 10 min, and dilute with methanol to obtain a
solution having a concentration of 5 mg/mL. Pass through a
membrane filter having a 0.45-lJm or finer pore size.

Standard solution B: 10 IJg/mL of USP2E;4E-.H~«adienoic

Acid Isobutylamide RSin methanol
Sample solution: Transfer about 2.5 g of Powdered

Echinacea angustifolia (capable of passing through a
40-mesh sieve), accurately weighed,into a round-bottom
flask. Add 80 mL of methanol, and reflux for 30 min. Cool
to room temperature,and filter into a 1OO-mL volumetric
flask, using small portions of methanol to rinse the flask and
the filter. Dilute with methanol to volume. Pass through a
membrane filter having a 0.45-lJm or finer pore size.

Mobile phase: Acetonitrile and water (55:45)
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 25 IJL

System suitability ,
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the Reference
Chromatogram for alkamides provided with USP
Powdered Echinacea angustifolia Extract RS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, Standardsolution A

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid
isobutylamide peak, Standardsolution B

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in repeated
injections, Standardsolution B

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Identify the peaks due to 2E,4E,8Z, 1OE-dodecatetraenoic

acid isobutylamide and 2E,4E,8Z,1OZ-dodecatetraenoic
acid isobutylamide in the chromatogram from the
Sample solution by comparison with the chrornatoqram
from Standardsolution A. Measure the areas for the
relevant peaks.

Calculate the percentage of dodecatetraenoic acid
isobutylamides in the portion of Powdered Echinacea
angustifolia taken:

Table 1 (continued)

Solvent:' Alcohol and water (7:3) .
Standard solution A: Dissolve USP Powdered Echinacea

angustifolia Extract RS in Solvent, shaking and heating in a
water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a
membrane filter having a 0.45-lJm or finer pore size.

Standard solution B: 40 IJg/mL of USP Chlorogenic Acid RS
in Solvent .

Standard solution C: 80 IJg'lmL of USP Echinacoside RS in
Solvent

Sample solution: Transfer about 125 mg of Powdered
Echinacea ,angustifolia (capable of passing through a
40-mesh sieve), accurately weighed, to a round-bottom
flask equipped with a condenser. Add 25.0 mL of Solvent,
and heat under reflux while shaking by mechanical means
for 15 min. Centrifuge, or pass through a membrane filter
having a 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Samples: StandardsolutionA and Standardsolution C
Suitability requirements . .

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the Reference
Chromatogram for total phenols provided with the
USP Powdered Echinacea angustifolia Extract RS.

Resolution: NLT1.0 between the 1,3-dicaffeoylquinic
acid isomer and echinacoside peaks, StandardsolutionA.
[NOTE-Echinacoside peak may be resolved in two
components.]

Capacity factor (k'): NLT 3.0, Standardsolution C
Tailing factor: NMT 2.0 for the echinacoside peak,

Standardsolution C
Relative standard deviation: NMT 2.5% for the

echinacoside peaks in repeated injections, Standard
solution C .

Analysis
Samples: StandardsolutionA, StandardsolutionB,Standard

solution C and Sample solution
Identify the relevant analytes in the chromatogram from

the Sample solution by comparison with the
chromatogram from StandardsolutionA. Measure the
areas for the relevant peaks.

Separately calculate the percentage of chlorogenic acid
(C16H1S09), dicaffeoylquinic acids (CZSHZ401Z), and
echinacoside (C3sH460Z0) in the portion of Powdered
Echinacea angustifolia taken:

Result = (r vir s) xC s x (VIW) x Fx 100

r u = peak response for the relevant analyte from the
Sample solution

Time Solution A Solution B
(min) (%) (%)

20 60 40

20.5 90 10

25 90 10
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Result = (r vIr s) x Cs x (VIW) x Fx 100

r u =sum of the peakresponsesof the relevantanalytes
from the Sample solution

r s = peak response of 2E,4£-hexadienoic acid
isobutylamidefrom Standardsolut~on B. .

C s =concentration of USP 2E,4E-HexadlenOlc ACId
Isobutylamide RS in StandardsolutionB
(mg/mL)

V =volume of the Sample solution (mL)
W =weight of Powdered Echinacea angustifoliaused

to prepare the Sample solution (mg)
F =response factor for 2E,4E-hexadienoic acid

isobutylamide, 1.353

Acceptance criteria: NLT 0.075% of ~odeca~etraenoic acid
isobutylamides (C16H2SNO) 01") the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 I-Ig/g
Cadmium: NMT 0.5 I-Ig/g
Lead: NMT 5.0 I-Ig/g
Mercury: NMT 1.0 I-Ig/g

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS: Powdered Echinacea

angustifoliais a brown powder with a slight aromatic odor
and a sweet taste that quickly becomes bitter, leavinga
tingling sensation o.n ~he tongue. Under ~ microscope, the
following characteristics are observed: thln-w~".ed ..
polygonal cork cells with red-brown conten~; lignified
reticulate vessels; abundant stone cellsof various shapes;
fragments of oleoresincanalswith reddish-brown contents;
and abundant thin-walled parenchyma with
spherocrystalline massesof inulin. .

• Loss ON DRYING (731)
Analysis: Drya sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
7.0% 'l

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP CaftaricAcid RS
USP Chicoric Acid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea angustifoliaExtract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP ~-Sitosterol RS
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Powdered Echinacea angusfifolia Extract
DEFINITION
Powdered Echinacea angustifoliaExtract is prepared from

Echinacea angustifolia roots by extraction with .
hydroalcoholic mixtures or other.suitable solvents.The r~tlo
of the starting crude plant material to Powdered Extract IS

2:1-8:1. It contains NLT 4.0% and NMT 5.0% of total
phenols, calcul.ated on the dri~d basisas !h~ sU';1 of
chlorogenic acid (C16H,s09), dlcaffeoylquinlc acids
(C2sH24012), and echinacoside (C3sH46020)' It contains NLT
0.1% of dodecatetraenoic acid isobutylamides (C'6H2SNO)
on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of echinacoside and dicaffeoylquinic acid
(cynarin(e»
Standard solution A: A mixture of 0.2 mg/mL of USP

Echinacoside RS and 0.2 mg/mL of dicaffeoylquinic acid
(cynarin) in methanol ...

Standard solution B: 0.05 mg/mL of USP Caftanc
Acid RS, 0.1 mg/mL of USP ChlorogenicAcid RS, and
0.05 mg/mL of USP ChicoricAcid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea angustifolia ExtractRS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: 20 mg/mL of Powdered E~hinacea

angustifoliaExtract in methanol. Shaketo disperse,
sonicate for 5 min, and centrifuge. Usethe supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 I-Im (HPTLC plates)
Application volume: 5 I-IL Standard solution Cand Sample

solution, and 2 I-IL Standard solution A and Standard
solution Bas 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1 :1.)

Developing distance: 6 cm .
Derivatization reagent: 5 mg/mL of 2-amlnoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA,·Standard solution B,
Standard solution C, and Sample solution

Apply the samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Developthe
chromatograms in a saturated chamber. Remove the
plate from the chambe,r, he.at at 100°.for5 ~in, . .
derivatize the plate while stili warm With Detivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: Standardsolution A shows two major
blue bands, one in the lower third of the chromatogram
due to echinacoside, and the other band in the middle
section of the chromatogram due to dicaffeoylquinic acid
(cynarin).StandardsolutionBshows two major blue bands
at about the middle of the chromatogram due to caftaric
acid (higher R F) and chlorogenic acid (lower R F) that are
clearlyseparated, and a blue band for chicoricacid in the
upper third of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in the lower
third of the chromatogram at an RFcorresponding to the
echinacoside band in the chromatograms of Standard
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solutionA and Standardsolution C (absent in Echinacea
purpurea).The Sample solution chromatogram exhibits a
prominent greenish blue band in the middle section of the
chromatogram at an R F corresponding to the
dicaffeoylquinic acid (cynarin) band in the
chromatograms of StandardsolutionA and Standard
solution C (absent in Echinacea pallida and Echinacea
purpurea).The Sample solution chromatogram does not
exhibit, or exhibits very faint blue bands at an R F

corresponding to the caftaric acid and chicoricacid
bands in Standard solution 8 (differencefrom Echinacea
pallida and Echinacea purpurea). The Sample solution
chromatogram exhibits minor bands between the
positions of echinacoside and cynarin.One of these isdue
to chlorogenic acid at an RF corresponding to that of
chlorogenic acid in Standardsolution8.

• B. THIN-LAVER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP ~-Sitosterol RS in
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea angustifoliaExtract RS in dichloromethane.
Shaketo disperse, sonicate for 5 min, and centrifuge. Use
the supernatant.

Sample solution: 100 mg/mL of Powdered Echinacea
angustifoliaExtract indichloromethane. Shaketo disperse,
sonicate for 5 min, and centrifuge. Usethe supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.) e

Adsorbent: Chromatographic silica gel with an average
particle size of 5 urn (HPTLC plates)

Application volume: 5 ~L Standardsolution8 and Sample
solution, and 2 ~L StandardsolutionA as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of toluene, ethyl
acetate, cyclohexane, and formic acid (8: 2: 1: 0.3)

Developing distance: 6 cm
Derivatization reagent: Place 85 mLof methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or in a freezer. To the ice-coldmethanol,
slowly and carefully add 10 mLof acetic acidand 5 mL
of sulfuric acid, and mix well. Allow the mixture to cool
to room temperature, then add 0.5 mLof
p-anisaldehyde.

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Applythe samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Developthe
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derivatizewith
Derivatization reagent, heat at 100° for 3-5 min, dry in
air, and examine under visible light.

System suitability: The ~-sitosterol band of the Standard
solution 8 chromatogram and the two bands underneath
are clearlyseparated from one another. These two bands,
in decreasing RF' include a major blue violet band and a
yellow band.

Acceptance criteria: The most prominent band of the
Sample solutionchromatogram isa blue violet band in the
lower-third section of the chromatogram (much less
prominent in Echinacea purpurea and absent in Echinacea
pallida). Thisblue violet band isbetween two bands: a less
prominent blue violet band at a higher R Fcorresponding
to the ~-sitosterol band in the chromatograms ofStandard
solutionA and Standardsolution 8, and a characteristic
yellow band at a lower RF (absent in Echinacea purpurea
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and Echinacea pallida). Theyellowband turns reddish pink
when the plate is heated at 100° for more than 10 min.
The Sample solution chromatogram exhibits a minor
pink-violet band at about the middle of the
chromatogram (much more prominent in Echinacea
purpurea),a minor pink-violet band at about two-thirds of
the chromatogram (much more prominent in Echtnccea
pallida), and a broad pink-violet band close to the solvent
front.

• C. The retention time of the major peak of the Sample
solution corresponds to that of the echinacoside peak of
StandardsolutionA and Standardsolution C;and the
retention time of the peak for l,3-dicaffeoylquinicacid
from the Sample solution corresponds to that of Standard
solutionA, all peaks as obtained in the test for Content of
Total Phenols.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A " SQI(~~)" B(min) (%)

0 90 10

3 90 10

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea

angustifolia Extract RS in Solvent, shaking and heating in a
water bath. Dilutewith Solvent to obtain a solution havinga
known concentration of 1 mg/mL. Pass through a
membrane filter having a 0.45-~m or finer pore size.

Standard solution B: 40 ~g/mL of USP Chlorogenic Acid RS
in Solvent

Standard solution C: 80 ~g/mL of USP Echinacoside RS in
Solvent

Sample solution: Transferabout 60 mg of Powdered
Extract, accurately weighed, to an appropriate
round-bottom flask equipped with a condenser. Add
25.0 mLof Solvent, and heat under reflux while shaking by
mechanical means for 15 min. Centrifuge, or pass
through a membrane filter havinq a 0.45-~m or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cmi 5-~m packing L1
Column temperature: 35° .
Flow rate: 1.5 mL/min
Injection volume: 5 ~L

System suitability
Samples: StandardsolutionA and Standardsolution C
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA issimilarto the Reference
Chromatogram for total phenols provided with the
USP Powdered Echinacea angustifolia Extract RS.
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Resolution: NLT 1.0 between the l,3-dicaffeoylquinic
acid isomer and echinacoside peaks, StandardsolutionA.
[NOTE-Echinacoside peak may be resolved in two
components.]

Capacity factor (k'): NLT 3.0, Standardsolution C
Tailing factor: NMT 2.0 for the echinacoside peak,

Standardsolution C
Relative standard deviation: NMT 2.5% for the

echinacoside peaks, Standardsolution C
Analysis

Samples: StandardsolutionA,Standardsolution8, Standard
solution C and Sample solution

Identify the relevant analytes in the chromatogram from
the Sample solution by comparison with the
chromatogram from StandardsolutionA. Measure the
areas for the relevant peaks.

Separately calculate the percentaqe of chlorogenic acid
(C16H1S09), dicaffeoylquinic acids (C2sH24012), and
echinacoside (C3sH46020) in the portion of Powdered
Extract taken:

Result = (r vir s) x (C siC v) x Fx 100

= peak response for the relevant analyte from the
Sample solution

= peak response for chlorogenic acid or both
components of echinacoside from the
corresponding Standardsolution

= concentration of chlorogenic acid or
echinacoside in the corresponding Standard
solution (mg/mL)

=concentration of Powdered Echinacea angustifolia
Extract in the Sample solution (mg/mL)

=0.729 for dicaffeoylquinic acids, 1.00 for
chlorogenic acid, and 1.00 for echlnacoside
components

Calculate the percentage of total phenols in the portion of
Powdered Extract taken by adding the individual
percentages.

Acceptance criteria: NLT4.0% and NMT 5.,0% of total
phenols on the dried basis

• CONTENT OF DODECATETRAENOIC ACID ISOBUTYLAMIDES
Standard solution A: Dissolve USP Powdered Echihacea

angustifolia Extract RS in methanol, shaking for 1 min, and
dilute with-methanol to volume to obtain a solution
having a known concentration of 1 mg/mL. Pass through a
membrane filter having a 0.45-lJm or finer pore size.

Standard solution B: 10 IJg/mL of USP 2E,4E~Hexadienoic

Acid Isobutylamide RS in methanol
Sample solution: Transfer about 500 mg of Powdered

Extract, accurately weighed, to a 1OO-mL volumetric flask.
Add 80 mL of methanol, and sonicate for 30 min. Dilute
with methanol to volume, and pass through a membrane
filter having a 0.45-lJm or finer pore size.

Mobile phase: Acetonitrile and water (55:45)
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1 
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 25 IJL

System suitability
Samples: StandardsolutionA and Standardsolution8
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the Reference
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Chromatogram for alkamides provided with USP
Powdered Echinacea angustifolia Extract RS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, StandardsolutionA

Tailing factor: NMT 2.0 for the 2EAE-hexadienoic acid
isobutylamide peak, Standardsolution 8

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in repeated
injections, Standardsolution 8

Analysis
Samples: StandardsolutionA, Standardsolution 8, and

Sample solution
Identify the peaks due to 2E,4E,8Z,lOE-dodecatetraenoic

acid isobutylamide and 2E,4E,8Z,lOZ-dodecatetraenoic
acid isobutylamide in the chromatogram from the
Sample solution by comparison with the chromatogram
from StandardsolutionA. Measure the areas for the
relevant peaks. .

Calculate the percentage of dodecatetraenoic acid
isobutylamides in the portion of Powdered Extract taken:

Result =(r vir s) x (C siC v) x Fx 100

r u = sum of the peak responses of the relevant analytes
from the Sample solution '-',

r s =peak response for 2E,4E-hexadienoic acid
isobutylamide from Standardsolution8

Cs =concentration of USP2E,4E-Hexadienoic Acid
Isobutylamide RS in Standardsolution8
(mg/mL)

C u = concentration of Powdered Echinacea angustifolia
Extract in the Sample solution (mg/mL)

F =response factor for 2E,4E-hexadienoic acid
isobutylamide, 1.353

Acceptance criteria: NLT 0.1 % of dodecatetraenoic acid
isobutylamides (C16H2SNO) on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 IJgIg
Cadmium: NMT 0.5 IJg/g
Lead: NMT 5.0 IJgIg
Mercury: NMT 1.0 IJg/g

• MICROBIAL ENUMERATION TESTS (2021): The total bacterial
count does not exceed 104 cfu/g and the total combined
molds and yeasts count does not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the testsfor absence of Salmonella species
and Escherichia coli.

• OTHER REQ.UIREMENTS: It meets the requirements for
Botanico! Extracts (565), Residual Solvents and Pesticide
Residues.

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1 9
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, in a cool place.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant from which the
article was prepared. If standardized by the content of
alkamides, label it to indicate the targeted content of
dodecatraenoic acid isobutylamides. The label bears a
statement indicating that Echinacea angustifoliamay cause
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rareallergicreactions, rashes, or aggravate asthma. Itmeets
the requirements for Botanical Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP CaftaricAcid RS
USP ChicoricAcid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea angustifoliaExtractRS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP P-Sitosterol RS

Echlnacea pailida

DEFINITION
Echinacea pallida consists of the dried rhizome and roots of

Echinacea pallida (Nutt.) Nutt. (Fam. Asteraceae). It is
harvested in the fall after three or more years of growth. It
contains NLT 0.5% of total phenols, calculated on the dried
basisas the sum of caftaric acid (C13H 1209), chicoricacid
(C22H1S012), chlorogenic acid (C16H1S09), and echinacoside
(C3sH46020)'

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of echinacoside and absence of dicaffeoylquinic
acid (cynarin(e»
Standard solution A: A mixture of 0.2 mg/mL of USP

Echinacoside RS and 0.2 mg/mL of dicaffeoylquinic acid
(cynarin) in methanol

Standard solution B: 0.05 mg/mL of USP Caftaric
Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and
0.05 mg/mL of USP ChicoricAcid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea pallida Extract RS in methanol. Shake to
disperse, sonicate for 5 min, and centrifuge. Usethe
supernatant.

Sample solution: Transfer 1 g of finely pulverized
Echinacea pallida to a centrifuge tube, add 10 mLof
methanol, mix well, and sonicate for 10 min. Centrifuge,
and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJL Standardsolution Cand Sample

solution, and 2 IJL Standardsolution A and Standard
solutionBas 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: Standard solutionA, Standard solution 8,
Standard solution C, and Sample solution

Applythe Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, heat at 100° for 5 min,
derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: Standardsolution A shows two major
blue bands, one in the lower third section of the
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chromatogram due to echinacoside, and the other band
in the middle section of the chromatogram due to
dicaffeoylquinic acid (cynarin). Standard solution 8 shows
two major blue bands at about the middle of the
chromatogram due to caftaric acid (higher R F) and
chlorogenic acid (lower R F) that are clearly separated,
and a blue band for chicoricacid in the upper third section
of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in the lower
third section of the chromatogram at an RFcorresponding
to the echinacoside band in the chromatograms of
Standard solution A and Standard solution C (absent in
Echinacea purpurea). The Sample solutionchromatogram
does not exhibit a blue band at an R F corresponding to
the dicaffeoylquinic acid (cynarin) band in the
chromatogram of Standard solution A (present in
Echinacea angustifolia). The Sample solution
chromatogram may exhibit bands of lesserintensityat the
R F of caftaric acid and chicoricacid bands in
chromatograms of Standard solution 8 and Standard
solution C (absent in Echinacea angustifolia andmuch
more prominent in Echinacea purpurea). The Sample
solutionchromatogram exhibitsminor bands between the
positions of echinacoside and caftaric acid. One-of these
is due to chlorogenic acid at an R F corresponding to that
of chlorogenic acid in Standard solution B.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP P-Sitosterol RS in
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea pallida Extract RS in dichloromethane. Shaketo
disperse, sonicate for 5 min, and centrifuge. Usethe
supernatant.

Sample solution: Transfer 1 g of finely pulverized
Echinacea pallida to a centrifuge tube, add 10 mLof
dichloromethane, mix well, and sonicate for 10 min.
Centrifuge, and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJL Standard solution 8 and Sample

solution, arid 2 IJL Standard solution A as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: A mixture of toluene, ethyl

acetate, cyclohexane, and formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm .
Derivatization reagent: Place85 ml of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or in a freezer.To the ice-coldmethanol,
slowly and carefully add 10 mLof acetic acid and 5 mL
of sulfuric acid, and mix well.Allow the mixture to cool
to room temperature, then add 0.5 mLof
p-anisaldehyde.

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Applythe Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Developthe
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in ~ir, derivatizewith
Derivatization reagent, heat at 100°for 3-5 min, set aside
to cool, and examine under visible light.

System suitability: The Standard solution Achromatogram
exhibits a violet band corresponding to B-sttosterol, The
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Standard solution Bshows the most prominent band as a
violet band in the upper third section of the
chromatogram. The Standardsolution Bchromatogram
exhibits a less prominent violet band in the lowerthird
sectionofthe chromatogram and a broad pinkvioletband
closeto the solventfront.

Acceptance criteria: The most prominent band of the
Sample solution chromatogram isa violet band in the
upper third section of the chromatogram,
corresponding in R F to a similar band observed in
Standard solution B (much less prominent in Echinacea
angustifoliaand absent in Echinacea purpurea).TheSample
solutionchromatogram exhibits a lessprominent violet
band in the lowerthird section of the chromatogram
corresponding in RFto a similar band observed in
Standardsolution B (much less prominent in Echinacea
purpureaand absent inEchinacea angustifolia).TheSample
solutionchromatogram exhibitsa minorvioletband at an
RF corresponding to the ~-sitosterol band in the
chromatograms of Standardsolution A and Standard
solution Banda broad pinkvioletband closeto the solvent
front.

• C. The retention time of the major peak in the Sample
solutioncorresponds to that of the echinacosidepeak in
Standard solutionA and Standardsolution C, as obtained in
the test for Contentof Total Phenols. The peak area of any
peak detected in the Sample solution chromatogram at the
locusof 1,3-dicaffeoylquinic acid (Standardsolution0) is
NMT 1% of the peak area for the echinacosidepeak.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 90 10

3 90 10

16 78 22 .

17 60 40

20
I

60 40

20.5 90 10

25 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea

pallida Extract RS in Solvent by shaking and heating in a
water bath. Dilute with Solvent to obtain a solutionhavinga
known concentration of 1 mg/mL. Pass through a
membrane filterhaving a 0.45-~m or finer pore size.

Standard solution B: 40 ~g/mL of USP Chlorogenic Acid RS
in Solvent

Standard solution C: 80 ~g/mL of USP Echinacoside RS in
Solvent

Standard solution D: 40 ~g/mL of dicaffeoylquinic acid
(cynarin) in Solvent

Sample solution: Transfer 125 mg of finely powdered
Echinacea pallida (capable ofpassing through a 40-mesh
sieve) to a round-bottom flask equipped with a condenser.
Add25.0 mL of Solvent, and heat under reflux whileshaking
by mechanical means for 15 min. Centrifuge, or pass
through a membrane filter having a 0.45-~m or finer
pore size.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 350

Flowrate: 1.5 mL/min
Injection volume: 5 ~L

System suitability
Samples: StandardsolutionA and Standardsolution C
Suitability requirements

Chromatogram similarity: The chromatogram of
StandardsolutionA issimilar to the Reference
Chromatogram for total phenols providedwith USP
Powdered Echinacea pallida Extract RS.

Capacity factor (k'): NLT 3.0 for the echinacosidepeak,
StandardsolutionC. [NOTE-Echinacoside peak may be
resolved in two components.]

Tailing factor: NMT 2.0 for the echinacosidepeak,
StandardsolutionC

Relative standard deviation: NMT 2.5% for the
echinacoside peaks in repeated injections, Standard
solution C

Analysis
Samples: StandardsolutionA, StandardsolutionB~ Standard

solution C, Standardsolution0, and Sample solution
Identify the relevantanalytes in the chromatogram from

the Sample solution by comparison with the
chromatogram from StandardsolutionA. Measurethe
areas for the relevantpeaks.

Separately calculate the percentage of caftaric acid
(C13H1209) , chicoric acid (C22H,8012), chlorogenicacid
(C16H1809), and echinacoside (C3sH46020) in the portionof
Echinacea pallida taken:

Result =(r vir s) x C s x (VIW) x F x 100

r u =peak responsefor the relevantanalyte from the
Sample solution

r s = peak responsefor chlorogenic acid or both
components of echinacosidefrom the
corresponding Standardsolution

C s =concentration of chlorogenic acid or
echinacoside in the corresponding Standard
solution (mg/mL)

V = volume of the Sample solution (mL)
W =weight of powdered Echinacea pallida used to

prepare the Sample solution (mg)
F = responsefactor: chicoric acid, 0.695; caftaric

acid, 0.881; chlorogenic acid, 1.000; relative to
chlorogenicacid;and echinacosidecomponents,
1.000

Calculate the percentage of total phenols in the portion of
Echinacea pallida taken by adding the individual
percentages calculated.

Acceptance criteria: NLT 0.5% of total phenols on the
dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

Lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g
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SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The outer surface of the rhizome is pale to
yellowish-brown, crowned with the remains of the aerial
stem, a~d s?metimes shows surface annulations up to
15.m~ rn dla~eter. The ro.ots are pale to yellowish-brown,
cylindrical or slightlytapering, sometimes spirally twisted
longitu~inal.ly wrinkled and d~eply furr0':'Ved, up to 4- '
10 mm rn diameter, and pass lrnperceptlbly into rhizome.
The short fracture, when dry, becomes tough and pliable
on exposure to air.

Microscopic: The rhizomes and roots in transversesection
show a thin outer bark separated from a wide xylem by a
disti~ct cambial line.The cork is composed of several rows
of thrn~walled cells contai~ing yell?wish-brown pigment.
The rhizome has a small circular pith, occasional small
groups ofthick-walled,lignified fibers inthe pericycle, and a
parenchymatous cortex. The phloem and xylemare
composed of narrow strands of vasculartissueseparated by
,-:"id~~ nonlignified ~ed~IIary rays. Xylem vessels are
lignified, 25-75 IJm rn diameter, usually with reticulate
thickening but occasionally with spiral or annular
thickening. Sclereids occur singly or in smallgroups
varying considerably in size and shape from rounded to
rectangular to elongated and fiber-like, are up to 300 IJm
long and 20-40 IJm wide, with intercellular spaces forming
s~hizogenous oleor~sin canals that are 80-150 IJm in
?,a.meterand c?ntarn a dense black deposit present both
Inside ~n~ outside of the central cylinder(unlike Echinacea
angustJfolla, where the canals are present only outside of
the central cylinder). Spherocrystalline massesof inulin
occur throughout the parenchymatous tissues. Lignified
fibers, present in the periphery of the cortex, are 100-300
IJm long and occur singlywith phytomelanin often absent
(unlike Echinacea angustifolia, where the fibers occur
scattered in groups, are 300-800 IJm long, and are usually
surrounded by phytomelanin). '

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561): 1.0-2.0 mL/l 00 g ,

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): Nrv,tT 3.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
7.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT4.0%

• Loss ON DRYING (731)
Analysis: Drya sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

light-resistantcontainers. '
• LABELI~G.: The labelstates the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Caftaric Acid RS
USP Chicoric Acid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea pallida Extract RS
USP Echinacoside RS
USP P-Sitosterol RS

USP 43

Powdered Echinaceapallida

DEFINITION
Powdered Echinacea pallida consistsof the dried rhizome and

roots of Echinacea pallida (Nutt.) Nutt. (Fam. Asteraceae)
harvested in the fall after three or more years of growth,
reduced to powder. It contains NLT 0.5% of total phenols,
calculated on the dried basisas the sum of caftaricacid
(C13H1209), chicoric acid (C22H18012), chlorogenic acid
(C16H1809), and echinacoside (C3sH46020)'

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of echinacoside and absence of dicaffeoylquinic
acid (cynarin(e»
Stan~ard s?lution A: A mixture of 0.2 mg/mL of USP

Echlnacoside RS and 0.2 mg/mL of dicaffeoylquinic acid
(cynarin) in methanol

Standard solution B: 0.05 mg/mL of USP Caftaric
Acid RS, 0.1 mg/mL of USP ChlorogenicAcid RS, and
0.05 mg/mL of USP Chicoric Acid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea pallida Extract RS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Usethe
supernatant.. ", ...,,-

Sample solution: Transfer1 g of Powdered Echinacea
pallida to a centrifuge tube, add 10 mLof methanol, mix
well, and sonicate for 10 min. Centrifuge, and use the
supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJL StandardsolutionCand Sample

solution, and 2 IJL StandardsolutionA and Standard
solutionBas 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethy,1

diphenylborinate in ethyl acetate '
Analysis

Samples: StandardsolutionA, StandardsolutionB
Standardsolution C, and Sample solution '

Applythe Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, heat at 100° for 5 min
derivatizethe plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: StandardsolutionA shows two major
blue bands! one i.n the lower third of the chromatogram,
due to echlnacoslde, and the other band in the middle
sectio~ of the chromatowam due to dicaffeoylquinic acid
(cynarln), StandardsolutionBshows two major blue bands
at about the middle of the chromatogram due to caftaric
acid (higher R F) and chlorogenic acid (lower R F) that are
clearlyseparated, and a blue band for chicoric acid in the
upper third of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in thelower
third section of the chromatogram at an RFcorresponding
to the echinacoside band in the chromatograms of
StandardsolutionA and Standardsolution C(absent in
Echinacea purpurea). The Sample solution chromatogram
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does not exhibit a blue band at an R F corresponding to
the dicaffeoylquinic acid (cynarin) band in the
chromatogram of StandardsolutionA (present in
Echinacea angustifolia). The Sample solution
chromatogram mayexhibit bands of lesser intensity at the
RF of caftaric acid and chicoricacid bands in
chromatograms of StandardsolutionBand Standard
solution C(absent in Echinacea angustifoliaand much
more prominent in Echinacea purpurea). The Sample .
solutionchromatogram exhibitsminorbands between the
positions of echinacosideand caftaricacid. One of these
isdue to chlorogenic acid at an R F corresponding to that
of chlorogenic acid in Standardsolution B.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP ~-Sitosterol RS in
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea pallida Extract RS in dichloromethane. Shake to
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant,

Sample solution: Transfer 1 g of Powdered Echinacea
pal/ida to a centrifuge tube, add 10 mL of
dichloromethane, mixwell, and sonicate for 10 min.
Centrifuge, and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 IJm (HPTLC plates)
Application volume: 5 IJL Standardsolution Band Sample

solution, and 2 IJL StandardsolutionA as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitabledevice.
Developing solvent system: Amixtureof toluene, ethyl

acetate, cyclohexane, and formic acid (8:2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or ina freezer.Tothe ice-cold methanol,
slowly and carefully add 10 mL of acetic'acid and 5 mL
of sulfuric acid, and mix well.Allow the mixture to cool
to room temperature, then add 0.5 mL of
p-anisaldehyde.

Analysis "
Samples: StandardsolutionA, Standard solution B, and

Sample solution.
Apply the Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derivatize with
Derivatization reagent, heat at 100°for 3-5 min,set aside
to cool, and examine under visible light.

System suitability: The Standard solution Achromatogram
exhibits a violet band corresponding to ~-sitosterol.

Standard solutionBshows the most prominent band as a
violetband in the upper third section of the
chromatogram. The StandardsolutionBchromatogram
exhibits a less prominent violet band in the lower third
section of the chromatogram, and a broad pinkviolet
band close to the solvent front.

Acceptance criteria: The most prominent band of the
Sample solution chromatogram isa violetband in the
upper third section of the chromatogram,
corresponding in RF to a similar band observed with
Standard solutionB (much less prominent in Echinacea
angustifoliaand absent inEchinacea purpurea). TheSample
solutionchromatogram exhibits a less prominent violet
band in the lowerthird section of the chromatogram
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corresponding in R F to a similar band observed in
Standard solutionB (much less prominent in Echinacea
purpureaand absent inEchinacea angustifolia). TheSample
solutionchromatogram exhibitsa minorvioletband at an
RF corresponding to the ~-sitosterol band in the
chromatograms of Standard solution A and Standard
solution B, and a broad pinkvioletband closeto the
solventfront.

• C. The retention time of the major peak in the Sample
solutioncorresponds to that of the echinacoside peak in
Standard solutionA and Standardsolution C, as obtained in
the test for Contentof Total Phenols. Peak area of any peak
detected in the Sample solutionchromatogram at the locus
of l,3-dicaffeoylquinic acid (Standard solutionD) is NMT
1% of the peak area for the echinacosidepeak.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid (0.1 in 100) in water
SolutionB: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)"

0 90 10

3 90 10

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea

pal/ida Extract RS in Solvent by shakingand heating in a
water bath. Dilute with Solvent to obtain a solutionhaving a
known concentration of about 1 mg/mL. Pass through a
membrane filter havinga 0.45-lJm or finer pore size.

Standard solution B: 40 IJg/mL of USP Chlorogenic Add RS
in Solvent

Standard solution C: 80 IJg/mL of USP Echinacoside RS in
Solvent

Standard solution D: 40 IJg/mL of dicaffeoylquinic acid
(cynarin) in Solvent

Sample solution: Transfer 125 mg of Powdered Echinacea
pal/ida (capable of passingthrough a 40-mesh sieve) to a
round-bottom flask equipped with a condenser. Add
25.0 mL of Solvent, and heat under reflux whileshaking by
mechanical means for 15 min. Centrifuge, or pass
through a membrane filter having a 0.45-lJm or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Samples: Standard solutionA and Standard solution C
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution A is similar to the Reference
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Chromatogram for total phenols provided with USP
Powdered Echinacea pallida Extract RS.

Capacity factor (k'): NlT 3.0 for the echinacoside peak,
Standardsolution C. [NoTE-Echinacoside peak may be
resolved in two components.]

Tailing factor: NMT2.0 for the echinacoside peak,
Standardsolution C

Relative standard deviation: NMT 2.5% for the
echinacoside peaks in repeated injections, Standard
solution C

Analysis
Samples: StandardsolutionA, Standardsolution8, Standard

solution C, Standardsolution 0, and Sample solution
Identify the relevant analytes in the chromatogram from

the Sample solution by comparison with the
chromatogram from StandardsolutionA. Measure the
areas for the relevant peaks.

Separatelycalculate the percentage of caftaric acid
(C13H1209), chicoric acid (CZZH1S01Z), chlorogenic acid
(C16H1S09), and echinacoside (C3sH460Z0) in the portion of
Powdered Echinacea pallida taken:

Result =(rv/rs) x Cs x (V/W) x F x 100

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561): 1.0-2.0 ml/l 00 g

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
7.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 4.0%

• Loss ON DRYING (731)
Analysis: Drya sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The labelstates the latin binomialand; following

the official name, the part of the plant from which the
articlewas derived.

• USP REFERENCE STANDARDS (11)
USP CaftaricAcid RS
USP Chicoric Acid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea pallida Extract RS
USP Echinacoside RS
USP ~-Sitosterol RS

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS: Powdered Echinacea pallida isa

brown powder with a faint aromatic odor and a slightly
acrid, persistent taste. It turns yellow when mounted in
sodium hydroxide solution. Under a microscope, the
following characteristics are observed: groups of secretory
canals with brown contents, surrounded by
parenchymatous cellscontaining cluster crystals of calcium
oxalate; and parenchymatous cellswith small starch
granules; thick-walled lignified fibers and fragments of
reticulate and pitted vessels.

Calculate the percentage of total phenols.in the portion of
Echinacea pal/ida taken by adding the individual
percentages calculated.

Acceptance criteria: NlT 0.5% of total phenols 'on the
dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT1.0 J.lg/g
Cadmium: NMT 0.5 J.lg/g
lead: NMT 5.0 J.lg/g
Mercury: NMT 1.0 J.lg/g

DEFINITION
Powdered Echinacea pallida Extractisprepared from Echinacea
pallida roots by extraction with hydroalcoholic mixtures or
other suitable solvents. The ratio of the starting crude plant
material to Powdered Extract is between 2:1 and 8:1. It
contains NlT 4.0% and NMT5.0% of total phenols,
calculated as the sum ofcaftaricacid (C13H1Z09), chicoricacid
(Cz2H1S01Z), chlorogenic acid (ClqH1S09), and echinacoside
(C3sH460Z0), on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of echinacoside and absence of dicaffeoylquinic
acid (cynarin(e»
Standard solution A: A mixture of 0.2 mg/ml of U,SP

Echinacoside RS and 0.2 mg/ml of dicaffeoylquinic acid
(cynarin) in methanol

Standard solution B: 0.05 mg/ml of USP Caftaric
Acid RS, 0.1 mg/ml of USP Chlorogenic Acid RS, and
0.05 mg/ml of USP ChicoricAcid RS in methanol

Standard solution C: 20 mg/ml of USP Powdered
Echinacea pallida Extract RS in methanol. Shake to
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: 20 mg/ml of Powdered Extractin
methanol. Shake to disperse, sonicate for 5 min, and
centrifuge. Usethe supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTlCplates)
Application volume: 5 J.llStandardsolutionCand Sample

solution, and 2 J.llStandard solutionA and Standard
solutionBas 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm

.Powdered Echlnoceo pol/Ida Extract

= peak response for the relevant analyte from the
Sample solution

= peak response for chlorogenic acid or both
echinacoside components from the
corresponding Standardsolution

= concentration of chlorogenic acid or
echinacoside in the corresponding Standard
solution (mg/ml)

= final volume of the Sample solution (ml)
= weight of Powdered Echinacea pallida taken to

prepare the Sample solution (mg)
= response factor: chicoric acid, 0.695; caftaric

acid, 0.881; chlorogenic acid, 1.000; relative to
chlorogenic acid; and echinacoside components,
1.000

v
W

F
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Derivatization reagent: 5 mg/mL of 2-aminoethyl
diphenylborinate in ethyl acetate

Analysis
Samples: Standard solutionA, Standardsolution B,

Standard solution C, and Sample solution
Apply the Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, heat at 1000 for 5 min,
derivatize the plate whilestill warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: StandardsolutionA shows two major
blue bands, one in the lower third section of the
chromatogram due to echinacoside, and the other band
in the middlesection of the chromatogram due to
dicaffeoylquinic acid (cynarin). Standardsolution Bshows
two major blue bands at about the middle of the
chromatogram due to caftaricacid (higher R F) and
chlorogenicacid (lower R F) that are clearly separated,
and a blueband forchicoric acid inthe upper thirdsection
of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in the lower
thirdsectionofthe chromatogram at an RFcorresponding
to the echinacoside band in the chromatograms of
Standard solution A and Standard solution C(absent in
Echinacea purpurea). The Sample solution chromatogram
does not exhibit a blue band at an R F corresponding to
the dicaffeoylquinic acid (c.ynarin) band in the
chromatogram of Standard solutionA (present in'
Echinacea angustifolia). The Sample solution
chromatogram mayexhibitbands of lesserintensity at the
RF of caftaric acid and chicoricacid bands in the
chromatograms of StandardsolutionBand Standard
solutionC(absent in Echinacea angustifoliaand much
more prominent in Echinacea purpurea). The Sample
solutionchromatogram exhibitsminor bands between the
positions of echinacosideand caftaricacid. One of these
isdue to chlorogenicacid at an R Fcorresponding to that
of chlorogenicacid in Standard solution B. '

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mLof USP ~-Sitosterol RS in
methanol.

Standard solution B: 100 mg/mL of USP Powdered
Echinacea pallida Extract RS in dichloromethane. Shaketo
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant. .

Sample solution: 100 mg/mL of Powdered Extract in
dichloromethane. Shaketo disperse, sonicate for 5 min,
and centrifuge. Use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 IJm (HPTLC plates)
Application volume: 5 IJL StandardsolutionBand Sample

solution, and 2 IJL Standard solutionA as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitable device.
Developing solvent system: Amixture of toluene, ethyl

acetate, cyclohexane, and formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or ina freezer. Tothe ice-cold methanol,
slowly and carefully add 10 mL of acetic acid and 5 mL
of sulfuric acid, and mixwell. Allow the mixtureto cool
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to room temperature, then add 0.5 mL of
p-anisaldehyde.

Analysis
Samples: Standardsolution A, Standard solution B, and

Sample solution
Apply the Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derivatize with
Derivatization reagent, heat at 1000 for 3-5 min,set aside
to cool, and examine under visible light.

System suitability: The Standard solutionA chromatogram
exhibits a violet band corresponding to ~-sitosterol.

Standard solutionBshows the most prominent band as a
violetband in the upper third section of the
chromatogram. The Standard solutionB chromatogram
exhibits a less prominent violet band in the lowerthird
section of the chromatogram, and a broad pinkviolet
band close to the solvent front.

Acceptance criteria: The most prominent band of the
Sample solution chromatogram isa violet band in the
upper third section of the chromatogram,
corresponding in R F to a similar band observed in
Standard solutionB (much less prominent in Echinacea
angustifoliaand absent in Echinacea purpurea).TheSample
solutionchromatogram exhibits a less prominent violet
band in the lower third section of the chromatogram
corresponding in RF to a similar band observed in
Standard solutionB (much less prominent in Echinacea
purpureaand absent inEchinacea angustifolia). TheSample
solutionchromatogram exhibitsa minor violetband at an
R F corresponding to the ~-sitosterol band in the
chromatograms of Standard solutionA and Standard
solution B, and a broad pinkvioletband close to the
solventfront.

• C. The retention time of the major peak in the Sample
solutioncorresponds to that of the echinacosidepeak in
Standard solutionA and StandardsolutionC, as obtained in
the test for Contentof TotalPhenols. The peakarea of any
peakdetected in the Sample solutionchromatogram at the
locus of 1,3-dicaffeoylquinic acid (Standardsolution D) is
NMT 1% of the peak area for the echinacoside peak.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid (0.1 in 100)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

3 90 10

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea

pallida Extract RS in Solvent by shaking and heating in a
water bath. Dilute with Solvent to obtain a solutionhavinga
known concentration of 1 mg/mL. Pass through a
membrane filterhaving a 0.45-lJm or finer pore size.

www.webofpharma.com

https://nhathuocngocanh.com/



4950 Echinacea / Dietary Supplements USP 43

Calculate the percentage of total phenols in the portion of
Powdered Extract taken by adding the individual
percentages calculated.

• Standard solution B: 40 IJg/mL of USPChlorogenic Acid RS
in Solvent

Standard solution C: 80 IJg/mL of USP Echinacoside RS in
Solvent

Standard solution D: 40 IJg/mL of dicaffeoylquinic acid
(cynarin) in Solvent

Sample solution: Transfer about 60 mg of Powdered
Extract, accurately weighed, to an appropriate
round-bottom flask equipped with a condenser. Add
25.0 mL of Solvent, and heat under reflux while shaking by
mechanical means for 15 min. Centrifuge, or pass
through a membrane filter having a 0.45-lJm or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Samples: Standard solutionA and Standard solution C.

[Nors-Echinacoslde peak may be resolved in two
components.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standard solution A is similar to the Reference
Chromatogram for total phenols provided with USP
Powdered Echinacea pallida Extract RS.

Capacity factor (k'): NLT3.0 for the echinacoside peak,
Standard solution C

Tailing factor: NMT 2.0 for the echinacoside peak
Standard solution C '

Relative standard deviation: NMT 2.5% for the
echinacoside peaks in repeated injections, Standard
solution C .

Analysis
Samples: Sample solution, Standard solution A, Standard

solution B, Standard solution C, and Standard solution 0
Identify the relevant analytes in the chromatogram from

the Sample solution by comparison with the
chromatogram from Standard solutionA. Measure the
areas for the relevant peaks. .

Separately calculate the percentage of caftaric acid
(C13H1zq9), chicoric acid (CZZH1801Z), chlorogenic acid
(C16H1809), and echinacoside (C3sH460Z0) in the portion of
Powdered Extract taken:

F

Result =(r vIr s) x (C sIC v) x F.x 100

= peak response for the relevant analyte from the
Sample solution

=peak response for chlorogenic acid or both
echinacoside components from the
corresponding Standard solution

= concentration of chlorogenic acid or
echinacoside in the corresponding Standard
solution(mg/mL)

= concentration of Powdered Extract in the
Sample solution(mg/mL)

= response factor: chicoric add, 0.695; caftaric
acid, 0.881; chlorogenic acid, 1.000; relative to
chlorogenic acid; and echinacoside components,
1.000

Acceptance criteria: NLT 4.0% and NMT 5.0% of total
phenols on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 IJgIg
Cadmium: NMT 0.5 IJgIg
Lead: NMT 5.0 IJgIg
Mercury: NMT 1.0 IJgIg

• MICROBIAL ENUMERATION TESTS (2021): The total bacterial
count does not exceed 104du/g, and the total combined
molds and yeasts count does not exceed 103du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

• OTHER REQUIREMENTS: It meets the requirements for
Botanical Extracts (565), Residual Solvents and Pesticide
Residues.

SPECifiC TESTS
• Loss ON DRYING (731)

Sample: 1 9
Analysis: Dry the Sample at 105° forZ h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
, • PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store in a cool place.
• LABELING: The label states the Latin binomial and, following

the official name, the parts of the plant from which the
article was prepared. The label bears a statement
indicating that Echinacea pallida may cause rare allergic
reactions, rashes, or aggravate asthma. It meets the
requirements for Botanical Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Caftaric Acid RS
USP Chicoric Acid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea pallida Extract RS
USPEchinacoside RS
USP P-Sitosterol RS

Echinacea purpurea Aerial Parts
DEfiNITION
Echin~ceapurpureaAerial Parts consists of the aerial parts of

Echmacea purpurea (L.) Moench (Fam. Asteraceae). It is
harvested during the flowering stage. It contains NLT1.0%
of the sum of caftaric acid (C13H1Z09)and chicoric acid
(CZZH18012), and NLT 0.01 % of dodecatetraenoic acid
isobutylamides (C16HzsNO), calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USPEchinacoside RS in

methanol
Standard solution B: 0.2 mg/mL of USPCaftaric Acid RS,

0.1 mg of USPChlorogenic Acid RS, and 0.2 mg/mL of USP
Chicoric Acid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea purpurea Extract RS in methanol. Shake to
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: Transfer 1 9 of finely pulverized Echinacea
purpureaAerial Parts to a centrifuge tube, add 10 mL of
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methanol, mixwell, and sonicate for 10 min. Centrifuge,
and use the supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Adsorbent: Chromatographicsilica gel mixturewith an

average particlesizeof 5 IJm (HPTLC plates)
Application volume: 5 IJL Standard solution Cand Sample

solution, and 2 IJL Standard solution A and Standard
solution Bas 8-mm bands

Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitable device.

Developing solvent system: Amixtureof ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1 :1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: Standard solution A, StandardsolutionB, Standard
solutionC, and Sample solution

Apply the Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms ina satutated chamber. Remove the plate
from the chamber, heat at 100° for 5 min, derivatize the
plate while still warm with Derivatization reagent, dry in
air, and examine under UV light at 366 nm.

System suitability: Standard solutionA shows one major
blue band in the lowerthird section of the chromatogram
due to echinacoside. Standard solution Bshows two major
blue bands at about the middle of the chromatogram due
to caftaric acid (higher RF) and chlorogenicacid (lower RF)

that are clearly separated, and a blue band for chicoric acid
in the upper third section of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band in the upper
third section of the chromatogram at an R Fcorresponding
to the chicoric acid band in the chromatogram of Standard
solution Band Standard solution C.The second most
prominent band in the Sample solution chromatogram isa
blue band at about the middle of the chromatogram due
to caftaric acid, corresponding to a band in the
chromatogram of Standard solution C. The Sample solution
chromatogram does not exhibit a band at the R F of
echinacoside in Standard solution A (difference from
Echinacea pallida and Echinacea angustifolia). The Sample
solution chwmatogram exhibits minor blue bands
corresponding to similar bands in the chromatogram of
Standard solution C. One of these bands is due to
chlorogenic acid at an R F corresponding to chlorogenic
acid in Standard solution B. The Sample solution
chromatogram exhibits a red band due to chlorophyll close
to the solventfront.

• B. The retention time of the major peak in the Sample
solutioncorresponds to that of the chicoric acid peak in
Standard solution A, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard
solution B. The Sample solutionchromatogram shows no
peak or a very minor peak at the retention time
corresponding to the echinacoside peak in the Standard
solution Cchromatogram, all peaksas obtained in the test
for Contentof Chicoric Acidand Caftaric Acid.

• C. The retention timesfor the relevantpeaks of the Sample
solution, mainlydue to dodecatetraenoic isobutyl amides,
correspond to those of Standard solution A, as obtained in
the test for ContentofDodecatetraenoic Isobutylamides.

COMPOSITION
• CONTENT OF CMICORIC ACID AND CAFTARIC ACID

Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
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Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

13 78 22

14 60 40

17.5 60 40

18 90 10

30 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: 30 IJg/mL of USP Chicoric Acid RS in

Solvent .
Standard solution B: 20 IJg/mL of USP Caftaric Acid RS in

Solvent
Standard solution C: 20 IJg/mL of USP Echinacoside RS in

Solvent .
Sample solution: Transfer about 125 mg, accurately
weighed, offinely powdered Echinacea putputeaAerial Parts
(capable of passing through a 40-mesh sieve) to 'a>
round-bottom flask equipped with a condenser. Add
25.0 mL of Solvent, and heat under reflux whileshaking by
mechanical means for 15 min. Centrifuge, or pass
through a membrane filterof 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621)~ System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flowrate: 1.5 mL/min
Injection size: 5 IJL

System suitability
Samples: StandardsolutionA
Suitability requirements

Relativestandard deviation: NMT 2.0% for the chicoric
acid peak in StandardsolutionA

Analysis
Samples: Standardsolution A, Standard solution B, Standard

solution C, and Sample solution
Separately calculatethe percentages of caftaric acid

(CnH1209) and chicoric acid (C22H,s012) in the portion of
Echinacea purpureaAerial Partstaken:

Result =(r u/rs) x Cs x (V/W) x 100

r u = peakarea of the relevantanalytefrom the Sample
solution

r s = peak area of the relevantanalyte from the
corresponding Standard solution

Cs =concentration of the relevantanalyte in the
corresponding Standard solution (mg/mL)

V =final volume of the Sample solution (mL)
W =weight of Echinacea purpurea Aerial Parts taken to

prepare the Sample solution(mg)

Calculate the percentage of the sum of chicoric acid and
caftaric acid in the portion of Echinacea purpurea Aerial
Partstaken by adding the individual percentages
calculated.

Acceptance criteria: NLT 1.0% on the dried basis
• CONTENT OF DODECATETRAENOIC ACID ISOBUTYLAMIDES

Mobile phase: Acetonitrile and water (55:45)
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CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

Lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g

& Meet the .."'n',i ..c ........,,.,+..

• MICROBIAL ENUMERATION TESTS ): The total aerobic
microbial count does not 105 cfu/g, the total
combined molds and yeastscount does not exceed 103 cfu/
g, and the enterobacterial count does not exceed 103

du/g.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets

the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECifiC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The herb isan erect, coarse, rough-hairy
perennial, usually up to 90 cm tall, rarely up to 180 cm. The
leaves are alternate and simple; the lowermost leavesare
slender, long, and petioled, ovate to broadly lanceolate,
mostly penta-nerved, acute or acuminated at the apex,
abruptly narrowed or rarely cordate at the base, usually
sharply dentate, and 7-20 cm long and 2.5-7.5 cm wide;
the petioles are mostly winged at the summit. The upper
leaves are narrower, often almost entirelysessile, lanceolate
or ovate lanceolate, and usually with 3 veins.
The flower heads are radiate, up to 15 cm across, solitary

or few, and long-peduncled, with 12-20 rays, purple, .
crimson, or rarely pale; the bristledisks are often orange,
3.5-7.5 cm long; the involucre isdepressed-hemispheric;
the bracts are lanceolate, spreading or appressed,
imbricated in 2-4 series, and hairyon the outer surface
with ciliatemargins; the receptacle isconical, the scalesof
the receptacle stiff, spinescent, and conspicuouslylonger
than the disc flowers; the chaff iscarinate and cuspidate;
the achenes are 3-4 mm in length, tetrasided,
obypyramidal, and thick; the pappus has a short, dentate
crown.

Microscopic
Leaf: The leaf has a thicknessof 200-350 urn, with an

epidermis9-1 3 urn thick, largely without chloroplasts;the
stomata are 28-35 urn, abundant on the ventral surface
and fewer on the dorsal surface; the mesophyll is clearly
divided into palisade parenchyma and sponge
p~renchyma. The palisade parenchyma isone layerthick,
With elongated cells 50-65 urn in length, oriented at right
angles to the leaf surface, containing numerous
chloroplasts.The sponge parenchyma is 150-250 urn
thick, with cellsof irregularshape, and has multiple cell
layers, few chloroplasts,and large intercellular spaces. The
phloem bundles of the lateralveinswithin the sponge
parenchyma are bound by a one-layersheath of small
parenchymous cells, with vascular elements of the midrib
surrounded by large-celled parenchyma. The uniseriate
trichomes are few in the ventral surface, numerous on the
dorsal surface, typically tricelled, occasionally tetra- or
pentacelled, 250-500 urn in length, each arisingfrom an
epidermal cell; the epidermal cellwalls appear with
moderate thickening; the vessels are various, scalariform
with variable reticulated width. . ,

Petiole: The parenchyma appear without chloroplasts in
several layers adjacent to a layerof collenchyma; 5-7'
phloem bundles of small-to medium-sized vessels are

Standard solution A: 5 mg/mL of USP Powdered Echinacea
purpurea Extract RS in methanol. Dissolve using sonication
and shaking for 10 min. Afterdilution, pass through a
membrane filterof 0.45-~m or finer pore size.

Sta~dard solutio~ B: 10 ~g/mL of USP 2E,4E-Hexadienoic
ACid lsobutylarnide RS in methanol

Saml?lesolution: Trans!er about 2.5 g of finely powdered
Echmacea purpurea Aerial Parts (capable of passing
through a 40-mesh sieve), accurately weighed, into a
round-bottom flask. Add 80 mLof methanol, and reflux for
30 min. Cool to room temperature, and filterinto a 100-mL
volumetric flask, using small portions of methanol to rinse
the flask and the filter. Dilutewith methanol to volume. Pass
through a membrane filter of 0.45-~m or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC '
Detector: UV 254 nm '
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection size: 25 ~L

System suitability .
Samples: Standard solution A and Standard solution 8
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution A is similarto the Reference
Chromatogram for alkamides provided with USP
Powdered Echinacea purpurea ExtractRS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, Standard solution A .

Tailing factor: NMT 2.0 for 2E,4E-hexadienoic acid
isobutylamide, Standard solution 8

Relative standard deviation: NMT 2.5% for the 2E
4E-hexadienoic acid isobutylamide peak in repeated
injections, Standard solution 8

Analysis
Samples: Standard solution A, Standard solution 8 and

Sample solution '
Identify the peaks of the two isomers of dodecatetraenoic

acid isobutylamides in the chromatogram from the
Sample solution by comparison with the chromatogram
from Standard solution A. Measure the areas for the
relevant peaks. '.

Calculate the percentage of dodecatetraenoic acid
isobutylarnides in the portion of Echinacea purpurea Aerial
Parts taken:

Result = (r vir s) x Cs x (V/W) x Fx 100

= sum of the peak areas of the relevant analytes
from the Sample solution

=peak area of 2E,4E-hexadienoic acid
isobutylamidefrom Standard solution 8

= concentration of USP 2E,4E-Hexadienoic Acid
Isobutylamide RS in Standard solution 8
(mg/mL)

= final volume of the Sample solution (mL)
=weight of Echinacea purpurea Aerial Partstaken to

prepare the Sample solution (mg)
= response factor toconvert 2E,4E-hexadienoic

acid isobutylamideinto dodecatetraenoic acid
isobutylamides, 1.353

Acceptance criteria: NLT 0.01% of dodecatetraenoic acid
isobutylamideson the dried basis
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weakly lignified and embedded in the parenchyma in the
form of an arc; the wing ribs of the upper surface of the
slightly hollowed petiole are marginal.

Inflorescence: The epidermal cells of the ray florets are
square, 50 IJm, with a transparent, beaded cell wall;
various elements of the Asteraceous exhibit inflorescence;
numerous multicellular jointed trichomes of the involucral
bracts are 500-800 IJm in length; tangential sections of
the paleae with numerous fiber bundles are 10-15 IJm in
diameter and 100-150 IJm in length; cell walls are thin.
The epidermis of ray florets is reddish to violet; the
epidermal cells from the end of the corolla form rounded
papillae; a stigma of papillary cells is present; Asteraceous
pollen grains are 20-30 IJm and spherical with a warty
exine.
Calcium oxalate is negative; crystals of inulin and starch

granules are rare.
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 3.0%
• Loss ON DRYING (731)

Sample: 1 g' of the powdered plant material
Analysis: Dry the Sample.
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
10.0%, determined on 3 g

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 2.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in tight, light-resistant

containers at controlled room temperature.
• LABELING: The label states the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCESTANDARDS (11)
USP Chlorogenic Acid RS
USP Caftaric Acid RS
USP Chicoric Acid RS
USP Echinacoside RS
USP2E,4E-Hexadienoic Acid Isobutylamide RS
USP Powdered Echinacea purpurea Extract ~S

Echinacea, purpurea Root

DEFINITION
Echinacea purpurea Root consists of the dried rhizome and

roots of Echinacea purpurea (L.) Moench (Fam. Asteraceae).
It is harvested in the fall after three or more years of growth.
It contains NLT 0.5% of total phenols, calculated on the dried
basis as the sum of caftaric acid (C13H1209), chicoric acid
(C22H1S012), and chlorogenic acid (C16H1S09)' It contains NLT
0.025% of alkamides calculated as dodecatetraenoic acid
isobutylamides (C16H2SNO).

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

in methanol
Standard solution B: 0.2 mg/mL of USP Caftaric Acid RS,

0.1 mg/mL of USP Chlorogenic Acid RS, and 0.2 mg/mL
of USP ChicoricAcid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea purpurea Extract RS in methanol. Shake to
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant. .
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Sample solution: Transfer 1 g of finely pulverized
Echinacea purpurea Root to a centrifuge tube, add 10 mL
of methanol, mix well, and sonicate for 10 min.
Centrifuge, and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJLStandardsolutionCand Sample

solution, and 2 IJLStandardsolutionA and Standard
solutionB as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA, Standardsolution B,
StandardsolutionC, and Sample solution

Apply the Samples as bands to a suitable thin-layer .
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber.Remove the
plate from the chamber, heat at 100 0 for 5 min,
derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: StandardsolutionA shows one major
blue band in the lower third of the chromatogram due to
echinacoside. StandardsolutionB shows two major blue
bands at about the middle of the chromatogram due to
caftaric acid (higher R F) and chlorogenic acid (lower R F)
that are clearly separated, and a blue band for chicoric
acid in the upper third section of the chromatogram.

Acceptance criteria: The most prominent band in the
Sample solutionchromatogram isa blue band inthe upper
third section of the chromatogram at an RFcorresponding
to the chicoric acid band in the chromatograms of
StandardsolutionBand Standardsolution C (less
prominent in Echinacea pallida and absent or almost
absent in Echinacea angustifolia). The second most ,
prominent band in the Sample solutionchromatogram is a
blue band at about the middle of the chromatogram due
to caftaric acid, corresponding to a band in the
chromatogram of StandardsolutionC (absent in Echinacea
angustifoliaand a minor band in Echinacea pallida). The
Sample solutionchromatogram does not exhibit a band at
the RF of echinacoside in StandardsolutionA (difference
from Echinacea pallida and Echinacea angustifolia). The
Sample solutionchromatogram may exhibit minor blue
bands corresponding to similar bands in the
chromatogram of StandardsolutionC.One of these is due
to chlorogenic acid at an R.correspondlnq to chlorogenic
acid in the StandardsolutionB.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP ~-Sitosterol RS in
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea purpureaExtract RS in dichloromethane. Shake
to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: Transfer 1 g of finely pulverized
Echinacea purpurea Root to a centrifuge tube, add 10 mL
of dichloromethane, mix well, and sonicate for 10 min.
Centrifuge, and use the supernatant.
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Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 J,Jm (HPTLC plates)
Application volume: 5 J,JL Standard solution Band Sample

solution, and 2 J,JL Standard solution A as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: A mixture of toluene, ethyl

acetate, cyclohexane, and formic acid (8: 2: 1: 0.3)
Developing distance: 6 em
Derivatization reagent: Place85 mLof methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or in a freezer.Tothe ice-cold methanol,
slowly and carefully add 10 mLof acetic acid and 5 mL
of sulfuric acid, and mix.well. Allow the mixture to cool
to room temperature, then add 0.5 mLof
p-anisaldehyde.

Analysis
Sarnplese Standard solution A, Standard solution B, and

Sample solution
Apply the Samples as bands to a suitable thin-layer

chromatographic plate, and dry in air. Developthe
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derivatizewith
Derivatization reagent, heat at 100°for 3-5 min, set aside
to cool, and examine under visible light.

System suitability: The chromatogram of Standard
solution Bexhibits the most prominent band as a pinkish
violet band at about the middle of the chromatogram,
and just below this pinkish band, a violet band at a lower
R Fsimilarin position and color to the ~-sitosterol band in
the chromatograms of Standard solution A. These two
bands are clearly separated from each other. The
chromatogram of Standard solution Balso shows a broad
pinkviolet band close to the solvent front.

Acceptance criteria: The most prominent band of the
Sample solution chromatogram isa pinkish violet band at
about the middle of the chromatogram similar in position
and color to a band in the Standard solution B
chromatogram (much less prominent in Echinacea
angustifolia and Echinacea pallida), a violet band
corresponding to B-sttostercl band in the
chromatograms of Standard solution A and Standard
solution' B, and a broad pink violet band close to the
solvent front similar in position and color to the band in
the chromatogram of Standard solution B. The Sample
solution chromatogram does not exhibit a yellow band
below the ~-sitosterol band (difference from Echinacea
angustifolia) or a prominent violet band at about two
thirds of the chromatogram (difference from Echinacea
pallida).

• C. The retention time of the major peak in the Sample
solution corresponds to that of the chicoricacid peak in
Standard solution A, and the second most prominent peak
corresponds to that of the caftaricacid peak in Standard
solution B. The Sample solution chromatogram shows no
or a very minor peak at the retention time corresponding
to the echinacoside peak in the Standard solution D
chromatogram, allpeaks as obtained in the test for Content
of Total Phenols.

COMPOSITION
• CONTENT OF TOTAL PHENOLS
Solution A: Phosphoricacid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

USP 43

Table 1

Time Solution A Solution B
(min) (%) (0/0)

0 90 10

13 78 22

14 60 40

17.5 60 40

18 90 10

30 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: 30 J,Jg/mL of USP Chicoric Acid RS in

Solvent
Standard solution B: 20 J,Jg/mL of USP Caftaric Acid RS in

Solvent
Standard solution C: 20 J,Jg/mL of USP ChlorogenicAcid RS

in Solvent
Standard solution D: 20 J,Jg/mL of USP Echinacoside RS in

Solvent
Sample solution: Transfer 125 mg of finely powdered

Echinacea purpurea Root (capable of passing through a
40-mesh sieve)to a round-bottom flask equipped with a
condenser. Add 25.0 mLof Solvent, and heat under reflux
whileshaking by mechanical means for 15 min. Centrifuge,
or pass through a membrane filterof 0.45-J,Jm or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-J,Jm packing L1
Column temperature: 35°
Flowrate: 1.5 mL/min
Injection volume: 5 J,JL

System suitability
Samples: Standard solution A
Suitability requirements

Relative standard deviation: NMT 2% for the chicoric
acid peak in repeated injections, Standard solution A

Analysis ,
Samples: Standard solution A, Standard solution B, Standard

solution C, Standard solution 0, and Sample solution
Separatelycalculate the percentage ofcaftaric acid

(C13H1209) , chicoric acid (C22H1S012), and chlorogenic
acid (C16H,s09) in the portion of Echinaceapurpurea Root
taken:

Result = (r vir 5) x C5 x (VIW) x 100

= peak area of the relevantanalyte from the Sample
solution

= peak area of the relevant analyte from the
corresponding Standard solution

=concentration of the relevant analyte in the
corresponding Standard solution (mg/mL)

=volume of the Sample solution (mL)
= weight of Echinacea purpurea taken to prepare the

Sample solution (mg)

Calculatethe percentage of total phenols in the portion of
Echinacea purpurea Root taken by adding the lndivldual
percentages calculated.

Acceptance criteria: NLT 0.5% of total phenols on the
dried basis

• CONTENT OF ALKAMIDES
Mobile phase: Acetonitrile and water (55:45)
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Standard solution A: 5 mg/mL of USP Powdered Echinacea
purpurea Extract RS in methanol. Dissolve using sonication
and shaking for 10 min. After dilution, pass through a
membrane filter having a 0.45-~m or finer pore size.

Standard solution B: 10 ~g/mL of USP2E,4E-Hexadienoic
Acid Isobutylamide RS in methanol

Sample solution: Transfer about 2.5 g of finely powdered
Echinacea purpurea Root (capable of passing through a
40-mesh sieve) into a round-bottom flask. Add 80 mL of
methanol, and reflux for 30 min. Cool to room
temperature, and filter into a 1OO-mL volumetric flask using
small portions of methanol to rinse the flask and the filter.
Dilute with methanol to volume. Pass through a membrane
filter having a 0.45-~m or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 30°
Flow rate: ~.5 mL/min
Injection volume: 25 ~L

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the Reference
Chromatogram for alkamides provided with USP
Powdered Echinacea purpurea Extract RS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, StandardsolutionA

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid
isobutylamide peak, Standardsolution B

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in repeated
injections, StandardsolutionB

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Identify the peaks of the 10 major alkamides in the
c~romatogram from the Sample solution by comparison
with the chromatogram from Standardsolution A.
Measure the areasfor the relevant peaks.

Calculate the percentage of alkamides in the portion of
Echinacea purpurea Root taken:

Result = (r vir s) xC sx (VIW) x Fx 100

=sum of the peak areas of the relevant analytes
from the Sample solution

=peak area of 2E,4E-hexadienoic acid
isobutylamide from StandardsolutionB

=concentration of USP2E,4E-Hexadienoic Acid
Isobutylamide RS in StandardsolutionB
(mg/mL)

=final volume of the Sample solution (mL)
=weight of Echinacea purpurea root taken to

prepare the Sample solution (mg)
=response factor to convert 2E,4E-hexadienoic

acid isobutylamide into dodecatetraenolc' acid
isobutylamide, 1.353

Acceptance criteria: NLT 0.025% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

Lead: NMT 5.0 ~g/g
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Mercury: NMT 1.0 ~g/g

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues (561):
Meets the requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The roots are cylindrical and irregularly
branched. The outer surface is dark brown and
longitudinally striated; fractures are short and tough.
Transver~e se~ti.ons show a thin periderm and yellowish
xylem With distinct rays. In older roots, the pith is spongy
with a brownish center surrounded by yellow.

Microscopic: Rhizomes and roots in transverse section
show a thin outer bark separated from a wide xylem by a
brown vascular cambium. The cork is composed of several
rows of thin-walled cells containing brown pigment.
Schizogenous resin canals are present in the cortex. The
rhizome contains bast fibers and stone cells. The xylem
with distinct rays, contains tracheary elements compos~d
of reticulated vessels and tracheids (about 80 x 30 urn) with
bordered pits and slanted end walls. Vessels and tracheids
~re surrounded by thi~k-walled parenchyma and fibers;
fibers are elongated With narrow lumens and funnel-shaped
~nd~ (20-40 urnwide). Polygonal sclereids (about 50 prn
In diameter) are also present. Xylem fibers have minimal or
no phytomelanin deposits (unlike Echinacea angustifolia
and Echinacea pallida). A melanogenic layer is present
between adjacent xylem parenchyma cell walls. The
rhizome, with pith, is composed of pitted parenchyma cells
containing inulin crystals. Starch is minimal to absent and
calcium oxalate crystals are absent. '

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 3.0%

• Loss ON DRYING (731)
Analysis: Dry a sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
7.0% .

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in well-closed

light-resistant containers. '
• LABELI~G.: The label states the Latin binomial and, following .

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USPCaftaric Acid RS
USPChicoric Acid RS
USPChlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP P-Sitosterol RS .

Powdered Echinoceo purpureo

DEFINITION
Powdered Echinacea purpurea consists of the dried rhizome

and roots of Echinacea purpurea (L.) Moench (Fam.
Asteraceae), harvested in the fall after three or more years of
growth, and reduced to powder. It contains NLT 0.5% of
total phenols, calculated on the dried basis as the sum of
caftaric acid (C13H1209), chicoric acid (C22H1S012), and
chlorogenic acid (C16H1S09)' It contains NLT 0.025% of
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alkamidescalculated as dodecatetraenoic acid
isobutylamides(C16H2SNO).

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

in methanol
Standard solution B: 0.2 mg/mL of USP CaftaricAcid RS,

0.1 mg/mL of USP Chlorogenic Acid RS, and 0.2 mg/mL
. of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered

Echinacea purpurea Extract RS in methanol. Shake to
disperse, sonicate for 5 min, and centrifuge. Usethe
supernatant.

Sample solution: Transfer 1 g of Powdered Echinacea
purpureato a centrifuge tube, add 10 mLof methanol,
mixwell,and sonicate for 10 min. Centrifuge, and use the
supernatant.

Chromatographic system
(See Chrqmatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particlesize of 5 IJm (HPTLC plates)
Application volume: 5 IJL Standardsolution Cand Sample

solution, and 2 IJL StandardsolutionA and Standard
solution Bas 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using asuitable device.

Developing solvent system: A mixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm .
Derivatization reagent: 5 mg/mL of 2-amlnoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: Standard solutionA, Standard solution B,
Standard solution C, and Sample solution.

Applythe Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chambe!, he.atat 1000

.~or 5 ~in, . .
der,ivatize the plate while stili warm with D~rlVatlzatlon

reagent, dry in air, and examine under UV light at
366 nm. .

System suitability: StandardsolutionA shows one major
blue band in the lower third section of the chromatogram
due to echinacoside. Standard solutionBshows two major
blue bands at about the middle of the chromatogram due
to caftaricacid (higher RF) and chlorogenic acid (lower RF)

that are clearly separated, and a blue band for chicoric
acid in the upper third section of the chromatowam.

Acceptance criteria: The most prominent band In the
Sample solutionchromatogram isa blue band in the upper
third section of the chromatogram at an RFcorresponding
to the chicoricacid band in the chromatograms of
Standard solution Band Standardsolution C (less
prominent in Echinacea pallida and absent or almost
absent in Echinacea angustifolia). The second most .
prominent band in the Sample solutionchromatogram isa
blue band at about the middle of the chromatogram due
to caftaric acid, corresponding to a band in the
chromatogram of Standard solutionC(absent in Echinacea
angustifoliaand a minor band in Echinacea p'a~lida). The
Sample solutionchr~m~togram does no~ eXhlbl~ a band at
the RF of echlnacoside In Standard solution A (difference
from Echinacea pallida and Echinacea an~u.stifofi(J). The
Sample solutionchromatogram may exhibit minor blue
bands corresponding to similarbands in the
chromatogram of Standard solution C.One of these isdue
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to chlorogenic acid at an RFcorresponding to chlorogenic
acid in the Standard solution B.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides ..

Standard solution A: 0.2 mg/mL of USP P-Sltosterol RS In
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea purpureaExtract RS in dichloromethane. Shake
to disperse, sonicate for 5 min, and centrifuge. Usethe
supernatant.

Sample solution: Transfer 1 g of Powdered Echinacea
purpureato a centrif~ge tube, add 1.0 mLof .
dichloromethane, mix well, and sonicate for 10 min.
Centrifuge, and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJL Standard solution Band Sample

solution, and 2 IJL Standard solutionA as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: A mixture of toluene, ethyl

acetate, cyclohexane, and formic acid (8: 2: l~0.3)
Developing distance: 6 cm .
Derivatization reagent: Place85 mLof methanol In a

1OO-mL glass bottle and cool it down in a water-ice
cubes-salt bath or in a freezer.To the ice-coldmethanol,
slowlyand carefully add 10 mLof acetic acid and 5 mL
of sulfuric acid, and mix well.Allow the mixture to cool
to room temperature, then add 0.5 mLof
p-anisaldehyde.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Applythe Samples as bands toa suitable thin-layer

chromatographic plate, and dry in air. Condition the
plate to a relativehumidityof about 33% usinga suitable
device. Develop the chromatograms in a saturated
chamber. Remove the plate from the chamber, dry inair,
derivatizewith Derivatization reagent, heat at 1000 for 3
5 min, set aside to cool, and examine under visible light.

System suitability: The chromatogram of Standard. .
solutionBexhibits the most prominent band as a pinkish
violet band at about the middle of the chromatogram,
and just below this pinkish band, a violet band at a low.er
RF similarin position and color to the p-sito,sterol band m
the chromatograms of Standard solutionA. These two
bands are clearlyseparated from each other. The
chromatogram of Standard solution Balso shows a broad,
pink violet band close to the solvent front.

Acceptance criteria: The most prominent band of the
Sample solutionchromatogram is a pinki~h ~iol~t ba~~ at
about the middle of the chromatogram Similar In position
and color to a band in the Standard solution B
chromatogram (much less prominent in Echinacea
angustifoliaand Echinacea pallida), a violet band
corresponding to p-sitosterol band in the
chromatograms of Standard solution A and Standard
solution B, and a broad pink violet band close to the .
solvent front similarin position and color to the band In
the chromatogram of Standard solutionB. The Sample
solutionchromatogram does not exhibit a yellow band
below the p-sitosterol band (differencefrom Echinacea
angustifolia) or a prominent violet band at about two
thirds of the chromatogram (differencefrom Echinacea
pallida).
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• C. The retention time of the major peak in the Sample
solutioncorresponds to that of the chicoric acid peak in
StandardsolutionA, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard
solution B. The Sample solution chromatogram shows no
or a very minor peak at the retention time corresponding
to the echinacoside peak in the StandardsolutionD
chromatogram. All peaks asobtained in the test for Content
of TotalPhenols.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

13 78 22

14 60 40

17.5 60 40

18 90 10

30 90 10

Solvent: Alcohol and water (7:3)
Standard solution A: 30 IJg/mL of USP Chicoric Acid RS in

Solvent
Standard solution B: 20 IJg/mL of USP Caftaric Acid RS in

Solvent
Standard solution C: 20 IJg/mL of USP Chlorogenic Acid RS

in Solvent
Standard solution D: 20 IJg/mL of USP Echinacoside RS in

Solvent
Sample solution: Transfer about 125 mg of Powdered

Echinacea purpurea (capable of passing through a 40-mesh
sieve), accurately weighed, to a round-bottom flask
equipped with a condenser. Add 25.0 mL of Solvent, and
heat under reflux while shaking by mechanical means for
15 min. Centrifuge, or pass through a membrane filter of
0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 3SO
Flow rate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Samples: StandardsolutionA and Standard solutionB
Suitability requirements

Relative staridard deviation: NMT 2% for chicoric acid
peak in repeated injections, Standardsolution A

Analysis
Samples: StandardsolutionA, StandardsolutionB, Standard

solution C, Standardsolution D, and Sample solution
Separately calculate the percentage of caftaric acid

(C13H'209), chicoric acid (C22H,sO'2), and chlorogenic
acid (C'6H'S09) in the portion of Powdered Echinacea
purpurea taken:

Result =(ru/rs) x Cs x (V/W) x 100
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=peak areafor the relevant analyte from the Sample
solution

=peak area of the relevant analyte from the
corresponding Standardsolution

=concentration of the relevant analyte in the
corresponding Standardsolution (mg/mL)

=volume of the Sample solution (mL)
=weight of Powdered Echinacea purpurea used to

prepare the Sample solution (mg)

Calculate the percentage of total phenols in the portion
of Powdered Echinacea purpurea taken by adding the
individual percentages calculated.

Acceptance criteria: NLT 0.5% of total phenols on the
dried basis

• CONTENT OF ALKAMIDIES
Mobile phase: Acetonitrile and water (55:45)
Standard solution A: 5 mg/mL of USP Powdered Echinacea

purpurea Extract RS in methanol. Dissolve using sonication
and shaking for 10 min. After dilution, pass through a
membrane filter having a 0.45-lJm or finer pore size.

Standard solution B: 10 IJg/mL of USP2E,4E-Hexadienoic
Acid Isobutylamide RS in methanol

Sample solution: Transfer about 2.5 g of Powdered
Echinacea purpurea (capable of passing through a,,40-mesh
sieve) into a round-bottom flask. Add 80 mL of methanol,
and reflux for 30 min. Cool to room temperature, and filter
into a 1OO-mLvolumetric flask using small portions of
methanol to rinse the flask and the filter. Dilute with
methanol to volume. Pass through a membrane filter
having a 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 300

Flow rate: 1.5 mL/min
Injection volume: 25 IJL

System suitability
Samples: Standardsolution A and Standardsolution B
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the Reference '
Chromatogram for alkamides provided with USP
Powdered Echinacea purpureaExtract RS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, Standardsolution A

Tailing factor: NMT 2.0 for 2E,4E-hexadienoic acid
isobutylamide peak, Standardsolution B

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in repeated
injections, StandardsolutionB

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
Identify the peaks of the 10 major alkamides in the

chromatogram from the Sample solution by comparison
with the chromatogram from StandardsolutionA.

Calculate the percentage of alkamides in the portion of
Powdered Echinacea purpurea taken:

Result =(ru/rs) x Cs x (V/W) x F x 100

= sum of the peak areasof the relevant analytes
from the Sample solution

=peak area of 2E,4E-hexadienoic acid
isobutylamide from Standardsolution B
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of caftaricacid (C13H1209), chicoricacid (C22H1S012), and
chlorogenic acid (C16H1809), on the dried basis. It contains
NLT 0.025% of dodecatetraenoic acid isobutylamides
(C16H2SNO), calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

in methanol
Standard solution B: 0.2 mg/mL of USP Caftaric Acid RS,

0.1 mg/mL of USP Chlorogenic Acid RS, and 0.2 mg/mL
of USP Chicoric Acid RS in methanol

Standard solution C: 20 mg/ml of USP Powdered
Echinacea purpurea ExtractRS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Usethe
supernatant.

Sample solution: 20 mg/mL of Powdered Echinacea
purpureaExtract in methanol. Shaketo disperse, sonicate
for 5 min, and centrifuge. Use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 prn (HPTLC plates) ..
Application volume: 5 J.1L StandardsolutionCand Sample

solution, and 2 J.1L Standardsolution A and Standard
solutionB as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: Amixture of ethyl acetate,
methylethyl ketone, water, and formic acid (5:3:1 :1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA,.Standardsolution B,
Standardsolution C, and Sample solution

Apply the Samples as bands to a suitable thin-layer
chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, heat at 100° for 5 min,
derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at
366 nm.

System suitability: StandardsolutionA shows one major
blue band in the lowerthird section of the chromatogram
due to echinacoside. Standardsolution Bshows two blue
bands at about the middle of the chromatogram due to
caftaricacid (higher R F) and chlorogenic acid (lower R F)
that are clearly separated, and a blue band for chicoric
acid in the upper third section of the chromatogram.

Acceptance criteria: The most prominent band in the
Sa.mple s~/ution chromatogram isa blue band in the upper
third section of the chromatogram at an R.correspondlnq
to the chicoric acid band in the chromatograms of
Standardsolution B and Standardsolution C (less
prominent in Echinacea pallida and absent or almost
absent in Echinacea angustifolia). The second most
prominent band in the Sample solutionchromatogram isa
blue band at about the middle of the chromatogram due
to caftaricacid, corresponding to a band in the
chromatograms of StandardsolutionB and Standard
solution C (absent in Echinacea angustifoliaand a minor
band in Echinacea pallida). The Sample solution
chromatogram does not exhibit a band at the R F of
echinacoside in StandardsolutionA (differencefrom
Echinacea pallida and Echinacea angustifolia). The Sample
solution chromatogram may exhibit minor blue bands

=concentration of USP 2E,4E-Hexadienoic Acid
Isobutylamide RS in Standardsolution B
(mg/mL)

= volume of the Sample solution (mL)
=weight of Powdered Echinacea purpurea used to

prepare the Sample solution (mg)
= response factor for 2E,4E-hexadienoic acid

isobutylamide, 1.353

Acceptance criteria: NLT 0.025% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g ;'

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS: Under a microscope, the

following characteristicsare observed: vessels (80 x 30 urn)
with slanted end walls and spiralor pitted secondary walls;
rectangular corkcells (150 x 60 urn) with brown inclusions;
rectangular parenchymatous cells(120 x 30 urn), some
pitted; elongated fiber cellshaving a narrow lumen with
funnel-shaped end (20-40"urn wide); polygonalsclereids; a
melanogenic layerof variable thickness, interspersed
between the cellwalls of the parenchyma; and lignified
sclereids, vessels, and fibers. Starch is present; calcium
oxalate and inulin crystals are absent.

• Loss ON DRYING (731)
Analysis: Drya sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
7.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistantcontainers.
• LABELING: The labelstates the latin binomialand, following

the official name, the part of the plant from which the
articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Caftaric Acid RS
USP Chicoric Acid RS
USP Chiorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP ~-Sitosterol RS

Powdered Echinacea purpurea Extract

DEFINITION
Powdered Echinacea purpurea Extractis prepared from dried

Echinacea purpureaRoot, Echinacea purpureaAerial Parts, or a
mixtureof them, by extraction with hydroalcoholic mixtures
or other suitable solvents.The ratio of the starting crude
plant material to Powdered Extractis between 2:1 and 8:1.
It contains NLT 4.0% of total phenols, calculated as the sum
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corresponding to similar bands in the chromatogram of
Stqndardsolution C. One of these isdue to chlorogenic
acid at an RF corresponding to chlorogenicacid in
Standard solution B.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of alkylamides

Standard solution A: 0.2 mg/mL of USP P-Sitosterol RS in
methanol

Standard solution B: 100 mg/mL of USP Powdered
Echinacea purpurea Extract RS in dichloromethane. Shake
to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: 100 mg/mL of Powdered Echinacea
purpurea Extract in dichloromethane. Shake to disperse
sonicatefor 5 min, and centrifuge. Use the supernatant.

Chromatographic system ,
(SeeChromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 urn (HPTLC plates)
Application volume: 5 ~L StandardsolutionBand Sample

solution, and 2 JJL StandardsolutionA, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitabledevice.
Developing solvent system: Amixtureof toluene, ethyl

acetate, cyclohexane, and formic acid (8:2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or in a freezer. Tothe ice-cold methanol,
slowly and carefully add 10 mL of acetic acid and 5 mL
of sulfuric acid, and mixwell. Allow the mixtureto cool
to room temperature, then add 0.5 mL of
p-anisaldehyde.

Analysis
Samples: StandardsolutionA, StandardsolutionB,and

Sample solution .
Apply the Samples as bands to a suitablethin-layer

chromatographic plate, and dry in air. Develop the
chromatograms in a saturated chamber. Remove the
plate from the chamber, dry in air, derlvatize with
Derivatization reagent, heat at 100°for 3-5 min,set aside
to cool, and examine under visible light.

System suitability: The chromatogram of Standard
solutionB exhibitsthe most prominent band as a pinkish
violetband at about the middle of the chromatogram,
and just belowthis pinkish band, a violetband at a lower
RF similar in positionand color to the p-sitosterol band in
the chromatograms of StandardsolutionA. These two
bands are clearly separated from each other. The
chromatogram of Standardsolution Balsoshows a broad
pinkvioletband closeto the solventfront.The p-sitosterol
band of the Standardsolution B chromatogram and the
pinkish violetband underneath are clearly separated from
one another.

Acceptance criteria: The most prominent band of the
Sample solution chromatogram isa pinkish violet band at
about the middleof the chromatogram similar in position
and color to a band in the Standardsolution B
chromatogram (much less prominent in Echinacea
angustifoliaand Echinacea pallida), a violetband
corresponding to p-sitosterol band in the
chromatograms of StandardsolutionA and Standard
solution B, and a broad pink violet band closeto the
solventfront similar in position and color to the band in
the chromatogram of Standardsolution B. The Sample
solutionchromatogram does not exhibit a yellow band
belowthe p-sitosterol band (difference from Echinacea
angustifolia)or a prominent violet band at about
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two-thirds of the chromatogram (difference from
Echinacea pallida).

• C. Th.e retention time of the major peak in the Sample
solution corresponds to that of the chicoric acid peak in
StandardsolutionA, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard
solutionB.The Sample solution chromatogram shows no
or a very minor peak at the retention time corresponding
to the echinacoside peak in the Standardsolution 0
chromatogram, all peaksas obtained in the test for Content
of Total Phenols.

COMPOSITION
• CONTENT OF TOTAL PHENOLS

Solvent: Alcohol and water (7:3)
Standard solution A: 30 ~g/mL of USP Chicoric Acid RS in

Solvent
Standard solution B: 20 ~g/mL of USP Caftaric Acid RS in

Solvent
Standard solution C: 20 ~g/mL of USP Chlorogenic Acid RS

in Solvent
Standard solution D: 20 ~g/mL of USP Echinacoside RS in

Solvent .
Sample solution: Transfer 60 mg of Powdered Echinacea

purpurea Extract to a round-bottom flask equipped with a
condenser. Add 25 mL of Solvent, and heat under reflux
whileshakingby mechanical meansfor 15 min. Centrifuge,
or pas~ through a membrane filter of 0.45-JJm or finer
pore size.

Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 90 10

13 78 22

14 60 40

17 60 40

17.5 90 10

22 90 10

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-JJm packing L1
Column temperature: 35°
Flowrate: 1.5 mL/min
Injection volume: 5 ~L

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Relative standard deviation: NMT 2% for chicoric acid
peak in repeated injections, StandardsolutionA

Analysis
Samples: StandardsolutionA, StandardsolutionB, Standard

solution C, Standardsolution 0, and Sample solution
Separately calculatethe percentage of caftaricacid

(C13H1209), chicoric acid (C22H1S012), and chlorogenic
acid (C16H1S09) in the portion of Powdered Echinacea
purpurea Extract taken:

Result =(r vir 5) x (CsiCv) x 100
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r u =peak response for the relevant analyte from the
Sample solution

r s = peak response of the relevant analyte from the
corresponding Standardsolution

C s = concentration of the relevant analyte in the
corresponding Standardsolution (mg/mL)

Cu = concentration of Powdered Echinacea purpurea
Extract in the Sample solution (mg/mL)

Calculate the percentage of total phenols in the portion
of Powdered Echinacea purpurea Extract taken by adding
the individual percentages calculated.

Acceptance criteria: NLT 4.0% on the dried basis
• CONTENT OF DODECATETRAENOIC ACID ISOBUTYLAMIDES

Standard solution A: 5 mg/mL of USP Powdered Echinacea
purpurea Extract RS in methanol. Dissolve using sonication
and shaking for 10 min. After dilution, pass through a
membrane filter having a 0.45-~m or finer pore size.

Standard solution B: 10 ~g/mL of USP2E,4E-Hexadienoic
Acid Isobutylamide RS in methanol

Sample solutlon: Transfer about 500 mg of Powdered
Echinacea purpureaExtract, accurately weighed, into a
1OO-mL volumetric flask. Add 80 mL of methanol, and
sonicate for 30 min. Cool to room temperature, and dilute
with methanol to volume. Pass through a membrane filter
of 0.45-~m or finer pore size.

Mobile phase: Acetonitrile and water (55:45)
Chromatographic system

(See Chromatography(621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 25 ~L

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements
Chromatogram similarity: The chromatogram from

StandardsolutionA is similar to the Reference
Chromatogram for alkamides provided with USP
Powdered Echinacea purpurea Extract RS.

Resolution: NLT 1.0 between dodecatetraenoic acid
isobutylamide peaks, Standardsolution A

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid
isobutylamide peak, Standardsolution B

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in repeated
injections, Standardsolution B

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Identify the peaks due to 2E,4E,8Z, 1OE-dodecatetraenoic

acid isobutylamide and 2E,4E,8Z,l OZ-dodecatetraenoic
acid isobutylamide in the chromatogram from the
Sample solution by comparison with the chromatogram
from StandardsolutionA. Measure the areas for the
relevant peaks.

Calculate the percentage of dodecatetraenoic acid
isobutylamides in the portion of Powdered Echinacea
purpurea Extract taken:

Result = (r vIr 5) x (C siC v) x Fx 100

= sum of the peak responses of the relevant analytes
from the Sample solution

=peak response from Standardsolution B
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=concentration of USP 2E,4E-Hexadienoic Acid
Isobutylamide RS in Standardsolution B
(mg/mL)

=concentration of Powdered Echinacea purpurea
Extract in the Sample solution (mg/mL)

= response factor to convert 2E,4E-hexadienoic
acid isobutylamide into dodecatetraenoic acid
isobutylamides, 1.353

Acceptance criteria: NLT 0.025% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 ~glg
Cadmium: NMT 0.5 I-Iglg
Lead: NMT 5.0 ~glg

Mercury: NMT 1.0 I-Ig/g

: Meets the requirements
• MICRO.BIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g. The total combined
molds and yeasts count does not exceed 103 du/g.

. • ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

• BOTANICAL EXTRACTS, Residual Solvents (565): Meets the
requirements

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1 g
Analysis: Dry the Sampleat 105° for 2 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, in a cool place.
• LABELING: The label states the Latin binomial and, following

the official name, the parts of the plant from which the
article was prepared. Ifderived from root and aerial·parts,
indicate the corresponding percentages. Label it to indicate
the content of total phenols and dodecatetraenoic
isobutylamides. The label bears a statement indicating that
Echinacea purpurea may cause rare allergic reactions,
rashes, or aggravate asthma. It meets the requirements for
Botanical Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Caftaric Acid RS
USP Chicoric Acid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP ~-Sitosterol RS

Echlnacea Species Dry Extract Capsules
DEFINITION
Echinacea Species Dry Extract Capsules contain one or more

Echinacea Species (Fam. Asteraceae) Dry Extracts prepared
from dried rhizome and roots of Echinacea angustifolia DC.,
dried rhizome and roots of Echinacea pa/lida (Nutt.) Nutt.,
dried rhizome and roots of Echinacea purpurea (L.) Moench,
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and dried aerial parts of Echinacea purpurea (L.) Moench.
Theycontain NLT 90% and NMT 110% of the labeled
amount of total phenols, calculated as the sum of caftaric
acid (CnH1209) , 1 chicoricacid (C22H1S012),z echinacoside
(C3sH46020), and cynarin (1 ,3-di-O-caffeoylquinic acid)
(C2sH24012).3

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

ForCapsules containing Echinacea angustifolia DryExtract
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

and 0.2 mg/mL of cynarin in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric

Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and
0.05 mg/mL of USP Chicoric Acid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea angustifolia Extract RS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: Transfera portion of the Capsule
contents, equivalent to 100 mg of Echinacea angustifolia
Dry Extract, to a centrifuge tube, add 5 mL of methanol,
shaketo disperse, sonicate for 5 min, and centrifuge. Use
the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 IJm (HPTLC plates)
Application volume: 5 IJL each of Standardsolution C

and Sample solution, and 2 IJL each of Standardsolution
Aand Standardsolution Bas 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methyl ethyl

ketone, water, and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: Standardsolution A, Standardsolution B,
Standardsolution C, and Sample solution

Apply the Samples as bands and dry in air: Develop in a
saturated chamber. Remove the platefromthe chamber,
heat at 100° for 5 min, treat while still warm with
Derivatization reagent, dry in air, and examine under UV
light at 366 nm.

System suitability: StandardsolutionAshows two major
blue bands, one in the lower third section due to
echinacoside, and the other band in the middlesection
due to dicaffeoylquinic acid (cynarin). StandardsolutionB
shows two major blue bands at about the middle section
due to caftaricacid (higher R F) and chlorogenicacid
(lower R F) that are clearly separated, and a blue chicoric
acid band in the upper third of the chromatogram.

Acceptance criteria: The Sample solution exhibits the
following: the most prominent blue band in the lower
third section at R F corresponding to that of echinacoside
in StandardsolutionA and Standardsolution C; a
prominent greenish-blue band in the middlesection at RF

corresponding to cynarin in StandardsolutionAand
Standard solution C; minor bands between the positions
of echinacosideand cynarin. One of these isdue to

1 (2R,3R)-2-{~(~-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-3
hydroxys,uCClnlc acid.
2 (2R,3R)-2,3-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}succinic acid.
Other common names for chico ric acid are cichoric acid and
dicaffeoyltartaric acid.
3 (1R,3R,45,5R)-l,3-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-4 5-
dihydroxycyclohexane-l-carboxylic acid. '

Dietary Supplements / Echinacea 4961

chlorogenicacid at R F corresponding to that of
chlorogenic acid in StandardsolutionB;veryfaint (or may
be absent) blue bands at RFcorrespondingto the caftaric
acid and chicoric acid bands in Standardsolution B.

For Capsules containing Echinacea pallida Dry Extract:
Proceedas directed in ForCapsules containing Echinacea
angustifolia Dry Extract. ForStandardsolutionC and the
Samplesolution, substitute USP Powdered Echinacea
angustifoliaExtract RS with USP PowderedEchinacea pallida
Extract RS and Echinacea angustifolia Dry Extract with
Echinacea pallida Dry Extract, respectively.
Acceptance criteria: The Sample solutionexhibits the most

prominent blue band in the lowerthird section at R F

correspondingto that ofechinacoside in Standard solution
A and Standard solution C; may exhibit bands of lesser
intensity at the RF corresponding tocaftaric acid and
chicoric acid in StandardsolutionB and Standard solution
C; exhibits minor bands between the positions of
echinacoside and caftaricacid. One of these isdue to
chlorogenicacid at an R F corresponding to that of
chlorogenicacid in StandardsolutionB.The Sample
solutiondoes not exhibita blue band inthe middlesection
at RF corresponding to cynarin in StandardsolutionA.

For Capsules containing Echinacea purpurea Root Dry
Extract and Echinacea purpurea AerialParts DryExtract:
Proceedas directed in ForCapsules containing Echinacea

. angustifolia Dry Extract. ForStandardsolutionCsubstitute
USP Powdered Echinacea angustifolia Extract RS with USP
Powdered Echinacea purpurea Extract RS. For the Sample
solution, substitute Echinacea angustifolia Dry Extract with
Echinacea purpurea RootDryExtract and Echinacea
purpureaAerial Parts DryExtract. .
Acceptance criteria: The Sample solutionexhibits the most

prominent blue band in the upper third section at R F

corresponding to chicoricacid in Standardsolution Band
Standardsolution C; exhibitsthe second most prominent
blue band at about the middle section at R F

corresponding to that of caftaricacid in Standard solution
B and Standardsolution C; may exhibit minor blue bands
corresponding to similar bands in Standardsolution C.
One of these isdue to chlorogenicacid at an R F

corresponding to chlorogenic acid in Standardsolution
B.The Sample solution chromatogram does not exhibit a
band at the same RF as echinacosidein Standard solution
A.

• B. HPLC FOR TOTAL PHENOLS
Analysis: Proceed as directed in the test for Contentof Total

Phenols.
Acceptance criteria: The chromatogram of the Sample

solution prepared from Capsules labeledto containextracts
of E. purpurea roots or aerial parts exhibits peaks at the
retention times of those due to caftaric acid, chlorogenic
acid, and chicoric acid in the chromatogram of the
Standardsolution. The chromatogram of the Sample
solution prepared from Capsules labeled to contain extract
of E. angustifoliaexhibits peaksat the retention times of
those due to chlorogenicacid, cynarin, and echinacoside in
the chromatogram of the Standardsolution.The
chromatogram of the Sample solution prepared from
Capsules labeledto contain extract of E. pallida exhibits
peaks at the retention times of those due to caftaric acid,
chlorogenicacid, echinacoside, and chicoric acid in the
chromatogram of the Standardsolution.

• C. HPlC FOR PRESENCE OF ALKYLAMIDES
Analysis: Proceedas directed in the test for Content of

Dodecatetraenoic Acid Isobutylamides.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks at the retention times of those due
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Calculate the percentage of caftaric acid, cynarin,
echinacoside, and chicoricacid in the portion of Capsules
taken:

Result = (IP ;/L) x 100

= total combined content of caftaricacid,
echinacoside, chicoric acid, andcynarln as
determined above (%)

=labeled amount of total phenols (%)

Result = (r vir s) x C s x (VIW) xl 00

= peak area of a relevant analyte from the Sample
solution

=peak area of caftaric acid, echinacoside, or
chicoricacid from the Standardsolution

=concentration of a relevant analyte in the
Standardsolution (mg/mL)

= volumeof the solvent taken to prepare the Sample
solution (mL)

= weight of the sample taken to prepare the Sample
solution (mg)

Calculate the percentage of the labeled amount of total
phenols, calculated as the sum of determined caftaric
acid, echinacoside, chicoricacid, and cynarin in the
portion of Capsules taken:

w
v

rs

L

Acceptance criteria: 90%-11 0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

SPECIFIC TESTS
• CONTENTOF DODECATETRAENOIC ACID ISOBUTYLAMIDES

[NOTE-This test is not applicable to Capsules .
containing Echinacea pallida extract prepared from
dried rhizome and roots.]

Mobile phase: Acetonitrile and water (55:45) ..
Standard solution A: 10 Jjg/mL of USP 2E,4E-Hexadlenolc

Acid Isobutylamide RS in methanol
Standard solution B: 1 mg/mL of USP Powdered Echinacea

angustifolia ExtractRS in methanol. Sonicate to dissolve,
and pass through a filterof 0.45-Jjm or finer pore size.
[NOTE-Prepare when Capsulescontain Echinacea
angustifolia DryExtract.]

Standard solution C: 5 mg/mL of USP Powdered Echinacea
purpureaExtract RS in methanol. Sonicate to dissolve and
pass through a filter of 0.45-Jjm or finer pore size.
[NOTE-Prepare when Capsulesdo not contain Echinacea
angustifolia Dry Extract.]

Sample solution: Transfera portion of the Capsule
contents, equivalent to 500 mg of Echinacea Species Dry
Extract, to a 1OO-mL volumetricflask. Add 80 mLof
methanol and sonicate for 30 min. Dilutewith methanol
to volum~, and pass through a membrane filterof 0.45-Jjm
or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-Jjm packing L1
Column temperature: 30°
Flowrate: 1.5 mL/min
Injection volume: 25 JjL

System suitability
Samples: StandardsolutionA, Standardsolution8, or

Standard solution C

Solvent: Alcohol and water (7:3)
Standard solution: 20 Jjg/mL of USP Caftaric Acid RS, 20

Jjg/mL of USP Chlorogenic Acid RS, 20 Jjg/mL of cynarin
(l,3-di-O-caffeoylquinic acid), 60 Jjg/mLof U~p. .
Echinacoside RS, and 40 pg/mL of USP Chlcorlc ACId RS In
Solvent

Sample solution: Determine the total weight of 20
Capsules. Empty the Capsules, combine, and mix their
contents to obtain a homogenous composite. Weigh the
empty Capsule shellsand calculate the average fill weight
per Capsule. T~ansfer a portion of the Capsule co~tents,

nominallyequivalent to 60 mg of the labeled Echmacea
Species Dry Extract, to a 1OO-mL round-bottom flask
equipped with a condenser. Add 25.0 mLof Solvent, and
heat under reflux for 15 min. Cool to room temperature
and pass through a filterof 0.45-Jjm or finer pore size.

Chromatographic system. . .
(See Chromatography (621), System SUitability.)"
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-Jjm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 5 JjL

System suitability
Sample: Standardsolution
Suitability requirements .

Resolution: NLT 3.0 between the cynarrn and
echinacoside peaks, and NLT 1.0 between the caftaric
acid and chlorogenic acid peaks. [NOTE-Echinacoside
peaks may be resolved in. tWo. components: Th~ relative
retention times for caftarlcacid, chloroqenlc acid,
cynarin, echinacoside, and chicoricacid are 0.7,0.75,
0.9, 1.0, and 1.4, respectively.]

Relative standard deviation: NMT 2.5% for the sum of
echtnacoslde peaks

Analysis
Samples: Standardsolutionand Sample solution
Using the chromatogram of the Standardsolution, identify

and measure the areas of the peaks corresponding to
caftaricacid (C13H1Z09) , cynarin(CZSHZ4012), echinacoside
(C3sH460Z0), and chicoricacid (CZZH1S012) in the Sample
solution chromatogram.

to dodecatetraenoic acid isobutylamides in the .
chromatogram of Standardsolution8 or Standardsolution
C, and the reference chromatogram provided with the lot
of USP Powdered Echinacea angustifolia ExtractRS or USP
Powdered Echinacea purpurea ExtractRS being used.

STRENGTH
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoricacid in water (0.1 in 100)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

3 .90 10

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10
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Suitability requirements
Resolution: NLT 1.0 between the dodecatetraenoic acid

isobutylamide peaks, Standardsolution B or Standard
solutionC

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoicacid
isobutylamide peak, StandardsolutionA

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in replicate
injections, StandardsolutionA

Chromatogram similarity: The chromatogram of
StandardsolutionBor StandardsolutionCissimilar to the
reference chromatogram for alkamides provided with
the USP Powdered Echinacea angustifolia Extract RS or
USP Powdered Echinacea purpurea ExtractRS
being used.

Analysis
Samples: StandardsolutionA, StandardsolutionB, or

Standard solution C, and Sample solution
Using the chromatogram of StandardsolutionBor Standard

solutionC, and the reference chromatogram provided
with the lot of USP Powdered Echinacea angustifolia
Extract RS or USP Powdered Echinacea purpureaExtract RS
being used, identifyand measure the areas of 2E,4E,8Z,
1OE- and 2E,4E,8Z,lOZ-dodecatetraenoicacid
isobutylamidepeaks in the Sample solution.

Calculatethe percentage of dodecatetraenoic acid
isobutylamides in the amount of Echinacea Species Dry
Extract taken:

Result = (r sum/r 5) X (C 5 x V/W) x (WaiL) X Fx 100

r sum =sum of the peak areas of the relevant analytes
from the Sample solution

r 5 =peak area of 2E,4E-hexadienoic acid
isobutylamidefrom StandardsolutionA

C s = concentration of USP 2E,4E-Hexadienoic Add
Isobutylamide RS in StandardsolutionA
(mg/mL)

V =volume of the solvent taken to prepare Sample
solution (mL)

W =weight of the sample taken to prepare Sample
solution (mg) .

W av =average Capsule fill weight (mg/Capsule)
L = labeled amount of Echinacea angustifolia'Dry

Extract, Echinacea purpurea RootDry Extract, or
Echinacea purpureaAerial Parts Dry Extract per
Capsule (mg)

F = response factor of dodecatetraenoic acid
isobutylamidesrelativeto 2E,4E-hexadienoic acid
isobutylamide, 1.353

Acceptance criteria
For Capsules containing Echinacea angustifolia Dry

Extract: NLT 0.1%
For Capsules not containing Echinacea angustifolia Dry

Extract: NLT 0.025%

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterialcount does not exceed 104cfu/g, and the total
combined molds and yeasts count does not exceed 103cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test for
Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.
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• LABELING: The labelstates the Latin binomialand the official
name. The label states the amount of total phenols (as sum
of presented caftaric acid, echinacoside, chicoricacid, and
cynarin) and the amount of Echinacea SpeciesDry Extract
in mg/Capsule.

• USP REFERENCE STANDARDS (1 1)
USP CaftaricAcid RS
USP ChicoricAcid RS
U5P Chlorogenic Acid RS
USP Powdered Echinacea angustifolia ExtractRS
USP Powdered Echinacea pallida Extract RS
USP Powdered Echinacea purpurea ExtractRS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS

Echlnacea Species Dry Extract Tablets

DEFINITION
Echinacea Species Dry ExtractTablets contain one or.more

Echinacea Species (Fam. Asteraceae) Dry Extracts prepared
from dried rhizome and roots of Echinacea angustifolia DC,
dried rhizome and roots of Echinacea pallida (Nutt.) Nutt.,
dried rhizome and roots of Echinacea purpurea (L.) tVloench,
.and dried aerial parts of Echinacea purpurea (L.) Moench.
They contain NLT 90% and NMT 110% of the labeled
amount of total phenols, calculated as the sum of caftaric
acid (C13H1209V chicoric acid (C22H18012)/ echinacoside
(C3sH46020), and cynarin (1 ,3-di-O-caffeoylquinic acid)
(C2SH24012)·3

IDENTIFICATION
• A. HPTLC FORARTICLES OF BOTANICAL ORIGIN (203)

For Tablets containing Echinacea angustifolia Dry Extract
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

and 0.2 mg/mL of cynarin in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric

Acid RS, 0.1 mg/mL of USP Chlorogenic Acid RS, and
0.05 mg/mL of USP Chicoric Acid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea angustifolia Extract RS in 'methanol, Shaketo
disperse, sonicate for 5 min, and centrifuge. Usethe'
supernatant.

Sample solution: Transfera portion of the powdered
Tablets, equivalent to 100 mg of Echinacea angustifolia
Dry Extract, to a centrifuge tube, add 5 mLof methanol,
shake to disperse, sonicate for 5 min, and centrifuge. Use
the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTLC plates)
Application volume: 5 IJL each of Staridardsolution C

and Sample solution, and 2 IJL each of Standardsolution
A and Standardsolution B as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33%.

Temperature: Ambient, not to exceed 300

Developing solvent system: Ethyl acetate, methyl ethyl
ketone, water, and formic acid (5:3:1:1)

Developing distance: 6 cm .

1 (2R,3R)-2-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-3
hydroxysuccinic acid.
2 (2R,3R)-2,3-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}succinic acid.
Other common names for chicoric acid are cichoric acid and
dicaffeoyltartaric acid.
3 (1R/3R,4S,5R)-1 ,3-Bis{[(E)-3-(3/4-dihydroxyphenyl)acryloyl]oxy}-4,5
dihydroxycyclohexane-1-carboxylic acid.
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Derivatization reagent: 5 mg/mL of 2-aminoethyl
diphenylborinate in ethyl acetate

Analysis
Samples: StandardsolutionA, Standard solution B,

Standardsolution C, and Sample solution
Applythe Samples as bands and dry in air. Develop in a

saturated chamber. Removethe platefrom the chamber,
heat at 100° for 5 min, treat while still warm with
Derivatization reagent, dry in air, and examine under UV
light at 366 nm.

System suitability: StandardsolutionA shows two major
blue bands, one in the lower third section due to
echinacoside, and the other band in the middle section
due to dicaffeoylquinic acid (cynarin). StandardsolutionB
shows two major blue bands at about the middle section
due to caftaric acid (higher RF) and chlorogenic acid
(lower RF) that are clearlyseparated, and a blue chicoric
acid band in the upper third of the chromatogram.

Acceptance criteria: The Sample solutionexhibits the
following: the most prominent blue band in the lower
third section at RF corresponding to that of echinacoside
in StandardsolutionA and Standardsolution C; a
prominent greenish-blue band in the middle section at RF

corresponding to cynarin in Standardsolution A and
Standardsolution C; minor bands between the positions
of echinacoside and cynarin. One of these is due to
chlorogenic acid at RF corresponding to that of
chlorogenic acid in StandardsolutionB; veryfaint (or may
be absent) blue bands at RF corresponding to the caftaric
acid and chicoric acid bands in Standard solution B.

For Tablets containing Echinacea pallida Dry Extract:
Proceed as directed in For Tablets containingEchinacea
angustifolia Dry Extract. ForStandardsolution C and the
Sample solution, substitute USP Powdered Echinacea
angustifoliaExtractRS with USP Powdered Echinacea pallida
Extract RS and Echinacea angustifolia DryExtractwith
Echinacea pallida Dry Extract, respectively..
Acceptance criteria: The Sample solutionexhibitsthe most

prominent blue band in the lower third section at RF

corresponding to that of echinacoside in Standardsolution
A and Standardsolution C; may exhibit bands of lesser
intensity at the RF corresponding to caftaricacid and
chicoric acid in StandardsolutionB and Standard solution
C;exhibits minor bands between the positions of
echinacoside and caftaric acid. One of these is due to
chlorogenic acid at an RF corresponding to that of
chlorogenic acid in StandardsolutionB. The Sample
solutiondoes not exhibit a blue band in the middle section
at RF corresponding to cynarin in Standard solutionA.

For Tablets containing Echinacea purpurea Root Dry
Extract and Echinacea purpurea Aerial Parts Dry Extract:
Proceed as directed in For Tablets containingEchinacea
angustifoliaDry Extract. ForStandardsolution Csubstitute
USP Powdered Echinacea angustifoliaExtract RS with USP
Powdered Echinacea purpurea ExtractRS. Forthe Sample
solution, substitute Echinacea angustifoliaDryExtractwith
Echinacea purpurea Root Dry Extractand Echinacea
purpureaAerial Parts Dry Extract.
Acceptance criteria: The Sample solutionexhibitsthe most

prominent blue band in the upper third section at RF
corresponding to chicoric acid in Standard solutionBand
Standardsolution C; exhibits the second most prominent
blue band at about the middle section at RFcorresponding
to that of caftaric acid in Standardsolution Band Standard
solution C; may exhibit minor blue bands corresponding
to similarbands in StandardsolutionC.One of these isdue
to chlorogenic acid at an RF corresponding to chlorogenic
acid in Standardsolution B. The Sample solutiondoes not
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exhibit a band at the same RF of echinacoside in Standard
solutionA.

• B. HPLC FOR TOTAL PHENOLS
Analysis: Proceed as directed in the test for Contentof Total

Phenols.
Acceptance criteria: The chromatogram of the Sample

solution prepared from Tablets labeled to contain extracts
of E. purpurea roots or aerial parts exhibits peaks at the
retention times of those due to caftaric acid, chlorogenic
acid, and chicoric acid in the chromatogram of the
Standardsolution. The chromatogram of the Sample
solution prepared from Tablets labeled to contain extract of
E. angustifoliaexhibits peaksat the retention times of those
due to chlorogenic acid, cynarin, and echinacoside in the
chromatogram of the Standard solution. The
chromatogram of the Sample solution prepared from
Tablets labeled to contain extract of E. pallida exhibits peaks
at the retention times of those due to caftaric acid,
chlorogenic acid, echinacoside, and chicoric acid in the
chromatogram of the Standard solution.

• C. HPLC FOR PRESENCE OF ALKYLAMIDES
Analysis: Proceed as directed inthe test for Contentof

Dodecatetraenoic AcidIsobutylamides.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks at the retention times ofthose due
to dodecatetraenoic acid isobutylamides in Standard
solution B or Standardsolution C, and the reference
chromatogram provided with the lot of USP Powdered
Echinacea angustifolia Extract RS or USP Powdered
Echinacea purpurea Extract RS being used.

STRENGTH
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid in water (0.1 in 100)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

3 90 10

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10

Solvent: Alcohol and water (7:3)
Standard solution: 20 ~g/mL of USP CaftaricAcid RS, 20
~g/mL of USP Chlorogenic Acid RS, 20 ~g/mL of cynarin
(1,3-di-O-caffeoylquinic acid), 60 ~g/mL of USP
Echinacoside RS, and 40 ~g/mL of USP ChicoricAcid RS in
Solvent

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfera
portion of finelypowdered Tablets, nominallyequivalent to
60 mg of the labeled Echinacea Species Dry Extract, to a
1OO-mL round-bottom flask equipped with a condenser.
Add 25.0 mLof Solvent, and heat under reflux for 15 min.
Cool to room temperature, and pass through a filter of
0.45-~m or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
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[NOTE-Prepare when Tablets contain Echinacea angustifolia
DryExtract.]

Standard solution C: 5 mg/mL of USP Powdered Echinacea
purpurea ExtractRS in methanol. Sonicateto dissolve, and
pass through a filter of 0.45-lJm or finer pore size.
[Nets-Prepare when Tablets do not contain Echinacea
angustifolia DryExtract.]

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion of finely powdered Tablets, equivalent to 500 mg
of Echinacea Species Dry Extract, to a 1OO-mL volumetric
flask. Add 80 mLof methanol, and sonicate for 30 min.
Dilute with methanol to volume, and pass through a
membrane filter of 0.45-lJm or finer pore size.

Chromatographic system '
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; s-um packing L1
Column temperature: 30°
Flow rate: 1.5 ml/min
Injection volume: 25 IJl

System suitability
Samples: StandardsolutionA, Standardsolution 8 or

Standardsolution C
Suitability requirements

Resolution: NlT 1.0 between the dodecatetraenoic acid
isobutylamide peaks, Standardsolution 8 or Standard
solution C

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid
isobutylamide peak, Standardsolution A

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoicacid isobutylamidepeak in replicate
injections, StandardsolutionA

Chromatogram similarity: The chromatogram of
Standardsolution8 or StandardsolutionC issimilar to the
reference chromatogram for alkamides provided with
the USP Powdered Echinacea angustifoliaExtract RS or
USP Powdered Echinacea purpureaExtractRS
being used.

Analysis
Samples: StandardsolutionA, Standard solution8, or

Standardsolution C, and Sample solution
Using the chromatogram of Standardsolution8 or Standard

solution C, and the reference chromatogram provided
with the lot of USP Powdered Echinacea angustifolia
ExtractRS or USP Powdered Echinacea purpureaExtract RS
being used, identifyand measure the areas of 2E,4E,8Z,
1OE- and 2E,4E,8Z,1OZ-dodecatetraenoic acid
isobutylamide peaks in the Sample solution
chromatogram.

Calculate the percentage of dodecatetraenoic acid
isobutylamides in the amount of Echinacea SpeciesDry
Extracttaken:

Result = (rsum/rs) x (Cs x V/W) x (WavlL) x Fx 100

rsum =sum of the peak areas of the relevant analytes
from the Sample solution

rs = peak area of 2E,4E-hexadienoic acid
isobutylamide from StandardsolutionA

Cs =concentration of USP 2E,4E-Hexadienoic Acid
Isobutylamide RS in StandardsolutionA
(mg/mL)

V =volume of the solvent taken to prepare Sample
solution(ml)

W =weight of the sample taken to prepare Sample
solution (mg)

Way = average Tablet weight (mg/Tablet)

Result =(ru/rs) x Cs x (V/W) x 100

=peak area of a relevant analyte from the Sample
solution .

= peak area of caftaric acid, echinacoside, or
chicoricacid from the Standardsolution

=concentration of a relevant analyte in the
Standardsolution (mg/mL)

=volume of the solventtaken to prepare the Sample
solution (mL)

=weight of the sample taken to prepare the Sample
solution (mg)

Calculate the percentage of the labeled amount of total
phenols, calculated as the sum of determined caftaric
acid, echinacoside, chicoricacid, and cynarin in the
portion of Tablets taken:

Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Resolution: NLT 3.0 between the cynarin and
echinacoside peaks, and NLT 1.0 between the caftaric
acid and chlorogenic acid peaks. [NOTE-Echinacoside
peaks may be resolved in two components. The relative
retention times for caftaricacid, chlorogenic acid,
cynarin, echinacoside, and chicoric acid are 0.7, 0.75,
0.9, 1.0, and 1.4, respectively.]

Relative standard deviation: NMT 2.5% for the sum of
echinacoside peaks

Analysis
Samples: Standardsolutionand Sample solution
Using the chromatogram of the Standardsolution, identify

and measure areas of the peaks corresponding to caftaric
acid (C13H1209) , cynarin (C2sH24012), echinacoside
(C3sH46020), and chicoric acid (C22H1S012) in the Sample
solution.

Calculate the percentage of caftaric acid, cynarin,
echinacoside, and chicoricacid in the portion of Tablets
taken:

Result = (EP;/L) x 100

EPi = total combined content of caftaric acid,
echinacoside, chicoricacid, and cynarin as
determined above (%)

L =labeled amount of total phenols (%)

Acceptance criteria: 90%-11 0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

SPECIFIC TESTS
• CONTENTOF DODECATETRAENOIC ACID ISOBUTYLAMIDES

[NOTE-This test is not applicable to Tablets containing
Echinacea pallida extract prepared from dried
rhizome and roots.]

Mobile phase: Acetonitrile and water (55:45)
Standard solution A: 10 IJg/ml of USP 2E,4E-Hexadienoic

Acldlsobutylamlde RS in methanol
Standard solution B: 1 mg/mL of USP Powdered Echinacea

angustifolia ExtractRS in methanol. Sonicate to dissolve,
and pass through a filter of 0.45-lJm or finer pore size.
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L =labeled amount of Echinacea angustifoliaDry
Extract, Echinacea purpurea Root DryExtract, or
Echinacea purpureaAerial Parts DryExtract per
Tablet (mg)

F =response factor of dodecatetraenoic acid
isobutylamidesrelativeto 2E,4E-hexadienoic acid
isobutylamide, 1.353

Acceptance criteria
For Tablets containing Echinacea angustifolia Dry

Extract: NLT 0.1%
For Tablets not containing Echinacea angustifolia Dry

Extract: NLT 0.025%

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104cfu/g, and the total
combined molds and yeasts count does not exceed 103du/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test forAbsence of Salmonella Species and Test for
Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The labelstates the Latin binomialand the official
name. The label states the amount of total phenols (as sum
of presented caftaricacid, echinacoside, chicoricacid, and
cynarin) and the amount of Echinacea Species DryExtract
in mg/Tablet. -

• USP REFERENCE STANDARDS (11)
USP CaftaricAcid RS
USP Chicoric Acid RS
USP Chlorogenic Acid RS
USP Powdered Echinacea angustifolia Extract RS
USP Powdered Echinacea pallida Extract RS·
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid IsobutylamideRS

Echinacea Species Powder Capsules

DEFINITION
Echinacea SpeciesPowderCapsulescontain one or more of the

following Echinacea Species(Fam. Asteraceae) powders
prepared from dried rhizome and roots of Echinacea
angustifoliaDC, dried rhizome and roots of Echinacea pallida
(Nutt.) Nutt., dried rhizome and roots of Echinacea purpurea
(L.) Moench, and dried aerial parts of Echinacea purpurea(L.)
Moench.They contain NLT 0.5% of total phenols, calculated
as sum of caftaric acid (C13H1209) , chicoric acid
(C22H1S012),l echinacoside (C3sH46020), cynarin
(l,3-di-O-caffeoylquinicacid) (C2sH24012), and chlorogenic
acid (C16H1S09), from the labeled amount of Echinacea
Species Powder.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

For Capsules containing Echinacea angustifolia powder
prepared from dried rhizome and roots
Standard solution A: 0.2 mg/mL of USP Echinacoside RS

and 0.2 mg/mL of cynarin in methanol

1 Other common names for chicoric acid are cichoricacid and
dicaffeoyltartaricacid.

USP 43

Standard solution B: 0.05 mg/mL of USP Caftaric
Acid RS, 0.1 mg/mL of USP ChlorogenicAcid RS, and
0.05 mg/mL of USP Chicoric Acid RS in methanol

Standard solution C: 20 mg/mL of USP Powdered
Echinacea angustifolia Extract RS in methanol. Shaketo
disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.

Sample solution: Transfer a portion of the Capsule
contents, equivalent to 1000 mg of Echinacea angustifolia
Powder, to a centrifuge tube, add 10 mLof methanol,
shaketo disperse,sonicate for 20 min, and centrifuge. Use
the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plates)
Application volume: 5 ~L each of StandardsolutionC

and the Sample solution, and 2 ~L each of Standard
solutionA and Standardsolution8 as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methyl ethyl

ketone, water, and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2..arninoethyl

diphenylborinate in ethyl acetate -,
Analysis

Samples: StandardsolutionA, Standardsolution8,
Standardsolution C, and Sample solution

Applythe Samples as bands and dry in air. Develop in a
saturated chamber. Remove the platefrom the chamber,
heat at 100° for 5 min, treat while still warm with the
Derivatization reagent, dry in air, and examine under UV
light at 366 nm.

System suitability: StandardsolutionA shows two major
blue bands: one in the lower third section due to
echinacoside, and the other band in the middle section
due to dicaffeoylquinic acid (c.ynarin). Standardsolution8
shows two major blue bands at about the middle section
due to caftaricacid (higher RF) and chlorogenic acid
(lower RF) that are clearlyseparated, and a blue chicoric
acid band in the upper third of the chromatogram.

Acceptance criteria: The Sample solution exhibits the
following: the most prominent blue band in the lower
third section at RF corresponding to that of echinacoside
in StandardsolutionA and Standardsolution C; a
prominent greenish-blue band in the middle section at RF

corresponding to cynarin in StandardsolutionA and
Standardsolution C; minor bands between the positions
of echinacoside and cynarin. One of these isdue to
chlorogenic acid at RF corresponding to that of
chlorogenic acid in Standardsolution8, and very faint (or
may be absent) blue bands at RF corresponding to the
caftaricacid and chicoricacid bands in Standardsolution8.

For Capsules containing Echlnacea pallida powder
prepared from dried rhizome and roots: Proceed as
directed ForCapsules containingEchinacea angustifolia
powderpreparedfrom driedrhizome and roots. For- Standard
solutionC and the Sample solution, substitute USP
Powdered Echinacea angustifoliaExtract RS with USP
Powdered Echinacea pallida Extract RS and Echinacea
angustifolia powder with Echinacea pallida powder
prepared from dried rhizome and roots.
Acceptance criteria: The Sample solutionexhibitsthe most

prominent blue band in the lower third section ea R,
corresponding to that of echinacosidein Standardsolution
A and StandardsolutionCi may exhibit bands of lesser
intensityat the RF corresponding to caftaricacid and
chicoricacid in Standardsolution8 and Standardsolution
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Table 1 (continued)

Solvent: Alcohol and water (7:3)
Standard solution: 20 IJg/mL of USP Caftaric Acid RS, 20

IJg/mL of USP Chlorogenic Acid RS, 20 IJg/mL of cynarin
(1,3-di-O-caffeoylquinic acid), 60 IJg/mL of USP
Echinacoside RS, and 40 IJg/mL of USP Chicoric Acid RS in
Solvent

Sample solution: Determinethe total weight of 20
Capsules. Empty the Capsules, and combine and mixtheir
contents to obtain a homogenous composite. Weigh the
empty Capsuleshells and calculate the averagefill weight
per Capsule.Transfer a portion of the Capsulecontents,
equivalent to 150 mg of the labeled Echinacea Species
Powder, to a round-bottom flask equipped with a
condenser. Add 30.0 mL of Solvent, and heat under reflux
for 20 min. Cool to room temperature and pass through a
filterof 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 3SO
Flowrate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT 3.0 between the cynarinand
echinacoside peaks, and NLT 1.0 between the caftaric
acid and chlorogenic acid peaks.[NOTE-The
echinacosidepeak may be resolved in two components.
The relative retention timesfor caftaric acid, chlorogenic
acid, cynarin, echinacoside, and chicoric acid are 0.7,
0.75, 0.9, 1.0, and 1.4, respectively.]

Relative standard deviation: NMT 2.5% for the sum of
the respective peaks in repeated injections

Analysis .
Samples: Standardsolutionand Sample solution
Identify and measure areas of the peakscorresponding to

caftaricacid (CBH1209), chlorogenicacid (C'6H'809),
cynarin (C2sH24012), echinacoside (C3sH46020), and
chicoricacid (C22H,8012) in the Sample solution
chromatogram.

Calculatethe quantity, in mg, of caftaric acid, chlorogenic
acid, cynarin, echinacoside, and chicoric acid in each
Capsule taken:

Result = (ru/rs) x c,x Vx (WAV/W)

=peak area of a relevantanalytefrom the Sample
solution

= peak area of caftaric acid, chlorogenicacid,
cynarin, echinacoside, or chicoric acid from the
Standard solution

= concentration of a relevantanalyte in the
Standardsolution (mg/mL)

Time Solution A Solution B
(min) (%) (%)

16 78 22

17 60 40

20 60 40

20.5 90 10

25 90 10

c; exhibits minor bands between the positions of
echinacoside and caftaricacid. One of these is due to
chlorogenicacid at an RF corresponding to that of
chlorogenicacid in Standard solution B. The Sample
solutiondoes not exhibita blue band in the middlesection
at RF corresponding to cynarin in Standard solution A.

For Capsules containing Echinacea purpurea powder
prepared from dried rhizome and roots and Echinacea
purpurea powder prepared from dried aerial parts:
Proceed as directed For Capsules containingEchinacea
angustifolia powderprepared from driedrhizome and roots.
ForStandard solution Cand the Sample solution, substitute
USP Powdered Echinacea angustifoliaExtract RS with USP
Powdered Echinacea putpurea Extract RS and Echinacea
angustifolia powder with Echinacea purpureapowder
prepared from rhizome and roots or Echinacea purpurea
powder prepared from aerial parts.
Acceptance criteria: The Sample solutionexhibitsthe

following: the most prominent blue band in the upper
third section at RF corresponding to chicoric acid band in
Standard selutlon Band Standard solution C; the second
most prominent blue band at about the middlesectionat
RF corresponding to that of caftaricacid in Standard
solution Band Standard solutionC; mayexhibitminorblue
bands corresponding to similar bands in Standard solution
C. One of these isdue to chlorogenic acid at an RF

corresponding to chlorogenicacid in Standard solution
B. The Sample solutionchromatogram does not exhibita
band at the same RFasechinacosidein Standard solution A.

• B. HPLC FOR TOTAL PHENOLS
Analysis: Proceedas directed in the test for Contentof Total

Phenols.
Acceptance criteria: The chromatogram of the Sample

solution prepared from Capsules labeled to contain E.
angustifoliaexhibitspeaksat the retention times of those
due to chlorogenicacid, cynarin, and echinacosidein the
chromatogram of the Standard solution. The
chromatogram of the Sample solution prepared from
Capsules labeled to contain E. pallida exhibitspeaks at the
retention times of those due to caftaricacid, chlorogenic
acid, echinacoside, and chicoric acid in the chromatogram
of the Standard solution. The chromatogram of the
Sample solution prepared from Capsules labeled to contain
E. purpureaexhib!ts peaks at t~e re~ention ti~es ?f th?s~
due to caftaricacid, chloroqenlcacid, and chicoric acid In
the chromatogram of the Standard solution.

• C. HPLC FOR PRESENCE OF ALKYLAMIDES
Analysis: Proceedas directed in the test for Contentof

Dodecatetraenoic AcidIsobutylamides.
Acceptance criteria: The chromatogram of the Sample

solutionexhibitspeaks at the retention times of
dodecatetraenoic acid isobutylamides in the
chromatogram of Standard solution Bor Standard solution
C, and the referencechromatogram providedwith the lot
of USP Powdered Echinacea angustifoliaExtract RS or USP
Powdered Echinacea purpureaExtract RS being used.

STRENGTH
• CONTENT OF TOTAL PHENOLS

Solution A: Phosphoric acid in water (0.1 in 100)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

. Time Solution A Solution B
(min) (%) (%)

0 90 10

3 90 10
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F

v
W

Resolution: NLT 1.0 between the dodecatetraenoic acid
isobutylamide peaks, Standard solutionB or Standard
solution C

Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid
isobutylamide peak, Standard solutionA

Relative standard deviation: NMT 2.5% for the 2E,
4E-hexadienoic acid isobutylamide peak in replicate
injections, Standardsolution A

Analysis
Samples: StandardsolutionA, StandardsolutionBor

Standardsolution C, and Sample solution
Using the chromatogram of StandardsolutionBor Standard

solution C, and the reference chromatogram provided
with the lot of USP Powdered Echinacea angustifolia
Extract RS or USP Powdered Echinacea purpureaExtract RS
being used, identify and measure the areas of the 2E,4E,
8Z,1OE- and 2E,4E,8Z,1OZ-dodecatetraenoic acid
isobutylamide peaks in the Sample solution
chromatogram.

Calculate the percentage of dodecatetraenoic acid
isobutylamides in the labeled amount of Echinacea Species
Powder from the portion of Capsules taken: ,

Result = (rrlrs) x (Cs x VIW) x (WAvIL) x F x 100

= sum of the peak areas of the relevantanalytes
from the Sample solution

= peak area of 2E,4E-hexadienoic acid
isobutylamide from StandardsolutionA

=concentration of USP 2E,4E-Hexadienoic Acid
Isobutylamide RS in StandardsolutionA
(mg/mL)

=volume of the solvent taken to prepare the Sample
solution (mL)

=weight of the sample taken to prepare the Sample
solution (mg)

= average Capsule fill weiqht (mg/Capsule)
=labeled amount of Echinacea angustifoliapowder

or Echinacea purpureapowder, both prepared
from dried rhizome and roots (mg/Capsule)

=response factor of dodecatetraenoic acid
isobutylamides relative to 2E,4E-hexadienoic acid
isobutylamide, 1.353

Acceptance criteria
For Capsules containing Echinacea angustifolia powder

prepared from dried rhizome and roots: NLT0.075%
For Capsules contahling Echinacea purpurea powder

prepared from dried rhizome and roots: NLT 0.025%
For Capsules containing only Echinacea purpurea

powder prepared from dried aerial parts: NLT 0.01%

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 du/g, and the total
combined molds and yeasts count does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The label states the officialname and the amount
of Echinacea Species Powder in mgl.Capsule.

• USP REFERENCE STANDARDS (11)
USPCaftaric Acid RS
USP Chicoric Acid RS

Pi = total combined content of caftaric acid,
chlorogenic acid, echinacoside, chicoric acid,
and cynarin as determined above (mg)

L =labeled amount of Echinacea Species Powder
(mg/Capsule)

v = volume of the solvent taken to prepare the Sample
solution (mL)

WAV = average Capsule fill weight (mg)
W = weight of the sample taken to prepare the Sample

solution (mg)

Calculate the percentage of total phenols, as the sum of
caftaric acid, chlorogenic acid, echinacoside, chicoric
acid, and cynarin in each Capsule taken:

Result = .EPi x 100lL

Acceptance criteria: NLT 0.5%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

SPECIFIC TESTS
• CONTENT OF DODECATETRAENOIC ACID ISOBUTYLAMIDES

[NOTE-This test is not applicable to Capsules
containing Echinacea pal/ida powder prepared from
dried rhizome and roots.]

Mobile phase: Acetonitrile and water (55:45)
Standard solution A: 10 IJg/mL of USP2E,4E-Hexadienoic

Acid Isobutylamide RS in methanol
Standard solution B: 5 mg/mL of USP Powdered Echinacea

angustifolia Extract RS in methanol. Sonicate to dissolve,
and pass through a filter of 0.45-lJm or finer pore size.
[NoTE-Only prepare when Capsules contain Echinacea
angustifoliapowder prepared from dried rhizome and
roots.] .

Standard solution C: 5 mg/mL of USPPowdered Echinacea
purpurea Extract RS in methanol. Sonicate to dissolve and
pass through a filter of 0.45-lJm or finer pore size.
[Nors-Only prepare when Capsules do riot contain
Echinacea angustifoliapowder prepared from dried rhizome
and roots.]

Sample solution: Transfer a portion of the Capsule
contents, equivalent to 2500 mg of Echinacea Species
Powder, to a round-bottom flask equipped with a
condenser. Add 80.0 mL of methanol, and heat under
reflux for 30 min. Cool to room temperature and pass
through a filter of 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 30 0

Flow rate: 1.5 mL/min
Injection volume: 25 IJL

System suitability
Samples: 'Standard solutionA, Standardsolution B, or

Standardsolutlon C
Suitability requirements

Chromatogram similarity: The chromatogram of
Standardsolution Bor StandardsolutionC issimilar to the
reference chromatogram for alkamides provided with
the lot of the USP Powdered Echinacea angustifolia
Extract RS or USP Powdered Echinacea purpurea
Extract RS being used.
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USP Chlorogenic Acid RS
USP Powdered Echinacea angustifolia Extract RS
USP Powdered Echinacea pal/ida Extract RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP 2E,4E-Hexadienoic Acid Isobutylamide RS

Eleuthero Root and Rhizome

DEFINITION
Eleuthero Root and Rhizome is the dried rhizome with roots of

Eleutherococcus senticosus (Rupr. &: Maxim.) Maxim. (Fam.
Araliaceae) [syn. Acanthopanax senticosus (Rupr. &: Maxim.)
Harms]. It contains NLT 0.08% of phenylpropanoid
glucosides as the sum of eleutheroside B (C17H2409), also
referred to as syringin, and eleutheroside E(C34H46018), also
referred to as syringaresinol diglucoside, calculated on the
dried basis. ,

IDENTIFICAnON
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Solvent: Alcohol and water (1:1) .
Standard solution A: 1 mg/mL of USP Eleutheroside ERS in

methanol '
Standard solution B: 1 mg/mL of USP Eleutheroside B RS in

methanol
Standard solution C: 0.1 9 of USP Powdered Eleuthero

Extract RS in 5 mL of Solvent. Sonicate for 10 min,
centrifuge, and use the supernatant.

Sample solution: Transfer about 1 9 of finely powdered
Eleuthero Root and Rhizome to a centrifuge tube, add
5 mL of Solvent, and mix well. Sonicate for 10 min.
Centrifuge or filter the solution, and use the supernatant or
the filtrate.

Adsorbent: Chromatographic silica gel with an average
particle size of 5 urn (HPTLCplates)

Application volume: 10 !JL, as bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Chloroform, methanol, and

water (35:15:2)
Developing, distance: 6 cm
Derivatization reagent: To 18 mL of ice-cold methanol

slowly and carefully add 2 mL of sulfuric acid, and mix well.
Allow the mixture to adjust to room temperature.

Analysis
Samples: StandardsolutionA, StandardsolutionB,Standard

solutionC, and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry in air. Treat the plate with
Derivatization reagent. Heat the plate at 100° for 5 min,
and examine under white light and under UV light
(365 nm).

Acceptance criteria: Under white light, the Sample solution
exhibits two brown bands due to eleutheroside Eand
eleutheroside Bat RF values of about 0.34 and 0.45,
corresponding in color and RF to the bands exhibited by
StandardsolutionA and Standardsolution B, respectively.
The Sample solution also exhibits two additional brown
bands near the application zone, corresponding in color
and RFto the bands exhibited by StandardsolutionC.Other
bands may be observed in the Sample solutionand Standard
solution C chromatograms. Under UV light, the Sample
solutionshows a brown band due to eleutheroside E

Dietary Supplements / Eleuthero 4969

corresponding in color and RF to the band exhibited by
Standard solutionA.

• B. HPLC: The Sample solution in the test for Content of
Eleutherosides Band Eshows a peak at the retention time
corresponding to that of eleutheroside B in Standard
solutionBand a peak at the retention time corresponding
to that of eleutheroside Ein Standardsolution A.

COMPOSITION
• CONTENT OF ELEUTHEROSIDES BAND E

Solvent: Methanol and water (1:1)
Solution A: Acetonitrile and water (5:95)
Solution B: Acetonitrile and water (60:40)
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (0/0) (0/0)

0 97 3

5 97 3

30 60 40

31 5 95

45 5 ~5 .,
45.1 97 3

60 97 3

Standard solution A: 0.1 mg/mL of USP EleutherosideERS
in methanol. Transfer 2.0 mL to a 5-mL volumetric flask,
and dilute with Solvent to volume.

Standard solution B: 0.1 mg/mL of USP EleutherosideB RS
in methanol. Transfer 2.0 mL to a 5-mL volumetric flask,
and dilute with Solvent to volume.

Standard solution C: 5.0 mg/mL of USP Powdered
Eleuthero Extract RS in Solvent. Sonicate for 30 min, cool to
room temperature, decant, and pass through a nylon filter
of 0,45-!Jm or finer pore size.

Sample solution: Transfer about 5.0 g of finely ground
Eleuthero Root and Rhizome, accurately weighed, to a
round-bottom flask equipped with a condenser. Add
50 mL of Solvent, and heat under reflux for 30 min. Filter
the supernatant through cotton wool into a 100-mL '
volumetric flask. Transfer the cotton wool to the
round-bottom flask, and repeat the extraction twice, using
22 mL of Solvent for each extraction. Filter through cotton
wool into the volumetric flask, wash the residue and the
cotton wool with Solvent, cool to room temperature,
dilute with Solvent to volume, and mix. Before injection,
pass through a nylon filter of 0.45-!Jm or finer pore size,
discarding the first few milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.0-mm x 25-cm; 5-!Jm packing L1
Flow rate: 1 mL/min
Injection volume: 10!JL

System sultablllty
Samples: Standardsolution Band Standardsolution C
Suitability requirements

Chromatogram similarity: The chromatogram from
Standardsolution C is similar to the reference
chromatogram provided with the lot of USP Powdered
Eleuthero Extract RS being used. .

Relative standard deviation: NMT 2.0% determined
from the eleutheroside B peak in replicate injections,
Standardsolution B
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Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Identify the eleutheroside Band eleutheroside Epeaks in
the Sample solution by comparison with the
chromatograms of StandardsolutionB and Standard
solutionA, respectively.

Separatelycalculate the percentage of eleutheroside Band
eleutheroside Ein the portion of Eleuthero Rootand
Rhizome taken:

Result = (ru/rs) x Cs x (V/W) x 100

= peak area of the relevant analyte from the Sample
solution

= peak area of eleutheroside Eor eleutheroside B
from StandardsolutionA or StandardsolutionB,
respectively

= concentration of eleutheroside Eor
eleutheroside Bin Standardsolution A or Standard
solution B, respectively (mg/mL)

= volume of the Sample solution (mL)
= weight of Eleuthero Rootand Rhizome taken to

prepare the Sample solution (mg)

Acceptance criteria: NLT 0.08% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs clu/g, the total
combined molds and yeastscount does not exceed 103ciul
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The rhizome is knotty and of irregular
cylindrical shape with a diameter of 15-40 mm. The
heartwood area is light brown, and the connecting splint
wood is pale yellow.The bark isapproximately 2 mm thick
and isfirmly affixed to the xylem.The surfaceisgray-brown
or black-brown, coarse, and longitudinally valleculate and
plicate.Abroken rhizome iscoarse and fibrous, particularly
inside the xylem. The fractured surface of the bark shows
short, thin fibers. Numerous roots spring fromthe
underside of the rhizome.Theseroots are 35-150 mm long,
cylindrical and knotty, with a diameter of 3-15 mm. The
surface of the roots is gray-brown to black-brown,
smoother than the rhizome, and has longitudinal stripes.A
0.5-mm thin bark is tightly affixed to the pale yellow
xylem. A broken root is sparselyfibrous and appears
yellowish-gray where the thin epidermis isflaked off. '

Microscopic: The roots have five to seven rows of brown
cork cells. Secretory canals with brown contents appear in
groups of four or fiveand are NMT 20 IJm in diameter.
Phloemfibers with thick lignified walls occur singlyor in
smallgroups; there are cluster crystals of calcium oxalate in
the phloem parenchyma. Parenchymatous cells surround
the secretory cells, and medullary ray cells contain small
starch granules. The xylemshows reticulately thickened
and pitted vessels. The rhizomeissimilar to the roots except
for larger secretory canals, up to 25 IJm in diameter, and

USP 43

the presence of a pith with parenchymatous cells
containing starch granules.

• Loss ON DRYING (731)
Analysis: Dryat 105° to constant weight.
Acceptance criteria: NMT 14.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 8.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Water-Soluble Extractives, Method 2: NLT 4.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter: NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistantcontainers.
• LABELING: The label states the Latin binomial.
• USP REFERENCE STANDARDS (11)

USP Powdered Eleuthero Extract RS
USP Eleutheroslde BRS
~-D-Glucopyranoside, 4-(3-hydroxy-l-propenyl)-2,6

dimethoxyphenyl.
C17H2409 372.37

USP Eleutheroside ERS
~-D-Glucopyranoside, (tetrahydro-l H,3H-furo(3,4-c)
furan-l ,4-diyl)bis(2,6-dimethoxy-4, l-phenylene)bis-.

C34H46018 742.70 ' ';,

Eleuthero Root and Rhizome Dry
Extract

DEFINITION
Eleuthero Rootand Rhizome DryExtract is prepared from

Eleuthero Rootand Rhizome using hydroalcoholic mixtures.
The ratio of the starting crude plant material to Dry Extract
is between 13:1 and 25:1. It contains NLT 0.8% of
phenylpropanoid glucosides as eleutheroside B(C17H240 9) ,

also referred to as syringin, and eleutheroside E(C34H46018),
also referred to as syringaresinol diglucoside, calculated on
the anhydrous basis. It may contain added substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Solvent: Alcohol and water (1:1) .
Standard solution A: 1 mg/mL of USP Eleutheroside ERS in

methanol
Standard solution B: 1 mg/mL of USP Eleutheroside BRS in

methanol
Standard solution C: 0.1 g of USP Powdered Eleuthero

ExtractRS in 5 mLof Solvent. Sonicatefor 10 min,
centrifuge, and use the supernatant.

Sample solution: 0.1 g of Eleuthero Rootand Rhizome Dry
Extractin 5 mL of Solvent. Sonicatefor 10 min, centrifuge,
and use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particle size of 5 IJm (HPTLC plates)

Application volume: 10 IJL, as bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Chloroform, methanol, and

water (35:15:2)
Developing distance: 6 cm
Derivatization reagent: To 18 mLof ice-cold methanol

slowly and carefully add 2 mLofsulfuric acid, and mixwell.
Allow the mixtureto adjust to room temperature.
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Analysis
Samples: StandardsolutionA, Standardsolution8, Standard

solution C, and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry in air. Treat the plate with
Derivatization reagent, heat at 100° for 5 min, and
examine under white light and under UV light (365 nm).

Acceptance criteria: Under white light, the Sample solution
exhibits two brown bands due to eleutheroside Eand
eleutheroside B at RF values of about 0.34 and 0,45,
corresponding in color and RFto the bands exhibited by
Standard solutionAand Standardsolution 8, respectively.
The Sample solution also exhibits two additional brown
bands near the application zone, corresponding in color
and R.to the bands exhibited by StandardsolutionC.Other
bands may be observed in the Sample solutionand Standard
solution C chromatograms. Under UV light, the Sample
solutionshows a brown band 'due to eleutheroside E
corresponding in color and R F to the band exhibited by
Standard solutionA.

• B. HPLC: The Sample solution in the test for Contentof
Eleutherosides Band Eshows a peak at a retention time
corresponding to that of eleutheroside B in Standard
solution 8 and a peak at a retention time corresponding to
that of eleutheroside E in StandardsolutionA.

COMPOSITION
• CONTENT OF ELEUTHEROSIDES BAND E

Solvent: Methanol and water (1:1)
Solution A: Acetonitrile and water (5:95)
Solution B: Acetonitrile and Water (60:40)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 97 3

5 97 3

30 60 40

31. 5 95

45 5 95

45.1 97 3

60 97 3

Standard solution A: 0.1 mg/mL of USP Eleutheroside E RS
in methanol. Transfer 2.0 mL to a 5-mL volumetric flask,
and dilute with Solvent to volume.

Standard solution B: 0.1 mg/mL of USP Eleutheroside B RS
in methanol. Transfer 2.0 mL to a 5-mL volumetric flask,
and dilute with Solvent to volume.

Standard solution C: 5.0 mg/mL of USPPowdered
Eleuthero Extract RS in Solvent. Sonicate for 30 min, cool to
room temperature, and decant. Before injection, pass
through a nylon filter of 0.45-~m or finer pore size,
discarding the first few milliliters of the filtrate.

Sample solution: Transfer 500 mg of Eleuthero Root and
Rhizome Dry Extract, accurately weighed, to a 100-mL
volumetric flask, add 80 mL of Solvent, and sonicate for
30 min. Cool to room temperature, dilute with Solvent to
volume, and mix. Before injection, pass through a nylon
filter of 0,45-~m or finer pore size, discarding the first few
milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
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Column: 4.0-mm x 25-cm; 5-~m packing L1
Flow rate: 1 mL/min
Injection volume: 10 ~L

System suitability
Samples: Standardsolution 8 and Standardsolution C
Suitability requirements .

Chromatogram similarity: The chromatogram of
Standardsolution C is similar to the reference
chromatogram provided with the lot of USP Powdered
Eleuthero Extract RS being used.

Relative standard deviation: NMT 2.0% determined
from the eleutheroside B peak in replicate injections,
StandardsolutionB

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Identify the eleutheroside Band eleutheroside Epeaks in

the Sample solution by comparison with the
chromatograms of Standardsolution 8 and Standard
solutionA, respectively, and measure the peak areas.

Separately calculate the percentage of eleutheroside Band
eleutheroside E in the portion of Eleuthero Root and
Rhizome Dry Extract taken:

Result =(ru/rs) x Csx (V/W) x 100. ",

= peak area of eleutheroside E or eleutheroside B
from the Sample solution

= peak area of eleutheroside E or eleutheroside B
from StandardsolutionA or Standardsolution8,
respectively

=concentration of eleutheroside E or
eleutheroside B in StandardsolutionA or Standard
solution8, respectively (mg/mL)

= volume of the Sample solution (mL)
= weight of Eleuthero Root and Rhizome Dry

Extract used to prepare the Sample solution
(mg)

Acceptance criteria: NLT 0.8% on the anhydrous basis

CONTAMINANTS

: MeetSthereqllirements
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 104 cfu/g. The total
combined yeasts and molds count does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECifiC TESTS
• WATER DETERMINATION (921), Method I, Method la: NMT

5.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

TotalAsh: NMT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. .
• LABELING: The label states the Latin binomial and, followlnq

the official name, the content of eleutherosides, the
extracting solvent used for preparation, and the ratio of the
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starting crude plant material to Dry Extract. It meets the
requirements in Botanical Extracts (565), Preparations,
General Pharmacopeial Requirements, Labeling.

• USP REFER.ENCE STANDARDS (11)
USP Powdered Eleuthero Extract RS
USP Eleutheroside B RS

p-D-Glucopyranoside, 4-(3-hydroxy-l-propenyl)-2,6
dimethoxyphenyl.

C17H240 9 372.37
USP Eleutheroside E RS

p-D-Glucopyranoside, (tetrahydro-l H,3H-furo(3,4-c)
furan-l ,4-diyl)bis(2,6-dimethoxy-4, l-phenylene)bis-.

C34H460 ' 8 742.70

Eleuthero Root and Rhizome Dry
Extract Capsules

DEFINITION'
Eleuthero Root and Rhizome Dry Extract Capsulescontain

Eleuthero Root and Rhizome Dry Extract. They contain NLT
95% of the labeled amount of phenylpropanoid glucosides
asthe sum of eleutheroside B (C17H240 9) , also referred to as
syringin, and eleutheroside E(C34H460 '8), also referred to as
syringaresinol diglucoside. They may contain suitable
added substances.

IDENTIFICATION

USP 43

• :~QYj!(Os~<ifM~yY~~]j~) HPLC
Analysis: Proceed as directed in the test for Content of

Eleutherosides Band E.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaksat the retention times corresponding
to the peaks due to eleutheroside Band eleutheroside E in
the chromatogram of Standard solution B.

STRENGTH
• CONTENT OF EUUTHEROSIDES BAND E

Extraction solvent: Methanol and water (6:4)
Solution A: 0.2% o-phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

2 90 10

20 70 30

25 70 30

27 90 10

37 90 10

Standard stock solution A: 0.025 mg/mL of USP
Eleutheroside B RS in methanol. Sonicate for 5 min to
dissolve.

Standard stock solution B: 0.1 mg/mL of USP
Eleutheroside E RS in methanol. Sonicate for 5 min to
dissolve.

Standard solution A: Transfer 2.0 mL of Standard stock
solution Aand 1.0 mL of Standard stock solution Bto a 10-mL
volumetric flask, dilute with water to volume, and mix well.

Standard solution B: 1 mg/mL of USP Powdered Eleuthero
Extract RS in Extraction solvent. Sonicate for 30 min and cool
to room temperature. Dilute with water to a final
concentration of 0.5 mg/mL. Before injection, pass
through a PVDF membrane filter of 0.45-~m or finer
pore size.

Sample solution: Determine the total weight of 20
Capsules. Open the Capsules and combine their contents
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Acceptance criteria: NLT 95%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements

in an appropriate container. Weigh the empty Capsule
shells and calculate the average fill weight per Capsule.
Transfer a portion of the Capsule contents, nominally
equivalent to 0.5 mg of phenylpropanoid glucosides (sum
of eleutheroside Band eleutheroside E), to a 50-mL
volumetric flask. Add 25 mL of Extraction solvent and
sonicate for 30 min with occasional shaking. Shake the flask
manually for 1 min, cool to room temperature, dilute with
water to volume, mix well, and pass through a PVDF
membrane filter of 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: 0.8 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A and Standard solutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Eleuthero Extract RS being used.

Relative standard deviation: NMT 2.0% for the
eleutheroside Band eleutheroside E peaks in replicate
injections, Standard solution A

Analysis
Samples: Standard solution A and Sample solution
Using the chromatogram from Standard solution A and the

reference chromatogram provided with the lot of USP
Powdered Eleuthero Extract RS being used, identify the
peaks corresponding to eleutheroside Band .
eleutheroside E in the Sample solution. Measure the areas
of the analyte peaks. .

Calculate the quantity, in mg, of eleutheroside Band
eleutheroside E in each Capsule ta~en:

Result = (rufrs) x Cs x V x (WAV/W)

ru =,peak area of the relevant eleutheroslde from the
Sample solution

ts =peak area of the corresponding eleutheroside
from Standard solutionA

Cs =concentration of the relevant eleutheroside in
Standard solution A (mg/mL)

V = volume of the solvent taken for preparation of the
Sample solution (mL)

WAY =average fill weight per Capsule (mg)
W = weight of the sample taken for preparation of the

Sample solution(mg)

Calculate the percentage of the labeled amount of
phenylpropanoid glucosides, as the sum of
eleutheroside Band eleutheroside E, in each Capsule
taken:

• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104cfu/g, and the total
combined molds and yeasts count does not exceed 103cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the amount of phenylpropanoid
glucosides, asthe sum of eleutheroside Band eleutheroside
E, and the amount of Eleuthero Root and Rhizome Dry
Extract in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USPPowdered Eleuthero Extract RS
USP Eleutheroside B RS
USP Eleutheroside E RS

Eleuthero Root and Rhizome Dry
Extract Tablets
DEFINITION
Eleuthero Root and Rhizome Dry Extract Tablets contain

Eleuthero Root and Rhizome Dry Extract. They contain NLT
95% of the labeled amount of phenylpropanoid glucosides
as the sum of eleutheroside B (C17H2409) , also referred to as
syringin, and eleutheroside E(C34H46018), also referred to as
syringaresinol diglucoside. They may contain added
substances.

IDENTIFICATION

Result = ("f:.Q/L) x 100

=sum of the quantities of eleutherosides as
determined above (mg)

=labeled amount of phenylpropanoid glucosides
(mg)

L
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·ill£~/(~~~>j2r$j~YL~af~) HPLC
Analysis: Proceed as directed in the test for Content of

Eleutherosides 8 and E.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks at the retention times corresponding
to the peaks due to eleutheroside Band eleutheroside E in
the chromatogram of Standard solution B.

STRENGTH
• CONTENT OF ELEUTHEROSIDES BAND E

Extraction solvent: Methanol and water (6:4)
Solution A: 0.2% o-phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

2 90 10

20 70 30

25 70 30

27 90 10

37 90 10

Standard stock solution A: 0.025 rnq/rnl, of USP
Eleutheroside B RS in methanol. Sonicate for 5 min to
dissolve.

Standard stock solution B: 0.1 mgfmL of USP
Eleutheroside E RS in methanol. Sonicate for 5 min to
dissolve.

USP 43

Standard solution A: Transfer 2.0 mL of Standard stock
solution Aand 1.0 mL of Standard stock solution Bto a 10-mL
volumetric flask, dilute with water to volume, and mix well.

Standard solution B: 1 rnq/rnl, of USP Powdered Eleuthero
Extract RS in Extraction solvent. Sonicate for 30 min and cool
to room temperature. Dilute with water to a final
concentration of 0.5 mgfmL. Before injection, pass
through a PVDF membrane filter of 0.45-l.Jm or finer
pore size. . t

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion of finely powdered Tablets, nominally equivalent to
0.5 mg of phenylpropanoid glucosides (sum of
eleutheroside Band eleutheroside E), to a 50-mL volumetric
flask. Add 25 mL of Extraction solvent and sonicate for
30 min with occasional shaking. Shake the flask manually
for 1 min, cool to room temperature, dilute with water to
volume, mix well, and passthrough a PVDF membrane filter
of 0.45-l.Jm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; 5-l.Jm packing L1
Column temperature: 35°
Flow rate: 0.8 rnt/rnln
Injection volume: 20 l.JL

System suitability
Samples: Standard solution A and Standard solution 8
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Eleuthero Extract RS being used.

Relative standard deviation: NMT 2.0% for the
eleutheroside Band eleutheroside E peaks in replicate
injections, Standard solution A

Analysis
Samples: Standard solution A and Sample solution
Using the chromatogram from Standard solution A and the

reference chromatogram provided with the lot of USP
Powdered Eleuthero Extract RS being used, identify the
peaks corresponding to eleutheroside Band
eleutheroside E in the Sample solution. Measure the areas
of the analyte peaks. .

Calculate the quantity, in mg, of eleutheroside Band
eleutheroside E in each Tablet taken:

Result =(rufrs) x Cs x V x (WAvfW)

ru = peak area of the relevant eleutheroside from the
Sample solution

rs =peak area of the corresponding eleutheroside
from Standard solution A -

Cs =concentration of the relevant eleutheroside in
Standard solution A (mgfmL)

V =volume of the solvent taken for preparation of the
Sample solution (mL)

WAY =average Tablet weight (mg)
W = weight of the sample taken for preparation of the

Sample solution (mg)

Calculate the percentage of the labeled amount of
phenylpropanoid glucosides, as the sum of
eleutheroside Band eleutheroside E, in each Tablet
taken:

Result =("i.Q;/L) x 100
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Acceptance criteria: NLT 95%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104cfu/g, and the total
combined molds and yeastscount does not exceed 103cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature. .

• LABELING: The label statesthe Latin binomial and, following
the official name, the amount of phenylpropanoid
glucosides, asthe sum of eleutheroside Band eleutheroside
E, and the amount of Eleuthero Root and Rhizome Dry
Extract in mg/Tablet.

• USP REFERENCE STANDARDS (11)
USP Powdered Eleuthero Extract RS
USP Eleutheroside B RS
USP Eleutheroside E RS

Eleuthero Root and Rhizome Powder

DEFINITION
Eleuthero Root and Rhizome Powder is Eleuthero Root and

Rhizome reduced to a powder or very fine powder. It
contains NLT 0.08% of phenylpropanoid glucosides as the
sum of eleutheroside B (C17H2409) , also referred to as
syringin, and eleutheroside E(C34H4601S), also referred to as

. syringaresinol diglucoside, calculated on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Solvent: Alcohol and water (1:1)
Standard solution A: 1 mg/mL of USP Eleutheroside ERS in

methanol
Standard solution B: 1 mg/mL of USP Eleutheroside B RS in

methanol
Standard solution C: 0.1 g of USP Powdered Eleuthero

Extract RS in 5 mL of Solvent. Sonicate for 10 min,
centrifuge, and use the supernatant.

Sample solution: Transfer about 1 g of Eleuthero Root and
Rhizome Powder to a centrifuge tube, add 5 mL of
Solvent and mix well. Sonicate for 10 min. Centrifuge or
filter th'e solution, and use the supernatant or the filtrate.

Adsorbent: Chromatographic silica gel with an average
particle size of 5 I-Jm (HPTLC plates)

Application volume: 10 I-JL, as bands
Relative humidity: Condition the plate to a relative

humidity of 33%. 0

Temperature: Ambient, not to exceed 30
Developing solvent system: Chloroform, methanol, and

water (35:15:2) .
Developing distance: 6 cm

USP 43

L

=sum of the quantities of eleutherosides as
determined above (mg)

= labeled amount of phenylpropanoid glucosides
(mg)
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Derivatization reagent: To 18 mL of ice-cold methanol
slowly and carefully add 2 mL of sulfuric acid, and mix well.
Allow the mixture to adjust to room temperature.

Analysis
Samples: StandardsolutionA, Standardsolution B, Standard

solution C, and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry in air. Treat the plate with
Derivatization reagent. Heat the plate at 1000 for 5 min,
and examine under white light and under UV light
(365 nm).

Acceptance criteria: Under white light, the Sample solution
exhibits two brown bands due to eleutheroside Eand
eleutheroside Bat RF values of about 0.34 and 0.45,
corresponding in color and RF to the bands exhibited by
StandardsolutionA and StandardsolutionB, respectively.
The Sample solution also exhibits two additional brown
bands near the application zone, corresponding in color
and RF to the bands exhibited by Standardsolution C.Other
bands may be observed in the Sample solutionand Standard
solution C chromatograms. Under UV light, the Sample
solutionshows a brown band due to eleutheroside E
corresponding in color and RF to the band exhibited by
StandardsolutionA.

• B. HPLC: The Sample solution in the test iotConten: of
Eleutherosides 8 and Eshows a peak at the retention time

. corresponding to that of eleutheroside B in Standard
solutionB and a peak at the retention time corresponding
to that of eleutheroside E in StandardsolutionA.

COMPOSITION
• CONTENT OF ELEUTHEROSIDES BAND E

Solvent: Methanol and water (1:1)
Solution A: Acetonitrile and water (5:95)
Solution B: Acetonitrile and water (60:40)
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 97 3

5 97 3

30 60 40

31 5 95

45 5 95

45.1 97 3

60 97 3

Standard solution A: 0.1 mg/mL of USP Eleutheroside ERS
in methanol. Transfer 2.0 mL to a 5-mLvolumetric flask,
and dilute with Solvent to volume.

Standard solution B: 0.1 mg/mL of USP Eleutheroside B RS
in methanol. Transfer 2.0 mL to a 5-mL volumetric flask,
and dilute with Solvent to volume.

Standard solution C: 5.0 mg/mL of USP Powdered
Eleuthero Extract RS in Solvent. Sonicate for 30 min, cool to
room temperature, decant, and pass through a nylon filter
of 0.45-l-Jm or finer pore size.

Sample solution: Transfer 5.0 g of Eleuthero Root and
Rhizome Powder, accurately weighed, to a round-bottom
flask equipped with a condenser. Add 50 mL of Solvent, and
heat under reflux for 30 min. Filter the supernatant through
cotton wool into a 1OO-mL volumetric flask. Transfer the
cotton wool to the round-bottom flask, and repeat the
extraction twice, using 22 mL of Solvent for eachextraction.
Filter through cotton wool into the volumetric flask, wash
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the residue and the cotton wool with Solvent, cool to room
temperature, dilutewith Solvent to volume,and mix.Before
injection, pass through a nylon filterof 0.45-J.lm or finer
pore size, discarding the firstfew milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.0-mm x 25-cm; s-um packing L1
Flow rate: 1 mL/min
Injection volume: 10 J.lL

System suitability
Samples: Standardsolution B and StandardsolutionC
Suitability requirements

Chromatogram similarity: The chromatogram from
Standardsolution C issimilar to the reference
chromatogram provided with the lot of USP Powdered
Eleuthero Extract RS being used.

Relative standard deviation: NMT 2.0%, determined
from the eleutheroside Bpeak in replicate injections,
Standar,d solution B

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Identify the eleutheroside Band eleutheroside Epeaks in

the Sample solution by comparison with the
chromatograms of Standardsolution Band Standard
solutionA, respectively.

Separatelycalculate the percentage of eleutheroside Band
eleutheroside Ein the portion of Eleuthero Rootand
Rhizome Powder taken: -

Result = (ru/rs) x Cs x (V/W) x 100

ru = peak area of the relevantanalyte from the Sample
solution

r5 = peak area of eleutheroside Eor eleutheroside B
from StandardsolutionA or Standardsolution B,
respectively

Cs =concentration of eleutheroside Eor
eleutheroside Bin StandardsolutionA or Standard
solution B, respectively (rnq/mt):

V = volume of the Sample solution (mL)
W = weight of Eleuthero Rootand Rhizome Powder

taken to prepare the Sample solution (mg)

Acceptance criteria: NLT 0.08% on the dried basis

CONTAMINANTS
o ARTICLES OF BOTANICAL ORIGIN (561), LimitsofElemental

Impurities: Meets the requirements
o ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
o MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 cfu/g, the total
combined molds and yeasts count does not exceed 103cfu/
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103cfu/g.

o ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
o BOTANICAL CHARACTERISTICS

Macroscopic: The powder is brown with a faint aromatic
odor and a slightlyacrid, persistent taste.

Mictoscopic: Groups of secretory canals with brown
contents are surrounded by parenchymatous cells
containing cluster crystals of calcium oxalate. The
parenchymatous cellsshow smallstarch granules,

USP 43

thick-walled lignified fibers, and fragments of reticulateand
pitted vessels. It turns bright yellow when mounted in
sodium hydroxide solution.

o Loss ON DRYING (731)
Analysis: Dryat 105° to constant weight.
Acceptance criteria: NMT 14.0%

o ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
TotalAsh: NMT 8.0%

ADDITIONAL REQUIREMENTS
o PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers.
o LABELING: The label states the Latin binomial.
o USP REFERENCE STANDARDS (11)

USP Powdered Eleuthero Extract RS
USP Eleutheroside B RS
~-D-Glucopyranoside, 4-(3-hydroxy-l-propenyl)-2,6

dimethoxyphenyl.
C17H2409 372.37

USP Eleutheroside ERS
~-D-Glucopyranoside, (tetrahydro-l H,3H-furo(3,4-c)

furan-l ,4-diyl)bis(2,6-dimethoxy-4, l-phenylene)bis-.
C34H46018 742.70 .

,Eleuthero Root and Rhizome Powder
Capsules

DEFINITION
Eleuthero Root and Rhizome PowderCapsulescontain

Eleuthero Root and Rhizome Powder. They contain NLT
0.08% of phenylpropanoid glucosides as the sum of
eleutheroside B(C17H2409), also referred to as syringin, and
eleutheroside E(C34H46018), also referred to as syringaresinol
diglucoside, within the labeled amount of Eleuthero Root
and Rhizome Powder.

IDENTIFICATION
o A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 1 mg/mL of USP Eleutheroside ERS in

methanol
Standard solution B: 1 mg/mLof USP Eleutheroside B RS in

methanol
Standard solution C: 100 mg of USP Powdered Eleuthero

ExtractRS in 5 mLof aqueous ethanol 50%. Sonicate for
10 min, centrifuge, and use the supernatant.

Sample solution: Transfera finely powdered portion of the
contents of the Capsules, equivalent to 1 g of Eleuthero
Rootand Rhizome Powder, to a centrifuge tube. Add 5 mL
ofaqueous ethanol 50%, and mixwell. Sonicatefor 20 min.
Centrifuge and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plates)
Application volume: 10 J.lL, as bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Chloroform, methanol, and
water (35:15:2) .

Developing distance: 6 cm .
Derivatization reagent: To 18 mL of ice-coldmethanol,

slowly and carefully add 2 mL of sulfuric acid,and mix
well.Allow the mixture to adjust to room ternper(iture.

Analysis . . ".' "> .'
Samples: StandardsolutionA, StandardsolutionfJ,StQf1dard

solution C, and Sample solution .
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Apply the Samples as bands and dry in air. Develop in a
saturated chamber, removethe plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent,
heat at 100°for 5 min,and examine under white lightand
UV light (365 nm).

Acceptance criteria: Underwhite light, the Sample solution
exhibits two brown bands due to eleutheroside Eand
eleutheroside Bat RF values of about 0.34 and 0.45,
corresponding in colorand RF to the bands exhibited by
Standard solution A and Standard solution B, respectively.
The Sample solution alsoexhibits two additional brown
bands near the application zone, corresponding in color
and RF valuesto the bands exhibited by Standard solution
C. Other bands maybe observedin the Sample solution and
Standard solution C chromatograms. Under UV light, the
Sample solution showsa brown band due to eleutheroside E
corresponding in color and RFto the band exhibited by
Standard solution A. '

• B. HPLC: The chromatogram of the Sample solution exhibits
peaksat the retention timescorrespondingto the peaksdue
to eleutheroslde Band eleutheroside Ein the
chromatogram of Standard solution B.

STRENGTH
• CONTENT OF ELEUTHEROSIDES BAND E

Extraction solvent: Methanol and water (6:4)
Solution A: 0.2% o-phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

2 90 10

20 70 30

25 70 30

27 90 10

37 90 10

Standard stock solution A: 0.025 mg/mL of USP .
Eleutheroside BRS in methanol. Sonicatefor 5 min to
dissolve. '

Standard stock solution B: 0.1 mg/mL of USP
Eleutheroside ERS in methanol. Sonicatefor 5 min to
dissolve.

Standard solution A: Transfer 2.0 mLof Standard stock
solution Aand 1.0 mL of Standard stock solution Bto al O-mL
volumetric flask, dilutewith water to volume,and mixwell.

Standard solution B: 1 mg/mL of USP Powdered Eleuthero
Extract RS in Extraction solvent. Sonicatefor 30 minand cool
to room temperature. Dilute with water to a final
concentration of 0.5 mg/mL. Before injection, pass
through a PVDF membrane filterof 0.45-J.Jm or finer
pore size.

Sample solution: Determine the total weight of 20
Capsules. Open the Capsules and combine their contents
in an appropriate container. Weigh the empty Capsule
shells and calculate the averagefill weight per Capsule.
Transfer a portion of the Capsule contents, equivalent to
1.5 g of Eleuthero Root and Rhizome Powder, to a
round-bottom flask equipped with a condenser. Add
25 mL of Extraction solventand heat under reflux for 30 min.
Transfer the supernatant to a 1OO-mL volumetricflask and
repeat the extraction, using25 mL of Extraction solvent.
Transfer the supernatant to a volumetric flask, wash the
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residuewith water, transfer to a volumetric flask, and cool
to room temperature. Dilute with water to volume, mix
well, and passthrough a PVDF membrane filter of 0.45-J.Jm
or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; 5-J.Jm packing L1
Column temperature: 35°
Flowrate: 0.8 mL/min
Injection volume: 20 J.JL

System suitability
Samples: Standard solution A and Standard solution 8
Suitability requirements

Relativestandard deviation: NMT 2.0% for the
eleutherosideBand eleutheroside Epeaks in replicate
injections, Standard solution A

Chromatogram similarity: The chromatogram from
Standard solution B issimilar to the reference
chromatogram providedwith the lot of USP Powdered
Eleuthero Extract RS being used.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution .' . "
Using the chromatograms of Standard solution A, Standard

solution B, and the referencechromatogram provided
with the lot of USP Powdered Eleuthero Extract RS being
used, identify the peakscorresponding to eleutherosideB
and eleutheroside Ein the Sample solution. Measure the
areas of the analyte peaks.

Calculate the quantity, in mg, of eleutheroside Band
eleutherosideEin each Capsuletaken:

Result =(rulrs) x Cs x V x (WAvlW)

to = peak area of the relevanteleutherosidefrom the
Sample solution

rs = peak area of the corresponding eleutheroside
from Standard solution A

Cs =concentration of the relevanteleutheroside in
Standard solution A (mg/mL)

V = volumeof the solventtaken for preparationof the
Sample solution (mL) ,

WAY =average Capsulefill weight (mg)
W = weight of the sample taken for preparationof the

Sample solution (mg)

Calculate the percentage of phenylpropanoidglucosides,
as the sum of eleutheroside Band eleutheroside E, within
the labeledamount of Eleuthero Rootand Rhizome
Powderin each Capsule:

Result =(EQ;/L) x 100

EQi = sum of the quantities of eleutherosides as
determined above (mg)

L = labeled amount of Eleuthero Rootand Rhizome
Powder(mg)

Acceptance criteria: NLT 0.08%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
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combined moldsand yeastscount does not exceed 103 cfuj
g.

o ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test forAbsence of Salmonella Species and Test for
Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

o LABELING: The label states the Latin binomial and, following
the official name, the amount of Eleuthero Rootand
Rhizome Powderin rnq/Capsule,

o USP REFERENCE STANDARDS (11)
USP Eleutheroside BRS
USP Eleutheroside ERS
USP Powdered Eleuthero Extract RS

Elm-see Elm General Monographs

Ergocalciferol-see Ergocalciferol General Monographs

Ergocalciferol Capsules-see Ergocalciferol
Capsules General Monographs

Ergocalciferol Oral Solution-see Ergocalciferol
Oral Solution General Monographs

Ergocalciferol Tablets-see Ergocalciferol Tablets
General Monographs

DEFINITICN
European Elder Ber '

quick-frozen· ri
AdoxaceaeNi
contains NLT
the sum ofthe
3-0-sambu
3,-S-di-O-gl
cyanldin-3-0-
0.2% of
contains
amount
the' chlori e sa s
S-O-glucoside, cyanldi
3~O-sambubiosjde,· and
a'nhydrous.basis. Itmay contaln·'sui
as carriers.
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Time soliUiQnA ~oJ~~~gfJ~(min) (cOlo)

0 80 '.20

5 80 ~Q

20 60 .~.~

30 fO ~~

35 10 $10

36 80 ,20:

40 80 20

0.47 104

0.52 1.1

0.86 1;1

1~o f:O

1~97

Approximate
Relative Conversion

RetentionTirilEi Factor

Resulf~ (rufrs) xtsx (ViW) xF.x1oo

~the relevant ahal}tte froin:fhe Sample

. in:-3-0-glucosidefrom

ru

Cyanidin-j/5-di-O~gliJcoslae

Cyanidin

Cyaniqin-3-Q-sarribubloside
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Evening Primrose Oil

[90028-66-3].

DEFINITION
Evening Primrose Oil is derived from seeds of Oenothera

biennis L. The oil is extracted by cold press, where seeds are
squeezed at very high pressure. It can be extracted using
hexane as a solvent. It is then refined. Asuitable antioxidant
may be added.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils(401), FattyAcidComposition.
• B. IDENTIFICATION OF FIXED OILS BY THIN-LAYER

CHROMATOGRAPHY (202): The R Fvaluesof the principal
spots of the Sample solutioncorrespond to those of the
Standard solution.

SPECIFIC TESTS
• fATS AND FIXED OILS, Acid Value (401): NMT 1.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Saponification Value (401):. 185-195
• FATS AND fiXED OILS, Unsaponifiable Matter (401): NMT

2.0%
• FATS AND FIXED OILS, FattyAcidComposition (401); Evening

Primrose Oil exhibits the composition profile of fatty acids
in Table 7.

-,
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Table 1
Shorthand Percentage

Fatty Acid Notation (%)

Palmitic acid 16:0 4.0-10.0

Stearicacid 18:0 1.0-4.0

Oleicacid 18:1 5.0-12.0

Gamma-linolenic acid 18:3 7.0-14.0

Linoleic acid 18:2 65.0-85.0

• REFRACTIVE INDEX (831): 1.477-1.479 at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

preferably under an atmosphere of an inert gas, protected
from light.

• LABELING: Where Evening Primrose Oil is intended for use
in the manufacture of dosage forms, it is so labeled.

Evening Primrose Oil Capsules

DEFINITION
Evening Primrose Oil Capsulesare prepared with Evening

Primrose Oiland contain NLT 95.0% of the labeled amounts
of each, y-Iinolenic (C18:3 n-6), linoleic (C18:2 n-6), and
oleic (C18:1 n-9) acids.

IDENTIFICATION
• A. FATTY ACID PROFILE

System suitability solution and Chromatographic system:
Proceed as directed in Strength.

Sample solution: Proceed as directed for the Sample
solution in Strength, beginning with "Transfer 80 mg" but
without the addition of the Internalstandard.

Analysis: Identify the specifiedfatty acid methyl ester peaks
by comparing them to the reference chromatogram
provided with the lot of USP Evening Primrose Oil RS being
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used. Determine the percentage of each constituent
relative to the total integrated area.

Acceptance criteria: The Sample solution conforms to the
fatty acidscomposition profile in Table 1.

Table 1
Shorthand Percentage

Fatty Acid Notation (%)

Palmitic acid 16:0 4.0-10.0

Stearic acid 18:0 1.0-4.0

Oleic acid 18:1 n-9 5.0-12.0

Linoleicacid 18:2 n-6 65.0-85.0

y-Linolenic acid 18:3 n-6 7.0-14.0

STRENGTH
• CONTENT OF y-LINOLENIC, LINOLEIC, AND OLEIC ACIDS

[Nors-v-Llnolenlc acid isquantitated against USP
. Methyl Linolenate RS.]

0.5 Nmethanolic sodium hydroxide solution: Dissolve 2 g
of sodium hydroxide in 100 mL of methanol.

Internal standard: Methyl pentadecanoic acid
Sample solution: Weigh NLT 10 Capsules. With a sharp

blade, carefully sliceopen the Capsules, avoiding loss of
shell material. Combine the Capsulecontents in a suitable
container and mixwell. Remove any adhering substance
from the emptied Capsules by washing with several
portions of diethyl ether, and discard the washings. Allow
the empty Capsuleshells toair-dry over a period of NMT
30 min, taking precautions to avoid uptake or loss of
moisture. Weighthe empty Capsuleshells and calculatethe
average fill weight/Capsule (A F)' Transfer 80 mg of the
combined Capsulecontents directlyinto a tared 30-mL
screw-topglass centrifuge tube and weigh accurately.
Re-tare and accuratelyweigh about 40 mg of the Internal
standard into the same tube. Add 2 mL of 0.5 N methanolic
sodium hydroxide solution, tightly cap, and transferto a
heating blockor another appropriate heatingdevice. Reflux
the solutionuntilfat globulesdisappear (usually 5-10 min).
Add2 mL of 0.14 g/mL boron trifluoride in methanol, cap,
and reflux for 2 min. Add4 mL of chromatographic
n-heptane, cap, and reflux for 1 min. Cool, add about 8 mL
of saturated sodium chloridesolution, shake, and
centrifuge10 separate the layers. Dilute an aliquot of the
upper (heptane) layerwith chromatographic n-heptane
(1 :8) and mix well.

System suitability solution: Using about 80 mg of USP
Evening Primrose Oil RS, proceed as directedforthe Sample
solution, beginning with "Transfer 80 mg" but without the
addition of the Internal standard.

Standard solution: Accurately weigh about 20 mg of USP
Methyl Oleate RS, 70 mg of USP Methyl Linoleate RS, and
20 mg of USP Methyl Linolenate RS directly into a tared
30-mL screw-top glasscentrifugetube. Proceed as directed
for the Sample solution, beginning with "Re-tare"..

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silica capillary; coated

with a 1.O-um film of G16
Temperatures

Injection port: 2200

Detector: 2600

Column: See Table 2.
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Table 2

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

70 0 70 2

70 5 240 5

Carrier gas: Helium
Linear velocity: 50 cm/s
Split mode: Splitless
Injection volume: 1 IJL

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements

Chromatogram similarity: The System suitability solution
chromatogram issimilar to the referencechromatogram
providedwith the lot of USP Evening Primrose Oil RS
being used.

Resolution: NLT 1.5 between methyl stearate and
methyl oleate, System suitability solution .

Relativestandard deviation: NMT 2% for the peakarea
ratiosof specified analytesto the internalstandard,
Standard solution

Analysis
Samples: Sample solution and Standard solution
[NoTE-The relative retention times for y-methyl

Iinolenate and a-methyllinolenate are about 0.98 and
1.0, respectively.]

Identify the retention timesofthe relevantfatty acid methyl
esters by comparing the peaks in the chromatogram of
the System suitability solution with those in the reference
chromatogram. Identify the locusfor the internal standard
peak by comparison of the chromatograms of the
Standard solution and the System SUitability solution.

Calculate the content, in mg/g, of y-linolenic, linoleic, and
oleicacids in the portion of Capsulecontent taken:

Result = (R v/R5) x (A v/A 5) x (m s/W) x (M ,tiM (2)

RV = peak area ratio of the relevant methyl ester peak
to the internalstandard peak from the Sample
solution

Rs =peak area ratio of the relevant methyl ester peak
to the internal standard peakfrom the Standard
solution

A u = weight of the Internal standard in the Sample
solution (mg)

A s =weight of the Internal standard in the Standard
solution (mg)

m s = weight of the relevantUSP Methyl Ester RS in the
Standard solution (mg)

W =sample weight used to prepare the Sample
solution (g) .

M r =molecular weight of the relevantfatty acid (g/
mol)

M,2 = molecular weight of the relevantfattyacid methyl
ester (g/mol)

Calculate the percentage of the labeled amounts of each
(y-Iinolenic, linoleic, and oleic) acid in the portion of
Capsules taken:

Result =A x A F X 100/L

A =content of the relevantfatty acid in the portion
of Capsulecontent taken (mg/g)

A F = average fill weight (g/Capsule)
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L = labeled content of the relevant fatty acid (mg/
Capsule)

Acceptance criteria
y-linolenic, linoleic, and oleic acids: NLT 95.0% of the

labeled amount of each

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements in Rupture Test for Soft Shell Capsules
• WEIGHT VARIATION (2091): Meet the requirements

SPECIFIC TESTS
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 1 x 103 cfu/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for the absence of Salmonella
species and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly-closed,

light-resistantcontainers. .'
• LABELING: The labelstates the article that the Capsuleswere

prepared with and the content of y-linolenic, linoleic, and
oleic acids in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Evening Primrose Oil RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS

Fenugreek Seed

DEFINITION
FenugreekSeed consists of the dried ripe seeds of Trigonella

foenum-graecum L.(Fam. Fabaceae). Itcontains NLT 0.2% of
4-hydroxyisoleucine, calculated on the dried basis..

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

AMINO ACID PROFILE
Standard solution A: 0.5 mg/mL of USP

4-Hydroxyisoleucine RS in an ethanol and water (7:3)
mixture

Standard solution B: 50 mg/mL of USP Trigonella
Foenum-graecum Seed DryExtract RS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant. .

Sample solution: Suspend about 1 g of FenugreekSeed,
finely powder~d, in 5 mLof an ethano.1 and wa~er (7:3)
mixture, and Incubate at 50° for 15 min. Centrifuge, and
use the supernatant.

[NoTE-Standardsolution Band the Sample solution may
also be usedfor Identificationtest Band for Specific Tests,
Presence of Trigonelline.]

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 urn (HPTLC plate)'
Application volume: 2 J..lL each of StandardsolutionA and

Standard solution B, and 4 J..lL of the Sample solution, as
8-mm bands

1 Suitable commercially available plates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).

USP 43

Relative humidity: Condition the plate to a relative
humidity of 33% using a suitable device.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Amixture of n-butanol,

acetic acid, and water (7:2:1)
Derivatization reagent: Asolution of 0.3% ninhydrin in a

mixture of isopropanoland glacial acetic acid (19:1)
System suitability

Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: Under white light~ the .

derivatlzedchromatogram of StandardsolutionBdisplays,
in its lower half,five or six brown bands; the darkest band
corresponding to the 4-hydroxyisoleucine band in the
chromatogram of StandardsolutionA. Under long-wave
UV (365 nm), the derivatized chromatogram of Standard
solution B exhibits, in its lower half, four or five brown
bands; the darkest band corresponding to the
4-hydroxyisoleucine band in the chromatogram of
StandardsolutionA. In the upper halfof the
chromatogram, three diffuse yellow to orange-yellow
bands are seen, the middle one being the most intense.

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Applythe samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber, until the solvent front has migrated over a path
of 6 em. Air-dry, treat with Derivatization reagent, heat for
3 minat 105°, and immediatelyexamine under white light
and under long-wave UV light (365 nrn).

Acceptance criteria: Under white light, the derivatized
chromatogram of the Sample solution appears
monochromatic, with the bands differing in intensity, but
not the color, which is uniformly reddish-brown. In the
lower third of the plate, two or three thin bands are seen,
proximate to the origin, followed by a very intense band
due to 4-hydroxyisoleucine, coincident with the
corresponding bands in Sta'}dc:rd so~ution A and Sta'}dard
solutionB, and comparable In Intensityto the band In the
Standardsolution Bchromatogram. Two lightly colored
bands, one just above the 4-hydroxyisoleucine band,
another further upwards, are seen. The upper halfof the
plate isdevoid of discerniblefeatures. Under long-waye UV
(365 nm), the derivatized chromatogram of the Sample
solution exhibits, in its lower half, two or three light
reddish-brown bands followedbythe darker-brownintense
band due to 4-hydroxyisoleucine, coincident with the
corresponding bands in StandardsolutionA and Standard
solution B.Above it, two lighter-brown and somewhat
diffuse bands appear. In the upper third of the plate, three
yellowish-orangebands are seen, corresponding in position
and color to those observed in StandardsolutionB.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
STEROIDAL SAPONINS PROFILE

Standard solution: 50 mg/mL of USP Trigonella
Foenum-graecum Seed Dry Extract RS in an ethanol and
water (7:3) mixure.Sonicatefor 10 min,centrifuge, and use
the supernatant.

Sample solution: Suspend about 1 g of FenugreekSeed,
finely powdered, in 5 mLof an ethanol and wa~er (7:3)
mixture, and incubate at 50° for 15 min. Centrrfuge, and
use the supernatant.

[NOTE-The Standardsolution and Sample solution may
also be used for Identificationtest A and for Specific Tests,
Presence of Trigonelline.]

Chromatographic system .
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate)
Application volume: 2 J..lL, as 8-mm bands
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Relative humidity: Condition the plate to a relative
humidity of 33% using a suitable device.

Temperature: Ambient, not to exceed 30°
Developing solvent system: A mixture of

dichloromethane, methanol, and water (18:8:1)
Derivatization reagent: A mixture of methanol, glacial

acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). Prepare on an ice bath, and mix well.

System suitability
Sample: Standardsolution
Suitability requirements: Under white light, the

derivatized chromatogram of the Standardsolution
exhibits, in its lower half, three or four lightly-shaded
bands. Under long-wave UV (365 nm), the derivatized
chromatogram of the Standardsolution exhibits, in its
lower third, two diffuse bands of blue fluorescence, and
another blue fluorescent band in the middle of the plate.

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples asbands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber, until the solvent front has migrated
approximately 6 cm. Air-dry, treat with Derivatization
reagent, heat for 3 min at 105°, and immediately examine
under white light and under long-wave UVlight (365 nm).

Acceptance criteria: Under white light, the chromatogram
of the Sample solution, in its lower third, shows two
medium-intensity bands immediately next to the
application line. Further upwards, two closely spaced, less
intense bands are followed by a more prominent band, and
another pair of closely spaced lighter bands, which may
merge. In the middle third of the chromatogram, a
medium-intensity band is followed by a faint diffuse band.
In the upper third of the chromatogram, two well-defined
bands of medium intensity are observed. Under UV light
(365 nm), the lower half of the chromatogram features
three or four deep-blue fluorescent bands of varying
intensity interspersed with greyish-brown zones.

COMPOSITION
• CONTENT OF 4-HVDROXYISOLEUCINE

Solution A: 0.1% Phosphoric acid in water
Solution B:· Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 80.0 20.0

20 40.0 60.0

21 80.0 20.0

25 80.0 20.0

Diluent: Methanol and water (1:1)
Reagent: A mixture of acetonitrile, water, and

triethylamine (10:3:2)
Standard solution: Transfer about 4.0 mg of USP

4-Hydroxyisoleucine RS, accurately weighed, into a 50-mL
volumetric flask, and dissolve in 5 mL of the Diluent. Add
10 mL of Reagent and 0.5 mL of phenyl isothiocyanate,and
shakefor 5 min. Add 30 mL of methanol, adjust with water
to volume, and mix well.

Sample stock solution: Transfer about 2.0 g of Fenugreek
Seed, finely powdered and accurately weighed, into a
centrifuge tube. Add 8 mL of Diluent, place on a water bath
at 65° for 5 min, sonicate for 5 min, and centrifuge. Retain
the supernatant, and repeat extraction with 8 mL of Diluent
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two more times. Combine all three extracts in the 25-mL
volumetric flask, dilute with Diluent to volume, and
mix well.

Sample solution: Transfer 5.0 mL of Sample stock solution
into a 50-mL volumetric flask, add 10 mL of Reagent and
0.5 mL of phenyl isothiocyanate, and shakefor 5 min. Add
30 mL of methanol, dilute with water to volume, and mix
well. Pass through a nylon filter havlnq a 0.45-~m or finer
pore size, discarding the initial few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-~m packing L1
Column temperature: Ambient
Flow rate: 1.5 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the 4-hydroxyisoleucine
peak, Standardsolution .

Relative standard deviation: NMT 2.0% determined for
the 4-hydroxyisoleucine peak in replicate injections,
Standardsolution .- .. ;

Analysis '
- Samples: Standardsolution and Sample solution

Using the chromatogram of the Standardsolution, identify
the retention time of the peak corresponding to
4-hydroxyisoleucine in the Sample solution
chromatogram.

Calculate the percentage of 4-hydroxyisoleucine in the
portion of Fenugreek Seed taken:

Result=(ru/rs) x Cs x (V/W) x D x 100

ru =peak areaof 4-hydroxyisoJeucinefrom the Sample
solution

rs =peak area of 4-hydroxyisoleucine from the
Standardsolution

Cs =concentration of USP 4-Hydroxyisoleucine RS in
the Standardsolution (mg/mL)

V =volume of the Sample stock solution (mL)
W =weight of Fenugreek Seed taken to prepare the

Sample stock solution (mg)
D =dilution factor to prepare the Sample solution

from the Sample stock solution, 10

Acceptance criteria: NLT 0.2% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 1.0 ~g/g

Lead: NMT 10.0 ~g/g

Mercury: NMT 1.0 ~g/g

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 1OScfu/g, the total
combined molds and yeastscount does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absenceof Salmonella species
and Escherichia coli
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SPECIFIC TESTS
• HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

PRESENCE OF TRIGONELLINE
Standard solution A: 1.5 mg/mL of USP Trigonelline RS in

an ethanol and water (7:3) mixture
Standard solution B: 50 mg/mL of USP Trigonella

Foenum-graecum Seed Dry ExtractRS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: Suspend about 1 g of FenugreekSeed,
finely powdered, in 5 mLof an ethanol and water (7:3)
mixture, and incubate at 50° for 15 min. Centrifuge, and
use the supernatant.

[NoTE-StandardsolutionB and the Sample solution may
also be used for Identificationtest A and for Identification
test B.]

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesize of 5 um (HPTLC plate)
Application volume: 5 ~L, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33% using a suitable device.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Amixture of isopropyl

alcohol, methanol, and water (4:1:4)
System suitability

Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: Under short-wave UV light

(254 nm), the chromatogram of StandardsolutionB
displays, in its lower half, a quenching band coincident
with that of the trigonellineband in the chromatogram of
StandardsolutionA.

Analysis
Samples: StandardsolutionA, Standardsolution B,and

Sample solution
Apply the Samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber, until the solvent front has migrated over a path
of 6 ern, Air-dry, and examine under short-wave UV light
(254 nm).

Acceptance criteria: Under short-wave UV.light, the
chromatogram of the Sample solutiondisplays a quenching
band corresponding to the trigonelline band in the
chromatograms of StandardsolutionA and Standard
solution B.

• BOTANICAt CHARACTERISTICS
Macroscopic: The seeds are oblong, 3-5 mm long, 2-3 mm

wide, 1.5-2.0 mm thick, with rounded corners, smooth,
dullyellowish-brown to reddish-brown. They are flattened
and have a very characteristic rhomboidal outline. Nearly
in the center of one of the long, narrow sides is a small
depression in which both hilumand micropyle are situated,
the former being distinctlyvisible as a whitish point, This
depression is continued in the form of a furrow running
diagonallyacross part of each of the adjoining sides,
dividing the seed into two unequal lobes. Acut made
transversely to pass through both lobesreveals two
accumbent cotyledons in the larger lobe, and the radiclein
the smaller lobe. Both are yellowish in color, and
surrounded by a darker, horny, translucent endosperm,
which also separates the radiclefrom the cotyledons.

Microscopic: Transverse section shows an epidermis of
palisade cells, one layer, with thick cuticle and thick
lamellatedwalls, and a relatively large lumen at the lower
part. Longitudinal pit-canalsfine and close. Subepidermal
layerof basket-like cells, with bar-like thickening on the
radial walls, followed by a parenchymatous layer.
Endosperm consistsof a layerof thick-walled cells
containing aleurone grains, severallayers of polyhedralcells
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with stratified mucilaginous contents and thickened walls.
Cotyledons of parenchymatous cells containing fixed oil .
globules and aleurone grains up to 15 prn in diameter. The
parenchyma of the testa composed of several layers of
thin-walled cells which appear similar in sectional view but
in surfaceviewthe layers show structural differences: some
are composed of elongated rectangular cells with slightly
thickened and beaded walls; .other layers include
thin-walled polygonal cells which may be very irregular in
size or may enclose irregular intercellular spaces.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1 g
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
5.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 1 (561): NLT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 1 (561): NLT 9.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture;'arid store at
. room temperature.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP 4-Hydroxyisoleucine RS
USP Trigonella Foenum-graecum Seed DryExtract RS
USP Trigonelline RS

Fenugreek Seed Powder

DEFINITION
FenugreekSeed Powder consistsof the dried ripe seeds of

Trigonel/a foenum-graecum L. (Fam. Fabaceae), reduced to
powder or veryfine powder. It contains NLT 0.2% of .
4-hydroxyisoleucine, calculated on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL of USP
4-Hydroxyisoleucine RS inan ethanol and water (7:3)
mixture

Standard solution B: 50 mg/mL of USP Trigonella
Foenum-graecum Seed DryExtract RS in an ethanol and
water (7:3) mixture. Sonicatefor 10 min, centrifuge, and
use the supernatant.

Sample solution: Suspend about 1 g of Powder in 5 mL of
an ethanol and water (7:3) mixture,and incubate at 50° for
15 min. Centrifuge, and use the supernatant.

[NOTE-Standard solution B and the Sample solution may
also be used for Identificationtest Band for Specific Tests,
Presence of Trigonelline.]

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate)'
Application volume: 2 ~L each of StandardsolutionA and

StandardsolutionB, and 4 ~L of the Sample solution, as
8-mm bands

1 Suitablecommercially available plates are HPTLC Silica Gel 60 F2S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Relative humidity: Condition the plate to a relative
humidityof 33% using a suitabledevice.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Amixture of n-butanol,

acetic acid, and water (7:2:1)
Derivatization reagent: Asolutionof 0.3% ninhydrin in a

mixture of isopropanoland glacial acetic acid (19:1)
System suitability

Samples: StandardsolutionA and Standardsolution B
Suitability requirements: Underwhite light, the

derivatized chromatogram of Standardsolution8 displays,
in its lowerhalf, five or sixbrown bands; the darkest band
corresponding to the 4-hydroxyisoleucine band in the
chromatogram of StandardsolutionA. Underlong-wave
UV (365 nm), the derivatized chromatogram of Standard
solution 8 exhibits, in its lowerhalf, four or five brown
bands; the darkest band cqrresponding to the
4-hydroxyisoleucine band in the chromatogram of
StandardsolutionA. In the upper halfof the
chromatogram, three diffuse yellow to orange-yellow
bands are, seen, the middle one being the most intense.

Analysis
Samples: StandardsolutionA,Standardsolution8, and

Sample solution .
Apply the Samples as bands, and dry in air. Condition at

relative humidityat about 33%. Develop in a saturated
chamber, until the solventfront has migrated over a path
of 6 cm. Air-dry, treat with Derivatization reagent, heat for
3 min at 105°,and immediately examineunder white light
and under long-wave UV light (365 nm).

Acceptance criteria: Underwhite light, the derivatized
chromatogram of the Sample solution appears
monochromatic, with the bands differing in intensity, but
not the color, which is uniformly reddish-brown. In the
lower third of the plate, two or three thin bands are seen,
proximate to the origin,followed by a veryintense band
due to 4-hydroxyisoleucine, coincident with the
corresponding bands in StandardsolutionA and Standard
solution 8, and comparable in intensityto the band in the
Standardsolution 8 chromatogram. Two lightly colored
bands, one just above the 4-hydroxyisoleu~ine band,
another further upwards, are seen. The upper halfof the
plate isdevoid of discernible features. Underlong-waveUV
(365 nm), the derivatized chromatogram of the Sample
solution exhibits, in its lowerhalf, two or three light
reddish-brown bandsfollowed bythe darker-brown intense
band due to 4-hydroxyisoleucine, coincidentwith the
corresponding bands in StandardsolutionA and Standard
solution 8. Above it, two lighter brown and somewhat
diffuse bands appear. In the upper third of the plate, three
yellowish-orange bands areseen, correspondingin position
and color to those observed in Standardsolution 8.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution: 50 mg/mLof USP Trigonella

Foenum-graecumSeed Dry Extract RS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: Suspend about 1 g of Powderin 5 mL of
an ethanol and water (7:3) mixture, and incubate at 50°for
15 min. Centrifuge, and use the supernatant.

[NOTE-The Standardsolutionand Sample solution may
also be usedfor Identificationtest A and for Specific Tests,
Presence of Trigonelline.]

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 urn (HPTLC plate)
Application volume: 2 ~L each of the Standardsolution

and the Sample solution, as 8-mm bands
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Relative humidity: Condition the plate to a relative
humidity of 33% using a suitable device.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Amixture of
dichloromethane, methanol, and water (18:8:1)

Derivatization reagent: A mixtureof methanol, glacial
acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). Prepareon an ice bath, and mixwell.

System suitability
Sample: Standardsolution
Suitability requirements: Underwhite light, the

derivatized chromatogram of the Standardsolution
exhibits, in its lowerhalf, three or four lightly shaded
bands. Under long-wave UV (365 nm), the derivatized
chromatogram of the Standardsolution exhibits, in its
lowerthird, two diffuse bands of blue fluorescence, and
another bluefluorescent band in the middle of the plate.

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber, untilthe solventfront has migrated over a path
of 6 cm. Air-dry, treat with Derivatizationreagent, heat for
3 minat 105°,and immediately examineunder white light
and under the long-wave UV light (365 nm); >_

Acceptance criteria: Underwhite light, the chromatogram
of the Sample solution, in its lowerthird, shows two
medium-intensity bands immediately next to the
application line. Furtherupwards, two closely spaced, less
intense,bands arefollowed bya more prominent band, and
another pair of closely spaced lighter bands, which may
merge. In the middle third of the chromatogram, a
medium-intensity band isfollowed by a faint diffuse band.
In the upper third of the chromatogram, two well-defined
bands of medium intensityare observed. Under UV light
(365 nm), the lower halfof the chromatogram features
three or four deep-blue fluorescent bands of varying
intensity interspersed with greyish-brown zones.

COMPOSITION
• CONTENT OF 4-HYDROXYISOLEUCINE

Solution A: 0.1% Phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 80.0 20.0

20 40.0 60.0

21 80.0 20.0

25 80.0 20.0

Diluent: Methanoland water (1 :1)
Reagent: Amixtureof acetonitrile, water, and
triethylamine (10:3:2)

Standard solution: Transfer about 4.0 mg of USP
4-Hydroxyisoleucine RS, accuratelyweighed, into a 50-mL
volumetric flask, and dissolve in 5 mL of the Diluent. Add
10 mL of Reagent and 0.5 mL of phenyl isothiocyanate, and
shakefor 5 min.Add 30 mL of methanol, adjustwith water
to volume, and mixwell.

Sample stock solution: Transfer about 2.0 g of accurately
weighed Powderinto a centrifuge tube. Add 8 mL of
Diluent, plate on a water bath at 65°for 5 min,sonicate for
5 min, and centrifuge. Retain the supernatant, and repeat
extractionwith 8 mL of Diluent two more times. Combine
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all three extracts in the 25-mL volumetric flask, dilute with
Diluent to volume, and mix well.

Sample solution: Transfer 5.0 mL ofSample stock solution
into a 50-mL volumetric flask, add 10 mL of Reagent and
0.5 mL of phenyl isothiocyanate, and shake for 5 min. Add
30 mL of methanol, dilute with water to volume, and mix
well. Pass through a nylon filter having a 0.45-J..Im or finer
pore size, discarding the initial few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-J..Im packing L1
Column temperature: Ambient
Flow rate: 1.5 mL/min
Injection volume: 20 J..IL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the 4-hydroxyisoleucine
peak, Standardsolution

Relative standard deviation: NMT 2.0% determined for
the 4-hydroxyisoleucine peak in replicate injections,
Standardsolution

Analysis
Samples: Standardsolution and Sample solution
Using the chromatogram of the Standardsolution, identify

the retention time of the peak corresponding to
4-hydroxyisoleucine in the Sample solution
chromatogram.

Calculate the percentage of 4-hydroxyisoleucine in the
portion of Powder taken:

Result =(rulrs) x Cs x (VIW) x D x 100

to = peak area of 4-hydroxyisoleucine from the Sample
solution

rs =peak area of 4-hydroxyisoleucine from the
Standardsolution

Cs = concentration of USP 4-Hydroxyisoleucine RS in
the Standardsolution (mg/mL)

V = volume of the Sample stock solution (mL)
W = weight of Powder taken to prepare the Sample

stock solution (mg)
D = dilution factor to prepare the Sample solution

from the Sample stock solution, 10

Acceptance criteria: NLT 0.2% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 J..Ig/g
Cadmium: NMT 1.0 J..Ig/g
Lead: NMT 10.0 J..Ig/g
Mercury: NMT 1.0 J..Ig/g

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined molds and yeasts count does not exceed 103 cful
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and. Escherichia coli
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SPECIFIC TESTS
• PRESENCE OF TRIGONELLINE

Standard solution A: 1.5 mg/mL of USPTrigonelline RS in
an ethanol and water (7:3) mixture '

Standard solution B: 50 mg/mL of USP Trigonella
Foenum-graecum Seed Dry Extract RS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: Suspend about 1 g of Powder in 5 mL of
an ethanol and water (7:3) mixture, and incubate at 50° for
15 min. Centrifuge, and use the supernatant.

[NoTE-Standardsolution Band the Sample solution may
also be used for Identification test A and for Identification
test 8.]

Chromatographic system
(See HPTLC for Articles of Botanical Origin (203).)
Adsorbent: Chromatographic silica gel with an average

particle size of 5 J..Im (HPTLC plate)
Application volume: 5 J..IL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33% using a suitable device.
Temperature: Ambient, not to exceed 30° .
Developing solvent system: A mixture of isopropyl

alcohol, methanol, and water (4:1 :4)
System suitability .' "

Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: Under short-wave UV light

(254 nm), the chromatogram of StandardsolutionB
displays, in its lower half, a quenching band coincident
with that of the trigonelline band in the chromatogram of
StandardsolutionA.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the Samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber, until the solvent front. has migrated over a path
of 6 em. Air-dry, and examine under short-wave UV light
(254 nm). .

Acceptance criteria: Under short-wave UV light, the
chromatogram of the Sample solution displays a quenching
band corresponding to the trigonelline band in the
chromatograms of StandardsolutionA and Standard
solutionB.

• BOTANICAL CHARACTERISTICS
Macroscopic: Yellow-brown powder
Microscopic: Fragments of the test in sectional view with

thick cuticle covering lageniform epidermal cells, with an
underlying hypodermis of large cells, narrower at the upper
end and constricted in the middle, with bar-like thickenings
of the radial walls; yellowish-brown fragments of the
epidermis in surface view, composed of small, polygonal
cells with thickened and pitted walls, frequently associated
with the hypodermal cells, circular in outline with thickened
and closely beaded walls; fragments of the hypodermis
viewed from below, composed of polygonal cells whose
bar-like thickenings extend to the upper and lower walls;
parenchyma of the testa with elongated, rectangular cells
with slightly thickened and beaded walls; fragments of
endosperm with irregularly thickened, sometimes
elongated cells, containing mucilage

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1 g .
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
5.0%
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• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 7 (561): NLT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 7 (561): NLT 9.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP 4-Hydroxyisoleucine RS
USP Trigonella Foenum-graecum Seed Dry Extract RS
USP Trigonelline RS

Fenugreek Seed Powdered Extract
DEFINITION
Fenugreek Seed Powdered Extract is prepared from the dried

ripe seedsof Trigonella foenum-graecum L. (Fam. Fabaceae)
by extraction with hydroalcoholic mixtures. It contains NLT
90.0% and NMT 110.0% of the labeled amount of
4-hydroxyisoleucine, calculated on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)-

AMINO ACID PROFILE -
Standard solution A: 0.5 mg/mL of USP

4-Hydroxyisoleucine RS in an ethanol and water (7:3)
mixture

Standard solution B: 50 mg/mL of USP Trigonella
Foenum-graecum Seed Dry Extract RS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: 50 mg/mL of Powdered Extract in an
ethanol and water (7:3) mixture. Sonicate for 10 min,
centrifuge, and use the supernatant. .

[NOTE-Standard solution 8 and the Sample solution may
also be used for Identificationtest 8 and for Specific Tests,
Presence of Trigonelline.] .

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate)'
Application volume: 2 J.lL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33% using a suitable device.
Temperature: Ambient, not to exceed 30°
Developing solvent system: A mixture of n-butanol,

acetic acid, and water (7:2:1)
Derivatization reagent: A solution of 0.3% ninhydrin in a

mixture of isopropanol and glacial acetic acid (19: 1)
System suitability

Samples: StandardsolutionA and Standardsolution 8
Suitability requirements: Under white light, the

derivatized chromatogram of Standardsolution 8 displays,
in its lower half, five or six brown bands; the darkest band
corresponding to the 4-hydroxyisoleucine band in the
chromatogram of StandardsolutionA. Under long-wave
UV (365 nm), the derivatized chromatogram of Standard

. solution 8 exhibits, in its lower half, four or five brown
bands; the darkest band corresponding to the
4-liydroxyisoleucine band in the chromatogram of

, Suitable commercially available plates are HPTLC Silica Gel 60 F2S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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StandardsolutionA. In the upper half of the
chromatogram, three diffuse yellow to orange-yellow
bands are seen, the middle one being the most intense.

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Apply the Samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber until the solvent front has migrated over a path
of 6 em. Air-dry, treat with Derivatization reagent, heat for
3 min at 105°, and immediately examine under white light
and under the long-wave UV light (365 nm).

Acceptance criteria: Under white light, and under
long-wave UV light (365 nm), the chromatogram of the
Sample solutiondisplays the bands generally similar in
pattern and color to those observed with Standardsolution
8, in particular, the prominent band corresponding to the
4-hydroxyisoleucine band in the chromatograms of
StandardsolutionA and Standardsolution8. However,
depending on the procedures and excipients used in
preparation of Powdered Extract, the number, position,
and coloration of the bands in the Sample solution may
differ from those observed in the Standardsolution8
chromatogram.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN.(2Q3)
STEROIDAL SAPONINS PROFILE

.Standard solution: 50 mg/mL of USP Trigonella
Foenum-graecum Seed Dry Extract RS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: 50 mg/mL of Powdered Extract in an
ethanol and water (7:3) mixture. Sonicate for 10 min,
centrifuge, and use the supernatant.

[NoTE-The Standardsolution and Sample solution may
also be used for Identificationtest A and for Specific Tests,
Presence of Trigonelline.]

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLCplate)
Application volume: 2 J.lL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33% using a suitable device.
Temperature: Ambient, not to exceed 30°
Developing solvent system: A mixture of

dichloromethane, methanol, and water (18:8:1)
Derivatization reagent: A mixture of methanol, glacial

acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). Prepare on an ice bath, and mix well.

System suitability
Sample: Standardsolution
Suitability requirements: Under white light, the

derivatized chromatogram of the Standardsolution
exhibits, in its lower half, three or four lightly shaded
bands. Under long-wave UV (365 nm), the derivatized
chromatogram of the Standardsolution exhibits, in its
lower third, two diffuse bands of blue fluorescence, and
another blue fluorescent band in the middle of the plate.

Analysis
Samples: Standardsolutionand Sample solution
Apply the Samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber, until the solvent front has migrated over a path
of 6 em. Air-dry, treat with Derivatizationreagent, heat for
3 min at 105°, and immediately examine under white light
and under the long-wave UV light (365 nm).

Acceptance criteria: Under white light, and under
long-wave UV light (365 nm), the chromatogram of the
Sample solutiondisplays the bands similar in pattern and
color to those observed with the Standardsolution.
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However, depending on the procedures and excipients
used in preparation of Powdered Extract, the number,
position, and coloration of the bands in the Sample solution
may differ from those observed in the Standardsolution
chromatogram.

COMPOSITION
• CONTENT OF 4-HvDROXVISOLEUCINE

Solution A: 0.1% Phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 80.0 20.0

20 40.0 60.0

21 80.0 20.0

25 80.0 20.0

Diluent: Methanol and water (1:1)
Reagent: A mixture of acetonitrile, water, and

triethylamine (10:3:2)
Standard solution: Transfer about 4.0 mg of USP

4-Hydroxyisoleucine RS, accurately weighed, into a50-mL
volumetric flask, and dissolve in 5 mL of the Diluent. Add
10 mL of Reagent and 0.5 mL of phenyl isothiocyanate, and
shake for 5 min. Add 30 mL of methanol, adjust with water
to volume, and mix well. -

Sample solution: Transfer the amount of accurately
weighed Powdered Extract calculated to contain about
4 mg of 4-hydroxyisoleucine into a 50-mL volumetric flask,
and dissolve in 5 mL of Diluent. Add 10 mL of Reagent and
0.5mL of phenyl isothiocyanate, and shake for 5 min. Add
30 mL of methanol, adjust with water to volume, and
mix well.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: UV254 nm
Column: 4.6-mm x 15-cm; 5-l.Jm packing L1
Column temperature: Ambient
Flow rate: 1.5 mL/min
Injection-volume: 20 I.JL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the 4-hydroxyisoleucine
peak, Standardsolution

Relative standard deviation: NMT 2.0% determined for
the 4-hydroxyisoleucine peak in replicate injections,
Standardsolution

Analysis
Samples: Standardsolution and Sample solutio:,. .
Using the chromatogram of the Standardsolution, Identify

the retention time of the peak corresponding to
4-hydroxyisoleucine in the Sample solution
chromatogram.

Calculate the percentage of 4-hydroxyisoleucine in the
portion of Powdered Extract taken:

Result = (rufrs) x Cs x (V/W) x 100

t» = peak area of 4-hydroxyisoleucine from the Sample
solution

r5 = peak area of 4-hydroxyisoleucine from the
Standardsolution

USP 43

= concentration of USP 4-Hydroxyisoleucine RS in
the Standardsolution (mg/mL)

= volume of the Sample solution (mL)
= weight of Powdered Extract taken to prepare the

Sample solution (mg)

Acceptance criteria: 90.00/0-110.0% of the labeled amount
of 4-hydroxyisoleucine, on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 I.Jg/g
Cadmium: NMT 1.0 I.Jg/g
Lead: NMT 10.0 I.Jg/g
Mercury: NMT 1.0 I.Jg/g

Meets t e requirements
• MIcRoBIAl. ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 du/g, and the total
combined molds and yeasts count does notexceed 103 du/
g.'-,

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli .

SPECIFIC TESTS
• HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

PRESENCE OF TRIGONELLINE
Standard solution A: 1.5 mg/mL of USPTrigonelline RS in

an ethanol and water (7:3) mixture
Standard solution B: 50 mg/mL of USPTrigonella

Foenum-graecum Seed Dry Extract RS in an ethanol and
water (7:3) mixture. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: 50 mg/mL of Powdered Extract in
methanol. Sonicate for 10 min, centrifuge, and use the
supernatant.

[NOTE-Standard solution B and the Sample solution may
also be used for Identification test A and for Identification
test B.] .

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 I.Jm (HPTLC plate)
Application volume: 5 I.JL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33% using a suitable device.
Temperature: Ambient, not to exceed 300

Developing solvent system: A mixture of isopropyl
alcohol, methanol, and water (4:1 :4)

System suitability
Samples: StandardsolutionA and Standardsolution 8
Suitability requirements: Under short-wave UV light

(254 nrn), the chromatogram of StandardsolutionB
displays, in its lower half, a quenching band coincident
with that of the trigonelline band in the chromatogram of
Standard solutionA.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the Samples as bands, and dry in air. Condition at

relative humidity at about 33%. Develop in a saturated
chamber;until the solvent front has migrated over a path
of 6 em. Air-dry, and examine under short-wave UV light
(254 nm).
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Acceptance criteria: Under short-wave UV light, the
chromatogram of the Sample solutiondisplaysa quenching
band corresponding to the trigonelline band in the
chromatograms of StandardsolutionA and Standard
solution B.

• WATER DETERMINATION, Method la (921): NMT 9.0%
• RESIDUE ON IGNITION (281): NMT 5.0%
• RESIDUAL SOLVENTS (467): Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant from which the
extract was derived. It also meets the requirements for
Labeling in Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP 4-Hydroxyisoleucine RS
USP Trigonella Foenum-graecum Seed Dry Extract RS
USP Trigone!line RS

Ferrous Fumarate-see Ferrous Fumarate General
Monographs

Ferrous Fumarate Tablets-see Ferrous Fumarate
Tablets General Monographs

Ferrous Gluconate-see Ferrous Gluconate General
Monographs

Ferrous Gluconate CapsuleS-see Ferrous
Gluconate Capsules General Monographs

Ferrous Gluconate Oral Solution-see Ferrous
Gluconate Oral Solution General Monographs

Ferrous Gluconate Tablets-see Ferrous
Gluconate Tablets General Monographs

Ferrous Sulfate-see Ferrous Sulfate General
Monographs

Ferrous Sulfate Oral Solution-see Ferrous
Sulfate Oral Solution General Monographs
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ferrous Sulfate Syrup-see Ferrous Sulfate Syrup
General Monographs

Ferrous Sulfate Tablets-see Ferrous Sulfate
Tablets General Monographs

Ferrous Sulfate, Dried-see Dried Ferrous Sulfate
General Monographs

Feverfew
DEFINITION
Feverfew consistsof the dried leaves of Tanacetum parthenium

(L.) Sch. Bip. (Fam. Asteraceae), collected when the plant is
in flower.

IDENTIFICATION
• A. The retention time of the parthenolide peak of the

Sample solution corresponds to that of the Standard
solution, as obtained in the test for Contentof Parthenolide.

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution: 1.0 mg/mL of USP Parthenolide RS in

methanol
Sample solution: Transfer 1.0 g of finely powdered

Feverfew to a suitable flask. Add 20 mL of methanol, heat
the flask over a water bath at 60° for 15 min, cool, and filter.
Evaporate the filtrate under reduced pressure to dryness,
and dissolve the residue in 2.0 mL of methanol.

Adsorbent: 0.5-mm layer of chromatographic silica gel,
typically 20 cm long (TLC plates)

Application volume: 20 ~L

Developing solvent system: Toluene and acetone (85:15)
Spray reagent: 0.5% Solution of vanillin in a mixture of

sulfuric acid and alcohol (4:1)
Analysis

Samples: Standardsolutionand Sample solution
Develop the chromatograms until the solvent front has

moved three-fourths of the length of the plate. Remove
the plate from the chromatographic chamber, mark the
solvent front, and allow it to air-dry. Spray the plate with
Spray reagent. After 5 min, examine the plate under white
light.

Acceptance criteria: A blue spot in the middle portion of
the chromatogram of the Sample solution that corresponds
in color and RF value to the principal spot obtained in the
chromatogram of the Standardsolution indicates the
presence of parthenolide. The lower one-third of the
chromatogram of the Sample solutionmay exhibit two pink
spots, and the upper one-third may exhibit one pink spot.

• C. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution: 0.25 mg/mL of USP Rutin RS in

methanol
Sample solution: To 1 g of finely powdered Feverfew, add

10 mLof methanol, and heat on a water bath at 60° for
15 min. Cool, and filter.

Adsorbent: 0.25-mm layer of chromatographic silica gel,
typically 20 cm long (TLC plates)

Application volume: 20 ~L

Developing solvent system: Ethyl acetate, anhydrous
formic acid, glacial acetic acid, and water (10: 1.1: 1.1:
2.7)
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Spray reagent A: 1% Solution of 2-aminoethyl
diphenylborinate in methanol

Spray reagent B: 5% (w/v) Solution of polyethylene glycol
4000 in alcohol

Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has

moved three-fourths of the length of the plate. Remove
the plate from the chromatographic chamber, and allow
it to air-dry. Spray the plate with Spray reagent A followed
by Spray reagent B, and examine the plate under UV light
at 366 nm.

Acceptance criteria: Relative to the RFvalue of the principal
spot of the Standard solution, the chromatogram of the
Sample solution exhibits no blue spot at RF 1.1 (distinction
from Roman chamomile) but exhibits a green spot at RF2.3

(distinction from Matricaria), and colored spots at the RF

values indicated are as follows: 1.5 (yellowish orange), 1.65
(yellowish green), 2.0 (greenish blue), and 2.25
(whitish blue).

COMPOSITION
• CONTENT OF PARTHENOLIDE

Mobile phase: Acetonitrile and water (9:11)
Standard solution: 0.04 mg/mL of USP Parthenolide RS in

methanol
Sample stock solution: Reduce 100 g of Feverfew to a fine

powder. Transfer about 1.0 g of the finely powdered
Feverfew, accurately weighed, to a suitable flask. Add
100 mL of methanol, and heat on a water bath at 60° for
10 min. Remove the flask from the water bath, cool, and
filter. Rinse the flask with three 5-mL portions of methanol,
and filter, adding the rinsings to the filtrate. Transfer the
residue left within the filter to the same flask. Add 50 mL of
methanol, and continue the rinse procedure as described
above. Evaporate the combined filtrates under reduced
pressure to dryness, and dissolve the residue in 20.0 mL of
methanol.

Sample solution: Transfer 10 mL of the Sample stock
solution to a 25-mL volumetric flask, and dilute with
methanol to volume.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: A.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standard solution
SUitability requirements

Tailing factor: NMT 2.0 for the parthenolide peak
Relative standard deviation: NMT 2.0% for the

parthenolide peak in repeated injections
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of parthenolide in the portion of

Feverfew taken to prepare the Sample solution:

Result = (rulrs) x Cs x (V/W) x D x 100

USP 43

W =weight of Feverfew used to prepare the Sample
stock solution (mg)

o =dilution factor to prepare the Sample solution
from the Sample stock solution

Acceptance criteria: NLT0.2% on the dried basis.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022) It meets
the requirements of the tests for the absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Yellowish green, petiolate, usually 2-5 cm in
length but sometimes up to 10 cm, ovate, deeply divided
into 5 or occasionally 7 segments, each with a coarsely
crenate margin and obtuse apex; both surfaces downy and
the mid-rib prominent on the lower surface ."',

Microscopic: Upper and lower epidermal cells with wavy
anticlinical walls, striated cuticle and anomocytic stomata,
more frequent on the lower epidermis; trichomes, more
abundant on the lower epidermis, of two types; covering
trichomes uniseriate with up to 6 small isodiametric basal
cells and elongated, tapering apical cells, often at right
angles to the axis of the basal cells; glandular trichomes
slightly sunken, composed of a short, biseriate, 2- or
4-celled stalk and a biseriate head of 4 cells, around which
the cuticle forms a bladder-like covering

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 10.0%, including the stalk

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble
Extractives,Method 2 (561): NLT 15.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Feverfew
Analysis: Dry the Sample at 105° for 1 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561): NMT
12.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store in a dry place, protected from light.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Parthenolide RS
USP Rutin RS

v

= peak area of the parthenolide peak in the Sample
solution

= peak area of the parthenolide peak in the
Standard solution

= concentration of USP Parthenolide RS in the
Standard solution (mg/mL)

= final volume of the Sample stock solution (mL)

Powdered Feverfew
DEFINITION
Powdered Feverfew is Feverfew pulverized to a fine or veryfine

powder.
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IDENTIFICATION
• A. The retention time of the parthenolide peak of the

Sample solution corresponds to that of the Standard
solution, as obtained in the test for Contentof Parthenolide.

• B. THIN-LAYER CHROMATOGRAPHY
Standard solution: 1.0 mg/mL of USP Parthenolide RS in

methanol
Sample solution: Transfer 1.0 g of Powdered Feverfew to a

suitable flask. Add 20 mL of methanol, heat the flask over a
water bath at 60° for 15 min, cool, and filter. Evaporate the
filtrate under reduced pressure to dryness, and dissolve the
residue in 2.0 mL of methanol.

Adsorbent: 0.5-mm layer of chromatographic silica gel,
typically 20 cm long (TLC plates)

Application volume: 20 ~L

Developing solvent system: Toluene and acetone (85:15)
Derivatization reagent: 0.5% Solution of vanillin in a

mixture of sulfuric acid and akohol (4:1)
Analysis

Samples: Standardsolution and Sample solution
Develop the,chromatograms until the solvent front has

moved three-fourths of the length of the plate. Remove
the plate from the chromatographic chamber, mark the
solvent front, and allow it to air-dry. Spray the plate with
Derivatization reagent. After 5 min, examine the plate
under white light.

Acceptance criteria: A blue spot in the middle portion of
the chromatogram of the Sample solution that corresponds
in color and RF value to the principal spot obtained in the
chromatogram of the Standardsolution indicates the
presence of parthenolide. The lower one-third of the
chromatogram of the Sample solution may exhibit two pink
spots, and the upper one-third may exhibit one pink spot.

• C. THIN-LAYER CHROMATOGRAPHY
Standard solution: 0.25 mg/mL of USP Rutin RS in

methanol
Sample solution: To 1 g of Powdered Feverfew, add 10 mL

of methanol, and heat on a water bath at 60° for 15 min.
Cool, and filter.

Adsorbent: 0.25-mm layer of chromatographic silica gel,
typically 20 cm long (TLC plates) .

Application volume: 20 ~L

Developing solvent system: Ethyl acetate, anhydrous
formic acid, glacial acetic acid, and water (10: 1.1: 1.1 :
2.7)

Derivatization reagent A: 1% Solution of 2-aminoethyl
diphenylborinate in methanol

Derivatization reagent B: 5% (w/v) Solution of
polyethylene glycol 4000 in alcohol

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatogram until the solvent front has

moved three-fourths of the length of the plate. Remove
the plate from the chromatographic chamber, and allow
it to air-dry. Treat the plate with DerivatizationreagentA
followed by Derivatization reagent B, and examine the
plate under UV light at 366 nm.

Acceptance criteria: Relative to the RF value of the principal
spot of the Standardsolution, the chromatogram of the
Sample solution exhibits no blue spot at RF 1.1 (distinction
from Roman chamomile) but exhibits a green spot at RF 2.3
(distinction from Matricaria), and colored spots at the RF

values indicated are as follows: 1.5 (yellowish orange), 1.65
(yellowish green), 2.0 (greenish blue), and 2.25
(whitish blue).

COMPOSITION
• CONTENT OF PARTHENOLIDE

Mobile phase: Acetonitrile and water (9:11)
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Standard solution: 0.04 mg/mL of USP Parthenolide RS in
methanol

Sample stock solution: Transfer about 1.0 g of the
Powdered Feverfew, accurately weighed, to a suitable flask.
Add 100 mL of methanol, and heat on a water bath at 60°
for 10 min. Remove the flaskfrom the water bath, cool, and
filter. Rinse the flask with three 5-mL portions of methanol,
and filter, adding the rinsings to the filtrate. Transfer the
residue left within the filter to the same flask. Add 50 mLof
methanol, and continue the rinse procedure as described
above. Evaporate the combined filtrates under reduced
pressure to dryness, and dissolve the residue in 20.0 mL of
methanol.

Sample solution: Transfer 10 mL of the Sample stock
solution to a 25-mL volumetric flask, and dilute with
methanol to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 210 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution
Suitability requirements

. Tailing factor: NMT 2.0 for the parthenolide peak
Relative standard deviation: NMT 2.0% for the

parthenolide peak in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of parthenolide in the portion of

Powdered Feverfew taken to prepare the Sample
solution:

Result =(rvlrs) x Cs x (VIW) x 0 x 100

t» =area of the parthenolide peak in the Sample
solution

rs =area of the parthenolide peak in the Standard
solution

Cs =concentration of USP Parthenolide RS in the
Standardsolution (mg/mL)

V =final volume of the Sample stocksolution (rnt)
W =weight of Powdered Feverfew used to prepare the

Sample stock solution (mg)
o = dilution factor to prepare the Sample solution

from the Sample stock solution

Acceptance criteria: NLT 0.2% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits ofElemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,

Method 2 (561): NLT 15.0%
• Loss ON DRYiNG (731)

Sample: 1.0 g of Powdered Feverfew
Analysis: Dry the Sample at 105° for 1 h.
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Acceptance criteria: NMT 10.0%
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

12.0%
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture.
• LABELING: The labelstates the Latin binomialand, following

the official name, the part of the plant source from which
the articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Parthenolide RS
USPRutin RS

Fish Oil Containing Omega-3 Acids

DEFINITION
Fish OilContaining Omega-3 Acids isthe purified, winterized,
and deodorized fatty oil obtained from fish of the families
Engr~~li<:iael.s~~~.~.giig~i~~Slu peidae, Osmeridae,
~Scol'T'll:>ricii:l~/-~(~RR1*A:i.lg¥2Ql11) and Ammodytidae.The omega
3 acids are defined as the following: alpha-linolenic acid
(C18:3 n-3), moroctic acid (C18:4 n-3), eicosatetraenoic
acid (C20:4 n-3), eicosapentaenoic acid (EPA) (C20:5 n-3),
heneicosapentaenoic acid (C21:5 n-3), docosapentaenoic
acid (C22:5 n-3), and docosahexaenoic acid (DHA) (C22:6 n
-3). It contains NLT 28.0% (w/w) of total omega-3 acids,
expressed as free acids, consisting of NLT 13.0% of EPA and
NLT 9.0% of DHA. Suitableantioxidants in appropriate
concentrations may be added.

IDENTIFICATION
• A. The retention times of the docosahexaenoic acid methyl

ester and eicosapentanoic acid methylester peaksfrom Test
solution 1 in Contentof EPA and DHAcorrespond to those
of the docosahexaenoic acid methyl ester and
eicosapentanoic acid methyl ester peaksfrom Standard
solution20 and Standardsolution2b, respectively, in Fats
.and Fixed ,Oils (401), Contentof EPA and DHA. The sum of
the area for EPA and DHA methyl esters is NLT 22% of the
total detected area for the methyl esters, and no other peak
has an area higher than 20% of the total detected area for
the methyl esters. In addition to the EPA and DHA peaks,
Test solution 1 exhibitsat least 15 more peakswith retention
times similarto those of the Fish oil standardsolution, as
obtained in the test for Contentof EPA and DHA.

COMPOSITION
• CONTENT OF EPA AND DHA

(See Fats and Fixed Oils(401), Omega-3 FattyAcids
Determination and Profile.)

Standard solution 1a, Standard solution 1b, Standard
solution 2a, Standard solution 2b, Test solution 1, Test
solution 2, System suitability solution 1, System
suitability solution 2, Chromatographic system, System
suitability, and Analysis: Proceed as directed in Fats and
Fixed Oils(401), Contentof EPA and DHAfor triqlycerldes.

Fish oil standard solution: Transfer300 mg of USP Fish
Oil ,RS into a 1O-mL volumetricflask, and dissolve in and
dilute with Antioxidant Solution to volume. Proceed as
directed for Test Solution 1 (for triglycerides) in Fats and Fixed
Oils(401), Contentof EPA and DHA, starting with "Transfer
2.0 mL".
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Identify the relevant fatty acid methyl esters in the Fish oil
standardsolution by comparing their retention times with
those in the reference chromatogram supplied with the
USP Fish Oil RS.

Acceptance criteria: NLT 13.0% (w/w) of EPA and NLT
9.0% (w/w) of DHA

• CONTENT OF TOTAL OMEGA-3 ACIDS
(See Fats and Fixed Oils(401), Omega-3 FattyAcids

Determination and Profile.)
Analysis: Proceed as directed in Fats and Fixed Oils (401),

Contentof TotalOmega-3 Acids (for triglycerides).
Acceptance criteria: NLT 28.0% (w/w) of total omega-3

acids, expressed as free acids

CONTAMINANTS
• LIMIT OF ARSENIC

[NOTE-For the preparation ofall aqueous solutionsand
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passed first
through a strong-acid, strong-base, mixed-bed
ion-exchange resin. Selectall reagents to have as
Iowa content of arsenic as practicable, and store all
reagent solutions in containers of borosilicate' glass.
Cleanse glass, polytef, and plasticvessels before use
by soaking in warm 8 N nitric acid for 30 min and by
rinsingwith deionized water.] .' '-,

1% Palladium stock solution: Transfer 1 g of ultrapure
palladium metal into a Teflon beaker. Add 20 mL of water
and 10 mLof nitricacid, and warm on a hot plate to
dissolve. Allow the solution to cool to room temperature,
transfer into a 1OO-mL volumetricflask, and dilute with
deionized water to volume.

1% Magnesium nitrate stock solution: Transfer 1 g of
ultrapure magnesium nitrate into a Teflon beaker. Add
40 mLof water and 1 mLOf nitricacid, and warm on a hot
plate to dissolve the solids.Allow the solution to cool to
room temperature, transfer into a 1OO-mL volumetricflask,
and dilute with deionized water to volume.

Modifier working solution: 7% Palladium stock solution, 7%
Magnesium nitrate stock solution, and 2% nitric acid
(3:2:5). Avolume of 5 IJL provides0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mLof Standard

Arsenic Solution, prepared as directed in Arsenic (211), to a
1OO-mL volumetricflask. Add 40 mLof water and 5 mLof
nitricacid, and dilute with water to volume. This solution
contains 0.10 IJg/mL of arsenic.

Standard solutions: Dilutethe Standardstocksolutionwith
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 IJg/mL of arsenic. .

Sample solution: Forpreparation of the Sample solution,
use a microwaveoven with a magnetron frequency of
2455 MHz and a selectable output power of 0-950 watts
in 1% increments, equipped with advanced composite
vessels with 1OO-mL polytef liners. Userupture membranes
to vent vessels should the pressure exceed 125 psi. The
vessels fit into a turntable, and each vesselcan be vented
into an overflowcontainer. Equip the microwaveoven with
an exhaust tube to ventilatefumes. [CAUTION-Wear proper
eye protection and protective clothing and gloves.]
Transfer approximately 500 mg of Fish Oil Containing
Omega-3 Acids, weighed to the nearest 0.1 mg, into a
Teflon digestion vessel liner. Prepare samples in duplicate.
Add 15 mLof nitricacid, and swirl gently. Coverthe vessels
with lids, leavingthe vent fitting off. Predigest overnight
under a hood. Placethe rupture membrane in the vent
fitting, and tighten the lid. Place allvessels on the
microwaveoven turntable. Connect the vent tubes to the
vent trap, and connect the pressure-sensing line to the
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appropriatevessel. Initiate a two-stage digestion procedure
by heating the microwave at 15% power for 15 min,
followed by 25% power for 45 min. Remove the turntable
of vessels from the oven, and allowthe vessels to cool to
room temperature. [NOTE-A cool water bath may be used
to speed the cooling process.] Vent the vessels when they
reach room temperature. Remove the lids, and slowly add
2 mL of 30% hydrogen peroxide to each. Allow the
reactions to subside,and sealthe vessels. Return the vessels
on the turntable to the microwave oven, and heat for an
additional 15 min at 30% power. Remove the vessels from
the oven, and allowthem to cool to room temperature.
Transfer the cooled digests into 25-ml volumetric flasks,
and dilutewith water to volume.

Analysis: Program the graphite furnace as follows. Dry at
1150 using a 1-s ramp, a 65-s hold, and an argon flowof
300 mL/min. Char the sample,at 10000 usinga 1-s ramp, a
20-s hold, and an airflow of 300 ml/min. Cooldown, and
purge the air from the furnace for lOs using a 200 set
temperature and an argon flowof 300 mL/min. Atomize at
24000 usinga O-s ramp and a 5-s hold with the argon flow
stopped. Clean out at 26000 using a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 IJl) of the
Standardsolutions, the Sample solution, and the Blank,
followed by a 5-IJL injection of the Modifierworkingsolution
for each of the samples, into the graphite tube of a suitable
graphitefurnaceatomic absorption spectrometer equipped
with a hollow-cathode lamp for arsenic. Determinethe
peak area at the arsenic emission lineat 193.7 nm,
corrected for background absorption. Plotthe corrected
peakareasof the Standardsolutionsversustheir contents of
arsenic, in IJg/mL, and calculate the regression line best
fitting the points. Determine the concentration, C, in
IJg/mL, of arsenic in each mL of the Sample solution by
interpolation from the regression line.
Calculate the content of arsenic in the portion of Fish Oil

Containing Omega-3 Acids taken:

Result =(C/\Itt) x 25

nitricacid (2:1 :2). Avolume of 5 IJL provides 0.2 mg of
phosphate plus0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mL of lead nitrate

stock solutionTS to a 1OO-mL volumetric flask. Add 40 mL
of water and 5 mL of nitricacid, and dilute with water to
volume.Transfer 1.0 mL ofthissolutionto a second 100-ml
volumetric flask. Add50 mL ofwater and 1 mL of nitric acid,
and dilutewithwater to volume.This solutioncontains0.10
IJg/ml of lead.

Standard solutions: Dilute the Standardstock solutionwith
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 IJg/mL of lead.

Sample solution: Prepareas directed in Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at

1200 using a 1-s ramp, a 55-s hold, and an argon flowof
300 mL/min. Char the sample at 8500 using a 1-s ramp, a
30-s hold, and an airflow of 300 mL/min. Cool down, and
purge the airfrom the furnace for lOs usinga 200 set
temperature and an argon flowof 300 mL/min. Atomize at
21000 usinga O-s ramp and a 5-s hold with the argon flow
stopped. Cleanout at 26000 using a 1-s ramp and.a 5-s
hold. Separately inject equal volumes(20 IJL) of the
Standardsolutions, the Sample solution, and the Blank,
followed by a 5-IJL injection of the Modifierworking:~olution
for each of the samples, into the graphite tube of a suitable

. graphite furnaceatomicabsorptionspectrometer equipped
with a hollow-cathode lamp for lead. Determine the peak
area at the lead emission lineat 283.3 nm, correctedfor
background absorption. Plot the corrected peakareas of
the Standardsolutions versustheir contents of lead, in
IJg/ml, and calculatethe regression line best fitting the
points. Determinethe concentration, C, in IJg/mL, of lead
in each ml of the Sample solution by interpolation from the
regression line.
Calculate the content of lead in the portion of Fish Oil

Containing Omega-3 Acids taken:

Result = (C/ \Itt) x 25

c

w
C

w
=concentration of lead in each ml of the Sample

solution (lJg/ml)
=weight of Fish Oi/Containing Omega-3 Acids

taken to prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF CADMIUM

[NOTE-For the preparationofallaqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content of cadmium as practicable, and store all
reagent solutions in containers of borosilicate glass.
Cleanseglass, polytef, and plastic vessels before use
by soakingin warm 8 N nitric acid for 30 min and by
rinsing with deionizedwater.]

10% Monobasic ammonium phosphate solution: 109 of
ultrapure monobasic ammonium phosphate in 40 mL of
water and 1 ml of nitric acid to dissolve the phosphate.
Dilute with deionizedwater to 100 mL.

1% Magnesium nitrate solution: Transfer 1 g of ultrapure
magnesium nitrate to a Teflon beaker.Add 40 mL of water
and 1 ml of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature,
transfer to a 1OO-ml volumetric flask, and dilutewith .
deionizedwater to volume.

Modifier working solution: 70%Monobasic ammonium
phosphate solution, 1% Magnesium nitrate solution, and 2%

= concentration of arsenic in each mL of the
Sample solution (lJg/mL) .

= weight of Fish Oil Containing Omega-3 Acids
taken to prepare the Sample solution (g) .

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF LEAD

[NOTE-For the preparation ofall aqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content of lead as practicable, and store all reagent
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plasticvessels before use by
soaking in warm 8 N nitricacid for 30 min and by
rinsing with deionized water.]

10% Monobasic ammonium phosphate solution: 109 of
ultrapure monobasic ammonium phosphate in 1 ml of
nitric acid and 40 mL of water to dissolve the phosphate.
Dilute with deionizedwater to 100 mL.

1% Magnesium nitrate solution: Transfer 1 g of ultrapure
magnesium nitrate to a Teflon beaker.Add40 mL of water
and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature,
transferto a 1OO-mL volumetric flask, and dilute with
deionized water to volume.

Modifier working solution: 70% Monobasic ammonium
phosphate solution, 7% Magnesium nitrate solution, and 2%
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nitric acid (2:1 :2). A volume of 5 ~l provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (5 in 100)
Standard stock solution A: 0.1372 mg/ml of cadmium

nitrate in water
Standard stock solution B: Standard stock solutionA, nitric

acid, and water (2:1 :97). This solution contains 0.10 ~g/ml

of cadmium. [NoTE-Before diluting to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions: Dilute Standard stock solutionBwith
the Blank to obtain concentrations of 0.002,0.005,0.010,
0.025, and 0.050 ~g/ml of cadmium.

Sample solution: Prepare as directed in Limit of Arsenic.
Analysis: Program the graphite furnace asfollows. Dry at

120° using a I-s ramp, a 55-s hold, and an argon flow of
300 ml/min. Char the sample at 850° using a 1-s ramp, a
30-s hold, and an airflow of 300 ml/min. Cool down, and
purge the air from the furnace for lOs using a 20° set
temperature and an argon flow of 300 ml/min. Atomize at
2400° using a O-s ramp and a 5-s hold with the argon flow
stopped. Clean out at 2600° using a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 pl) of the
Standard solutions, the Sample solution, and the Blank,
followed by a 5-~l injection of the Modifierworkingsolution
for each of the samples, into the graphite tube of a suitable
graphite furnace atomic absorption spectrometer equipped
with a hollow-cathode lamp for cadmium. Determine the
peak area at the cadmium emission line at 228.8 nm,
corrected for background absorption. Plot the corrected
peak areas of the Standardsolutions versustheir contents of
cadmium, in ~g/ml, and calculate the regression line best
fitting the points. Determine the concentration, C, in
~g/ml, of cadmium in each ml of the Sample solution by
interpolation from the regression line.
Calculate the content of cadmium in the Fish Oil

Containing Omega-3 Acids taken:

Result=(C/W) x 25

C = concentration of cadmium in each ml of the
Sample solution (pq/rnl)

W =weight of Fish Oil Containing Omega-3 Acids
taken to prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF !VIERCURY: Proceed as directed in Mercury (261),
Method 110, except use a StandardMercury Solution having
the equivalent of 0.1 ~g/ml of mercury.

Sample solution: Prepareasdirected for the Sample solution
in Limit of Arsenic, combining the two duplicate cooled
digests into 1.0 mL of Potassium Permanganate Solution.

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED
BIPHENYLS

Analysis: Determine the content of polychlorinated
dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method No. 1613, Revision B,of
the Environmental Protection Agency. Determine the
content of polychlorinated biphenyls (PCBs) by Method
No. 1668, Revision A of the Environmental Protection
Agency.

Acceptance criteria: The sum of PCDDs and PCDFs is NMT
2.0 pg/g of World Health Organization (WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs (polychlorinated biphenyls, nonortho IUPAC
congeners PCB-77, PCB-81, PCB-126,and PCB-169, and
mono-ortho IUPAC congeners PCB-l05, PCB-114, PCB
118, PCB-123, PCB-156, PCB-157, PCB-167, and PCB-189)
is NMT 10.0 pg/g of WHO toxic equivalents.
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SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 3
• FATS AND FIXED OILS, Anisidine Value (401): NMT 20.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, TotalOxidationValue (TOTOX) (401)

Analysis: Calculate TOTOX asfollows:

Result=(2 x PV) + AV

PV = peroxide value
AV =anisidine value

Acceptance criteria: NMT 26
• FATS AND FIXED OILS, Unsaponifiable Matter(401): NMT

1.5%
• STEARIN

Sample: 10 mL
Analysis: Cool the Sample at 0° for 3 h.
Acceptance criteria: The Sample remains clear.

• ABSORBANCE
Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: The absorbance is NMT 0.70,

determined at 233 nm. .

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at controlled room temperature. It
may be bottled or otherwise packaged in containers from
which air hasbeen expelled by the production of a vacuum
or by an inert gas.

• LABELING: The label states the average content of DHA and
EPA in mg/g. It also states the name and concentration of
any added antioxidant.

Fish Oil Containing Omega-3 Acids'
Capsules

DEFINITION
Fish Oil Containing Omega-3 Acids Capsulescontain NLT

95.0% and NMT 105.0% of the labeled amount of Fish Oil
Containing Omega-3 Acids where FishOil Containing
Omega-3 Acids is the purified, winterized, and deodorized
fatty oil obtained from fish of the families Engraulidae,

S.~r~~Qi.~.~;tS!·~f~·ig~~f}~~~eridae,
.;~~g~mB~I~:l~~'i~;(~6EiJ2$.~B~gjf~) and Ammodytidae. The omega
3 acids are defined asthe following: alpha-linolenic acid
(C18:3 n-3), moroctic acid (C18:4 n-3), eicosatetraenoic
acid (C20:4 n-3), eicosapentaenoic acid (EPA) (C20:5 n-3),
heneicosapentaenoic acid (C21:5 n-3), docosapentaenoic
acid (C22:5 n-3), and docosahexaenoic acid (DHA) (C22:6 n
-3). It contains NLT 28.0% (w/w) of total omega-3 acids,
expressed asfree acids, consisting of NLT 13.0% of EPA and
NLT 9.0% of DHA. Suitable antioxidants in appropriate
concentrations may be added.
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IDENTIFICATION
• A. Theoilcontained in the Capsules meet the requirements

for the following test. The retention times of the
docosahexaenoicacid methyl ester and eicosapentanoic
acid methylester peaksfrom Test solution 1 in Content of
EPA and DHA correspond to those of the docosahexaenoic
acid methylester and eicosapentanoic acid methylester
peaksfrom Standard solution2a and Standard solution 2b,
respectively, in Fats and Fixed Oils(401), Content of EPA
and DHA. The sum of the areas for EPA and DHA methyl
esters is NLT 22% of the total detected area for the methyl
esters,and no other peak in the chromatogram has an area
higher than 20% of the total detected area for the met~yl

esters. In addition to the EPA and DHA peaks, Test solution
1 exhibits at least 15 more peakswith retention times
similar to those of the Fish oil standardsolution, as obtained
in the test for Contentof EPA and DHA.

STRENGTH
• CONTENT OF fiSH OIL
Analysis: We!gh NLT10 Capsul~s ina tared weighingbo~tle;

carefully open the Capsules, without loss of shell material;
and transfer the combined Capsulecontents to a 100-mL
beaker. Remove any adhering substance from the emptied
Capsules by washing with several small portions of
2,2,4-trimethylpentane. Discard the washings, ~nd a.llow
the empty Capsules to dry in a current of dry air until the
2,2,4-trimethylpentane iscompletely evaporated. Weigh
the empty Capsules in the original tared weighing bottle,
and calculatethe average net weight per Capsule.

Acceptance criteria: 95.0%-105.0% of the labeledamount
• CONTENT OF EPAAND DHA

(See Fats and Fixed Oils (401), Omega-3 FattyAcids
Determination and Profile.)

System suitability solution 1, System suitability solution
2 Standard solution 1a, Standard solution 1b, Standard
s~lution 2a Standard solution 2b, Test solutlon 1, Test
solution 2, Chromatographic system, System suitability,
and Analysis: Proceed as directed in Fats and Fixed Oils
(401), Contentof EPA and DHA, for triglycerides. .

Fishoil standard solution: Transfer 300 mg of USP Fish
Oil RS into a 1O-mL volumetric flask, and dissolve in and
dilute with AntioxidantSolution to volume. Proceed as
directedfor Test Solution 1 (for triglycerides) in Fats and Fixed
Oils(401), Contentof EPA and DHA, starting with "Transfer
2.0 mL". ,
Identify the relevantfatty aci~ methxl esters .in th.e Fish ~iI

standardsolutionby comparing their retention timeswith
those in the reference chromatogram supplied with the
USP Fish Oil RS.

Calculate the percentage of EPA and DHA in the portion of
fish oilcontainingomega-3 acidstaken fromthe Capsules.

Acceptance criteria: NLT 13.0% (w/w) of EPA and NLT
9.0% (w/w) of DHA

• CONTENT OF TOTAL OMEGA-3 ACIDS
(See Fats and Fixed Oils (401), Omega-3 FattyAcids

Determination and Profile.)
Analysis: Proceedas directed in Fats and Fixed Oils(401),

Contentof TotalOmega-3 Acids (for triglycerides).
Acceptance criteria: NLT 28.0% (w/w) of total omega-3

acids, expressed as free acids

PERfORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for Rupture
Test for SoftShell Capsules

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements
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CONTAMINANTS
• LIMIT OF ARSENIC

[NOTE-For the preparationofall aqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has first been passed

. through a strong-acid, strong-base, mixed-bed
ion-exchange resin. Selectall reagents to have as
Iowa content of arsenicas practicable, and store all
reagent solutions in containersof borosilicate glass.
Cleanseglass, polytef, and plastic vessels before use
by soaking them in warm 8 N nitric acid for 30 min
and by rinsing them with deionized water.]

1% Palladium stock solution: Transfer 1 g of ultrapure
palladium metal into a Teflon beaker. Add 20 mL of water
and 10 mL of nitric acid, and warm on a hot plate to
dissolve. Allow the solution to cool to room temperature,
transfer into a 1OO-mL volumetric flask, and dilute with
deionized water to volume.

1% Magnesium nitrate stock solution: Transfer 1 g of
ultrapure magnesium nitrate to a Teflon beaker.Add40 mL
of water and 1 mL of nitricacid, and warm on a hot plate
to dissolve the solids. Allow the solution to cool to room
temperature, transfer to a 1OO-mL volumetric flask, and
dilute with deionizedwater to volume.

Modifierworking solution: 1% Palladium stock solLition, 1%
Magnesium nitrate stock solution, and 2% nitric acid
(3:2:5). Avolume of 5 IJL provides 0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mL of Standard

Arsenic Solution, prepared as directed in the test for Arsenic
(211), to a 1OO-mL volumetric flask. Add 40 mL of water
and 5 mL of nitric acid, and dilutewith water to volume.
This solution contains 0.10 IJg/mL of arsenic.

Standard solutions: Dilute the Standard stock solutionwith
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 J,Jg/mL of arsenic.

Sample solution: Forthe preparation of the Sample
solution, use a microwave oven with a magnetron
frequency of 2455 MHz and a selectableoutput power of
0-950 W in 1% increments, equipped with advanced
composite vessels with 1OO-mL polytefliners. Use rupture
membranes to vent vessels should the pressureexceed
125 psi.The vessels fit into a turn.table, an? each v~ssel can
be vented into an overflow container.Equip the microwave
oven with an exhaust tube to ventilatefumes.
[CAUTIoN-Wear proper eye protection and protective
clothing and gloves.] Transfer approximately 500 mg from
content of Capsules, weighed to the nearest 0.1 mg, into a
Teflon digestion vessel liner. Prepare samples in duplicate.
Add15 mL of nitricacid, and swirl gently. Coverthe vessels
with lids, leavlnq the vent fitting off. Predigestovernight
under a hood. Place the rupture membrane in the vent
fitting, and tighten the lid. Place all vessels on the
microwave oven turntable. Connect the vent tubes to the
vent trap, and connect the pressure-sensing lineto the
appropriate vesse!. Initiate a two-stagedigestion pr~:>cedure

by heating the microwave at 15% power for 15 min,
followed by 25% power for 45 min. Remove the turntable
of vessels from the oven, and allow the vessels to cool to
room temperature. [NOTE-A coolwater bath may be used
to speed the cooling process.] Ventthe vessels when they
reach room temperature. Remove the lids, and slowly add
2 mL of 30% hydrogen peroxideto each. Allow the
reactionsto subside,and sealthe vessels. Return the vessels
on the turntable to the microwave oven, and heat for an
additional 15 min at 30% power. Remove the vessels from
the oven, and allow them to cool to room temperature.
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Transfer the cooled digests into 25-mLvolumetric flasks,
and dilute with water to volume.

Analysis: Program the graphite furnace as follows. Dryat
1150 using a I-s ramp, a 65-s hold, and an argon flow of
300 mL/min.Char the sample at 10000 using a l-s ramp, a
20-s hold, and an airflow of 300 mL/min. Cool down, and
purge the air from the furnace for lOs by using a 200 set
temperature and an argon flowof 300 mL/min. Atomize at
24000 using a O-s ramp and a 5-s hold with the argon flow
stopped. Clean out at 26000 using a l-s ramp and a 5-s
hold. Separately inject equal volumes (20 fJL) of the Blank,
the Standard solutions, and the Sample solution, followed
by a 5-fJL injection of the Modifier working solution for each
of the samples, into the graphite tube of a suitablegraphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standard solutions versus their contents of arsenic, in
fJg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in fJg/mL, of
arsenic in each mLof the Sample solution by interpolation
from the regression line.
Calculatethe content of arsenic in the portion of Capsules

taken:

Result = (CI W) x 25

C =concentration of arsenic in each mL of the
Sample solution (pq/rnl.)

W = weight of fishoilcontaining omega-3 acids taken
to prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 fJg/g
• LIMIT OF LEAD

[NOTE-For the preparation ofallaqueous solutionsand
for the rinsingof glass, polytef, and plastic vessels
before use, use water that has first been passed
through a strong-acid, strong-base, mixed-bed
ion-exchange resin. Select all reagents to have as
Iowa content of lead as practicable, and store all
reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plasticvessels before use
by soaking them in warm 8 N nitricacid for 30 min
and by rinsingthem with deionized water.]

10% Monobasic ammonium phosphate solution: 109 of
ultrapure monobasic ammonium phosphate in 1 mL of
nitricacid and 40 mLof water to dissolve the phosphate.
Dilute with deionized water to 100 mL.

1% Magnesium nitrate solution: Transfer 1 g of ultrapure
magnesium nitrate to a Teflon beaker.Add40 mLof water
and 1 mL of nitricacid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature,
transfer to a 1OO-mL volumetricflask, and dilute with
deionized water to volume.

Modifier working solution: 10% Monobasic ammonium
phosphate solution, 1% Magnesium nitrate solution, and 2%
nitricacid (2:1:2). Avolume of 5 fJL provides 0.2 mg of
phosphate plus 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer10.0 mL of lead nitrate

stock solution TS to a 1OO-mL volumetricflask. Add 40 mL
of water and 5 mLof nitric acid, and dilute with water to
volume.Transfer1.0 mLof this solutionto a second 100-mL
volumetricflask. Add50 mLofwater and 1 mL of nitricadd,
and dilute with water to volume.This solutioncontains 0.10
fJg/mL of lead.

Standard solutions: Dilute the Standard stock solution with
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 fJg/mL of lead.
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Sample solution: Prepare as directed in Limit ofArsenic.
Analysis: Program the graphite furnace as follows. Dryat

1200 using a l-s ramp, a 55-s hold, and an argon flow of
300 mL/min. Char the sample at 8500 using a l-s ramp, a
30-s hold, and an airflow of 300 mL/min. Cool down, and
purge the air from the furnace for lOs by using a 20° set
temperature and an argon flowof 300 mL/min. Atomizeat
2100° using a O-s ramp and a 5-s hold with the argon flow
stopped. Clean out at 2600° using a l-s ramp and a5-s
hold. Separately inject equal volumes (20 !-IL) of the Blank,
the Standard solutions, and the Sample solution, followed
by a 5-!-IL injectionof the Modifier working solution for each
of the samples, into the graphite tube of a suitablegraphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at
the lead emission lineat 283.3 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standard solutions versustheir contents of lead, in
!-Ig/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in !-Ig/ml., of lead
in each mLof the Sample solution by interpolationfrom the
regression line. .
Calculate the content of lead in the portion of Capsules

taken:

Result =(CIW) x 25

C = concentration of lead in each ml. of the Sample
solution (!-Ig/mL)

W =weight of fish oilcontaining omega-3 acids taken
to prepare the Sample solution (g)

Acceptance criteria: NMTO.l !-Ig/g
• LIMIT FOR CADMIUM

[NOTE-For the preparation ofallaqueous solutionsand
for the rinsingof glass, polytef, and plasticvessels
before use, use water that has first been passed
through a strong-acid, strong-base, mixed-bed
ion-exchange resin. Selectall reagents to have as
Iowa content of cadmium as practicable, and store
all reagent solutions in containers of borosilicate
glass.Cleanseglass,polytef, and plasticvessels before
use by soaking them in warm 8 N nitric acid for
30 min and by rinsing them with deionized water.]

10% Monobasic ammonium phosphate solution: 10 g of
ultrapure monobasic ammonium phosphate in 40 mLof
water and 1 mLof nitricacid to dissolve the phosphate.
Dilutewith deionized water to 100 mL.

1% Magnesium nitrate solution: Transfer1 g of ultrapure
magnesium nitrate to a Teflon. beaker.Add 40 mL of water
and 1 mLof nitricacid, and warm on a hot plate to dissolve
the solids.Allow the solution to cool to room temperature,
transfer to a 1OO-mL volumetricflask, and dilute with
deionized water to volume.

Modifier working solution: 10% Monobasic ammonium
phosphate solution, 1% Magnesium nitrate solution, and 2%
nitric acid to volume (2:1 :2). Avolume of 5 !-IL provides
0.2 mg of phosphate and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (5 in 100)
Standard stock solution A: 0.1372 mg/mL of cadmium

nitrate in water
Standard stock solution B: Standard stock solution A, nitric

acid, and water (2:1 :97).Thissolutioncontains 0.10 fJg/mL
of cadmium. [NoTE-Before diluting to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions: Dilute Standard stock solution Bwith
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 !-Ig/mL of cadmium.

Sample solution: Prepare as directed in Limit ofArsenic.
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Analysis: Program the graphite furnace as follows. Dry at
120° using a 1-s ramp, a 55-s hold, and an argon flow of
300 mL/min. Char the sample at 850° using a 1-s ramp, a
30-s hold, and an airflow of 300 mL/min. Cool down and
purge the air from the furnace for lOs by using a 20° set
temperature and an argon flow of 300 mL/min. Atomize at
2400° using a O-s ramp and a 5-s hold with the argon flow
stopped. Clean out at 2600° using a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 ~L) of the Blank,
the Standardsolutions, and the Sample solution, followed
by a 5-~L injection of the Modifier working solution for each
of the samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for cadmium. Determine the peak
area at the cadmium emission line at 228.8 nm, corrected
for background absorption. Plot the corrected peak areas
of the Standardsolutionsversus their contents of cadmium,
in ~g/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in ~g/mL, of
cadmium in each mL of the Sample solution by interpolation
from the regression line.
Calculate the content of cadmium in the portion of

Capsules taken:

Result = (C/W) x 25

C = concentration of cadmium in each mL of the
Sample solution (~g/mL)

W = weight of fish oil containing omega-3 acids taken
to prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF MERCURY
Sample solution: Prepare as directed in Limit of Arsenic,

combining the two duplicate cooled digests into 1.0 mL of
Potassium Permanganate Solution in Mercury (261), Method
Jlaand JIb, Reaqents. .

Analysis: Proceed asdirected for Mercury(261), Method Jla,
except use a StandardMercurySolution having the
equivalent of 0.1 ~g/mL of mercury.

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED
BIPHENYLS

Analysis: Determine the content of polychlorinated
dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method No. 1613, Revision B, of
the Environmental Protection Agency. Determine the
content of polychlorinated biphenyls (PCBs)by Method
No. 1668, Revision A, of the Environmental Protection
Agency.

Acceptance criteria: The sum of PCDDsand PCDFs is NMT
2.0 pg/g of World Health Organization (WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs (polychlorinated biphenyls, nonortho IUPAC
congeners PCB-77, PCB-81, PCB-126, and PCB-169, and
mono-ortho IUPAC congeners PCB-105, PCB-114, PCB
118, PCB-123, PCB-156, PCB-157, PCB-167, and PCB-189)
is NMT 10.0 pg/g of WHO toxic equivalents.

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 3
• FATS AND FIXED OILS, Anisidine Value (401): NMT 20.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, TotalOxidation Value (TOTOX) (401):

NMT 26, calculated:

Result= (2 x PV) + AV

PV = peroxide value
AV = anisidine value
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• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT
1.5%

• STEARIN: 10 mL remains clear after cooling at 0° for 3 h.
• ABSORBANCE

Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: The absorbance is NMT 0.70,

determined at 233 nm.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at room temperature, protected from light.
• LABELING: The label states the amount of docosahexaenoic

acid (DHA) and eicosapentaenoic acid (EPA) in mg per
Capsule.

• USP REFERENCE STANDARDS (11)
USP Docosahexaenoic Acid Ethyl Ester RS

All cis-4, 7,10,13,16,19-docosahexaenoic ethyl ester.
C24H3602 356.55

USP Eicosapentaenoic Acid Ethyl EsterRS
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22H3402 330.51

USP FishOil RS
USP Methyl Tricosanoate RS

Tricosanoic acid methyl ester.
C24H4802 368.64

Fish onContaining Omega-3 Acids
Delayed-Release Capsules

DEFINITION
FishOil Containing Omega-3 Acids Delayed-Release Capsules

are enteric-coated Capsules that contain NLT 95.0% and
NMT 105.0% of the labeled amount of Fish Oil Containing
Omega-3 Acids where FishOil Containing Omega-3 Acids is
the purified, winterized, and deodorized fatty oil obtained
from fish of t~E!f~.lT'lili.~~.~n~~~.~.lig~E!~~~rangidae, Clupeidae,
Osmeridae,~$C::9rnl:5~i~~~'.f(ERRl,.Sep;2018) and Ammodytidae.
The omega-3 acids are defined as the following:
alpha-linolenic acid (C18:3 n-3), moroctic acid (C18:4 n-3),
eicosatetraenoic acid (C20:4 n-3), eicosapentaenoic acid
(EPA) (C20:5 n-3), heneicosapentaenoic acid (C21:5 n-3),
docosapentaenoic acid (C22:5 n-3), and docosahexaenoic
acid (DHA) (C22:6 n-3).lt contains NLT 28.0% (w/w) of total
omega-3 acids, expressed as free acids, consisting of NLT
13.0% of EPA and NLT 9.0% of DHA. Suitable antioxidants
in appropriate concentrations may be added. .

IDENTIFICATION
• A. The oil contained in the Capsulesmeets the requirements

for the following test. The retention times of the
docosahexaenoic acid methyl ester and eicosapentanoic
acid methyl ester peaks of Test solution 1 in Contentof EPA
and DHAcorrespond to those of the docosahexaenoic acid
methyl ester and eicosapentanoic acid methyl ester peaks
of Standardsolution 2a and Standardsolution 2b,
respectively, in Fats and Fixed Oils(401), Omega-3 Fatty
Acids Determinationand Profile, Contentof EPA and DHA. The
sum of the area for EPA and DHA methyl esters is NLT 22%
of the total detected area for the methyl esters, and no
other peak has an area higher than 20% of the total
detected area for the methyl esters. In addition to the EPA
and DHA peaks, Test solution 1 exhibits at least 15 more
peaks with retention times similar to those of the Fish oil
standard solution, as obtained in Contentof EPA and DHA.
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STRENGTH
• CONTENT OF FISH OIL

Analysis: Weigh NLT 10 Capsules in a tared weighing bottle,
carefully open the Capsules, without loss of shell material,
and transfer the combined Capsule contents to a 100-mL
beaker. Remove any adhering substance from the emptied
Capsules by washing with several small portions of
2,2,4-trimethylpentane. Discard the washings, and allow
the empty Capsules to dry in a current of dry air until the
2,2,4-trimethylperitane is completely evaporated. Weigh
the empty Capsules in the original tared weighing bottle,
and calculate the average net weight per Capsule.

Acceptance criteria: 95.00/0-105.0% of the labeled amount
• CONTENT OF EPA AND DHA

(See Fats and Fixed Oils(401), Omega-3 FattyAcids
Determination and Profile.)

System suitability solution 1, System suitability solution
2, Standard solution 1a, Standard solution 1b, Standard
solution 2a, Standard solution 2b, Test solution 1, Test
solution 2, Chromatographic system, System suitability,
and Analysis: Proceed as directed in Fats and Fixed Oils
(401), Content of EPA and DHA for triglycerides.

Fish oil standard solution: Transfer 300 mg of USP Fish
Oil RS to a 1O-mL volumetric flask, and dissolve in and
dilute with Antioxidant Solution to volume. Proceed as
directed for Test Solution 7 (for triglycerides) in Fats and Fixed
Oils(401), Contentof EPA and DHA, starting with "Transfer
2.0 mL".
Identify the relevant fatty acid methyl esters in the Fish oil

standardsolutionby comparing their retention times with
those in the reference chromatogram supplied with the
USP Fish Oil RS.

Calculate the percentage of EPA and DHA in the portion of
fish oil containing omega-3 acids taken from the Capsules.

Acceptance criteria: NLT13.0% (w/w) of EPA andNLT
9.0% (w/w) of DHA

• CONTENT OF TOTAL OMEGA-3 ACIDS
(See Fats and Fixed Oils(401), Omega-3 FattyAcids

Determination and Profile.)
Analysis: Proceed as directed in Fats and Fixed Oils (401),

Content of Total Omega-3-Acids (for triglycerides).
Acceptance criteria: NLT28.0% (w/w) of total omega-3

acids, expressed as free acids

PERFORMANCE TESTS
• DISINTEG~TION AND DISSOLUTION (2040): Meet the

requirements for Disintegration, Delayed-Release
(Enteric-Coated) SoftShell Capsules

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• FATS AND FIXED OILS, Trace Metals (401): NMT 0.1 ppm

each of Pb, Cd, As, and Hg
• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED

BIPHENYLS
Analysis: Determine the content of polychlorinated

dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method 1613, Revision B, of the
Environmental Protection Agency. Determine the content

, of polychlorinated biphenyls (PCBs) by Method 1668,
Revision A, of the Environmental Protection Agency.

Acceptance criteria: The sum of PCDDs and PCDFs is NMT
2.0 pg/g of World Health Organization (WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PC~s (polychlorinated biphenyls, non-ortho IUPAC
congeners PCB-77, PCB-81, PCB-126, and PCB-169, and
mono-ortho IUPAC congeners PCB-lOS, PCB-114, PCB
118, PCB-123, PCB-156, PCB-157, PCB-167, and PCB-189)
is NMT 10.0 pg/g of WHO toxic equivalents.

USP 43

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 3
• FATS AND FIXED OILS, Anisidine Value (401): NMT 20.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, TotalOxidation Value (TOTOX) (401):

NMT 26, calculated:

Result =(2 x PV) + AV

PV =peroxidevalue
AV =anisidine value

• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT
1.5%

• STEARIN: 10 mL remains clear after cooling at 0° for 3 h.
• ABSORBANCE

Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: NMT 0.70, determined at 233 nm

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at room temperature, protected from light.
• LABELING: The label states the amount of docosahexaenoic

acid (DHA) and eicosapentaenoic acid (EPA) in mg per
Capsule.

• USP REFERENCE STANDARDS (11)
USP Docosahexaenoic Acid Ethyl Ester RS

All cis-4,7, 10,13,16,19-docosahexaenoic ethyl ester.
C24H3602 356.55

USP Eicosapentaenoic Acid Ethyl Ester RS
Allcis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22H3402 330.51

USP Fish Oil RS
USP Methyl Tricosanoate RS

Flax Seed Oil

[8001-26-1 ].

DEFINITION
Flax Seed Oil is derived from flaxseed or linseed (Unum

usitatissimum L.).The oil is extracted from the seeds by cold
pressing. No solvents or external heat are employed in the
extraction process. It contains no added substances.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils(401), Procedures, FattyAcidComposition.
• B. IDENTIFICATION OF FIXED OILS BY THIN-LAYER

CHROMATOGRAPHY (202): The R F values of the principal
spots of the Sample solutioncorrespond to those of the
Standardsolution.

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, AcidValue: NMT2.0
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 10.0
• FATS AND FIXED OILS (401), Procedures, Iodine Value: 160

200
• FATS AND FIXED OILS (401), Procedures,

Saponification Value: 180-195
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 1.5
• FATS AND FIXED OILS (401), Procedures, FattyAcid

Composition: FlaxSeed Oil exhibits the composition profile
of fatty acids in Table 1.
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Table 1

Fatty Shorthand Percentage
Acid Notation (%)

Palmitic acid 16:0 2.0-7.5

Stearic acid 18:0 1.0-6.0

Oleic acid 18:1 12.0-24.0

Linoleicacid 18:2 11.0-23.0

Alpha-linolenicacid 18:3 50.0-65.0

• REFRACTIVE INDEX (831): 1.460-1 .490 at 20°

ADDITIONAL R.EQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight,

light-resistant containers.
• LABELING: Where Flax Seed Oil is intended for use in the

manufacture of dosage forms, it is so labeled.

Flax Seed Oil Capsules

DEFINITION
Flax Seed Oil Capsules are prepared with Flax Oil derivedfrom
cold-pressed flaxseedsand contain NLT 95.0% ofthe labeled
amounts ofa-linolenic (C18:3n-3), linoleic (C18:2 n-6), and
oleic (C18:1 n-9) acids.

IDENTIFICATION
• A.

Sample: Aportion ofoil,about 2 mL, from NLT 10 Capsules
Analysis: Transfer the Sample to a suitable test tube. Add

2 mL ofglacial acetic acid,and warm the test tube to about
50°, whileswirling, for 5 min. Cool, and add 1 drop of
sulfuric acid.

Acceptance criteria: Agreenish color develops.
• B. FATTY ACID PROFILE

System suitability solution and Chromatographic system:
Proceedas directed in Strength.

Sample solution: Proceed as directed for the Sample
sotutionw. Strength, beginning with "Transfer 80 mg"
without the addition of the Internal standard. .

Analysis: Identify the specified fatty acid methyl ester peaks
by comparing them to the referencechromatogram
providedwith the lot of USP Flax Seed Oil RS being used.
Determinethe percentage of each constituent relative to
the total integrated area.

Acceptance criteria: The Sample solution conforms to the
fatty acidscomposition profile in Table 1.

Table 1

Fatty Shorthand Percentage
Acid Notation (%)

Palmitic acid 16:0 2.0-7.5

Stearic acid 18:0 1.0-6.0

Oleic acid 18:1 n-9 12.0-24.0

Linoleicacid 18:2 n-6 11.0-23.0

a-Linolenicacid 18:3 n-3 50.0-65.0

STRENGTH
• CONTENT OF a-LINOLENIC,. LINOLEIC, AND OLEIC ACIDS

0.5 N methanolic sodium hydroxide solution: Dissolve 2 g
of sodium hydroxide in 100 mL of methanol.

Internal standard: Methyl nonadecanoate
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Sample solution: Weigh NLT 10 Capsules. With a sharp
blade, carefully sliceopen the Capsules, avoiding loss of
shell material. Combine the Capsule contents in a suitable
container, and mixwell. Remove any adhering substance
from the emptied Capsules by washingwith several
portions of diethyl ether, and discard the washings. Allow
the empty Capsuleshells to air-dry over a period of NMT
30 min, taking precautions to avoid uptake or loss of
moisture.Weigh the empty Capsuleshells, and calculate
the average fill weight/Capsule (AF) . Transfer 80 mg of the
accuratelyweighed combined Capsule contents directly
into a tared 30-mLscrew-topglasscentrifugetube. Re-tare,
and accuratelyweigh about 50 mg of Internal standard.
Add 2 mL of 0.5 N methanolic sodium hydroxide solution,
tightly cap, and transfer to a heating block, or another
appropriate heating device. Reflux the solution untilfat
globulesdisappear (usually 5-10 min).Add2 mL of 0.14 g/
mL boron trifluoride in methanol, cap, and reflux for 2 min.
Add4 mL of chromatographic n-heptane, cap, and reflux
for 1 min. Cool, add about 8 mL of saturated sodium
chloridesolution, shake, and centrifugeto separate layers.
Dilute an aliquot of the upper (heptane) layer1:8.with
chromatographic n-heptane, and mix well.

System suitability solution: Using about 80 mg of USP Flax
Seed Oil RS, proceed as directed for the Sample, sqlution,
beginning with "Transfer 80 mg" without the addition of

. the Internal standard.
Standard solution: Directly into a tared 30-mL screw-top

glasscentrifuge tube accuratelyweigh about 50 mg of USP
Methyl Linolenate RS, 20 mg of USP Methyl Linoleate RS,
and 20 mg of USP Methyl Oleate RS. Proceedas directed
for the Sample solution, beginning with "Re-tare".

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused.slllca capillary; coated

with a 1.0-l-Im film of G16
Temperatures

Injection port: 220°
Detector: 260°
Column: See Table 2.

Table 2

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) (o/min) e) (min)

70 0 70 2

70 5 240 5

Carrier gas: Helium
Linear velocity: 50 cm/s
Split mode: Splitless
Injection volume: 1 I-IL

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements

Chromatogram similarity: TheSystem suitability solution
chromatogram issimilar to the reference chromatogram
providedwith the lot of USP Flax SeedOil RS being used.

Resolution: NLT 1.5 between methyloleate and methyl
stearate, System suitability solution

Relativestandard deviation: NMT 2% for the peakarea
ratiosof analytes to internal standard, Standard solution

Analysis
Samples: Sample solution and Standard solution
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Identify the retention times of the relevant fatty acid methyl
esters by comparing the peaks in the chromatogram of
the System sUitability solution with those in the reference
chromatogram. Identify the locus for the internal standard
peak by comparison of the chromatograms of the
Standardsolution and System suitability solution.

Calculate the content, in mg/g, of a-linolenic, linoleic, and
oleic acids in the portion of the Capsule contents taken:

Result = (Ru/Rs) x (Au/As) x (miw) x (M,dM'2)

Ru =peak area ratio of the relevant methyl ester to the
internal standard in the Sample solution

Rs =peak area ratio of the relevant methyl ester to the
internal standard in the Standardsolution

Au = weight of the Internal standard in the Sample
solution (mg)

As =weight of the Internal standard in the Standard
solution (mg)

m, = weight of the relevant USPMethyl Ester RS in the
Standardsolution (mg)

W = weight of sample used to prepare the Sample
solution (g)

M" =molecular weight of the relevant fatty acid (g/
mol)

M'2 = molecular weight of the relevant fatty acid methyl
ester (g/mol)

Calculate the percentage of the labeled amounts of each
individual a-linolenic, linoleic, and oleic acid in the portion
of Capsules taken:

Result = A x AF x (100/L)

A = content of the relevant fatty acid in the portion
of Capsule contents taken (mg/g)

AF = average fill weight (g)
L =labeled content of the relevant fatty acid (mg/

Capsule)

Acceptance criteria: 95.0% of the labeled amounts of
a-linolenic, linoleic, and oleic acids

PERfORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Rupture Test for SoftShell Capsules
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

SPECifiC TESTS
• fATS AND fiXED OILS, Peroxide Value (401): NMT 10.0

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 1 x 103 du/g, andthe
combined molds and yeasts count does not exceed 3 x
102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly-closed,

light-resistant containers.
• LABELING: The label states the article from which the

Capsules were prepared and the content of a-linolenic,
linoleic, and oleic acids in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Flax Seed Oil RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS
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Folic Acid-see Folic AcidGeneral Monographs

Folic Acid Tablets-see Folic Acid Tablets General
Monographs

Forskohlii

DEfiNITION
Forskohlii consists of the dried roots of Plectranthus barbatus

Andrews, also known as Coleus barbatus(Andrews) Benth.
and Coleus forskohlii Briq. (Fam. Lamiaceae). It contains NLT
0.4% of forskolin, calculated on the dried basis.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution A: 50 JJg/mLof USP Forskolin RS in

acetonitrile. Sonicate for about 10 min.
Standard solution B: 5 mg/mL of USP Powdered

Forskohlii Extract RS in acetonitrile. Sonicate forabout
15 min, centrifuge, and use the supernatant.

Sample stock solution: Use the Sample solution, prepared
as directed in the test for Content of Forskolin.

Sample solution: Dilute 10 mL of the Sample stocksolution
with acetonitrile to 25 mL.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 JJm (TLC plates)

Application volume: 10 JJL, as 4-mm bands
Developing solvent system: Toluene and ethyl acetate

(85:15)
Spray reagent: 5% vanillin in glacial acetic acid and 10%

sulfuric acid in water (1:1)
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution

Apply the Samples as bands. Use a saturated chamber.
Develop the chromatograms until the solvent front has
moved up about 90% of the plate. Remove the plate from
the chamber, dry, spray with the Spray reagent, heat for
5-10 min at 105°, and examine under white light.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a violet zone due to forskolin at an RFvalue
of approximately 0.3, corresponding in color and RF to that
in the chromatogram of Standard solutionA; a minor violet
zone, a pink zone, and a brick-red zone at RF values of
approximately 0.1, 0.62, and 0.69, due to isoforskolin,
l,9-dideoxyforskolin, and crocetindialdehyde, respectively.
Zones detected in the Sample solution chromatogram
correspond in position and color to those in Standard
solution B. Other minor zones may be observed in the
Sample solution and Standardsolution B chromatograms.

• B. The chromatogram of the Sample solution from the test
for Contentof Forskolin shows a main peak at a retention
time corresponding to that of forskolin in the
chromatogram of Standardsolution A. Identify other
diterpene peaks in the Sample solutionchromatogram by
comparison with the chromatogram of Standardsolution B
and the reference chromatogram provided with the lot of
USP Powdered Forskohlii Extract RS. The Sample solution
chromatogram shows an additional peak corresponding to
isoforskolin.
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COMPOSITION
• CONTENT OF FORSKOLIN

Solution A: Acetonitrile, filtered and degassed
Solution B: Water, filtered and degassed
Standard solution A: Sonicate a quantity of USP

Forskolin RS in acetonitrile to obtain a solution having a
known concentration of about 1.0 mg/mL.

Standard solution B: 5 mg/mL of USP Powdered
Forskohlii Extract RS in acetonitrile. Sonicate for about
15 min, centrifuge, and use the supernatant. Before
injection, pass through a membrane filter of 0,45-fJm or
finer pore size.

Sample solution: Transfer about 3.0 g of Forskohlii, finely
powdered and accurately weighed, to a 100.,mL
round-bottom flask fitted with a reflux condenser. Add
50 mL of acetonitrile, reflux for 20 min, cool to room
temperature, and decant the supernatant. Repeatuntil the
extract iscolorless.Combine the extracts, filter, concentrate
under vacuum, and adjust the volume with acetonitrile to
100 mL. Before injection, pass through a membrane filter
of 0,45-fJm or, finer pore size, discarding the first 5 mL of
the filtrate.

System suitability solution: Standard solution A and 0.01%
toluene in acetonitrile (1:1)

Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 45 - 55

25 45 55

28 95 5

35 95 5

36 45 55

45 45 55

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; 5-fJm, 100 A
Column temperature: 300

Flow rate: T.8 mL/min
Injection volume: 20 fJL

System suitability
Samples: Standard solutionA, Standard solution B, and

System suitabilitysolution
[NoTE-The approximate relative retention times for

isoforskolin and forskolin are 0.51 and 1.00,
respectively.]

Suitability requirements: The chromatogram of
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Forskohlii Extract RS being used.
Resolution: NLT 1.5 between the forskolin and toluene

peaks, System suitability solution
Relative standard deviation: NMT 2% determined from

the forskolin peak for replicate injections, Standard
solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatogram of Standard solution A, Standard

solutionB, and the reference chromatogram provided
with the lot of USP Powdered Forskohlii Extract RS being
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used, identify the retention times of the peaks
corresponding to isoforskolin and forskolin.

Calculate the percentage of forskolin in the portion of
Forskohlii taken:

Result= (rulrs) x (CsICu) x 100

=peak area of forskolin from the Sample solution
=peak area of forskolin from Standard solution A
=concentration of USP Forskolin RS in Standard

solution A (mg/mL)
=concentration of Forskohlii in the Sample solution

(mg/mL)

Acceptance criteria: NLT 0,4% on the dried basis

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):

NMT2%
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter

(561): NMT 2.0% -
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements ._

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Fresh root, pale pinkish yellow, cylindrical to
subcylindrical, with tapering ends, 5-12 in length, 1-2 cm
in diameter; surface rough, shows lateral rootlets or scars of
rootlets and transversely running lenticels. Pharmacopeial
article is dark brown; surface rough, irregularly cylindrical,
longitudinally wrinkled, showing irregular grooves and
prominent ridges; fracture short; cut surface
yellowish-white; characteristic and pleasant aromatic odor,
and slightly bitter to pungent taste.

Microscopic
Transverse section of roots: Irregular circular in outline;

showing narrow cork, 10-15 rows of tangentially
elongated radially arranged cork cells; cortex composed
of 10-15 rows of thin-walled parenchyma cells showing
sclereidsand crystals of calcium oxalate; vascular
cambium in the form of a continuous ring; xylem showing
narrow rays of vessels, few lignified fibers are present in
older roots, 3-8 cell-wide medullary rays, and
parenchyma showing few sclereids, oleoresin canalsand
simple starch grains; pith composed of parenchyma cells
in young roots and replaced by compactly arranged
vessels, fibers, and tracheids in mature roots .

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Forskohlii
Analysis: Dry the Sample at 105 0 for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of finely powdered Forskohlii
Acceptance criteria: NMT 6%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method2 (561): NLT 25.0%

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined molds and yeastscount does not exceed 103 cful
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 cfu/g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the latin binomialand, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Forskolin RS
USP Powdered Forskohlii ExtractRS

Powdered Forskohlii

DEFINITION
Powdered Forskohlii is Forskohlii reduced to a powder or very
fine powder. It contains NlT 0.4% of forskolin, calculated on
the dried basis.

IDENTIFICAnON
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution A: 50 J.Jg/ml of USP Forskolin RS in

acetonitrile. Sonicate for about 10 min.
Standard solution B: 5 mg/mL of USP Powdered

Forskohlii Extract RS in acetonitrile. Sonicatefor about
15 min, centrifuge, and use the supernatant.

Sample stock solution: Usethe Sample solution, prepared
as directed in the test for Content of Forskolin.

Sample solution: Dilute 10 mLof the Sample stock solution
with acetonitrile to 25·mL.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 J.Jm (TlC plates)

Application volume: 10 J.JL, as 4-mm bands
Developing solvent system: Toluene and ethyl acetate

(85:15) .
Spray reagent: 5% vanillin in glacialacetic acid and 10%

sulfuric acid in water (1:1)
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution

Applythe Samples as bands. Usea saturated chamber.
Develop the chromatograms until the solventfront has
moved up about 90% of the plate. Remove the plate from
the chamber, dry, spray with the Spray reagent, heat for
5-10 min at 105°, and examine under white light.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a violetzone due to forskolin at an RFvalue
of approximately 0.3, corresponding in color and RFto that
in the chromatogram of Standard solution A; a minor violet
zone, a pink zone, and a brick-red zone at RF valuesof
approximately 0.1, 0.62, and 0.69, due to isoforskolin,
1,9-dideoxyforskolin, and crocetindialdehyde, respectively.
Zones detected in the Sample solution correspond in
position and color to those in Standard solution B. Other
minor zones may be observed in the Sample solution and
Standard solution B.

• B. The Sample solution from the test for Content of Forskolin
shows a main peak at a retention time corresponding to
that of forskolin in the chromatogram of Standard solution
A. Identifyother diterpene peaks in the Sample solution by
comparison with Standard solution Band the reference
chromatogram provided with the lot of USP Powdered
Forskohlii Extract RS being used. The Sample solution
chromatogram shows an additional peak corresponding to
isoforskolin.

USP 43

COMPOSITION
• CONTENT OF FORSKOLIN

Solution A: Acetonitrile, filtered and degassed
Solution B: Water, filtered and degassed
Standard solution A: Sonicate a quantity of USP

Forskolin RS in acetonitrile to obtain a solution having a
known concentration of about 1.0 mg/mL.

Standard solution B: 5 mg/mL of USP Powdered
Forskohlii ExtractRS in acetonitrile. Sonicatefor about
15 min, centrifuge, and use the supernatant. Before
injection,pass through a membrane filterhavinga 0.45-J.Jm
or finer pore size.

Sample solution: Transfer about 3.0 g of accurately
weighed Powdered Forskohlii to a 1OO-ml round-bottom
flask fitted with a reflux condenser. Add 50 mL of
acetonitrile, reflux for 20 min, cool to room temperature,
and decant the supernatant. Repeat until the extract is
colorless. Combine the extracts, filter, concentrate under
vacuum, and adjustthe volumewith acetonitrile to 100 mL.
Before injection, pass through a membrane filter having a
0.45-J.Jm or finer pore size, discarding the first5 mLof the
filtrate. .

System suitability solution: Standard solution Aand 0.01%
toluene in acetonitrile (1:1)

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%)/ (%)

0 45 55

25 45 55

28 95 5

35 95 5

36 45 55

45 45 55

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; 5-J.Jm, 100 A
Column temperature: 30°
Flow rate: 1.8 ml/min
Injection volume: 20 J.JL

System suitability
Samples: Standard solution A, Standard solution B, and

System suitability solution
[NOTE-The relative retention timesfor isoforskolin and

forskolin are 0.51 and 1.00, respectively.]
Suitability requirements: The chromatogram of

Standard solution Bis similar to the reference
chromatogram provided with the lot of USP Powdered
Forskohlii ExtractRS being used.
Relative standard deviation: NMT 2% determined from

the forskolin peak in repeated injections, Standard
solution A

Resolution: NLT 1.5 between the forskolin and toluene
peaks, System suitability solution

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatogram of Standard solution A, Standard

solution 13, and the reference chromatogram provided
with the lot of USP Powdered Forskohlii Extract RS being
used, identifythe retention times of the peaks
corresponding to isoforskolin and forskolin.
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Calculate the percentage of forskolin in the portion of
Powdered Forskohlii taken:

Result = (rulrs) x (CsICu) x 100

=peak area of forskolin from the Sample solution
=peak area of forskolin from StandardsolutionA
=concentration of USP Forskolin RS in Standard

solutionA (mg/mL)
=concentration of Powdered Forskohlii in the

Sample solution (mg/mL)

Acceptance criteria: NLT 0.4% on the dried basis

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT 2%
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meet~ the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Yellowish brown powder;

characteristic and pleasant aromatic odor; and slightly
bitter to pungent taste. Under a microscope, it shows the
presence of parenchyma cells with oleoresin canals, starch
grains and prisms of calcium oxalate; oil globules; simple
starch grains, cork cells; sclereids; stone cells; pitted vessels;
and thin-walled fibers.

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Forskohfll
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Forskohlii
Acceptance criteria: NMT 6%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 25.0%

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 10s cfu/g; the total
combined molds and yeastscount does not exceed 103 cful
g; and the bile-tolerant Gram-negative bacterial count does
not exceed 103 du/g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins(561):
Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Forskolin RS
USP Powdered Forskohlii Extract RS

Powdered Forskohlii Extract

DEFINITION
Powdered Forskohlii Extract is prepared from Forskohlii using

suitable solvents such asmethanol, ethyl acetate, hexane or a
mixture of these solvents. The ratio of plant material to
extract is between 65:1 and 35:1. It contains NLT 90.0% and
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NMT 110.0% of the labeled amount of forskolin, calculated
on the dried basis. It contains suitable added substances as
carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution A: 50 ~g/mL of USP Forskolin RS in

acetonitrile. Sonicate for about 10 min.
Standard solution B: 5 mg/mL of USP Powdered

Forskohlii Extract RS in acetonitrile. Sonicate for about
15 min, centrifuge, and use the supernatant.

Sample solution: 5 mg/mL of Powdered Forskohlii Extract
in acetonitrile. Sonicate for about 15 min, centrifuge, and
use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particle size of 10-15 urn (TLC plates)

Application volume: 10 ~L, as 4-mm bands
Developing solvent system: A mixture of toluene and ethyl

acetate (85:15)
Spray reagent: A mixture of 5% vanillin in glacial acetic acid

and 10% sulfuric acid in water (1:1)
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution .
Apply the samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621». Use
saturated chamber. Develop the chromatograms until
the solvent front has moved up about 90% of the plate.
Remove the plate from the chamber, dry, spray with the
Spray reagent, heat for 5-10 min at 105°, and examine
under visible light.

Acceptance criteria: The Sample solution exhibits a violet
zone due to forskolin at an RF value of approximately 0.3,
corresponding in color and RF to that from Standardsolution
A; and a minor violet zone, a pink zone, and a brick red zone
at RF values of approximately 0.1, 0.62, and 0.69, due to
isoforskolin, 1,9-dideoxyforskolin, and crocetindialdehyde,
respectively. Zones detected from the Sample solution
correspond in position and color to zones from Standard
solution B. Other minor zones may be observed from the
Sample solution and Standardsolution B.

• B. The Sample solutionfrom the test for Contentof Forskolin
shows a main peak at a retention. time corresponding to
that of forskolin from StandardsolutionA. Identify other
diterpene peaks in the Sample solution by comparison with
StandardsolutionB and the reference chromatogram
provided with the lot of USP Powdered Forskohlii Extract RS
being used. The Sample solution shows an additional peak
corresponding to isoforskolin.

COMPOSITION
• CONTENT OF FORSKOLIN

Solution A: Use filtered and degassed acetonitrile.
Solution B: Use filtered and degassed water.
Standard solution A: Sonicate a quantity of USP

Forskolin RS in acetonitrile to obtain a solution havinq a
known concentration of about 1.0 mg/mL.

Standard solution B: 5 mg/mL of USP Powdered
Forskohlii Extract RS in acetonitrile. Sonicate for about
15 min, centrifuge, and use the supernatant. Before
injection, passthrough a membrane filter having a 0.45-~m
or finer pore size.

Sample solution: Transfer an amount of Powdered
Forskohlii Extract equivalent to about 25 mg of forskolln to a
25-mL volumetric flask, and add 15 mL of acetonitrile.
Sonicate and heat in a water bath for about 10 min, cool,
dilute with acetonitrile to volume, and mix. Before
injection, filter through a membrane filter having a 0.45-~m
or finer pore size, discarding the first 5 mL of the filtrate.
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System suitability solution: A mixture of Standard solution IMPURITIES
A and 0.01% toluene in acetonitrile (1:1)

Mobile phase: Seethe gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 45 55

25 45 55

28 95 5

35 95 5

36 45 55

45 45 55

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; 5-l-Im, 100 A
Column temperature: 30 ± 2°
Flow rate: 1.8 mL/min
Injection size: 20I-lL

System suitability
Samples: StandardsolutionA, Standardsolution B, and

System suitability solution
[NoTE-The relative retention times for isoforskolin and

forskolin are 0.51 and 1.00, respectively.]
Suitability requirements: The chromatogram from

StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Forskohlii Extract RS being used.
Relative standard deviation: NMT 2% determined from

the forskolin peak in repeated injections, Standard
solutionA

Resolution: NLT 1.5 between the forskolin and toluene
peaks, System suitability solution

Analysis
Samples: StandardsolutionA, Standardsolution B,and

Sample solution .
Using the chromatogram of StandardsolutionA, Standard

solution B,and the reference chromatogram provided
with the lot of USP Powdered Forskohlii Extract RS being
used, identify the retention times of the peaks
corresponding to isoforskolin and forskolin.

Calculate the percentage of forskolin in the portion of
Powdered Forskohlii Extract taken:

Result=(ru/rs) x (Cs/Cu) x 100

= peak response of forskolin from the Sample
solution

= peak response of forskolin from Standard
solutionA

= concentration of USP Forskolin RS in Standard
solutionA (mg/mL)

= concentration of Powdered Forskohlii Extract in
the Sample solution (mg/mL)

Acceptance criteria: NLT 90.0% and NMT 110.0% of the
labeled amount of forskolin on the dried basis

ORGANIC IMPURITIES

•

SPECIfiC TESTS
• Loss ON DRYING (731): .Dry 1.0 g of Powdered Forskohlii

Extract at 105° for 3 h: it losesNMT 5.0% of its weight.
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g. The total
combined yeastsand molds count does not exceed 103 cfu/
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): It meets the requirements of
the tests for absence of Salmonella species and
Escherichia coli.

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture,.and store at
controlled room temperature.

.• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements
under Botanical Extracts (565).

• OTHER REQUIREMENTS: It meets the requirements of the test
for Residual Solvents under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Forskolin RS
USP Powdered Forskohlii Extract RS

Ganoderma Lucidum Fruiting Body
DEfiNITION
Ganoderma Lucidum Fruitlnq Body consists of the dried

fruiting body of Ganoderma lucidum (W. Curt.:Fr.) P. ~a·rst.
(Fam. Ganodermataceae). It contains NLT 0.3% of
triterpenoic acids, calculated on the dried basis as a sum of
ganoderic acids A, B, C2, D, F, G, and Hand ganoderenic
acids B, C, and D.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mL of USP Ganoderic
Acid A RS in alcohol

Standard solution B: 0.3 mg/mL of USP Ergosterol RS in
alcohol

Standard solution C: 50 mg/mL of USP Ganoderma
Lucidum Fruiting Body Powdered Extract RS in alcohol.
Sonicate for about 10 min, centrifuge, and use the
supernatant.

Sample solution: Sonicate about 1 g of Ganoderma
Lucidum Fruiting Body, finely powdered, in 50 mL of
alcohol for 15 min. Centrifuge, withdraw the supernatant,
and evaporate to dryness under reduced pressureat 50°.
Dissolve the residue in 2.0 mL of alcohol, centrifuge, and
use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: HPTLC
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Adsorbent: Chromatographic silica gel with an average
particle sizeof 5-~m (HPTLC plate).' Predevelop the plate
in methanol, and dry at 105° for 30 min.

Application volume: 2 ~L each of Standard solution A and
Standard solution B, and 4 ~L each of Standard solution C
and the Sample solution as 8-mm bands

Column temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene, ethyl formate, and

formic acid (5: 5: 0.2)
Developing distance: 6 cm
Derivatization reagent: A solution of 10% sulfuric acid in

alcohol. [NoTE-Prepare fresh. Slowly and gradually add
sulfuric acid to ice-cold alcohol, and mix well.]

System suitability
Samples: Standard solution A, Standard solution B, and

Standard solution C
Suitability requirements ,

Chromatographic pattern: Under long-wave UV light
(365 nm), the chromatogram of Standard solution C
displays, in the bottom third of the plate, the following
bands in the order of increasing RF: a yellowish or orange
band (sometimes, two orange bands are seen); a
bluish-green band corresponding to the light-blue
ganoderic acid A band in Standard solution A; an intense
yellow band corresponding to ganoderic acid B,
ganoderic acid G, ganoderic acid H, and ganoderenic
acid B; and a bluish-green band coincident with
ganoderic acid D and ganoderenic acid D. In the middle
third of the chromatogram, a variable number of
blue-green bands appear. At the top of the middle third
of the Standard solution Cchromatogram, a somewhat
diffuse band coincident with the ergosterol band in
Standard solution B is seen. In the upper third of the
chromatogram, three or four diffuse bands of varying
colors appear. Under white light, Standard solution C
exhibits, in its lower third, two brownish-red bands, the
upper of them coincident with the ganoderic acid A
band in Standard solution A, followed by a more intense
brown band; and a lighter brown band corresponding
to ganoderic acid D and ganoderenic acid D. In the
middle third of the chromatogram, five or six
light-brown bands are seen; one of those, deepest in
color and relatively diffuse, corresponds to the ergosterol
band in Standard solution B. Two or three liqht-brown
bands are seen under white light in the upper third of
the chrornatoqram of Standard solution C. [NOTE-The
Standard solutions are stable for 72 h at room
temperature.]

Analysis
Samples: Standard solution A, Standard solution B, Standard

solution C, and Sample solution
Apply the samples as bands and dry in air. Develop in a

saturated chamber, remove the plate, air-dry, treat with
Derivatization reagent, and heat at 105°-110° for 5 min.
Immediately examine under white light and under the
long-wave UV light (365 nm).

Acceptance criteria: Under long-wave UV light (365 nm)
and under white light, the chromatogram of the Sample
solution exhibits bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C,
at the RF values listed for System suitability. Under white
light, the chromatogram of the Sample solution exhibits an
additional violet band above the ergosterol band.
[NOTE-The Sample solution is stable for 72 h at room
temperature.]

1 Asuitablecommercially available plate isthe HPTLC Silica Gel60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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• B. HPlC
Analysis: Proceed as directed in the test for Content of

Triterpenoic Acids.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks at the retention times corresponding
to those of ganoderenic acid C, ganoderic acid Cz,
ganoderic acid G, ganoderenic acid B, ganoderic acid B,
ganoderic acid A, ganoderic acid H, ganoderenic acid D,
ganoderic acid D, and ganoderic acid F in the
chromatogram of Standard solution B.

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Water-Soluble Polysaccharides.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks at the retention times corresponding
to the peaks due to mannose, glucuronic acid, dextrose,
galactose, and t-fucose in the chromatogram of the
Standard solution.

COMPOSITION
• CONTENT OF TRITERPENOIC ACIDS

Solution A: 0.075% Phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 80.0 20.0

3 73.5 26.5

34 73.5 26.5

52 61.5 38.5

53 80.0 20.0

58 80.0 20.0

[NOTE-Maintain the Mobile phase at 73.5% of Solution
A for the period sufficient for complete elution of
ganoderic acid A]

Standard solution A: 0.1 mg/mL of USPGanoderic
Acid A RS in methanol. Sonicate to dissolve if necessary.

Standard solution B: Sonicate 40 mg of USPGanoderrna
Lucidum Fruiting Body Powdered Extract RS in 5 mL of
alcohol, and centrifuge. Pass through a nylon filter of
0.2-~m pore size, and discard the initial 1 mL of the filtrate.

Sample solution: Transfer 2.0 g of Ganoderma Lucidum
Fruiting Body, finely powdered and accurately weighed,
to a 200-mL round-bottom flask, add 75 mL of alcohol,
attach a condenser, reflux for 45 min, cool, and filter. Rinse
the flask with two 1O-mL portions of alcohol and filter,
combining the rinsates and the filtrate. Evaporate to
dryness under reduced pressure, and dissolve the residue in
about 20 mL of alcohol. Transfer the solution to a 25-mL
volumetric flask, dilute with alcohol to volume, and mix
well. Pass through a nylon filter of 0.2-~m pore size, and
discard the initial 1 mL of the filtrate. [NOTE-To facilitate
the chromatographic column longevity, the following solid
phase extraction procedure may be employed. Condition
the solid phase extraction column containing about
200 mg of L1 packing with 5 mL of methanol followed by
3 mL of water; do not allow the column to dry. Transfer
2.0 mL of Ganoderma Lucidum Fruiting Body solution in
alcohol into a 20-mL volumetric flask, dilute with water to
volume, and mix well. Apply the entire volume onto the
column, and elute at the rate of approximately 1 drop/s,
employing vacuum. Rinse the column with 3 mL of water,
and discard the rinsate. Elute with 2.0 mL of methanol and
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collect the eluate into the 2.0-mL volumetric flask. Adjust
with methanol to volume, and mix well.]
[NOTE-This method may result in coelution of

ganoderenic acid A and ganoderic acid K.]
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 2.1-mm x 15-cm; 1.8-l..Jm packing L1
Column temperature: 25°
Flow rate: 0.4 mL/min
Injection volume: 5 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatographic similarity: The chromatogram of
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Ganoderma
Lucidum Fruiting Body Powdered Extract RS being used.

Resolution: NLT 1.0 between ganoderic acid A and
qanoderic acid H peaks, Standard solution B

Tailing factor: NMT 2.0 for the ganoderic acid A peak,
Standard solution A

Relative standard deviation: NMT 2.0% determined
from the ganoderic acid A peak in replicate injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
[NOTE-Standard solution A, Standard solution 8, and

the Sample solution are stable for 24 h at room
temperature.]

Using the chromatograms of Standard solution A, Standard
solution 8, and the reference chromatogram provided
with the lot of USP Ganoderma Lucidum Fruiting Body
Powdered Extract RS being used, identify all specified
ganoderic and ganoderenic acids in the Sample solution
chromatogram. The approximate relative retention times,
with respect to ganoderic acid A, are provided in Table
2.

Table 2
Relative Relative

Retention Response
Analyte Time Factor

Ganoderenic acid C 0.36 0.51

Ganoderic acid (2 0.42 1.05

Ganoderic acid G 0.56 1.18

Ganoderenic acid B 0.60 0.45

Ganoderic acid B 0.66 1.10

Ganoderic acid A 1.00 1.00

Ganoderic acid H 1.05 1.54

Ganoderenic acid D 1.25 0.51

Ganoderic acid D 1.33 1.08

Ganoderic acid F 1.54 1.45

Separately calculate the percentages of each triterpenoic
acid in the portion of Ganoderma Lucidum Fruiting Body
taken:

Result= (ru/rs) x C, x (V/W) x Fx 100

ru = peak area of the relevant analyte from the Sample
solution

USP 43

rs = peak area of ganoderic acid A in Standard
solution A

Cs = concentration of USP Ganoderic Acid A RS in
Standard solution A (mg/mL)

V =volume of the Sample solution (mL)
W = weight of Ganoderma Lucidum Fruiting Body

taken to prepare the Sample solution (mg)
F = relative responsefactor, with respect to ganoderic

acid A (see Table 2)

Calculate the sum of the percentages of all specified
triterpenoic acids.

Acceptance criteria
Sum of triterpenoic acids: NLT 0.3% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 I..Jg/g
Cadmium: NMT 1.0 I..Jg/g
lead: NMT 5.0 I..Jg/g
Mercury: NMT 1.0 I..Jg/g

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/~f, and the
bile-tolerant .Gram-negative bacteria count does not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• CONTENT OF WATER-SOLUBLE POLYSACCHARIDES

Solution A: 0.05 M phosphate buffer, pH 6.0
Solution B: Acetonitrile
Mobile phase: See Table 3.

Table 3

Time Solution A Solution B
(min) (%) (%)

0 84.0 16.0

30 82.5 17.5

55 81.0 19.0

60 81.0 19.0

61 84.0 16.0

Reagent: 0.1 M solution of 1-phenyl-3-methyl
5-pyrazolone in methanol

Internal standard solution: 0.5 mg/mL of o-Iyxose in water
Standard stock solution: Composite solution containing

0.20 mg/mL each of USP Mannose RS, USP D-Glucuronic
Acid RS, and USP Galactose RS; 2.0 mg/mL of USP
Dextrose RS; and 0.10 mg/mL of USP L-Fucose RS in water

Standard solution: Combine 0.125 mL of Standard stock
solution with 0.125 mL of Internal standard solution,
0.300 mL of 0.15 M sodium hydroxide solution, and
0.50 mL of Reagent in a capped reaction vial. Seal the vial,
heat at 70° for 30 min, and cool to room temperature. Add
to the vial 0.300 mL of 0.15 M hydrochloric acid and
0.65 mL of water, mix well, and passthrough a nylon filter
of 0.45-l..Jm or finer pore size.
[NOTE-The amounts of individual analytes (As) in the

0.125-mL aliquot of the Standard solution submitted to
derlvatlzatlon are approximately 0.25 mg for dextrose
and 0.025 mg for mannose, galactose, and
o-glucuronic acid.]
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Sample solution: Transfer 2.0 g of Ganoderma Lucidum
Fruiting Body, finely powdered and accurately weighed,
into a 200-mL round-bottom flask, add 60 mL of water, and
allow to stand for 1 h. Attach a condenser, heat under reflux
for 4 h, and filter immediately. Transfer the residue and the
filter to the same 200-mL round-bottom flask. Add 60 mL
of water, heat under reflux for 3 h, and filter immediately.
Rinse the flask with three 5-mL portions of water, and filter.
Combine the filtrates and the rinsates in a 250-mL beaker,
and evaporate on the water bath to dryness. Dissolve the
residue in 5 mL of water, add 75 mL of alcohol, mix well,
allow to stand at 4° for 12 h, and centrifuge at 4000 rpm
for 30 min. Discard the supernatant, and dry the precipitate
on a water bath. Dissolve the residue in hot water and
quantitatively transfer into a 1O-mLvolumetric flask. Cool
to room temperature, dilute with water to volume, and mix
well. Centrifuge at 4000 rpmfor 10 min. Accurately transfer
0.250 mL of the supernatant into a reaction vial, and add
about 0.25 mL of 4 M trifluoroacetic acid. Seal the vial, heat
at 110° for 4 h, cool to room temperature, add 0.5 mL of
methanol, and evaporate to dryness at 60° under vacuum.
Repeat the addition of 0.5 mL of methanol and subsequent
evaporation three times. Add to the residue 0.125 mL of
water, 0.125 mL of the Internalstandardsolution, 0.300 mL
of 0.15 M sodium hydroxide solution, and 0.50 mL of the
Reagent. Seal the vial, heat at 70° for 30 min, and cool to
room temperature. Add to the vial 0.300 mL of 0.15 M
hydrochloric acid and 0.65 mL of water, mix well, and pass
through a nylon filter of 0,45-J.lm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L1
Column temperature: 35°
Flow rate: 1.0 mL/min
Injection volume: 10 J.lL

System suitability
Sample: Standardsolution
Suitability requirements

Resolution: NLT 1.5 between the o-lyxosepeak and the
closest subsequent peak, and NLT 1.5 between the
glucuronic acid peak and the closest preceding peak

Tailing factor: NMT 2.0 for the dextrose peak .
Relative standard deviation: NMT 2.0% determined for

the dextrose peak in replicate injections
Analysis

Samples: Standardsolution and Sample solution
[NOTE-Standard solutionand Sample solutionare stable
for 24 h at room temperature.]

Using the chromatograms of the Standardsolutionand the
reference chromatogram provided with the lot of USP
Ganoderma Lucidum Fruiting Body Powdered Extract RS
being used, identify the individual derivatized
monosaccharides at about the following relative retention
times, with respect to dextrose: 0,48 for mannose,
0.58 for Iyxose, 0.82 for o-glucuronic acid, 1.09 for
galactose, and 1.35 for L-fucose.

Separately calculate the percentages of derivatized
monosaccharides in the portion of Ganoderma Lucidum
Fruiting Body taken:

Result= (Ru/Rs) x As x (F/W) x 100

Ru = peak response ratio of the relevant analyte to the
internal standard from the Sample solution

Rs = peak response ratio of the relevant analyte to the
internal standard from the Standardsolution
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As =amount of the relevant analyte in the aliquot of
the Standardsolution subjected to derivatization
(mg)

F = dilution factor to account for the sample aliquot
submitted to derivatization (0.250 mL) relative to
the volume of the Sample solution (10.0 mL), 40

W =weight of Ganoderma Lucidum Fruiting Body
taken to prepare the Sample solution (mg)

Calculate the sum of the percentages of mannose,
o-glucuronic acid, dextrose, galactose, and L-fucose.

Acceptance criteria
Sum of monosaccharides: NLT 0.7% on the dried basis

• BOTANICAL CHARACTERISTICS
Macroscopic: Basidiocarp (fruiting body) morphology is

highly variable. Shapeof pileus (cap) ranges from reniform
to subcircular, convex or concave, 15 cm or more broad,
single to multiple layersthick (up to 3 cm); margin generally
thick and blunt, sometimes acute. Pileus surface radially
rugose (wrinkled) and concentrically sulcate; shiny,
yellowish-red to reddish-black. Stipe (stem) attachment
predominantly lateral; stipe length variesfrom very short to
10-12 cm long, 1-3 cm thick, cylindrical, reddish to almost
black, laccate (lacquered). Hymenophore (pore surface)
yellowish-white to tawny. Pores small, circular to. irreqular,
4-7 per mm, 6-200 urn in diameter, distance between axes
of pores about 260 urn. .

Microscopic: Hyphal system trimitic with hyaline,
thin-walled, clamped, septate generative hyphae, 1-4 urn
in diameter, septa restricted to clamps, scantily branched,
abundant at the growth margin of pileus and dissepiments
(partitions). Skeletal hyphae are arboriform, aseptate,
c1ampless, very long, 3-6 urn in diameter, scantily
branched, branches with limited growth at distal end, with
thick walls; they compose most of the context (flesh) and
dissepiments, originating immediately behind the growth
margin from generative hyphae. Binding hyphae of the
"Bovista" type are aseptate, c1ampless, profusely branched,
generally thinner and lighter than the skeletal, 1-3 urn in
diameter. Basidiospores ovoid, double-walled, truncated at
apex. Episporethin, ovoid, hyaline, 9.0-11.5 x 6.0-8.0 urn;
endospore thick, ovoid, 6.5-8.5 x 5.0-6.5 urn, bearing
relatively few long and thick echinules that support the
epispore, sometimes fused into a short crest. '

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of powdered Ganoderrna Lucidum

Fruiting Body
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 17.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of powdered Ganoderma Lucidum

Fruiting Body
Acceptance criteria: NMT 4.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 1 (561)

Sample: 2-4 g of powdered Ganoderma Lucidum
Fruiting Body

Acceptance criteria: NLT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,

Method 1 (561)
Sample: 2-4 g of powdered Ganoderma Lucidum

Fruiting Body
Acceptance criteria: NLT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.
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III LABELING: The labelstates the Latin binomialand, following
the official name, the part of the fungus from which the
articlewas derived.

III USP REFERENCE STANDARDS (11)
USP Dextrose RS
USP Ergosterol RS
USP L-Fucose RS
USP Galactose RS
USP Ganoderic Acid A RS
USP Ganoderma Lucidum Fruiting BodyPowdered

ExtractRS
USP D-Glucuronic Acid RS
USP Mannose RS

Ganoderma Lucidum Fruiting Body
Powder
DEFINITION
Ganoderma Lucidum Fruiting BodyPowder is dried

Ganoderma Lucidum Fruiting Bodyreduced to a powder or a
veryfine powder. It contains NLT 0.3% of triterpenoic acids,
calculated on the dried basisas a sum of ganoderic acids A,
B, Cz, D, F, G, and Hand ganoderenic acids B, C, and D.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mL of USP Ganoderic
Acid A RS in alcohol -

Standard solution B: 0.3 mg/mL of USP Ergosterol RS in
alcohol

Standard solution C: 50 mg/mL of USP Ganoderma
Lucidum Fruiting Body Powdered ExtractRS in alcohol.
Sonicatefor about 10 min, centrifuge, and use the
supernatant.

Sample solution: Sonicateabout 1 g of Powder in 50 mLof
alcohol for 15 min, centrifuge, withdraw the supernatant,
and evaporate to dryness under reduced pressure at 50°.
Dissolve the residue in 2.0 mL of alcohol" centrifuge, and
use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 IJm (HPTLC plate).' Predevelopthe plate
in methanol and dry at 105° for 30 min.

Application volume: 2 IJL each of Standard solution A and
Standard solution B, and 4 IJL each of Standard solution C
and Sample solution as 8-mm bands

Column temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene, ethyl formate, and
formic acid (5: 5: 0.2)

Developing distance: 6 em
Derivatization reagent: Asolution of 10% sulfuric acid in

alcohol. [NOTE-Prepare fresh. Slowly and gradually add
sulfuric acid to ice-cold alcohol, and mixwelL]

System suitability
Samples: Standard solution A, Standard solution B, and

Standard solution C
Suitability requirements

Chromatographic pattern: Under long-wave UV
(365 nm), the chromatogram of Standard solution C
displays, in the bottom third of the plate, the following
'bands in the order of increasing RF: a yellowish or orange

1 A suitablecommerciallyavailable plate isthe HPTLC Silica Gel60 F254 from
EMD Millipore (e.g., PartNo. 1.05642.0001).
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band (sometimes, two orange bands are seen); a '
bluish-green band corresponding to the light-blue
ganoderic acid Aband in Standard solution A; an intense
yellow band corresponding to ganoderic acid B,
ganoderic acid G, ganoderic acid H, and ganoderenic
acid B; and a bluish-green band coincident with
ganoderic acid Dand ganoderenic acid D. Inthe middle
third of the chromatogram, a variable number of
blue-green bands appear. At the top of the middle third
of the Standard solution Cchromatogram, a somewhat
diffuse band coincident with the ergosterol band in
Standard solution B is seen. In the upper third of the
chromatogram, three or four diffuse bands of varying
colors appear. Under white light, Standard solution C
exhibits, in its lower third, two brownish-red bands, the
upper of them coincident with the ganoderic acid A
band in Standard solution A, followed by a more intense
brown band; and a lighter brown band corresponding
to ganoderic acid D and ganoderenic acid D. In the
middle third of the chromatogram, five or six
light-brown bands are seen; one of those, deepest in
colorand relatively diffuse, corresponds to the ergosterol
band in Standard solution B. Two or three light-brown
bands are seen under white light in the upper third of
the chromatogram of Standard solution c.[N~TE-The
Standard solutions are stable for 72 h at room
temperature.]

Analysis
Samples: Standard solution A,Standard solution B, Standard

solution C, and Sample solution
Apply the samples as bands and dry in air. Develop in a

saturated chamber, remove the plate, air-dry, treat with
Derivatization reagent, and heat for 5 min at 105°-110°.
Immediatelyexamine under white light and under the
long-wave UV light (365 nm).

Acceptance criteria: Under the long-wave UV light
(365 nm) and under white light, the chromatogram of the
Sample solution exhibits the bands corresponding in color
and RF to similar bands in the chromatogram of Standard
solution C Under white light, the chromatogram of the
Sample solution exhibitsan additionalvioletband above the
ergosterol band. [NOTE-The Sample solution is stable for
72 h at room temperature.]

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Triterpenoic Acids.
Acceptance criteria: The chromatogram of the Sample·

solution exhibitspeaksat the retention timescorresponding
to those of ganoderenic acid C, ganoderic acid Cz,
ganoderic acid G, ganoderenic acid B, ganoderic acid B,
ganoderic acid A, ganoderic acid H, ganoderenic acid D,
ganoderic acid D, and ganoderic acid Fin the
chromatogram of Standard solution B.

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Water-Soluble Polysaccharides.
Acceptance criteria: The chromatogram-of the Sample

solution exhibitspeaksat the retention times corresponding
to the peaks due to mannose, glucuronic acid, dextrose,
galactose, and L-fucose in the chromatogram of the
Standard solution.

COMPOSITION
• CONTENT OF TRITERPENOIC ACIDS

Solution A: 0.075% Phosphoricacid inwater
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Table 1
Time Solution A Solution B
(min) (%) (%)

0 80.0 20.0

3 73.5 26.5

34 73.5 26.5

52 61.5 38.5

53 80.0 20.0

58 80.0 20.0

[NOTE-Maintain the Mobile phaseat 73.5% of Solution
A for the period sufficient for the complete elution of
ganoderic acid A.] .

Standard solution A: 0.1 mg/mL of USP Ganoderic
Acid A RS in methanol. Sonicate to dissolve if necessary.

Standard solution B: Sonicate 40 mg of USP Ganoderma
Lucidum Fruiting Body Powdered Extract RS in 5 mL of
alcohol and centrifuge. Pass through a nylon filter of
0.2-lJm pore size, and discard the initial 1 mL of the filtrate.

Sample solution: Transfer 2.0 9 of Powder, accurately
weighed, to a 200-mL round-bottom flask, and add 75 mL
of alcohol. Attach a condenser, reflux for 45 min, cool, and
filter. Rinse the flask with two 1O-mLportions of alcohol,
and filter, combining the rinsatesand the filtrate. Evaporate
to drynessunder reduced pressure,and dissolvethe residue
in about 20 mLof alcohol. Transfer the solution to a 25-mL
volumetric flask, dilute with alcohol to volume, and mix
well. Pass through a nylon filter of 0.2-lJm pore size, and
discard the initial 1 mL of the filtrate. [NOTE-To facilitate
the chromatographic column longevity, the following solid
phase extraction procedure may be employed. Condition
the solid phase extraction column containing about
200 mg of L1 packing with 5 mL of methanol followed by
3 mL of water; do not allow the column to dry: Transfer
2.0 mL of Powder solution in alcohol to a 20-mL volumetric
flask, dilute with water to volume, and mix well. Apply the
entire volume onto the column, and elute at the rate of
approximately 1 drop/s, employing a vacuum. Rinse the
column with 3 mL of water, and discard the rinsate. Elute
with 2.0 mL of methanol and collect the eluate into the
2.0-mL volumetric flask. Adjust with methanol to volume,
and mix welL]
[NOTE-This method may result in coelution of

ganoderenic acid A and ganoderic acid K.]
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 2.1-mm x 15-cm; 1.s-pm packing L1
Column temperature: 25°
Flow rate: 0.4 mL/min
Injection volume: 5 IJL

System suitability
Samples: Standard solution A and Standard solution 8
Suitability requirements

Chromatographic similarity: The chromatogram of
Standard solution 8 is similar to the reference
chromatogram provided with the lot of USP Ganoderma
Lucidum Fruiting Body Powdered Extract RS being used.

Resolution: NLT 1.0 between ganoderic acid A and
ganoderic acid H.peaks, Standard solution 8

Tailing factor: NMT 2.0 for the ganoderic acid A peak,
Standard solution A

Relative standard deviation: NMT 2.0% determined
from the ganoderic acid A peak in replicate injections,
Standard solution A
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Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
[NoTE-Standard solution A, Standard solution 8, and

the Sample solution are stable for 24 h at room
temperature.]

Using the chromatograms of Standard solution A, Standard
solution 8, and the reference chromatogram provided
with the lot of USP Ganoderma lucidum Fruiting Body
Powdered Extract RS being used, identify all specified
ganoderic and ganoderenic acids in the Sample solution
chromatogram. The approximate relative retention times,
with respect to ganoderic acid A, are provided in Table
2.

Table 2
Relative Relative

Retention Response
Analyte Time Factor

Ganoderenic acid C 0.36 0.51

Ganoderic acid (2 0.42 1.05 .

Ganoderic acid G 0.56 1.18

Ganoderenic acid B 0.60 .·0....5 -.
Ganoderic acid B 0.66 1.10

Ganoderic acid A 1.00 1.00

Ganoderic acid H 1.05 1.54

Ganoderenic acid D 1.25 0.51

Ganoderic acid D 1.33 1.08

Ganoderic acid F 1.54 1.45

Separately calculate the percentages of each triterpenoic
acid in the portion of Powder taken:

Result=(ru/rs) x Cs x (V/W) x F x 100

ru =peak area of the relevant analyte from the Sample
solution .

rs =peak area of ganoderic acid A in Standard
solution A

Cs = concentration of USP Ganoderic Acid A RS in
Standard solution A (mg/ml)

V =volume of the Sample solution (mL)
W =weight of Powder taken to prepare the Sample

solution (mg)
F =relative responsefactor, with respect to ganoderic

acid A (see Table 2)

Calculate the sum of the percentages of all specified
triterpenoic acids.

Acceptance criteria
Sum of triterpenoic acids: NLT 0.3% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 IJg/g
Cadmium: NMT 1.0 IJg/g
Lead: NMT 5.0 IJg/g
Mercury: NMT 1.0 IJg/g

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 du/g, and the
bile-tolerant Gram-negative bacteria count does not
exceed 103 du/g.
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• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species

, and Escherichia coli

SPECIFIC TESTS
• CONTENTOF WATER-SOLUBLE POLYSACCHARIDES

Solution A: 0.05 M phosphate buffer, pH 6.0
Solution B: Acetonitrile
Mobile phase: See Table 3.

Table 3

Time Solution A Solution B
(min) (0/0) (0/0)

0 84.0 16.0

30 82.5 17.5

55 81.0 19.0

60 81.0 19.0

61 84.0 16.0

Reagent: 0.1 M solutionof 1-phenyl-3-methyl-
5-pyrazolone in methanol .

Internal standard solution: 0.5 mg/mLof o-Iyxose In water
Standard stock solution: Composite solutioncontaining

0.20 mg/mL each of USP Mannose RS, USP D-Glucuronic
Acid RS, and USP Galactose RS; 2.0 mg/mL of USP
Dextrose RS; and 0.10 mg/mLof USP L-Fucose RS in water

Standard solution: Combine 0.125 mL of Standard stock
solution'with 0.125 mL of Internal standard solution,
0.300 mL of 0.15 M sodium hydroxidesolution, and
0.50 mL of Reagent in a capped reaction vial. Seal the vial,
heat at 70°for 30 min,arid cool to room temperature. Add
to the vial 0.300 mL of 0.15 M hydrochloric acid and
0.65 mL of water, mixwell, and pass through a nylonfilter
of 0,45-~m or finer pore size.
[NoTE-The amounts of individual analytes'(As) in the

0.125 mL aliquot of the Standard solution subniitted to
derivatization are approximately 0.25 mg for dextrose
and 0.025 mg for mannose, galactose, and
o-glucuronicacid.] ,

Sample solution: Transfer 2.0 g of Powder, accurately
weighed, to a 200-mL round-bottom flask, add 60 mL of
water and allowto stand for 1 h. Attacha condenser, heat
unde~ reflux for 4 h, and filter immediately. Transfer the
residue and the filter to the same 200-mL round-bottom
flask. Add 60 mL of water, heat under reflux for 3 h, and
filter immediately. Rinse the flask with three 5-mLportions
of water, and filter. Combinethe filtrates and the rinsates
in a 250-mL beaker, and evaporate on the water bath to
dryness. Dissolve the residue in 5 mL of water, add 75 mL
of alcohol, mixwell, allow to stand at 4° for 12 h, and
centrifuge at 4000 rpm for 30 min. Discard the
supernatant, and dry the precipitate on a ",:,at~r bath.
Dissolve the residuein hot water and quantitatively transfer
to a 1O-mL volumetric flask. Cool to room temperature,
dilute with water to volume, and mix well. Centrifugeat
4000 rpm for 10 min. Accurately transfer 0.250 mL of the
supernatant to a reactionvial, and add about 0.25 mL of
4 M trifluoroacetic acid. Seal the vial, and heat at 110° for
4 h. Cool to' room temperature, add 0.5 mL of methanol,
and evaporate to dryness at 60° under vacuum. Repeatthe
addition of 0.5 mL of methanol and subsequent
evaporation three times. Add to the residue0.125 mL of
water 0.125 mL of the Internal standard solution, 0.300 mL
of '0.,'5 M sodium hydroxide solution, and 0.50 mL of '
Reagent. Seal the vial, heat at 70°for 30 min, and cool to
room temperature. Add to the vial 0.300 mL of 0.15 M
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hydrochloric acid and 0.65 mL of water, mix well, and pass
through a nylonfilter of 0,45-~m or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 35°
Flowrate: 1.0 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT 1.5 between the o-Iyxose peakand the
closestsubsequent peak, and NLT 1.5 between the
glucuronic acid peak and the closestpreceding peak

Tailing factor: NMT 2.0 for the dextrose peak
Relativestandard deviation: NMT 2.0% determined for

the dextrose peak in replicate injections
Analysis

Samples: Standard solution and Sample solution
[NoTE-The Standard solution and Sample solution are

stable for 24 h at room temperature.]
Using the chromatograms of the Standard solution and the

reference chromatogram provided with..the IQ~ of USP
Ganoderma Lucidum Fruiting Body Powdered Extract RS
being used, identify the individual d~rivatize~ .
monosaccharides at about the followinq relative retention
times with respect to dextrose: 0,48 for mannose,
0.58 for lyxose, 0.82 for o-glucuronic acid, 1.09 for
galactose, and 1.35 for L-fucose.

Separately calculatethe percentages of derivatized
monosaccharides in the portion of Powdertaken:

Result::: (Ru/Rs) x As x (F/W) x 100

::: peak response ratioofthe relevantanal~te to the
internal standard from the Sample solutlon

::: peak response ratioof the relevantanalyteto the
internal standard from the Standard solution

::: amount of the relevantanalyte in the aliquot of
the Standard solution subjected to derivatization
(mg) .

::: dilution factor to account for the sample aliquot
submitted to derivatization (0.250 mL) relative to
the volume of the Sample solution (10.0 mL), 40

::: weight of Powdertaken to prepare the Sample
solution (mg)

Calculate the sum of the percentages of mannose,
o-glucuronic acid, dextrose, galactose, and L-fucose.

Acceptance criteria
Sum of monosaccharides: NLT 0.7% on the dried basis

• BOTANICAL CHARACTERISTICS: When milled, the fruiting
body typically grinds int.o a fibrous mass or fractures int?
tinystripsrather than a fine powder. Hyphal system!r1mltlc
with hyaline, thin-walled, clamped, septate generative
hyphae, 1-4 urn in diameter, septa restricted to.c1am~s,
scantily branched, abundant at the growth marginof pileus
and dissepiments (partitions). Skeletal hyphae are .
arboriform, aseptate, c1ampless, very lon.g, 3.-6. urn In
diameter, scantily branched, branches With limited growth
at distal end, with thick walls; they compose most of the
context (flesh) and dissepiments, originating. immediately
behind the growth marginfrom generative hyphae.
Binding hyphae of the "Bovista" type are aseptate,
c1ampless ' profusely branched, generallythinner and
lighterth~n the skeletal, 1-3 urn in diameter: Basidiospores
ovoid double-walled, truncated at apex. Epispore thin,
ovoid: hyaline, 9.0-11.5 x 6.0-8.0 urn: endospore thick,
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ovoid, 6.5-8.5 x 5.0-6.5 urn, bearing relatively few long
and thick echinules that support the epispore, sometimes
fused into a short crest.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Powder
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 17.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powder
Acceptance criteria: NMT 4.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 1 (561)

Sample: 2-4 g of Powder
Acceptance criteria: NLT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 1 (561)

Sample: 2-4 g of Powder
Acceptance criteria: NLT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, followlnq
the official name, the part of the fungus from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP Dextrose RS
USP Ergosterol RS
USP L-Fucose RS
USP Galactose RS
USP Ganoderic Acid A RS
USP Ganoderma Lucidum Fruiting Body Powdered

Extract RS
USP D-Glucuronic Acid RS
USP Mannose RS

Gal'cinia 'cambogia

DEFINITION
Garciniacambogiaconsists of the dried pericarp of the fruits of

Garciniagummi-gutta (L.) N. Robson, also known as Garcinia
cambogia (Gaertn.) Desr. (Fam. Clusiaceae). It contains NLT
12% of the sum of (-)-hydroxycitric acid and
(-)-hydroxycitric acid lactone, on the dried basis.

IDENTIFICATION
• A. Garciniacambogia meets the requirements under Specific

Tests, BotanicalCharacteristics.
• B. HPLC: The Samplesolution chromatogram exhibits a

peak for hydroxycitric acid at a retention time
corresponding to that of StandardsolutionA, asobtained in
the test for Content of (-)-Hydroxycitric Acidand
(-)-Hydroxycitric Acid Lactone.The Sample solutionalso
exhibits a peak for hydroxycitric acid lactone. The
hydroxycitric acid and the hydroxycitric acid lactone peaks
are the main peaks in the Sample solution chromatogram.

COMPOSITION
• CONTENT OF (-)-HYDROXYCITRIC ACID AND

(-)-HYDROXYCITRIC ACID LACTONE
Solution A: 30% Phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium

dihydrogen phosphate in 900 rntof water, adjust with
SolutionA to a pH of 2.5, dilute to 1000 mL with water, mix,
filter, and degas. _
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Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USP Calcium

(-)-Hydroxycitrate RS equivalent to about 2.5 mg/mL of
(-)-hydroxycitric acid in Solvent. Before injection, pass
through a membrane filter of 0,45-l-/m or finer pore size,
discarding the first few mL of the filtrate.

Standard solution B: 5 mg/mL of USP Powdered Garcinia
Hyc;lroxycitrate Extract RS in Solvent. Before injection, pass
through a membrane filter of 0,45-l-/m or finer pore size.

Sample solution: Transfer about 5 g of Garciniacambogia,
finely powdered and accurately weighed, to a 250-mL
round-bottom flask fitted with a reflux condenser. Add
50 mL of Solvent, reflux while stirring for 30 min, set aside
to settle, and decant the supernatant. Repeat the extraction
using four 50-mL portions of water, combine all extracts,
cool, filter into a 250-mL volumetric flask, and dilute with
water to volume. Before injection, pass through a
membrane filter of 0,45-l-/m or finer pore size, discarding
the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 2SO -. :,
Flow rate: 1.0 mL/min

-lnjectlon volume: 20 I-/L
System suitability

Samples: Standardsolution A, Standardsolution B, and
Sample solution .
[NOTE-The relative retention times for the

hydroxycitric acid lactone and hydroxycitric acid
peaks are about 0.9 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Garcinia Hydroxycitrate Extract RS being used.

Resolution: NLT 1.0 between hydroxycitric acid lactone
and hydroxycitric acid, Sample solution

Tailing factor: NMT 2.0 for the hydroxycitric acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0%, determined
from the hydroxycitric acid peak in repeated injections,
StandardsolutionA

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
[NOTE-Standard solutionA, Standardsolution B, and

Sample solution are stable for 6 h.]
Calculate the percentages of (-)-hydroxycitric acid and

(-)-hydroxycitric acid lactone in the portion of Garcinia
cambogia taken:

Result = (ru/rs) x Cs x (V/W') x F x 100

tu = peak area of the relevant analyte from the Sample
solution

rs =peak area of hydroxycitric acid from Standard
solutionA

Cs = concentration of (-)-hydroxycitric acid in
StandardsolutionA (mg/mL)

V =final volume of the Sample solution (mL)
W =weight of Garcinia cambogia used to prepare the

Sample solution (mg)
F =conversion factor: 2.17 for (-)-hydroxycitric acid

lactone, and 1.00 for (-)-hydroxycitric acid
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Acceptance criteria: The sum of percentages of
(-)-hydroxycitric acid and (-)-hydroxycitric acid lactone:
NLT 12% on the dried basis

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Anqlysis

(561): Meets the requirements

SPECIFIC TESTS
- BOTANICAL CHARACTERISTICS

Macroscopic: Fresh fruits are spherical to oval in shape, 4
8 cm in height, 3-6 cm in width, yellowish to pale pinkish
when ripe, resemble a miniature pumpkin!with 7-13 deep
longitudinal grooves, extending up to a circular elevated
base of stigma with blackish tip, situated in the depressed
end of the fruit, containing 6-8 seeds surrounded by a
succulent aril.Compendial articleconsistsofdried piecesof
pericarp, longitudinal, of variablesize and shape, strongly
curved inward; leathery; externally rough, irregularly
wrinkled, longitudinally grooved; internally smooth,
longitudinally faintlystriated a~d. ridged. Dark bro~n to
blackish-brown odor characteristic; taste sour, astringent,
and slightlybitter. . .

Microscopic: Transverse section of the pencarp show~ a
layerof epicarp, composed of rectangular to tangentially
elongated cells covered with thin cuticle;wide mesocarp,
composed of 100-150 rowsof parenchyma cells of variable
sizeand shape, the outer rowscomposed of relatively larger
cells with wide intercellular spaces; vascularbundles appear
throughout the mesocarp, more toward the inner zone;
dark brown gummy exudates, simple and compound
starch granules and prisms of calcium oxalate are present
in the parenchyma cellsthroughout the mesocarp.

- LIMIT OF CITRIC ACID
Solvent and Chromatographic system: Prepareas directed

in the test for Contentof (-)-HydroxycitricAcidand
(-)-HydroxycitricAcidLactone. ....

Standard solution: 0.5 mg/mL of USP Citric ACI~ RS .In
Solvent. Before injection, pass through a membrane filterof
0.45-fJm or finer pore size, discarding the firstfew mL of
the filtrate.

Analysis
Sample: Standardsolution
Calculate the percentage of citricacid in the portion of

Garcinia cambogiataken:

Result = (rufrs) x Cs x (V/W) x 100

=peak area of citricacid from the Sample solution
in the test for Contentof (-)-Hydroxycitric Acidand
(-)-HydroxycitricAcidLactone (mg/mL) .

=peak area of citricacid from the Standardsolutlon
= concentration of USP Citric Acid RS in the

Standardsolution (mg/mL) ,
= final volume of the Sample solution (mL)
=weight of Garcinia cambogiaused to prepare the

Sample solution in the test for Contentof
(-)-HydroxycitricAcidand (-)-Hydroxycitric Acid
Lactone (mg)

Acceptance criteria: NMT 2% of citricacid on the dried
basis

- Loss ON DRYING (731)
Sample: 2.0 g of Garcinia cambogia, finely powdered

USP 43

Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

- ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561):
Determined on 1.0 g of finely powdered Garcinia
cambogia: NMT 3.0%; NM: 8.0% ifs?dium chlori~e was
added as a preservative durinq collection of the fruits

- MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined moldsand yeasts count does not exceed 103 cfu/
g, and the bile-tolerantGram-negative bacteria do not
exceed 103 cfu/g.

-ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Calcium (-)-Hydroxycitrate RS
USP Citric Acid RS .'
USP Powdered Garcinia Hydroxycitrate Extract RS

Powdered Garcinia cambogia
DEFINITION
Powdered Garcinia cambogia is Garcinia cambogia reduced

to a powder or veryfine powder. It contains NLT 12% of the
sum of (-)-hydroxycitric acid and (-)-hydroxycitric acid
lactone, on the dried basis.

IDENTIFICATION
• A. Powdered Garcinia cambogia meets the requirements

under Specific Tests, Botanical Characteristics.
• B. HPLC: The Sample solution chromatogram exhibitsa

peak for hydroxycitric acid at a retenti~n time . .
corresponding to that of StandardsolutionA, as obtained In
the test for Contentof (-)-HydroxycitricAcidand '
(-)-HydroxycitricAcidLactone. The Sample solution also
exhibits a peak for hydroxycitric acid lactone. The
hydroxycitric acid and the hydroxycitric acid lactone peaks
are the main peaksin the Sample solution chromatogram.

COMPOSITION
• CONTENT OF (-)-HYDROXYCITRIC ACID AND

(-)-HYDROXYCITRIC ACID LACTONE
Solution A: 30% Phosphoricacid in water
Mobile phase: Dissolve ~ .36 g of anhydrous p~tassiu.m

dihydrogen phosphate In ,900 m.L of water, adjust WIth .
Solution A to a pHof 2.5, dilute With water to 1000 mL, rmx,
filter, and degas.

Solvent: Solution A and water (1 :9)
Standard solution A: A solution of USP Calcium

(-)-Hydroxycitrate RS equivalent to about 2.5 mg/mL of
(-)-hydroxycitric acid in Solvent. Before injection, pass
through a membrane filter of 0.45-fJm or finer pore size.

Standard solution B: 5 mg/mL of USP Powdered Garcinia
Hydroxycitrate Extract RS in Solvent. Before injection, pass
through a membrane filter of 0.45-fJm or finer pore size,
discarding the firstfew mLof filtrate. . .

Sample solution: Transferabout 5 g of Powdered Gamma
cambogia, accuratelyweighed, to a 250-mL round-bottom

. flask fitted with a reflux condenser. Add 50 mL of Solvent,
reflux while stirringfor 30 min, set aside to settle, and
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decant the supernatant. Repeat the extraction using four
50-mL portions of water, combine all extracts, Cool, filter
into a 250-mL volumetric flask, and dilute with water to
volume. Before injection, pass through a membrane filter
of 0.45-lJm or finer pore size, discarding the first few mL of
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A, Standardsolution8, and

Sample solution ,
[NOTE-The relative retention times for the

hydroxycitric acid lactone and hydroxycitric acid
peaks are about 0.9 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standard solution 8 is similar to the reference
chromatogram provided with the lot of USP Powdered
Garcinia Hydroxycitrate Extract RS being used.

Resolution: NLT 1.0 between the hydroxycitric acid
lactone and hydroxycitric acid peaks, Sample solution

Tailing factor: NMT 2.0 for the hydroxycitric acid peak,
Standard solutionA

Relative standard deviation: NMT 2.0%, determined
from the hydroxycitric acid peak for replicate injections,
Standardsolution A

Analysis .
Samples: Standard solution A, Standardsolution 8, and

Sample solution
[NoTE-StandardsolutionA, Standardsolution8, and

the Sample solutionare stable for 6 h.] .
Calculate the percentages of (-)-hydroxycitric acid and

(-)-hydroxycitric acid lactone in the portion of Powdered
Garcinia cambogia taken:

Result=(ru/rs) x Cs x (V/\IV) x Fx 100

ru =peak area of the relevant analyte from the Sample
solution

rs =peak area of hydroxycitric acid from Standard
solutionA

Cs = concentration of (-)-hydroxycitric acid in
Standard solution A (mg/mL)

V =final volume of the Sample solution (mL)
W =weight of Powdered Garcinia cambogia used to

prepare the Sample solution (mg)
F =conversion factor: 2.17 for (-)-hydroxycitric acid

lactone, and 1.00 for (-)-hydroxycitric acid

Acceptance criteria: The sum of percentages of
(-)-hydroxycitric acid and (-)-hydroxycitric acid lactone:
NLT 12% on the dried basis

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): -Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Dark brown powder; odor

characteristic; taste sour, astringent and slightly bitter.
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Under a microscope, it shows parenchyma cells containing
dark reddish-brown gummy exudates, parenchyma cells
containing simple and compound starch granules, prisms
of calcium oxalate, and fragments of spiral and annular
vessels.

• LIMIT OF CITRIC ACID
Solvent: Prepare as directed in the test for Contentof

(-)-HydroxycitricAcid and (-)-Hydroxycitric AcidLactone.
Standard solution: 0.5 mg/mL of USP Citric Acid RS in

Solvent. Before injection, passthrough a membrane filter of
0.45-lJm or finer pore size, discarding the first few mL of
filtrate.

Analysis
Sample: Standardsolution
Calculate the percentage of citric acid in the portion of

Powdered Garciniacambogia taken:

Result =(ru/rs) x Cs x (V/\IV) x 100

=peak area of citric acid from the Sample solution
in the test for Contentof (-)-Hydroxycitric Acidand,
(-)-HydroxycitricAcidLactone .

=peak area of citric acid from the Standard solution
=concentration of USP Citric Acid RS in the .

Standardsolution (mg/mL) ,- .. :,
=final volume of the Sample solution (mL) ,
=weight of Powdered Garcinia cambogia used to

prepare the Sample solutionin the test for Content
of (-)-HydroxycitricAcidand (-)-Hydroxycitric Acid
Lactone (mg)

Acceptance criteria: NMT 2% of citric acid on the dried
basis

• Loss ON DRYING (731)
Sample: 2.0 g of Powdered Garcinia cambogia
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561):
Determined on 1.0 g of Powdered Garcinia cambogia: NMT
3.0%; NMT 8.0% if sodium chloride was added as a
preservative during collection of the fruits

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed lOs du/g, the total
combined molds and yeastscount does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Calcium (-)-Hydroxycitrate RS
USP Citric Acid RS
USP Powdered Garcinia Hydroxycitrate Extract RS
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Powdered Garcinia Hydroxycitrate
Extract

DEFINITION
Powdered Garcinia Hydroxycitrate Extract is prepared from

Garcinia cambogiaor Garcinia indica by extraction with
water, alcohol, or mixtures of these solvents,followed by
stabilization of the (-)-hydroxycitric acid content in the form
of a calcium, potassium, magnesium, and/or sodium salt.
The ratio of plant material to extract is about 5:1 to 10:1. It
contains NLT40% of (-)-hydroxycitric acid, calculated on the
dried basis. It may contain suitable added substances.

IDENTIFICATION
• A. HPLC IDENTIFICATION TEST: The Sample solution

chromatogram exhibits a peak for hydroxycitric acid at a
retention time corresponding to that of Standardsolution
A, asobtained in the test for Contentof (-)-HydroxycitricAcid
and Limit of (-)-HydroxycitricAcid Lactone.

COMPOSITION
• CONTENT OF (-)-HVDROXVCITRIC ACID AND LIMIT OF

(-)-HVDROXVCITRIC ACID LACTONE
Solution A: 30% phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium

dihydrogen phosphate in 900 mL of water, adjust with
Solution A to a pH of 2.5, complete to 1000 mL with water,
mix, filter, and degas.

Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USP Calcium

(-)-Hydroxycitrate RS equivalent to about 2.5 mg/mL of
(-)-hydroxycitric acid in Solvent. Before injection, pass
through a membrane filter of 0.45-l..lmor finer pore size.

Standard solution B: 5 mg/mL of USP Powdered Garcinia
Hydroxycitrate Extract RS in Solvent. Before injection, pass
through a membrane filter of 0.45-l..lm or finer pore size.

Sample solution: 5 mg/mL of Powdered Garcinia
Hydroxycitrate Extract in Solvent. Before injection, pass
through a membrane filter of 0.45-l..lm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 25 ± 1°
Flow rate: 1.0 mL/min
Injection size: 20 I..lL

System suitability
Samples: Standardsolution A and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Garcinia Hydroxycitrate Extract RS being used.

Tailing factor: NMT 2.0 for the hydroxycitric acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0%, determined
from the hydroxycitric acid peak, StandardsolutionA

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution. [NoTE-StandardsolutionA, Standard
solution B, and the Sample solution are stable for 6 h.]

Calculate the percentage of (-)-hydroxycitric acid and the
limit of (-)-hydroxycitric acid lactone, if present, in the
portion of Powdered Garcinia Hydroxycitrate Extract
taken:

Result=(ru/rs) x (Cs/Cu) x F x 100

USP43

ru =peakareafor the relevant analyte from the Sample
solution

rs = peak area of hydroxycitric acid from Standard
solutionA

Cs = concentration of (-)-hydroxycitric acid in
StandardsolutionA (mg/mL)

Cu = concentration of Powdered Garcinia
Hydroxycitrate Extract in the Sample solution
(mg/mL)

F =conversion factor for each analyte: 2.17 for
(-)-hydroxycitric acid lactone, and 1.00 for
(-)-hydroxycitric acid

Acceptance criteria: NLT 40% of (-)-hydroxycitric acid and
NMT 8% of (-)-hydroxycitric acid lactone on the dried basis

IMPURITIES
INORGANIC IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash(561): NMT

3.0%

ORGANIC IMPURITIES

SPECIFIC TESTS
• LIMIT OF CITRIC ACID

Solvent: Prepare as directed in the test for Contentof
(-)-HydroxycitricAcidand Limit of (-)-HydroxycitricAcid
Lactone.

Standard solution: 0.5 mg/mL of USP Citric Acid RS in
Solvent. Before injection, pass through a membrane filter of
0.45-l..lm or finer pore size.

Analysis
Sample: Standardsolution
Calculate the percentage of citric acid in the portion of

Powdered Garcinia Hydroxycitrate Extract taken:

Result=(ru/rs) x (Cs/Cu) x 100

ru =peak area of citric acid, using the peak area of
citric acid from the Sample solution in the test for
Contentof (-)-HydroxycitricAcid and Limit of
(-)-HydroxycitricAcid Lactone

rs =peak area of citric acid from the Standard
solution

Cs = concentration of USP Citric Acid RS in the
Standardsolution (mg/mL)

Cu = concentration of Powdered Garcinia
Hydroxycitrate Extract in the Sample solution in
the test for Contentof (-)-HydroxycitricAcidand
Limit of (-)-HydroxycitricAcid Lactone (mg/mL)

Acceptance criteria: NMT 5% of citric acid on the dried
basis

• IDENTIFICATION TESTS-GENERAL (191): Test for the
presence of calcium, magnesium, potassium, and/or
sodium.

• Loss ON DRVING (731): Dry 2.0 g of Powdered Extract at
105° for 3 h: Powdered Extract containing calcium
hydroxycitrate losesNMT 5.0% of its weight; Powdered
Extract containing other saltsloses NMT 9.0% of its weight.

• MICR~BIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeastscount does not exceed 103 du/
g.
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• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meets the requirements of the
tests for absence of Salmonella species and Escherichia coli.

• OTHER REQUIREMENTS: It meets the requirements of the test
for Residual Solvents under Botanical Extracts (565).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the latin binomial and, following
the official name, the part of the plant from which the
article was prepared. It meets other Labeling requirements
under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Calcium (-)~Hydroxycitrate RS
USP Citric Acid RS
USP Powdered Garcinia Hydroxycltrate Extract RS

Carcinia indica
DEFINITION
Garcinia indica consists of the dried pericarp of the fruits of

Garcinia indica (Thouars) Choisy (Fam. Clusiaceae). It
contains NlT 12% of the sum of (-)-hydroxycitric acid and
(7")-hydroxycitric acid lactone, on the dried basis.

IDENTIFICATION
• A. Garcinia indica meets the requirements under Specific

Tests, Botanical Characteristics.
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 0.5 mg/ml of garcinol in alcohol
Sample solution: Transfer about 2.0 g of Garcinia indica,

finely powdered, to a Soxhlet apparatus, add 100 ml of
alcohol, and extract for 6 h. Filter and concentrate under
vacuum to about 10 ml. [NoTE-Use a thimble of suitable
size such that the volume of alcohol used in the Soxhlet
extraction is at least twice the volume of the thimble.]

Adsorbent: Chromatographic silica gel with an average
particle size of 5 urn (HPTlC plates) ,

Application volume: 5 ut, as 8-mm bands
Developing solvent system: Toluene, ethyl acetate, and

formic acid (4: 1: 0.5)
Developing distance: 6 cm
Derivatization reagent: A mixture of 1% vanillin in alcohol

and 10% sulfuric acid in alcohol (1:1)
Analysis

Samples: Standard solutionand Sample solution
Apply the Samples as bands. Develop in a saturated

chamber. Remove the plate from the chamber, dry,
treat with Derivatization reagent, heat for 5-10 min at
105°, and examine under white light.

Acceptance criteria: The Sample solutionchromatogram
exhibits a main greenish-gray band due to garcinol at an RF

value of approximately 0.6, which corresponds in position
and color to the main band in the chromatogram of the
Standard solution. The Sample solutionexhibits the
following additional bands: two purple bands, two
greenish-gray bands, two blue bands and a purple band at
RF values of approximately 0.31, 0.34, 0.37, 0.47, 0.54,
0.83, and 0.93, respectively. Other bands may be observed
in the Sample solution.

• C. HP~C: The Sample solutionchromatogram exhibits a
peak for hydroxycitric acid at a retention time
corresponding to that of Standard solutionA, asobtained in
the test for Contentof (-)-Hydroxycitric Acidand
(-)-Hydroxycitric AcidLactone. The Sample solutionalso
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exhibits a peak for hydroxycitric acid lactone. The
hydroxycitric acid and the hydroxycitric acid lactone peaks
are the main peaks in the Sample solutionchromatogram.

COMPOSITION
• CONTENT OF (-)-HVDROXVCITRIC ACID AND

(-)-HVDROXVCITRIC ACID LACTONE
Solution A: 30% Phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium

dihydrogen phosphate in 900 ml of water, adjust with
Solution A to a pH of 2.5, dilute with water to 1000 ml, mix,
filter, and degas.

Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USP Calcium

(-)-Hydroxycitrate RS equivalent to about 4 mg/mL of
(-)-hydroxycitric acid in Solvent. Before injection, pass
through a membrane filter of 0.45-~m or finer pore size,
discarding the first few mL of the filtrate.

Standard solution B: 8 mg/ml of USP Powdered Garcinia
Hydroxycitrate Extract RS in Solvent. Before injection, pass
through a membrane filter of 0.45-~m or finer pore size.

Sample solution: Transfer about 5 g of Garcinia indica,finely
powdered and accurately weighed, to a 250-mL '
round-bottom flask fitted with a reflux condenser. Add
50 ml of Solvent, reflux while stirring for 30 min, set aside
to settle, and decant the supernatant. Repeatthe 'extraction
using four 50-ml portions of water, combine all extracts,

, cool, filter into a 250-ml volumetric flask, and dilute with
water to volume. Before injection, passthrough a
membrane filter of 0.45-~m or finer pore size, discarding
the first few ml of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing II
Column temperature: 25°
Flow rate: 1.0 mL/min '
Injection volume: 20 ~l

System suitability
Samples: Standardsolution A, Standard solution B, and

Sample solution .
[NOTE-The relative retention times for the

hydroxycitric acid lactone and hydroxycitric acid
peaks are about 0.9 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standard solutionB is similar to the reference
chromatogram provided with the lot of USPPowdered
Garcinia Hydroxycitrate Extract RS being used.

Resolution: NlT 1.0 between the hydroxycitric acid
lactone and hydroxycitric acid peaks, Sample solution

Tailing factor: NMT 2.0 for the hydroxycitric acid peak,
Standard solutionA

Relative standard deviation: NMT 2.0%, determined
from the hydroxycitric acid peak for replicate injections,
Standard solutionA

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution. [NOTE-Standard solution A, Standard
solutionB, and the Sample solutionare stable for 6 h.]

Calculate the percentages of (-)-hydroxycitric acid and
(-)-hydroxycitric acid lactone in the portion of Garcinia
indica taken:

Result=(ru/rs) x Cs x (V/W) x F x 100

tu =peak area of the relevant analyte from the Sample
solution
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=peak area of hydroxycitric acid from Standard
solutionA

= concentration of (-)-hydroxycitric acid in
Standard solution A (mg/mL)

= final volume of the Sample solution (mL)
=weight of Garcinia indica used to prepare the

Sample solution (mg)
= conversion factor: 2.17 for (-)-hydroxycitric acid

lactone, and 1.00 for (-)-hydroxycitric acid

Acceptance criteria: The sum of percentages of
(-)-hydroxycitric acid and (-)-hydroxycitric acid lactone is
NLT 12% on the dried basis.

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMTO.5%
• ARTICLES OF' BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Fresh fruits are globular in shape, 3-4 cm in
diameter, purplish to pinkish orange when ripe, with
persistant calyx lobes at the base and flattened radiating
sessile stigma at the apex; containing 5-8 seeds surrounded
by a succulant aril. Compendial article consists ofdried
pieces of pericarp, bluish black, of various size and shapes,
flattened, flexible; remains of pedicels, calyx, and stigma
may be present; odor characteristic; taste sour.

Microscopic: Transverse section of the pericarp shows a
layer of epicarp, composed of isodiametric cells, with thin
cuticle and stomata; hypodermis consisting of several rows
of compactly arranged, tangentially elongated,
thick-walled cells, containing dark brown contents,
showing narrow irregular elongated cavities; outer
mesocarp consisting of loosely arranged, tangentially
elongated, parenchyma cells, few are full of starch grains,
traversed by narrow bands of collapsed cells and oleoresin
ducts; inner mesocarp consisting of collapsed and
compactly arranged cells, showing rows of fibrovascular
bundles; endocarp is not distinct, consisting of thin-walled
collapsed cells, with dark brown content.

• LIMIT OF CITRIC ACID
Solvent and Chromatographic system: Prepare as directed

in the test for Contentof (-)-Hydroxycitric Acidand,
(-)-HydroxycitricAcidLactone.

Standard solution: 0.5 mg/mL of USP Citric Acid RS in
Solvent. Before injection, pass through a membrane filter of
0.45-lJm or finer pore size, discarding the first few mL of
the filtrate. '

Analysis
Sample: Standardsolution
Calculate the percentage of citric acid in the portion of

Garcinia indica taken: ..

Result = (rulrs) x Cs x (VIW) x 100

ru = peak area of citric acid from the Sample solution
in the test for Content of(-)-Hydroxycitric Acidand
(-)-Hydroxycitric AcidLactone ,

rs = peak area of citric acid from the Standard solution
Cs ' =concentration of USP Citric Acid RS in the

Standardsolution(mg/mL)
V =final volume of the. Sample solution (mL)

USP 43

W =weight of Garcinia indica used to prepare the
Sample solution in the test for '
Contentof(-)-Hydroxycitric Acidand
Limit of(-)-Hydroxycitric AcidLactone (mg)

Acceptance criteria: NMT 2% of citric acid on the dried
basis

• Loss ON DRYING (731)
Sample: 2.0 9 of Powdered "Garcinia indica
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561):
Determined on 1.0 9 of finely powdered Garcinia indica:
NMT 3.0%; NMT 8.0% if sodium chloride was added as a
preservative during collection of the fruits

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined molds and yeasts count does not exceed 103 cful
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the testsfor absence of Saimonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers,protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Calcium (-)-Hydroxycitrate RS
USPCitric Acid RS
USP Powdered Garcinia Hydroxycitrate Extract RS

Powdered Garcinla indica
DEFINITION
Powdered Garcinia indica is Garcinia indica reduced to a fine

or very fine powder. It contains NLT 12% of the sum of
(-)-hydroxycitric acid and (-)-hydroxycitric acid lactone, on
the dried basis.

IDENTIFICAnON
• A. Powdered Garcinia indica meets the requirements under

Specific Tests, Botanical Characteristics.
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 0.5 mg/mL of garcinol in alcohol
Sample solution: Transfer about 2.0 9 of Powdered

Garcinia indica to a Soxhlet apparatus, add 100 mL of
alcohol, and extract for 6 h. Filter and concentrate under
vacuum to about 10 mL. [NOTE-Usea thimble of a suitable
size such that the volume of alcohol used in the Soxhlet
extraction is at least twice the volume of the thimble.]

Adsorbent: Chromatographic silica gel with an average
particle size of 5 IJm (HPTLC plates)

Application volume: 5 IJL, as 8-mm bands
Developing solvent system: Toluene, ethyl acetate, and

formic acid (4: 1: 0.5)
Developing distance: 6 cm
Derivatization reagent: A mixture of 1% vanillin in alcohol

and 10% sulfuric acid in alcohol (1:1).
Analysis

Samples: .Standard solution'and Sample solution
Apply the Samples as bands. Develop in a saturated

chamber. Remove the plate from the chamber, dry,
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treat with Derivatizationreagent, heat for 5-10 min at
105°, and examine under white light.

Acceptance criteria: The Sample solution chromatogram
exhibits a main greenish-gray band due to garcinol at an RF

value of approximately 0.6, which corresponds in position
and color to the main band in the chromatogram of the
Standardsolution. The Sample solution exhibits the
following additional bands: two purple bands, two
greenish-gray bands, two blue bands, and a purple band at
RF values of approximately 0.31, 0.34, 0.37, 0.47, 0.54,
0.83, and 0.93, respectively. Other bands may be observed
for the Sample solution.

• C. HPLC: The Sample solution chromatogram exhibits a
peak for hydroxycitric acid at a retention time
corresponding to that in the chromatogram of Standard
solutionA, as obtained in the test for Contentof
(-)-HydroxycitricAcidand (-)-HydroxycitricAcidLactone. The
Sample solution also exhibits a peak for hydroxycitric acid
lactone. The hydroxycitric acid and the hydroxycitric acid
lactone peaks are the main peaks in the Sample solution
chromatogram.

COMPOSITION
• CONTENT OF (-)-HVDROXVCITRIC ACID AND

(-)-HVDROXVCITRIC ACID LACTONE
Solution A: 30% Phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium

dihydrogen phosphate in 900 ml of water, adjust with
Solution A to a pH of 2.5, dilute with water to 1000 ml, mix,
filter, and degas.

Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USPCalcium

(-)-Hydroxycitrate RS equivalent to about 4 mg/ml of
(-)-hydroxycitric acid in Solvent. Before injection, pass
through a membrane filter of 0.45-~m or finer pore size,
discarding the first few ml of the filtrate.

Standard solution B: 8 mg/mL of USP Powdered Garcinia
Hydroxycitrate Extract RS in Solvent. Before injection, pass
through a membrane filter of 0.45-~m or finer pore size.

Sample solution: Transfer about 5 g of Powdered Garcinia
indica, accurately weighed, to a 250-mL round-bottom
flask fitted with a reflux condenser. Add 50 mL of Solvent,
reflux while stirring for 30 min, set aside to settle, and
decant the supernatant. Repeat the extraction using four
50-mL portions of water, combine all extracts, cool, filter
into a 250-ml volumetric flask, and dilute with water to
volume. Before injection, pass through a membrane filter
of 0.45-~m or finer pore size, discarding the first few ml of
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 ~L

System suitability
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
[NOTE-The relative retention times for the

hydroxycitric acid lactone and hydroxycitric acid
peaks are about 0.9 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Garcinia Hydroxycitrate Extract RS being used.
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Resolution: NLT 1.0 between the hydroxycitric acid
lactone and hydroxycitric acid peaks, Sample solution

Tailing factor: NMT 2.0 for the hydroxycitric acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0%, determined
from the hydroxycitric acid peak for replicate injections,
StandardsolutionA

Analysis
Samples: StandardsolutionA, StandardsolutionB,and

Sample solution. [NoTE-Standard solutionA, Standard
solution B, and the Sample solution are stable for 6 h.]

Calculate the percentages of (-)-hydroxycitric acid and
(-)-hydroxycitric acid lactone in the portion of Powdered
Garcinia indica taken:

Result =(rulrs) x Cs x (VIW) x F x 100

to =peak area of the relevant analyte from the Sample
solution

rs =peak area of hydroxycitric acid from Standard
solution A

Cs =concentration of (-)-hydroxycitric acid in .
StandardsolutionA (mg/mL)

V =final volume of the Sample solution (ml)
W = weight of Powdered Garcinia indica used to

prepare the Sample solution (mg)
F = conversion factor: 2.17 for (-)-hydroxycitric acid

lactone, and 1.00 for (-)-hydroxycitric acid

Acceptance criteria: The sum of percentages of
(-)-hydroxycitric acid and (-)-hydroxycitric acid lactone is
NlT 12% on the dried basis.

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMTO.5%
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities(561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Dark brown powder; odor characteristic; ,
taste sour.

Microscopic: It shows cells containing dark brown content;
cells containing yellow content, parenchyma cells
containing simple and compound starch granules;
fragments of epicarp cells containing stomata; and
fragments of spiral and annular vessels.

• LIMIT OF CITRIC ACID
Solvent and Chromatographic system: Prepare as directed

in the test for Contentof (-)-HydroxycitricAcidand
(-)-HydroxycitricAcidLactone.

Standard solution: 0.5 mg/mL of USP Citric Acid RS in
Solvent. Before injection, pass through a membrane filter of
0.45-~m or finer pore size, discarding the first few mL of
the filtrate.

Analysis
Sample: Standardsolution
Calculate the percentage of citric acid in the portion of

Powdered Garcinia indica taken:

Result =(rulrs) x Cs x (VIW) x 100

tu =peak area of citric acid from the Sample solution
in the test for Contentof (-)-HydroxycitricAcidand
(-)-HydroxycitricAcidLactone

ts = peak area of citric acid from the Standardsolution
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Cs =concentration of USP Citric Acid RS in the
Standardsolution (mg/mL)

V = final volume of the Sample solution (mL)
W =weight of Powdered Garcinia indica used to

prepare the Sample solution in the test for Content
of (-)-HydroxycitricAcidand (-)-HydroxycitricAcid
Lactone (mg)

Acceptance criteria: NMT 2% of citricacid on the dried
basis

• Loss ON DRYING (731)
Sample: 2.0 g of Powdered Garcinia indica
Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561):
Determined on 1.0 g of Powdered Garcinia indica: NMT
3.0%; and NMT 8.0% ifsodium chloride was added as a
preservativeduring collection of the fruits

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 du/g, the total
combined molds and yeastscount does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Calcium (-)-Hydroxycitrate RS
USP CitricAcid RS
USP Powdered Garcinia Hydroxycitrate ExtractRS

Garlic

DEfiNITION
Garlic consists of the fresh or dried compound bulbs of

Allium sativum L. (Fam. Liliaceae). It contains NLT 0.5% of
alliin and NLT 0.2% of y-glutamyl-(S)-allyl-L-cysteine,
calculated on the dried basis.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP L-Methionine RS
in a mixture of methanol and water (1 :1)

Standard solution B: 0.5 mg/mL of USP Alliin RS in a
mixture of methanol and water (1:1)

Sample solution: Cut a freeze-dried garlic bulb into small
pieces, transfer 1 g of the cut pieces to an extractor, and
extract with two 20-mL portions of a mixture of methanol
and water (1:1), combining the extracts. Concentrate to a
small volume (about 5 mL), using a rotary evaporator.

Chromatographic system
Adsorbent: 0.25-mm layerof chromatographic silica gel,

typically 20-cm long (TLC plates)
Application volume: 20 IJL, applied separately as 10-mm

bands
Developing solvent system: Butyl alcohol, n-propyl

alcohol, glacial acetic acid, and water (3:1:1:1)
Derivatization reagent: 0.2% Solutionof ninhydrin in a

mixture of butyl alcohol and 2 N acetic acid (19:1)

USP 43

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Developthe chromatograms until the solvent front has

moved up about three-fourths of the plate, in a saturated
chamber. Remove the plate, and allow the solvent to
evaporate. Spraywith the Derivatization reagent, heat at
100°-105° for 10 min, and immediatelyexamine the plate
under white light.

Acceptance criteria: The chromatogram of the Sample
solutionshows the following zones: a violetzone having an
RF value of about 0.89; a pinkzone having an RF value of
about 0.5 and corresponding in color and RF value to that
obtained from the chromatogram of StandardsolutionA; a
pinkish zone having an RF value of about 0.43; a strong
orange zone having an RF value of about 0.38; a pinkish
violet zone having an RF value of about 0.3 and
corresponding in color and RF value to that of the
chromatogram of StandardsolutionB; and additional
pinkish orange zones situated very close to each other just
below the zone corresponding to alliin in the
chromatogram of Standardsolution B.

• B.
Sample: About 109 of garlic bulbs that have been cut into

small pieces .. ",
Analysis: Transfer to a suitable flask. Add 10 mLof 1 N

sodium hydroxide and 10 mL of water, heat the flask in
boiling water for 10 min, cool, and filter.Add a few drops
of freshly prepared sodium nitroferricyanide TS to 2 mLof
the filtrate.

Acceptance criteria: The appearance of a red or orange-red
color indicates the presence of sulfur-containing
compounds in the Sample.

• C. The retention time of the major peak in the Sample
solutioncorresponds to that ofone of the alliin diastereomer
peaks in the Standardsolution, as obtained in the test for
Contentof Alliin.

• D. THIN-LAYER CHROMATOGRAPHY
Extraction column: t-ern x 5-cm solid-phase extraction

column containing styrene-divinylbenzene copolymer
packing with a 75- to 150-lJmdiameter and a 400- to
600-A pore size. Condition column before use by washing
with 50 mL of methanol and with 50 mLof a mixture of
methanol and water (3:7). [NOTE-Do not allowthe column
to dry.]

Standard solution: 0.2 mg/mL each of USP p-Chlorogenin
RS and USP Agigenin RS in methanol

Sample solution: Transferabout 109 of freshly peeled
garlic clovesto a 37-mLhomogenizing cup, and
homogenize with 25 mLof methanol at the highest speed
for 1 min. Centrifuge the mixture, and decant the
supernatant to a flask. Add 70 mL of water. Transfer to the
Extraction column, allowto drain, and discard the eluate.
Washthe column with 50 mLof a mixture of methanol and
water (3:7), allowthe solvent mixtureto drain, and discard
the eluate. Finally, elute the crude saponin fraction off the
column with 20 mL of methanol, collect the eluate, and
evaporate to dryness. Dissolve the residue in 4 mL of a
mixture of 8% sulfuric acid and alcohol (1 :1), transfer the
solution to a screw-capped test tube, and heat on a boiling
water bath for 5 h. Cool the test tube, add 20 mL of water,
and transfer the solution to a freshlyconditioned Extraction
column, allowto drain, and discard the eluate. Wash the
column with 30 mL of a mixture of methanol and water
(7:3), and discard the eluate. Finally, elute the column with
50 mL of methanol. Collect the eluate, evaporate it to
dryness, and dissolve the residue in 0.5 mL of methanol.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel,

typically 20-cm long (TLC plates)
Application volume: 20 IJL, as 7-mm bands
Developing solvent system: Methylene chloride and

methanol (15:2) .
Derivatization reagent: Dissolve 0.5 mL of

4-methoxybenzaldehyde and 0.5 mL of sulfuric acid in
sufficient alcohol to make 10 mL.

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatograms until the solvent front has

moved up about three-fourths of the plate, in a saturated
chamber. Remove the plate, and allow the solvent to
evaporate. Spray the plate with Derivatizationreagent,
heat the plate at 100°-105° for 5 min, and examine the
plate under white light. ,

Acceptance criteria: The chromatogram of the Sample
solutionexhibits, among several yellowish and grayish
green spots, a grayish green spot at an RF value of about
0.4, corresponding to the grayish green spot due to
~-chlorogenin of the Standardsolution.The chromatogram
of the Sample solution does not exhibit a spot at an RFvalue
of about 0.2, corresponding to agigenin of the Standard
solution.

COMPOSITION
• CONTENT OF ALLIIN

Allinase inhibitor solution: Dissolve 109 mg of
carboxymethoxylamine hemihydrochloride in 100.0 mL of
water. .

Solution A: Monobasic sodium phosphate 0.045 M in
water, adjusted with 0.2 M sodium hydroxide to a pH of
7.1

Buffer: Monobasic sodium phosphate 0.05 M in water,
adjusted with 0.2 M sodium hydroxide to a pH of 9.5

Derivatization reagent: Dissolve 140 mg of .
o-phthaldialdehyde in 5 mL of methanol, add 100 IJL of
t-butylthiol, and dilute with Bufferto 50 mL. [NOTE-This
reagent may occasionally become opaque during
preparation. Store at room temperature, and use within
1 week.] .

Mobile phase: Acetonitrile, l,4-dioxane, tetrahydrofuran,
and Solution A (25: 2.9: 2.2: 69.9) .

Standard solution: 0.05 mg/mL of USP Alliin RS in a mixture
of methanol and water (1:1)

Sample stock solution: Transfer about 10.0 g of freshly
peeled garlic cloves, accurately weighed, to a 11O-mL
homogenizing cup. Add 70.0 mL of Allinase inhibitor
solution, and blend at the highest speed for 30 s.
Centrifuge, and decant the supernatant into a 100-mL
volumetric flask. Mix the remaining solids in the cup with
20 mL of Allinase inhibitor solution, centrifuge, and add the
supernatant to the volumetric flask. Dilute the contents of
the flask with Allinase inhibitor solution to volume. .

Sample solution: Dilute a portion of the Sample stock
solution1 in 10 with a mixture of methanol and water (1:1).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 337 nm
Column: 4-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution

[NOTE-Alliin exhibits two major peaks representing its
diastereomers.]
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Suitability requirements
Relative standard deviation: NMT2.0% for each of the

major peaks, in repeated injections
Analysis

Samples: Standardsolution and Sample solution
Using a syringe, transfer 0.1 mL of the Standardsolutionor

Sample solutionto separateseptum-capped vials, and add
0.5 mL of the Derivatization reagentto each vial. Allow a
reaction time of NLT 2 min before injection into the
chromatograph. Record the chromatograms, and
measure the areas of the alliin diastereomer peaks.

Calculate the percentage of alliin in the portion of Garlic
taken:

Result=(ru/rs) x Cs x (VIW) x 0 x 100

tu =peak area of alliin from the Sample solution
ts =peak areas of alliin diastereomers from the

Standardsolution
Cs = concentration of USP Alliin RS in the Standard

solution (mg/mL)
V = volume of the Sample stocksolution (mL) .
W = weight of Garlic used to prepare the Sample stock

solution (mg)
o =dilution factor to prepare the Sample-solution

from the Sample stock solution, 10

Acceptance criteria: NLT 0.5% on the dried basis
• CONTENT OF y-CLUTAMYL-(S)-ALlYL-L-CYSTEINE

Solution A: Dissolve6.80 g of monobasic potassium
. phosphate in 900 mL of water, and adjust with phosphoric

acid to a pH of 2.6. Dilute with water to 1000.0 mL,
and mix.

Mobile phase: Methanol and Solution A (3:17)
Standard solution: 0.08 mg/mL of USP

y-Glutamyl-(S)-allyl-L-cysteine RS in a mixture of methanol
and water (1:1)

Sample solution: Transfer about 109 of freshly peeled
garlic cloves, accurately weighed, to a 11O-mL
homogenizing cup. Add 80 mL of a mixture of methanol
and water (1:1), and homogenize at the highest speed for
1 min. Centrifuge the mixture, and decant the supernatant
into a 250-mL volumetric flask. Mix the remaining solids
with two 70-mL portions of a mixture of methanol and
water (1:1), centrifuge, and transfer the supernatants to the
volumetric flask. Dilute the contents of the flask with a
mixture of methanol and water (1:1) to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 15-cm; packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0% for the
y-glutamyl-(S)-allyl-L-cysteine peak in repeated
injections

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of y-glutamyl-(S)-allyl-L-cysteine

in the portion of Garlic taken:

Result=(rulrs) x Cs x (VIW) x 100

tu = peak response of y-glutamyl-(S)-allyl-L-cysteine
from the Sample solution
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= peak response of y-glutamyl-(S)-allyl-l-cysteine
from the Standardsolution

=concentration of USP
y-Glutamyl-(S)-allyl-l-cysteine RS in the Standard
solution (mg/mL)

=volume of the Sample solution (mL)
=weight of Garlic used to prepare the Sample

solution (mg)

Acceptance criteria: NLT 0.2% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Subglobular compound bulbs, 3-5 cm in
width, consistingof 8-20 cloves, the wholesurrounded by
2-5 layers of white scale leaves attached toa flattened,
circular base; cloves ovoidand 3- to 4-sided,summit acute,
narrowed into a threadlike portion of fiber base, truncate,
each clovecovered with a white scale leafand a pinkish
white epidermis, easily separated from the solid portion,
consisting of two flaky scaleleaves and two yellowish green
conduplicate foliage leaves

Microscopic: The protective leafcontainsan epidermis
enclosing a mesophyll free from chlorophyll. The outer
epidermis consistsof lignified sclereid cells of thick, pitted
walls, elongated, covered with thin cuticle, long fibers up
to 500 urn in length and 30 urn in width.
The cortical cells are thick-walled, nonlignified, tending to

collapseon maturity, isodiametric, and contain purple
pigments. The vascular bundles consistof lignified spiral
and annular vessels. The storage leaves show an outer
epidermis ofthin, delicatecells ofvariable'shape, arranged
in somewhat irregular rows, 60 um in length and 30 JJm
inwidth. Stomata are present on the outer epidermisonly
at the extreme tip near the base of the foliage leaves.

Themesophyll consists ofswollen storage parenchymacells
filled with fine granular reserve material; scattered in the
cortex are 20 laticiferous tUbes,500-1 000 um in length.
Twoseriesof vascular bundles consisting of narrow
lignified spiral and annular vessels are arranged in the
mesophyll.

• ARTICLES OF BOTANICAL ORIGIN, WaterContent(561 ): NMT
65.0% for fresh bulbs, and NMT 7.0% for dried bulbs

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
5.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in well-closed containers

in a cool, dry place, protected from light.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Agigenin RS
USP Alliin RS
USP p-Chlorogenin RS
USP y-Glutamyl-(S)-allyl-l-cysteine RS
USP l-Methionine RS

USP 43

Powdered Garlic
DEFINITION
PowderedGarlic is produced from Garlic that has been cut,
freeze-dried or dried at a temperature not exceeding 65°,
and powdered. Itcontains NLT 0.3% of alliin and NLT
0.1% of y-glutamyl-(S)-allyl-l-cysteine, calculated on the
dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mLof USP l-Methionine RS
in a mixtureof methanol and water (1:1)

Standard solution B: 0.5 mg/mLof USP Alliin RS in a
mixtureof methanol and water (1:1)

Sample solution: Transfer 1 g of the Powdered Garlic to an
extractor,and extractwith two 20-mL portionsofa mixture
of methanol and water (1 :1), combining the extracts.
Concentrate to a small volume(about 5 mL), usinga rotary
evaporator.

Chromatographic system
Adsorbent: 0.25-mm layerof chromatographic silica gel,

typically 20 cm long (TLC plates)
Application volume: 20 ~L, applied separatelyas 10-mm

bands ",
Developing solvent system: Butyl alcohol, n-propyl

alcohol, glacial acetic acid, and water (3:1:1 :1)
Derivatization reagent: 0.2 in 100 solution of ninhydrin

in a mixture of butylalcoholand 2 N acetic acid (19:1)
Analysis

Samples: Standard solutionA, Standardsolution B, and
Sample solution

Develop the chromatograms until the solvent front has
moved up about three-fourthsof the plate, in a saturated
chamber. Remove the plate, and allowthe solvent to
evaporate. Spraywith Derivatizationreagent, heat at
100°-105°for10 min,and immediately examinethe plate
under white light.

Acceptance criteria: The chromatogram of the Sample
solutionshowsthe following zones: a violetzone havlnq an
RF valueof about 0.89; a pinkzone havinq an RF valueof
about 0.5 and corresponding in color and RF value to that
obtained from the chromatogram of StandardsolutionA; a
pinkish zone having an RF valueof about 0.43; a strong
orange zone havingan RF valueof about 0.38; a pinkish
violetzone having an RF valueof about 0.3 and
corresponding in color and RFvalue to that of the
chromatogram of Standardsolution B; and additional
pinkish orange zones situated veryclose to each other just
below the zone corresponding to alliin in the .
chromatogram of Standardsolution 8.

• B.
Sample: About 10 g of Powdered Garlic
Analysis: Transfer to a suitableflask. Add 10 mL of 1 N

sodium hydroxide and 10 mL of water, heat the flask in
boiling water for 10 min, cool, and filter. Add a few drops
of freshly prepared sodium nitroferricyanide TS to 2 mL of
the filtrate.

Acceptance criteria: Theappearance of a red or orange-red
color indicates the presence of sulfur-containing
compounds in the Sample.

• C. The retention time of the major peak in the Sample
solutioncorrespondsto that ofone ofthe alliin diastereomer
peaks in the Standardsolution, as obtained in the test for
Contentof Alliin.

• D. THIN-LAYER CHROMATOGRAPHY
Extraction column: 1-cm x 5-cm solid-phaseextraction

column containing styrene-divinylbenzene copolymer
packingwith a 75- to 150-JJm diameter and a 400- to
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600-A pore size. Condition column before use by washing
with 50 ml of methanol and with 50 ml of a mixture of
methanol and water (3:7). [NOTE-Donot allow the column
to dry.]

Standard solution: 0.2 mg/ml each of USP ~-Chlorogenin

RS and USP Agigenin RS in methanol
Sample solution: Transfer about 109 of Powdered Garlic

to a 37-ml homogenizing cup, and homogenize with
25 ml of methanol at the highest speed for 1 min.
Centrifuge the mixture, and decant the supernatant to a
flask. Add 70 ml of water. Transfer to the Extraction
column, allow to drain, and discard the eluate. Wash the
column with 50 ml of a mixture of methanol and water
(3:7), allow the solvent mixture to drain, and discard the
eluate. Finally, elute the crude saponin fraction off the
column with 20 ml of methanol, collect the eluate, and
evaporate to dryness. Dissolvethe residue in 4 ml of a
mixture of 8% sulfuric acid and alcohol (1:1), transfer the
solution to a screw-capped test tube, and heat on a boiling
water bath for 5 h. Cool the test tube, add 20 ml of water,
and transfer the solution to a freshly conditioned Extraction
column, allow to drain, and discard the eluate. Wash the
column with 30 ml of a mixture of methanol and water
(7:3), and discard the eluate. Finally, elute' the column with
50 ml of methanol. Collect the eluate, evaporate it to
dryness, and dissolve the residue in 0.5 ml of methanol.

Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel,

typically 20 cm long (TlC plates)
Application volume: 20 IJl, as 7-mm bands
Developing solvent system: Methylene chloride and

methanol (15:2)
Derivatization reagent: Dissolve0.5 ml of

4-methoxybenzaldehyde and 0.5 ml of sulfuric acid in
sufficient alcohol to make 10 ml.

Analysis
Samples: Standardsolutionand Sample solution
Develop the chromatograms until the solvent front has

moved up about three-fourths of the plate, in a saturated
chamber. Remove the plate, and allow the solvent to
evaporate. Spray the plate with Derivatization reagent,
heat the plate at 100°-105° for 5 min, and examine the
plate under white light. ,

Acceptance criteria: The chromatogram of the Sample
solutionexhibits, among several yellowish and grayish
green spots, a grayish green spot at an RF value of about
0.4, corresponding to the grayish green spot due to
~-chlorogenin of the Standard solution. The chromatogram
of the Sample solutiondoes not exhibit a spot at an RFvalue
of about 0.2, corresponding to agigenin of the Standard
solution.

COMPOSITION
• CONTENT OF ALLIIN

Alliinase inhibitor solution: Dissolve 109 mg of
carboxymethoxylamine hemihydrochloride in 100.0 ml of
water.

Solution A: 0.045 M monobasic sodium phosphate in
water. Adjust with 0.2 M sodium hydroxide to a pH of 7.1.

Buffer: 0.05 M monobasic sodium phosphate in water.
Adjust with 0.2 M sodium hydroxide to a pH of 9.5.

Derivatization reagent: Dissolve 140 mg of
o-phthaldialdehyde in 5 ml of methanol, add 100 IJl of
t-butylthiol, and dilute with Buffer to 50 ml. [Nors-Thls
reagent may occasionally become opaque during
preparation. Store at room temperature, and use within
1 week.]

Mobile phase: Acetonitrile, 1A-dioxane, tetrahydrofuran,
and Solution A (25: 2.9: 2.2: 69.9)
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Standard solution: 0.05 mg/ml of USP Alliin RS in a mixture
of methanol and water (1:1)

Sample stock solution: Transfer about 1.0 g of Powdered
Garlic, accurately weighed, to a flask. Add 30.0 ml of
Alliinase inhibitor solution, and shake vigorously until the
powder is fully dispersed. Centrifuge to obtain a clear
solution.

Sample solution: Transfer 5.0 ml of the Sample stock
solutionto a 1O-ml volumetric flask,and dilute with Alliinase
inhibitor solution to volume.

Chromatographic system
(See Chromatography (621 >, System Suitability.)
Mode: lC
Detector: UV 337 nm
Column: 4-mm x 10-cm; packing II
Flow rate: 1 ml/min
Injection volume: 10 IJl

System suitability
Sample: Standardsolution
Suitability requirements

[NOTE-Alliin exhibits two major peaks representing
its diastereomers.]

Relative standard deviation: NMT2.0% for each of the
major peaks, in repeated injections

Analysis
Samples: Standardsolution and Sample solution
Using a syringe', transfer 0.1 ml of the Standard solutionor

the Sample solution to separate septum-capped vials, add
0.5 ml of the Derivatization reagentto each vial, and mix.
Allowa reaction time of NlT 2 min before injection into
the chromatograph. Record the chromatograms, and
measure the areas of the alliin diastereomer peaks.

Calculate the percentage of alliin in the portion of
Powdered Garlic taken:

Result=(rulrs) x Cs x (VIW) x 0 x 100

tu = peak area of alliin from the Sample solution
rs =sum of the peak areas of alliindiastereomers

from the Standardsolution
Cs =concentration of USP Alliin RS in the Standard

solution (mg/ml) .
V =volume of the Sample stock solution (ml)
W = weight of Powdered Garlic used to prepare the'

Sample stock solution (mg)
o = dilution factor to prepare the Sample solution

from the Sample stock solution, 2

Acceptance criteria: NlT 0.3% on the dried basis
• CONTENT OF y-GLUTAMYL-(S)-ALLYL-L-CYSTEINE

Solution A: Dissolve6.80 g of monobasic potassium
phosphate in 900 ml of water, and adjust with phosphoric
acid to a pH of 2.6. Dilute with water to 1000.0 ml,
and mix.

Mobile phase: Methanol and Solution A (3:17)
Standard solution: 0.08 mg/ml ofUSP

y-Glutamyl-(S)-allyl-L-cysteine RS in a mixture of methanol
and water (1:1)

Sample solution: Transfer about 1.0 g of Powdered Garlic,
accurately weighed, to a 50-ml volumetric flask.Add 30 ml
of methanol and water (1:1), and shake vigorously until the
powder is fully dispersed. Dilute the contents of the flask
with a mixture of methanol and water (1:1) to volume.
Centrifuge to obtain a clear solution.

Chromatographic system
(See Chromatography (621 >, System Suitability.)
Mode: lC '
Detector: UV 205 nm
Column: 4.6-mm x 15-cm; packing II
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Flow rate: 0.8 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0% for the
y-glutamyl-(S)-allyl-l-cysteine peak in repeated
injections

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of y-glutamyl-(S)-allyl-l-cysteine

in the portion of Powdered Garlic taken:

Result =(rulrs) x Cs x (V/W) x 100

=peak response for y-glutamyl-(S)-allyl-l-cysteine
from the Sample solution

= peak response for'y-glutamyl-(S)-allyl-l-cysteine
from the Standardsolution

= concentration of USP
'Y,-Glutamyl-(S)-allyl-l-cysteine RS in the Standard
solution (mg/mL)

=volume of the Sample solution (ml)
= weight of Powdered Garlicused to prepare the

Sample solution (mg)

Acceptance criteria: NLT 0.1% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECifiC TESTS
• BOTANICAL CHARACTERISTICS: Under a microscope,

Powdered Garlicshows numerous fragments of
parenchyma with large cellscontaining crystals of calcium
oxalate and small triangular or quadrangular intercellular
spaces at the corners; spiralvessels accompanied by
subquadratic cells; elongated epidermal cells with thick,
pitted walls.

• ABSENCE OF STARCH: Awater slurryof Powdered Garlic
shows no blue color when iodine TSis added.

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Garlic
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
5.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in well-closed containers

in a cool, dry place, protected from light.
• LABELING: The label states the Latin binomialand, following

the official 'name, the part of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP Agigenin RS
USP Alliin RS
USP p-Chlorogenin RS
USP y-Glutamyl-(S)-allyl-l-cysteine RS
USP l-Methionine RS

USP 43

Powdered Garlic Extract

DEfiNITION
Powdered Garlic Extractisprepared from fresh Garlic bulbs by

extraction with alcohol. The ratio of the starting crude plant
material to Powdered Extract is9.5:1-13.5:1. Itcontains NLT
4.0% of alliin (C6H11N03S). It may contain added Powdered
Garlic or other suitable substances.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 0.5 mg/mL of USP l-Methionine RS
in a mixture of methanol and water (1:1)

Standard solution B: 0.5 mg/mL of USP Alliin RS in a
mixture of methanol and water (1:1)

Sample solution: Transfera quantity of Powdered Extract,
equivalent to about 5 mg of alliin, to a suitable container.
Add 40 mLof a mixture of methanol and water (1:1), and
shake until the powder isfully dispersed. Centrifuge, and
decant the supernatant into a round-bottomed flask.
Concentrate to a smallvolume (about 5 mL) using a rotary
evaporator. .

Adsorbent: 0.25-mm layerof chromatographic silica gel,
typically20 cm long (TLC plates).

Application volume: 20 IJL, applied separately a~ 10-mm
bands

Developing solvent system: Butyl alcohol, n-propyl
alcohol, glacialacetic acid, and water (3:1:1:1)

Spray reagent: 0.2% solution of ninhydrin in a mixture of
butyl alcohol and 2 N acetic acid (19:1)

Analysis
Samples: Standardsolutions and Sample solution

Develop the chromatograms until the solvent front has
moved up about three-fourths of the plate; in a saturated
chamber. Removethe plate, and allow the solvent to
evaporate. Spray with the Spray reagent, heat at 100°
105° for 10 min, and immediately examine the plate.

Acceptance criteria: The chromatogram of the Sample
solution shows the following orange and pinkish violet
zones: a violet zone having an R F value of about 0.89; a
pink zone having an RFvalue of about 0.5 and
corresponding in color and R Fvalue to that of the
chromatogram of StandardsolutionA; a pinkish zone
having an RFvalue of about 0.43; a strong orange zone
having an R F value of about 0.38; a pinkishviolet zone
having an RFvalue of about 0.3 and corresponding in color
and RF value to that of the chromatogram of Standard
solution B; and additional pinkish orange zones situated
very close to each other just below the zone attributed to
alliin in the chromatogram of StandardsolutionB.

• B. The retention time of the alliin peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the test for Contentof Alliin.

COMPOSITION
• CONTENT OF ALLIIN

Allinase inhibitor solution: 1.09 mg/mL of
carboxymethoxylamine hemihydrochloride

Solution A: Monobasicsodium phosphate 0.045 Min water
adjusted with 0.2 M sodium hydroxide to a pH of 7.1

Buffer: Monobasic sodium phosphate 0.05 M in water
adjusted with 0.2 M sodium hydroxide to a pH of 9.5

Derivatization reagent: Dissolve 140 mg of
o-phthaldialdehyde in 5 mL of methanol. Add 100 IJL of
t-butyl thiol, dilute with Buffer to 50 rnt, and mix.
[Nora-This reagent may occasionally become opaque
during preparation. Store at room temperature, and use
within 1 week.]
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Mobile phase: Acetonitrile, 1,4-dioxane, tetrahydrofuran,
and Solution A (25: 2.9: 2.2: 69.9)

Standard solution: 0.05 mg/mL of USPAlliin RS in a mixture
of methanol and water (1:1)

Sample solution: Transfer about 0.10 g of Powdered
Extract, accurately weighed, to a 50-mL volumetric flask.
Add 30 mL of Allinase inhibitor solution, and shake until the
Powdered Extract is fully dispersed. Dilute with Allinase
inhibitor solution to volume. Centrifuge, transfer 5 mLof the
clear supernatant to a 1O-mL volumetric flask, and dilute
with Allinase inhibitor solution to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 337 nm
Column: 4-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
Sample: Standard solution
Suitability requirements

[Nors-Alliin exhibits two major peaks representing
its diastereomers.]

Relative standard deviation: NMT 2.0% for each of the
major peaks

Analysis
Samples: Standard solution and Sample solution
Using a volumetric syringe, transfer 0.1 mL of the Sample

solution or the Standard solution to separate
septum-capped vials, and add 0.5 mLof the Derivatization
reagentto each vial. Allow a reaction time of NLT 2 min
before injection into the chromatograph. Record the
chromatograms, and measure the areas of the alliin
diastereomer peaks.

Calculate the percentage of alliin in the portion of
Powdered Extract taken:

Result = (r vir 5) x C5 x (VIW) x 100

r u =peak area of alliin from the Sample solution
r 5 =peak areas of alliin diastereomers from the

Standard solution
C 5 =concentration of USP Alliin RS in the Standard

solution (mg/mL)
V =volume of the Sample solution (mL)
W =weight of Powdered Garlic Extract used to

prepare the Sample solution (mg)

Acceptance criteria: NLT 4.0% on the dried basis

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeasts count does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• ALLIINASE ACTIVITY

Allinase inhibitor solution, Solution A, Buffer,
Derivatization reagent, Mobile phase, Standard
solution, Chromatographic system, and Analysis:
Proceed as directed in the test for Content of Alliin.

Sample. solution: Incubate 200 mg of Powdered Extract
with 20 mL of water at room temperature for 5 min.
Immediately after incubation, add 80.0 mL of Allinase
inhibitor solution, mix, and centrifuge.
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Acceptance criteria: The area of the alliin peak of the
Sample solution is NMT 1% of the area of the alliin peak of
the Standard solution.

• ALCOHOL DETERMINATION, Method /I (611): NMT 0.5%
• ARTICLES OF BOTANICAL ORIGIN, Water Content (561): NMT

5.0%
• OTHER REQUIREMENTS: Meets the requirements under

Botanical Extracts (565), Packaging andStorage and Pesticide
Residues .

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, in a

cool place, protected from light.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant from which the
article was prepared. The label also indicates the content of
alliin, the extracting solvent or solvent mixture used for
preparation, and the ratio of the starting crude plant
material to Powdered Extract. It meets the requirements
under Botanical Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Alliin RS
USP L-Methionine RS

Garlic Fluidextract

DEFINITION
Garlic Fluidextract is prepared as follows. Soak 1000 g of

Garlic, whole or sliced, in a volume of a mixture of water and
alcohol (between 80:20 and 50:50) sufficient to cover the
cloves. Store in a suitable container for a length of time
sufficient to extract the constituents, avoiding any
contamination, and then filter. Concentrate the filtrate, if
necessary, at the lowest possible temperature, and add
sufficient water or alcohol to make the product measure
1000 mL. [NOTE-Complete extraction may require 30 days.]

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Extraction column: Use a solid-phase extraction column
that contains benzenesulfonylpropyl bonded to silica gel in
the hydrogen form having a sorbent mass-to-column '
volume ratio of 1 g per 6 mL, or equivalent. Condition the
column before use by washing with 10 mLof methanol and
10 mL of water. [NOTE-Do not allow the column to dry.]

Standard solution: 0.5 mg/mL of USP 5-Allyl-l-cysteine RS
in a mixture of methanol and water (1:1) .

Sample solution: Mix 1 mL of Fluidextract and 5 mL of
water, and transfer to the Extraction column. Allowto drain,
and discard the eluate. Wash the column with 10 mL of
water and 10 mL of methanol, discarding the eluates. Elute
the amino acid fraction with 3 mLof ammonium hydroxide
solution in methanol (7 in 100), and collect the eluate.

Adsorbent: 0.25-mm layer of chromatographic silica gel,
typically 20 cm long (TLC plates)

Application volume: 5 IJL
Developing solvent system: Ethyl acetate, methanol,

acetone, glacial acetic acid, and water (10:4:3:1 :3)
Spray reagent: lodoplatinate TS
Analysis

Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has

moved up about three-fourths of the plate, in a saturated
chamber. Remove the plate, and allow the solvent to
evaporate. Spray with the Spray reagent, and examine
the plate.
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Acceptance criteria: The chromatogram of the Sample
solution exhibits, among several yellow spots on the purple
plate, a yellow spot at an R Fvalue of about 0.4
corresponding to that of the yellow spot obtained in the
chromatogram of the Standard solution (presence of
S-allyl-L-cysteine).

COMPOSITION
• CONTENT OF S-ALLYL- L-CYSTEINE

Mobile phase: Transfer 15.8 g of sodium citrate dihydrate
to 250 mL of water, and carefully add 10.5 mL of
hydrochloric acid. Using a pH meter, adjust with 6 N
sodium hydroxide to a pH of 4.0. Dilute with water to
1000 mL, and mix.

D.erivatizing reagent: Dissolve 0.8 g of o-phthalal dehyde
In 2 mLof 2-mercaptoethanol. Add to a solution containing
~4.70 g of boric acid and 2~.35 g of potassium hydroxide
In 1000 mL of water, and mix.

Re~ctivating solution: 0.2 N sodium hydroxide. Prepare by
dissolving 0.8 g of sodium hydroxide in 100 mL of water.

S~andard solution: 0.01 mg/mL of USP S-Allyl-I-cysteine RS
In water

Sample soluti~n: Transfer about 2.0 g of Fluidextract,
accurately weiqhed, to a 1OO-mL volumetric flask, dilute
with trichloroacetic acid solution (5 in 100) to volume, and
mix. Centrifuge for 5 min, and filter the supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorometric detector; excitation wavelength of

340 nm and emission wavelength of 455 nm
Column: 4.6-mm x 12-cm; packing L17 '
Column temperature: 40°
Injection size: 10 IJL

[NoTE-The Mobile phaseand the Reactivating solution
are pumped separately, each at the rate of 0.4 mL/
min, by pumps connected to the opposing arms of a
tee. The outlet of the tee is connected to the injector
and the chromatographic column. The outlet of the
column is attached to a tee, the opposing arm of
which is attached to a tube from which the
Der)vatizing reagent is constantly pumped through
the system at a rate of 0.6 mL/min. The outlet of the
tee is connected to a 0.5-mm x 2.0-m postcolumn
polytef reaction coil maintained at 40°. The outlet of
the reaction coil is connected to the detector. The
system is programmed to deliver the Mobile phasefor
10 min, the Reactivating solution for the next 6 min,
and the Mobile phasefor the 24 min remaining before
the next injection.]

System suitability
Sample: Standard solution
Suitability requirements

Capacity factor (k'): 2.5-4.5
Tailing factor: NMT 2.0 for the S-allyl-L-cysteine peak
Relative standard deviation: NMT 2.0% for the

S-allyl-L-cysteine peak in repeated injections
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of S-allyl-L-cysteine (C6H11SN) in

the portion of Fluidextract taken:

Result = (r v/rs) xC s x (V/W) x 100

r u =peak height of S-allyl-L-cysteine from the Sample
solution

r s =peak height of S-allyl-L-cysteine from the
Standard solution .

C s = concentration of the USP S-Allyl-I-cysteine RS in
the Standard solution (mg/mL)

USP 43

v = volume of the Sample solution (mL)
W = weight of Fluidextract used to prepare the Sample

solution (mg)

Acceptance criteria: NLT 0.05% on the dried basis

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 103 cfu/mL, and the total
combined molds and yeasts count does not exceed 102 cfu/
mL.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• RESIDUE ON EVAPORATION: Proceed as directed under

Botanical Extracts (565): NLT 20% of the Fluidextract
portion taken remains as residue.

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561): NMT
3.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
NMT 0.2% .

• pH (791): 4.5-6.5
• OTHER REQUIREMENTS: Meets the requirements under

Botanical Extracts (565), General Phatmacopelal ;
Req~icement~, sections for Packaging and Storage, Labeling,
Pesticide Residues, and Alcohol Content for Fluidextracts

ADDITIONAL REQUIREMENTS
• USP REFERENCE STANDARDS (11)

USP S-Allyl-I-cysteine RS

Garlic Delayed-Release Tablets

DEFINITION
Garlic Delayed-Release Tablets are prepared from Powdered

Garlic or Powdered Garlic Extract and contain NLT 90.0%
and NMT 140.0% of the labeled amount of alliin
(C6H ll N03S) and NLT 90.0% and NMT 140.0% of the
labeled amount of potential allicin (C6H100S2) .

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 0.5 mg/mL of USP L-Methionine RS
Standard solution B: 0.5 mg/mL of USP Alliin RS in a

mixture of methanol and water (1:1) "
Sample solution: Transfer an amount of pulverized Tablets

equivalent to 30 mg of alliin, to a 1OO-mL volumetric flask:
Add 70 mLof a mixture of methanol and water (1:1), shake,
an.dcentrifuge. Concentrate to a small volume (about 5 mL)
usmq a rotary evaporator.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Application volume: 20 IJL, applied separately as 10-mm

bands
Developing solvent system: Butyl alcohol, n-propyl

alcohol, glacial acetic acid, and water (3:1:1:1)
Spray reagent: 2 mg/mL of ninhydrin, in a mixture of

butyl alcohol and 2 N acetic acid (19:1)
Analysis

Samples: Standard solutions and Sample-solution
Proceed as directed in the chapter. Spray with the Spray

reagent, heat at 100°-105° for 10 min, and immediately
examine the plate.

Acceptance criteria: The chromatogram of the Sample
solution shows the following orange and pinkish violet
zones: a violet zone having an RFvalue of 0.89; a pink zone
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having an RFvalue of 0.5 and corresponding in color and RF

value to that of the chromatogram of Standard solutionA; a
pinkish zone having an RFvalue of 0.43; a strong orange
zone having an RFvalue of 0.38; a pinkish violet zone having
an RF value of 0.3 and corresponding in color and RF value
to that of the chromatogram of Standard solution8; and
additional pinkish orange zones situated very close to each
other, just below the zone attributed to alliin in the
chromatogram of Standard solutionB.

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed asdirected in the test for Contentof Alliin.
Acceptance criteria: The Sample solutionexibits a peak for

alliin corresponding to one of the diasteroisomer pairs of
peaks in the Standard solution.

STRENGTH
• CONTENT OF ALLIIN .

Alliinase inhibitor solution: Dissolve 109 mg of
carboxymethoxylamine hemihydrochloride in 100.0 mL of
water.

Solution A: Dissolve 1.24 g of monobasic sodium
phosphate inl 00 mL of water, adjust with 0.2 M sodium
hydroxide to a pH of 7.1, and dilute with water to 200.0 mL.

Buffer: Dissolve 1.38 g of monobasic sodium phosphate in
100 mL of water, adjust with 0.2 M sodium hydroxide to a
pH of 9.5, and dilute with water to 200.0 mL.

Derivatization reagent: Dissolve 140 mg of
o-phthaldialdehyde in 5 mL of methanol, add 100 ~L of
t-butylthiol, and dilute with Buffer to 50 mL. [NOTE-This
reagent may occasionally become opaque during
preparation. Store at room temperature, and use within
1 week.]

Mobile phase: Acetonitrile, 1,4-dioxane, tetrahydrofuran,
and Solution A (25: 2.9: 2.2: 69.9)

Standard solution: 0.05 mg/mL of USP Alliin RS in a mixture
of methanol and water (1:1). Use a syringe to transfer
0.1 mL of this solution to a septum-capped vial; and add
0.5 mL of the Derivatization reagent. Allow a reaction time
of NLT 2 min before injection into the chromatograph.

Sample solution: Pulverize a counted number of Tablets,
equivalent to 50 mg of alliin, with a mortar and pestle.
Transfer a quantity of powder equivalent to 5 mg of alliin
to a 1OO-mL volumetric flask.Add 70 mL of Alliinase inhibitor
solution, and shake for 1 min. Dilute with Ailiinase inhibitor
solution to volume. Use a volumetric syringe to transfer
0.1 mL of this solution to a septum-capped vial, and add
0.5 mL of the Derivatization reagent. Allow a reaction time
of NLT 2 min before injection into the chromatograph.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 337 nm
Column: 4-mm x 10-cm; packing L1
Flow rate: 1 mL/min

[NOTE-Alliin exhibits two major peaks, representing
its diastereomers.]

Injection size: 10 ~L

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0% for each of the
major peaks

Analysis
Samples: Standard solution and Sample solution

[Note-Record the chromatograms, and measure the
areasof the responses of the alliin diastereomer
peaks.] .

Calculate the percentage of alliin in the portion of Tablets
taken:
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Result=(rulrs) x (CsICu) x 100

t» =peak area for alliin from the Sample solution
rs = sum of the peak area for alliin diastereomers

from the Standard solution
Cs = concentration of USP Alliin RS in the Standard

solution(~g/mL)
Cu =nominal concentration of alliin in the Sample

solution(~g/mL)

Acceptance criteria: 900/0-140.0%
• CONTENT OF POTENTIAL ALLICIN

Alliinase inhibitor solution: Dissolve 109 mg of
carboxymethoxylamine hemihydrochloride in 100.0 mL of
water.

Crude alliinase solution: Homogenize 5 g of raw garlic
cloves with 25 mL of water. Filter, and extract three times
with 50 mL of tert-butyl methyl ether. Discard the organic
phase, and remove the residual solvent from the aqueous
phaseby rotary evaporation in vacuum for 5 min. Filter, and
store frozen in small vials. [NOTE-This solution is stable for
6 months when stored as directed. Thaw at room .
temperature just before use.]

Mobile phase: Methanol and water (3:2)
Standard stock solution: 50 ~g/mL of USP Alliin RS "
Standard solution: Transfer 1.0 mL of the Standard stock

solution to a 5-mL volumetric flask containing 100 ~L of
Crude alliinase solution, and allow to stand for 5 min at room
temperature. Dilute with water to volume, and pass
through a filter having a 0.45-~m or finer pore size.

Sample solution: Transfer an equivalent to 5 mg of
potential allicin, from finely powdered Tablets (NLT 20),
to a 200-mL volumetric flask, and add 25 mL of water.
Incubate at room temperature for exactly 30 min. Stop the
enzymatic reaction by diluting with Alliinase inhibitor
solution to volume. Centrifuge a portion of this solution,
transfer 1.0 mL of the supernatant to a 5-ml volumetric
flask, and dilute with water to volume.

Blank solution: 100 ul, of Crude alliinase solutiondiluted
with water to 1 mL

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV240 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 100 pl,

System suitability
Samples: Standard solution, Sample solution, and Blank

solution
[NoTE-The allicin peak is identified by comparing the

chromatograms of the Blank solutionand the
Standard solution.]

Suitability requirements
Resolution: NlT 2.0 between the allicin peak and the

preceding peak at a relative retention time of 0.80 (allyl
methyl thiosulfinates), Sample solution

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution, Sample solution, and Blank
solution
Calculate the percentage of potential allicin in the portion

of Tablets taken:

Result=(rufrs) x (CsICu) x (MrdMr2) x 100

to = peak area of allicin, corrected by the response of
the Blank solution, from the Sample solution
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r5 = peak area of allicin, corrected by the responseof
the Blank solution, from the Standard solution

C5 = concentration of USP Alliin RS in the Standard
solution (~g/mL)

Cv = nominal concentration of potential allicin in the
Sample solution (~g/mL)

Mr l = molecular weight of allicin, 162.26
Mr2 =twice the molecular weight of alliin, 354.42

Acceptance criteria: 90.0%-140.0%

PERFORMANCE TESTS
• ALLICIN RELEASE: Proceedasdirected in Dissolution (711) for

MethodA in Apparatus 1 and Apparatus 2, Delayed-Release
Dosage Forms. Placea number of Tablets, equivalent to
5 mg of potential allicin, in each vessel.

Apparatus 2: 100 rpm
Time: 60 min for the Buffer stage
Crude alliinase solution, Mobile phase, Blank solution,

and Chromatographic system: Proceedasdirected in the
test for Contentof PotentialAllicin. .

Standard stock solution: 50 ~g/mL of USP Alliin RS
Standard solution: Transfer 1.0 mL of the Standardstock

solution to a 5-mL volumetric flask containing 1OO~L of
Crude alliinase solution,and allow to stand for 5 min at room
temperature. Dilute with water to volume, and pass
through a membrane filter having a 0.45-~m or finer
pore size.

Sample solution: Transfer 1.0 mL of the solution under test
to a test tube containing 50 ~L of 0.21 M
carboxymethoxylamine hemihydrochloride solution.

[NOTE-The solution must be transferred immediately
upon removal from the dissolution vessel to inhibit
the alliinase enzyme.]

Injection size: 100 ~L

Analysis
[NOTE-Do not perform the allicin determination in the

Acidstage.]
Samples: Standardsolution and Sample solution

Calculate the percentage of potential allicin released in the
Buffer stage:

Result=(rvlrs) x (C5x 0 x VIL) x (MrJ!Mr2) x 100

rv = peak area of allicin from the Sample solution
r5 = peak area of allicin from the Standard solution
C5 = concentration of USP Alliin RS in the Standard

solution (~g/mL)

D = dilution factor for the Sample solution, 1.050
(1 mL of the Sample solution + 50 ~L of 0.21 M
carboxymethoxylamine hemihydrochloride
solution)

V = volume of final medium, 1000 mL
L = labeled amount of potential allicin (~g/Tablet)

Mr1 =molecular weight of allicin, 162.26
Mr2 =twice the molecular weight of alliin, 354.42

Tolerances: It meets the requirements of Acceptance Table
4 in Dissolution (711). [NOTE-Q is the percentage of the
labeled amount of potential allicin released only in the
Buffer stage.]

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

SPECIFIC TESTS
• ALLIINASE ACTIVITY

Alliinase inhibitor solution, Solution A, Buffer,
Derivatization reagent, Mobile phase, Standard ,
solution, and Chromatographic system: Proceed as
directed in the test for Contentof Alliin.

USP 43

Sample solution: Transfer an equivalent to 5 mg of alliin,
from finely powdered Tablets (NLT 20), to a 100-mL
volumetric flask, and add 25 mL of water. Incubate at room
temperature for exactly 5 min. Stop the enzymatic reaction
by diluting with Alliinase inhibitor solution to volume.
Centrifuge a portion of this solution, and use a volumetric
syringe to transfer 0,1 mL of the supernatant to a
septum-capped vial. Add 0.5 mL of the Derivatization
reagent, and allow a reaction time of NLT 2 min before
injection into the chromatograph.

Analysis
Samples: Standardsolution and Sample solution

Proceed as directed in the test for Contentof Alliin.
Acceptance criteria: The area of the alliin peak from the

Sample solutionisNMT 1% of the areaof the alliin peakfrom
the Standardsolution.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: The label statesthe Latin binomial and, following

the official name, the article from which the Tablets were
prepared. Label it to indicate the amount of total alliin, in
~g/Tablet, and the amount of potential allicin, in ~g/Tablet.

• USP REFERENCE STANDARDS (11)
USP Alliin RS
USP L-Methionine RS

Ginger
DEFINITION
Ginger is the dried rhizome of ZingiberofficinaleRoscoe (Fam.

Zingiberaceae), scraped, partially scraped, or unscraped. It is
known in commerce as unbleached ginger.

IDENTIFICATION
• A.

Analysis: Pulverize5 g of Ginger. To 1 g of the pulverized
Ginger add 5 mL of dilute acetic acid, prepared by diluting
1 part of glacial acetic acid with 1 part of water, and shake
for 15 min. Filter, and add a few drops of ammonium
oxalate TS to the filtrate.

Acceptance criteria: NMT a slight turbidity is produced.
• B.

Sample: 50 mg of the residueobtained in the test for Articles
of Botanical Origin, Alcohol-Soluble Extractives, Method 2

Analysis: Dissolvethe Sample in 25 mL of water, and extract
this solution with two 15-mL portions of ether. Combine
the ether extracts, and evaporate in a porcelain dish. To the
residue add 5 mL of sulfuric acid solution (7.5 in 10.0) and
5 mg of vanillin. Allow to stand for 15 min, and add an equal
volume of water.

Acceptance criteria: The solution turns azure blue.
• C. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL of USP Ginger Constituent
Mixture RS in methanol

Standard solution B: 100 mg/mL of USP Powdered
Ginger RS in methanol. Sonicatefor 10 min, and centrifuge
or filter. Usesupernatant or filtrate.

Sample solution: Pulverize 5 g of Ginger. Preparea
1OO-mg/mL dispersion of Ginger in methanol. Sonicate for
10 min, and centrifuge or filter. Usesupernatant or filtrate.

Adsorbent: Chromatographic silica gel with an average
particle sizeof 5 IJm (HPTLC plate)'

, Suitablecommercially available plates are HPTLC Silica Gel60 F2S4 from
EMD Millipore (e.q., Part No. 1.05642.0001).
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Application volume: 6 IJL of StandardsolutionA and 2 IJL
each of Standard solution B and Sample solutionas 8-mm
bands

Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene and ethyl acetate

(3:1)
Derivatization reaqent: To 170 mL of ice-cold methanol

add 20 mLof glacial acetic acid, 10 mLof sulfuric acid, and
1 mL of anisaldehyde. Mix well.

System suitability
Samples: Standard solutionA and Standard solutionB
Apply the Samples and dry in air. Condition at relative

humidity of about 33%. Develop in a saturated chamber
until the solvent front has migrated over a path of 6 cm.
Dry in a current of cold air, and immerse into
Derivatization reagentfor 1 s. Heat for 3 min at 100°, and
examine under white light and under long-wave UV
(365 nm).

Suitability requirements
Chromatographic pattern: Under white light, the

derivatized chromatogram of Standard solutionA
displays two prominent bands: the lower due to
6-gingerol, the upper due to 6-shogaol. Under white
light, the derivatized chromatogram of Standardsolution
B shows a succession of dark-violet bands between the
origin and the intense dark-brown band corresponding
to that of the 6-gingerol in Standard solutionA.
Immediately proximate to the 6-gingerol band in the
Standard solutionBchromatogram, less intense bands
due to 8-gingerol and 10-gingerol are observed. A
variable number of low-intensity dark-gray bands appear
between 10-gingerol and the second prominent band
corresponding to 6-shogaol in Standard solutionA. In the
distal part of the chromatogram, a dark-purple
somewhat diffuse band is observed. Under long-wave
UV (365 nm), the chromatograms of the Standard
solutions exhibit patterns similar to those observed under
white light. The bands due to gingerols and shogaols are
bright orange; the bands between the origin and the
6-gingerol band are dark-red to brown, somewhat less
prominent than when observed in white light. The
bands between 1O-gingerol and 6-shogaol are variably
colored; frequently, a light-gray band appears halfway
between them, with a light-purple diffuse band between
it and the orange band due to 6-shogaoJ. The distal
diffuse band assumes a purple-pink hue.

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Treat and examine the Samples as described under System

suitability.
Acceptance criteria: Under white light and under

long-wave UV (365 nm), the chromatogram of the Sample
solutionexhibits the band patternsimilar to that observed
with Standard solution B. The band in the distal part of the
chromatogram, however, has no diagnostic significance. Its
color may range from purple-pink to muddy yellow, or the
band may be altogether absent. Potential adulterants lack
the band pattern characteristic of the gingerol-shogaol
succession. Kaempferia galanga L. rhizome shows no
diagnostic bands under UV, but under white light a purple
band is seen at about two-thirds from the application line.
Lesser galangal (Alpinia officinarum Hance) rhizome
presents a yellow band at an RF just below the 6-gingerol
band, followed by a continuous broad blue smudge, and a
distinct tandem of light-orange and yellow bands close to
the middle of the plate.
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COMPOSITION
• CONTENT OF GINGEROLS AND GINGERDIONES

Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000),
and methanol (55:44:1)

Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT 7 times the retention

time of capsaicin.
Column washing: After each chromatographic run, wash

the column, using Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 100 0

2 0 100

12 0 100

14 100 0

29 100 0

Standard solution: 0.1 mg/mL of USP Capsaicin RS in
methanol

System suitability solution: Reconstitute the. content of
one vial of USP Ginger Constituent Mixture RSin Trnl,of

, the Standard solution.
Sample solution: Use the filtrate retained from the test for

Articles of Botanical Origin, Alcohol-Soluble Extractives,
Method2.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 IJL

System suitability
Samples: Standard solutionand System suitabilitysolution

[NoTE-The relative retention times for 6-gingerol,
capsaicin, and 6-shogaol are about 0.8, 1.0, and 1.9,
respectively, System suitability solution.]

Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and '

capsaicin peaks; NLT 10.0 between the capsaicin and
6-shogaol peaks, System SUitability solution

Tailing factor: NMT 2.0 for the 6-gingerol, capsaicin,
and 6-shogaol. peaks, System suitabilitysolution

Relative standard deviation: NMT 2.5%, Standard
solution

Analysis
Samples: Standard solution, System suitabilitysolution, and

Sample solution
Calculate the sum of the peak responses due to gingerols

and gingerdiones occurring at about the following
retention times, relative to 1.0 for capsaicin: 0.8 for
6-gingerol, 1.5 for 8-gingerol A, 2.2 for 8-gingerol B,
2.5 for 6-gingerdiol,. 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for 8-gingerdione.

Calculate the percentage of gingerols and gingerdiones in
the portion of Ginger taken:

Result=(rTlrs) x (CsIW) x 10

rT =sum of the peak responses for gingerols and
gingerdiones from the Sample solution

ts =peak response of capsaicin from the Standard
solution

Cs =concentration of USP Capsaicin RS in the Standard
solution(mg/mL)
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Powdered Ginger
DEFINITION
Powdered Ginger is Ginger reduced to a fine or a very fine

powder.

IDENTIFICATION
• A.

Analysis: To 1 g of the Powdered Ginger add 5 mL of dilute
acetic acid, prepared by diluting 1 part of glacial acetic acid
with 1 part of water, and shake for 15 min. Filter, and add a
few drops of ammonium oxalate TS to the filtrate.

Acceptance criteria: NMT a slight turbidity is produced.
• B. .

Sample: 50 mg of the residue obtained in the test for Articles
of Botanical Origin, Alcohol-Soluble Extractives, Method 2

Acceptance criteria: NMT 0.18%
• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,

Method 2 (561)
Analysis: Collect the filtrate in a 1OO-ml volumetric flask,

and dilute with alcohol to volume. Evaporate 50 ml of the
filtrate at a temperature not exceeding 90°. [Nors-Save the
residue for use in Identificationtest B and the remaining
volume of the filtrate for the tests for Limit of Shogaols and
Contentof Gingerols and Gingerdiones.]

Acceptance criteria: NlT 4.5% residue
• ARTICLES OF BOTANICAL ORIGIN, Starch Content, Method 1

(561): NlT 42%, Method 1A of the General Procedure
being used .

• ARTICLES Of BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(591); NMT
8.0% '

. • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT2.0%

• ARTICLES Of BOTANICAL ORIGIN, Volatile Oil Determination
(561): NlT 1.8 ml/1 00 g

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Ash (561):
NlT 1.9%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 2 (561): NlT 10.0%

• WATER DETERMINATION, Method la (921): NMT 10%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool area.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant contained in the
article. This article is exempted from the requirements of
Labeling (7), Labels and Labeling for Products and Other
Categories, Botanicals, with respect to the pregnancy and
lactation statement.

• USP REfERENCE STANDARDS (11)
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USPPowdered Ginger RS

= peak response of capsaicin from the Standard
solution

= concentration of USP Capsaicin RS in the Standard
solution, prepared as directed in the test for .
Contentof Gingerols and Gingerdiones (mg/ml)

=Weight of Ginger used in the test for Articles of
Botanical Origin, Alcohol-Soluble Extractives,
Method 2 (g)

W

Result =(rrlrs) x (Cslw) x 10

rr = sum of the peak responses of shogaols from the
Sample solution

W =weight of Ginger used in the test for Articles of
BotanicalOrigin, Alcohol-Soluble Extractives,
Method 2 (g)

Acceptance criteria: NlT 0.8%

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements "
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 105 du/g, the total combined molds
and yeasts count does not exceed 103 du/g, and the
bile-tolerant Gram-negative bacteria count does not
exceed 103 cfu/g.

• ABSENCE OF SPECifiED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: .Ginqer occurs in horizontal, laterally
flattened, sympodially branching pieces. Whole rhizomes
are 5-15 cm long, 1.5-6 cm wide, and up to 2 cm thick,
sometimes split longitudinally, pale yellowish buff or light
brown externally, longitudinally striated, somewhat
fibrous; branches are flattish, obovate, short, about 2 cm
long, each ending with a depressed stem scar; fracture is
short with projecting fibers, or sometimes resinous;
internally it is yellowish brown, shOWing a yellow
endodermis separating the narrow cortex from the wide
stele, and numerous yellowish points, secretion cells and
numerous bigger grayish points, and vascular bundles are
scattered on the whole surface. The unscraped rhizome
shows in addition an outer layer of dark-brown cork.
Morphological characteristics of different varieties and
forms of Ginger from different geographical areas are
listed in Table 1 of Supplemental Informationfor Articles of
Botanical Origin (2030).

Microscopic: The scraped rhizome in transverse section
shows a cortex composed of multiple layers of parenchyma
cells rich in simple, large, flattened, ovoid or sack-shaped
starch granules, 5-15 urn wide and 30-:-60 urn long having
an eccentric hilum, some showing faint transverse
striations. The cortex also shows numerous oleoresin cells
with a yellow or yellowish-brown content and scattered
collateral vascular bundles; a single layer of endodermal
cells free from starch; a wide central stele composed of
parenchyma cells rich in starch and oleoresin cells similar to
those of the cortex, and containing scattered collateral
vascular bundles, some enclosed in a sheath of septate
non lignified fibers with wide lumen. In addition to the
above, the unscraped rhizome shows an outer zone of
dark-brown cork cells.

• LIMIT OF SHOGAOLS
Analysis: From the chromatograms obtained in the test for

Contentof Gingerols and Gingerdiones, calculate the sum of
the peak responses due to shogaols, occurring at the
following retention times, relative to 1.0 for capsaicin:
1.9 for 6-shogaol, 4.2 for 8-shogaol, and 5.8 for
1O-shogaol.
Calculate the percentage of shogaols in the portion of

Ginger taken:
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Analysis: Dissolve the Sample in 25 mL ofwater, and extract
this solutionwith two 15-mLportions of ether. Combine
the ether extracts,and evaporate ina porcelain dish.Tothe
residueadd 5 mL of sulfuric acid solution (7.5 in 10.0) and
5 mg ofvanillin. Allow to stand for 15 min,and add an equal
volume of water.

Acceptance criteria: The solution turns azure blue.
• C. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mLof USP GingerConstituent
Mixture RS in methanol

Standard solution B: 100 mg/mL of USP Powdered
Ginger RS in methanol. Sonicatefor 10 min, and centrifuge
or filter. Use supernatant or filtrate.

Sample solution: 100 mg/mL of Powdered Ginger in
methanol. Sonicatefor 10 min, and centrifugeor filter. Use
supernatant or filtrate.

Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 urn (HPTLC plate)'
Application volume: 6 ~L of StandardsolutionA and 2 ~L

each of Standard solution 8 and Sample solutionas 8-mm
bands

Temperature: Ambient, not to exceed 30°
Developing solvent system: Tolueneand ethyl acetate

(3:1 )
Derivatization reagent: To 170 mL of ice-cold methanol

add 20 mL of glacial acetic acid, 10 mL ofsulfuric acid, and
1 mL of anisaldehyde. Mix well.

System suitability
Samples: Standard solution A_ and Standard solution B
Apply the Samples and dry in air. Condition at relative

humidityof about 33%. Develop in a saturated chamber
until the solventfront has migrated over a path of 6 em.
Dryin a current of cold air, and immerse into
Derivatization reagent for 1 s. Heat for 3 min at 100°, and
examine under white light and under long-wave UV
(365 nm). .

Suitability requirements
Chromatographic pattern: Underwhite light, the

derivatized chromatogram of Standard solution A
displays two prominent bands: the lowerdue to
6-gingerol, the upper due to 6-shogaol. Underwhite
light, the derivatized chromatogram of Standard solution
8 shows a succession of dark-violet bands between the
origin and the intense dark-brown band corresponding
to that of the 6-gingerol in Standardsolution A.
Immediately proximate to the 6-gingerol band in the
Standard solution 8 chromatogram, less intense bands
due to 8-gingeroland 10-gingerol are observed. A
variable number of low-intensity dark-graybands appear
between 1O-gingerol and the second prominent band
correspondingto 6-shogaolin Standard solution A. Inthe
distal part of the chromatogram, a dark-purple
somewhat diffuse band isobserved. Under long-wave
UV (365 nm), the chromatograms of the Standard
solutions exhibitpatterns similar to those observedunder
white light.The bands due to gingerolsand shogaolsare
bright orange; the bands between the origin and the
6-gingerol band are dark-red to brown, somewhat less
prominent than when observed in white light.The
bands between 10-gingerol and 6-shogaol are variably
colored;frequently, a light-grayband appears halfway
between them with a light-purplediffuse band between
it and the orange band due to 6-shogaol.The distal
diffuse band assumesa purple-pink hue.

1 Suitable commercially available plates are HPTLC Silica Gel 60 F2S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Treat and examine the Samples as described under System

SUitability.
Acceptance criteria: Underwhite light and under

long-wave UV (365 nm), the chromatogram of the Sample
solution exhibitsthe band pattern similar to that observed
with Standardsolution B. The band in the distal part of the
chromatogram, however, has no diagnosticsignificance. Its
color may range from purple-pink to muddy yellow, or the
band may be altogether absent. Potential adulterants lack
the band pattern characteristic of the gingerol-shogaol
succession. Katsumada's galangal (Alpinia hainanensis K.
Schum.)seed displays a green band close to the origin
and a reddish-orange band below it due to 6-gingerol.
Sharpleaf galangal (AlpiniaoxyphyllaMiq.) fruit shows a
prominent greenish band in the middle of the
chromatogram. Kaempferia galangal L. rhizome shows no
diagnostic bands under UV, but under white light, a purple
band isseen at about two-thirdsfrom the application line.
Lesser galangal (AlpiniaofficinarumHance) rhizome
presents a yellow band at an RF just below the 6-gingerol
band, followed by a continuous broad blue smudge and a
distinct tandem of light-orangeand yellowbands closeto
the middle of the plate.

COMPOSITION
• CONTENT OF (iINGEROLS AND (iINGERDIONES

Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000),
and methanol (55:44:1)

Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT 7 times the retention
time of capsaicin.
Column washing: After each chromatographic run, wash

the column, using Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 100 0

2 0 100

12 0 100

14 100 0

29 100 0

Standard solution: 0.1 mg/mL of USP Capsaicin RS in
methanol .

System suitability solution: Reconstitute the content of
one vial of USP GingerConstituent Mixture RS in 1 mL of
the Standardsolution.

Sample solution: Use the filtrate retained from the test for
Articles of Botanical Origin, Alcohol-Soluble Extractives,
Method2.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm x 25-cm; packing L1
Flowrate: 1 mL/min
Injection volume: 25 ~L

System suitability
Samples: Standard solutionand System suitability solution

[NOTE-The relative retention times for 6-gingerol,
capsaicin, and 6-shogaolare about 0.8, 1.0, and 1.9,
respectively,' System SUitability solution.]
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Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and

capsaicin peaks; NLT 10.0 between the capsaicin and
6-shogaol peaks, System suitability solution

Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin,
and 6-shogaol peaks, System suitabilitysolution

Relative standard deviation: NMT 2.5%, Standard
solution

Analysis
Samples: Standardsolution, System suitabilitysolution,

Sample solution
Calculatethe sum of the peak responses due to gingerols

and gingerdiones, occurring at about the following
retention times, relative to 1.0 for capsaicin: 0.8 for
6-gingerol, 1.5 for 8-gingerol A, 2.2 for 8-gingerol B,
2.5 for 6-gingerdiol, 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for a-gingerdione.

Calculatethe percentage of gingerols and gingerdiones in
the the portion of Powdered Ginger taken:

Result = (rTfrs) x (CsfW) x 10

rT = sum of the peak responses of gingerols and
gingerdiones from the Sample solution

rs = peak response of capsaicinfrom the Standard
solution

Cs = concentration of USP Capsaicin RS inthe Standard
solution (mgfmL)

W =weight of Powdered Ginger used in the test for
Articles of Botanical Origin, Alcohol-Soluble
Extractives, Method 2 (g)

Acceptance criteria: NLT 0.8%

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 105 dufg; the total combined molds
and yeasts count does not exceed 103 dufg; the
bile-tolerantGram-negative bacteria count does not
exceed 103 dufg. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Under a microscope,

Powdered Ginger reveals mainlystarch granules and
parenchyma cellscontaining them; simple, large,flattened,
ovoid or sack-shapedstarch granules, 5-15' urn wide and
30-60 urn long having an eccentric hilum, some showing
faint transverse striations; parenchyma cells containing
yellow-brown to dark-brown resinoussubstances; groups
of large, thin-walled nonlignified septate fibers with wide
lumen; portions of septate fibers with attached vessels; .
large vessels with annular, spiral, or reticulate thickening
and often accompanied by parenchyma cells containing
brown content; oleoresin infragments or droplets, staining
with iodine TS and potassium iodide TS; and, rarely,
fragments of brown corktissue, usually seen insurfaceview.
Sclerenchymatouscells, trichomes, and calcium oxalate are
absent.

• LIMIT OF SHOGAOLS
Analysis: Fromthe chromatograms obtained in the test for

Contentof Gingerols and Gingerdiones, calculate the sum of
the peak responses due to shogaols, occurring at the
following retention times, relative to 1.0 for capsaicin:

USP 43

1.9 for 6-shogaol, 4.2 for 8-shogaol, and 5.8 for
10-shogaol.
Calculate the percentage of shogaols in the portion of

Powdered Ginger taken:

Result = (rTfrs) x (CsfW) x 10

rr = sum of the peak responses of shogaols from the
Sample solution

ts = peak response of capsaicin from the Standard
solution

Cs = concentration of USP Capsaicin RS inthe Standard
solution, prepared as directed in the test for
Contentof Gingerols and Gingerdiones (mgfmL)

W = weight of Powdered Ginger used in the test for
Articles of Botanical Origin, Alcohol-Soluble
Extractives, Method 2 (g)

Acceptance criteria: NMT 0.18%
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble.

Extractives, Method 2 (561)
Analysis: Collect the filtrate in a 1OO-mL volumetricflask,

and dilute with alcohol to volume. EvaporateSu mL of the
filtrate at a temperature not exceeding 90°. . "

Acceptance criteria: NLT 4.5% residue. [NOTE-Save the
residue for use in Identificationtest B and the remaining
volume of the filtrate for the tests for Limit of Shogaols and
Contentof Gingerols and Gingerdiones.]

• ARTICLES OF BOTANICAL ORIGIN, Starch Content,Method 7
(561): NLT 42%, Method 7Aof the General Procedure
being used

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
8.0%

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561): NLT 1.8 mLf1 00 9

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Ash (561):
NLT 1.9%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble
Extractives, Method 2 (561): NLT 10.0%

• WATER DETERMINATION, Method la (921): NMT 10%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool area.

• LABELING: The labelstates the Latin binomialand, following
the official name, the part of the plant from which the
article was derived. This article is exempted from the
requirements of Labeling (7), Labels andLabeling for Products
and Other Categories, Botanicals, with respect to the
pregnancy and lactation statement.

• USP REFERENCE STANDARDS (11)
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS

Ginger Tincture

DEFINITION
Ginger Tincture is prepared as follows.

Ginger 200 g

A mixture of Alcohol and Water (7:3),
a sufficient quantity to make 1000 ml
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Prepare the Tinctureas directed in Botanical Extracts (565),
Preparations, Tinctures, Maceration Process. It contains NLT
0.10% of gingerols.

IDENTIFICATION
• A. HPTlC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mLof USP GingerConstituent
Mixture RS in methanol

Standard solution B: 100 mg/mLof USPPowdered
Ginger RS in methanol. Sonicate for 10 min and centrifuge
or filter. Use supernatant or filtrate.

Sample solution: Tincture
Adsorbent: Chromatographic silica' gel with an average

particlesizeof 5 urn (HPTLC plate)'
Application volume: 6 ~L of StandardsolutionA and 2 ~L

each of Standardsolution Band Sample solution as 8-mm
bands

Temperature: Ambient, not to exceed 30°
Developing solvent system: Tolueneand ethyl acetate

(3:1 )
Derivatization reagent: To 170 mL of ice-cold methanol

add 20 mL of glacial acetic acid, 10 mL of sulfuric acid, and
1 mL of anisaldehyde. Mix well.

System suitability
Samples: StandardsolutionA and StandardsolutionB
Apply the Samples and dry in air. Condition at a relative

humidityof about 33%. Develop in a saturated chamber
until the solventfront has migrated over a path of 6 em.
Dryin a current of cold air, and immerse into
Derivatizationreagentfor 1 s. Heatfor 3 min at 100°, and
examine under white light and under long-wave UV
(365 nm).

Suitability requirements
Chromatographic pattern: Underwhite light, the

derlvatlzed chromatogram of StandardsolutionA
displays two prominent bands: the lowerdue to
6-gingerol, the upper due to 6-shogaol. Underwhite
light, the derivatized chromatogram of Standardsolution
Bshows a succession of dark-violet bands between the
origin and the intense dark-brown band corresponding
to that of the 6-gingerol in StandardsolutionA.
Immediately proximate to the 6-gingerol band in the
StandardsolutionB chromatogram, less intense bands
due to 8-gingerol and 1O-gingerol are observed.A
variablenumber of low-intensity dark-graybands appear
between lO-gingerol and the second prominent band
corresponding to 6-shogaol in StandardsolutionA. Inthe
distal part of the chromatogram, a dark-purple
somewhat diffuse band isobserved. Under long-wave
UV (365 nm), the chromatograms of the Standard
solutionsexhibitpatterns similar to those observedunder
white light.The bands due to gingerolsand shogaolsare
bright orange; the bands between the origin and the
6-gingerol band are dark-red to brown, somewhat less
prominent than when observed in white light.The
bands between 10-gingeroland 6-shogaol are variably
colored; frequently, a light-gray band appears halfway
between them, with a light-purple diffuse band between
it and the orange band due to 6-shogaol. The distal
diffuse band assumesa purple-pink hue.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution.
Treat and examine the Samples as described in System

SUitability. '
Acceptance criteria: Underwhite light and under

long-wave UV (365 nm), the chromatogram of the Sample

, Suitable commercially available plates are HPTLC Silica Gel 60 F2S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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solutionexhibits the band pattern similar to that observed
with Standardsolution B. The band in the distal part of the
chromatogram, however,has no diagnosticsignificance. Its
color may range from purple-pink to muddy yellow, or the
band may be altogether absent. Potential adulterants lack
the band pattern characteristic of the gingerol-shogaol
succession. Kaempferia galanga L. rhizomeshows no
diagnostic bands under UV, but under white light a purple
band isseen at about two-thirds from the application line.
Lesser galangal (Alpinia officinarum Hance) rhizome
presents a yellow band at an R F just below the 6-gingerol
band, followed by a continuous broad blue smudge, and a
distincttandem of light-orange and yellowbands closeto
the middle of the plate.

STRENGTH
• CONTENT OF GINGEROLS

Solution A: Acetonitrile, dilute phosphoricacid (1 in 1000),
and methanol (55:44:1)

Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT 7 times the retention
time of capsaicin.
Column washing: After each chromatographic run', wash

the column, using Table 1.

Table 1

Time
(min) Solution A (%) Solution B (%)

0 100 0

2 0 100

12 0 100

14 100 0

29 100 0

Standard solution: 0.1 mg/mL of U$p Capsaicin RS in
methanol

System suitability solution: Reconstitute the content of
one vial of USP Ginger Constituent Mixture RS in 1 mL of
Standardsolution.

Sample solution: Tincture
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm x 25-cm;.packing L1
Flowrate: 1 mL/min
Injection volume: 25 ~L

System suitability
Samples: Standardsolution and System suitability solution

[NOTE-The relative retention times for 6-gingerol,
capsaicin, and 6-shogaolare about 0.8, 1.0, and 1.9,
respectively, System suitability solution]

Suitability requirements
Resolution: NLT 3.0 between the 6-gingeroland

capsaicin peaks; NLT 10.0 between the capsaicin and
6-shogaol peaks, System suitability solution

Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin,
and 6-shogaol peaks, System suitability solution

Relative standard deviation: NMT 2.5%, Standard
solution

Analysis
Samples: Standardsolution, System suitability solution, and

Sample solution
Calculate the percentage of gingerols in the portion of
Tincture taken:

Result = (r r/r 5) x C5x 0.1
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Ginger Capsules
DEFINITION
Ginger Capsulesare prepared from Powdered Ginger and

contain NLT 90.0% and NMT 110.0% of the labeled amount
of gingerols, gingerdiones, and shogaols, and NLT 90.0% of
the labeled amount of volatile oil.

IDENTIFICATION

• A.
Analysis: Pulverize an amount of the contents of Capsules

equivalent to 5 g of ginger. Toan amount equivalent to 1 g
of ginger add 5 mLof dilute acetic acid, prepared by
diluting 1 part of glacialacetic acid with 1,part of water,
and shake for 15 min. Filter, and add a few drops of
ammonium oxalate TS to the filtrate.

Acceptance criteria: NMT a slight turbidity is produced.
• B.

Sample (see Articles of Botanical Origin (561), Alcohol-Soluble
Extractives, Method 2): Collectthe filtrate in a 100-mL
volumetric flask, and dilute with alcohol to volume.
Evaporate50 mLof the filtrate at a temperature .not
exceeding 90°. Use50 mg of the residue for the test.

Analysis: Dissolve the Sample in 25 mL of water, and extract
with two 15-mLportions of ether. Combine the ether
extracts, and evaporate in a porcelain dish. To the residue
add 5 mLof sulfuric acid solution(7.5 in 10.0) and 5 mg of
vanillin. Allow to stand for 15 min,and add an equal volume
of water.

Acceptance criteria: The solution turns azure blue.
• C. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: Proceed as directed for the Sample
solution, except to use 0.2 g of U~P Powdered Ginger RS.

Standard solution B: Usethe System SUitability solution,
prepared as directed in the test for Contentof Gingerols,
Gingerdiones, and Shogaols.

Sample solution: Pulverize an amount of the contents of
Capsules equivalent to 5 g of ginger. Transferan amount
equivalent to 0.2 g of ginger to a test tube, add 5 mLof
methanol, shake for 30 min, and centrifuge. Apply the
supernatant to the plate.

Adsorbent: 0.50-mm layerof chromatographic silica gel
mixture

Application volume: 20 IJL for StandardsolutionA arid the
Sample solution; 40 IJL for Standard solution B

Developing solvent system: Etherand hexanes (7:3)
Spray reagent: 10% sulfuric acid in alcohol
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution
Proceed as directed in the chapter. Examine the plate

under UV light at 254 nm. Spraythe plate with Spray
reagent, heat at 100°-105° for 10 min, and examine
under daylight. ,

Acceptance criteria: The chromatogram of the Sample
solution exhibits a spot due to gingerols thatoccurs at an
RF value of 0.2, and a spot of shogaols may occur at an RF

value of 004, corresponding to those shown in the
chromatogram of Standardsolution B. [NoTE-The
chromatograms of Standardsolution A and the Sample
solution may exhibit other spots in the upper region and at
the origin of the plate.]

STRENGTH
• CONTENT OF GINGEROLS, GINGERDIONES, AND SHOGAOLS

Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000),
and methanol (55:44:1)

Solution B: Acetonitrile
Mobile phase: UseSolution A for NLT seven times the

retention time of capsaicin.

r T =sum of the peak responses of gingerols from the
Sample solution

r s = peak response of capsaicinfrom the Standard
solution

C s =concentration of USP CapsaicinRS in the Standard
solution (mg/mL)

Acceptance criteria: NLT 0.10%

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method J(611): 90.00/0-110.0%

of the labeled amount of alcohol (CzHsOH)

CONTAMINANTS

•·+,I~8~~~,~~~(~·~j~~~C~~B~~~;~~f~
fJf}qrmqCcopg!aIReqLllr;eme;l[l~$;'fJe~~iCci
: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 104 cfu/g, and the-total
combined moldsand yeasts count does not exceed 103 cfu/
g.

SPECIFIC TESTS
• LIMIT OF 6-SHOGAOL
Analysis: Using the chromatograms from the test for

Contentof Gingerols, calculate the percentage of 6-shogaol
in the portion of Tincture taken:

Result =(r vir 5) xes x 0.1

r u = peak response of 6-shogaol from the Sample
solution

r s = peak response of capsaicin from the Standard
solution

C 5 = concentration of USP CapsaicinRS in the Standard
solution(mg/mL) ,

Acceptance criteria: NMT0.034%
• LIMIT OF NONVOLATILE RESIDUE

Sample: 1O-mL portion '
Analysis: Evaporate the Sample in a tared platinum or

porcelain dish, and dry at 105° for 6 h.
Acceptance criteria: The weight of the residue is' 80

120 mg.
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

0.5%
• SPECIFIC GRAVITY (841): 0.90-0.95
• OTHER REQ.UIREMENTS: Meets the requirements in Botanical

Extracts (565), Preparations, Tinctures, Packaging and
Storage

ADDITIONAL REQUIREMENTS
• LABELING: Label it to indicate that it isfor manufacturing

purposes only, in addition to the information specified in
Botanical Extracts (565), Preparations, Tinctures, Labeling.
Thisarticle isexempted from the requirements of Labeling
(7), Labels and Labeling for Products and Other Categories,
Botanicals, with respect to the pregnancy and lactation
statement.

• USP REFERENCE STANDARDS (11)
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS
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Column washing: After each chromatographic run, wash
the column, using Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 100 0

2 0 100

12 0 100

14 100 0

29 100 0
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= peak response of capsaicin from the Standard
solution

= concentrationof USP Capsaicin RS inthe Standard
solution (mg/mL)

=final volume of the Sample solution (mL)
= weight of the portion Of Capsules taken (mg)
=average weight of the Capsulecontent (mg)
=labeledamount of gingerols, gingerdiones,and

shogaols (mg/Capsule)

Acceptance criteria: 90.0%-110.0% of the labeledamount
of gingerols, gingerdiones, and shogaols

Calculate the amount (Go), in mg, of 6-gingerol in each
Capsuletaken:

=peak response of 6-gingerolfrom the Sample
solution

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561)

Sample: Flnelypowder a quantity ofCapsules, equivalentto
100 9 of powdered ginger.

Acceptance criteria: NLT 1.4 mL/l 00 9 (NLT 90.0% of the
labeled amount of volatile oil)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirementsfor Dissolution
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 75 rpm
Time: 60 min

[NoTE-In each dissolution vessel, place a number of
Capsules equivalent to 20 mg of the labeled amounts
of gingerols, gingerdiones, and shogaols.] .

Solution A, Solution 8, Mobile phase, Column washing,
System suitability solution, Chromatographic system,
and System suitability:

Proceedas directed in the test for Content of Gingerols,
Gingerdiones, and Shogaols.

Standard stock solution: Use the Standard solution
prepared in the test for Content ofGingerols, Gingerdiones,
andShogaols.

Standard solution: 0.025 mg/mL of USP Capsaicin RS from
Standard stock solution in Medium

Sample solution: Transfer an aliquot of solutionfrom each
dissolution vial to a suitablevial. Allow to stand for 5 min
so that the powdersettlesinto the suspension,or centrifuge
to obtain a clearsupernatant. Pass through a membrane
filterof 0.45-lJm or finer pore size.

Analysis
Samples: Standard solution and Sample solution

[NOTE-Allow the Sample solution to elute for NLT three
times the retention time of capsaicin.]

Calculate the quantity, G, in mg, of 6-gingeroldissolved
from each Capsuletaken: .

G = (ru/rs) x (CIN) x V

Standard solutlon. 0.1 mg/mLof USP Capsaicin RS in
methanol .

System suitability solution: Reconstitute the content of
1 vial of USP Ginger Constituent Mixture RS in 1 mL of the
Standard solution.

Sample solution: Mix and finely powder the contents of
NLT 20 Capsules, and transferan amount equivalent to
2.0 9 of powdered ginger to a glass-stoppered conicalflask.
Add 50 mL of alcohol, inserta stopper into the flask, and
macerate for 24 h, shakingfrequentlyduring the first 8 h,
and then allowing to stand for 16 h. Filter, and use the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 25 IJL

System suitability
Samples: Standard solution and System suitability solution

[NOTE-The relative retention times for 6-gingerol,
capsaicin, and 6-shogaolare about 0.8, 1.0, and 1.9,
respectively, System suitability solution.]

Suitability requirements
Resolution: NLT 3.0 between the 6-ginger91 and

capsaicin peaksand NLT 10.0 between the capsaicin and
6-shogaol peaks, System suitability solution

Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin,
and 6-shogaol peaks, System suitability solution

Relative standard deviation: NMT 2.5% for the
capsaicin peak for replicate injections, Standard solution

Analysis
Samples: Standard solution, Sample solution, and System

suitability solution
Calculate the sum of the peak responses due to gingerols

and gingerdiones occurringat about the followlnq
retention times relative to 1.0 for capsaicin: 0.8 for
6-gingerol, 1.5 for 8-gingerolA, 2.2 for 8-gingerol S,
2.5 for 6-gingerdiol, 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for 8-gingerdione.

Calculate the sum of the peak responses due to shogaols,
occurring at about the following retention times, relative
to 1.0 for capsaicin: 1.9 for 6-shogaol, 4.2 for 8-shogaol,
and 5.8 for 10-shogaol.

Calculate the percentage of the labeledamountof
gingerols, gingerdiones, and shogaols in the portion of
Capsules taken:

Result = (rTlrs) x Cs x (VIWu) x (AweIL) x 100

= sum of the peak responses for gingerols,
gingerdiones, and shogaolsfrom the Sample
solution

W

V
A

Go =(rulrs) x (CsIW) x V x A

=peak response of 6-gingerolfrom the Sample
solution

=peak response of capsaicin from the Standard
solution

=concentrationofUSP Capsaicin RS inthe Standard
solution (mg/mL)

i:::Weight of powdered ginger used in the
preparation of the Sample solution (9) "

=final volume of the Sample solution (mL)
=average Capsulefill weight (g)
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rs =peak response of capsaicin from the Standard
solution

C =concentrationof USP Capsaicin RS inthe Standard
solution (mg/mL)

N =number of Capsules in each vessel
V = volume of Medium; 500 mL

Calculate the percentage of the relative amount of
6-gingerol dissolved:

Result = (GIGo) x 100

= content of 6-gingerol in each Capsule, as
determined in the test for Contentof Gingerols,
Gingerdiones, and Shogaols (mg)

Tolerances: NLT 60% of the content of 6-gingerol
(C17H2604) isdissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant from which the
articlewas prepared. The labelalso indicatesthe content of
gingerols, gingerdiones, and shogaols, in mg per Capsule,
and the content ofvolatile oil, in IJL per Capsule. This article
isexempt from the requirementsof the Labeling (7), Labels
and Labeling for Products and OtherCategories, Botanicals,
with respect to the pregnancy and lactationstatement.

• USP REFERENCE STANDARDS (11)
USP Capsaicin RS
USP GingerConstituent Mixture RS
USP PowderedGinger RS

Ginkgo
DEFINITION
Ginkgoconsists of the dried leafof Ginkgobiloba L. (Fam.

Ginkgoaceae). Itcontains NLT 0.5% of flavonoids,'calculated
as flavonol glycosides, and NLT 0.1% of terpene lactones,
calculatedas the sum of bilobalide (ClsH1S0S), ginkgolide A
(C2oH2409)' ginkgolide B(C2oH24010), and ginkgolide C
(C2oH24011), both on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Test for flavonoids
Standard solution: Asolutionof 0.6 mg/mL of USP

Rutin RS, 0.2 mg/mL of USP Chlorogenk AcidRS, and
0.2 mg/mL of USP Quercetin RS in methanol

Sample solution: Transfer 1.0 9 of finely powdered
Ginkgo to a 50-mLround-bottom flask fitted with a reflux
condenser.Add10 mL ofmethanol, reflux on a water bath
for 10 min, allowto cool to room temperature, and filter.
[NoTE-Reserve some of the Sample solutionfor use in the
Test for terpene lactones.]

Adsorbent: Chromatographic silica gel with an average
particlesizeof 5 IJm (HPTLC plates)

Application volume: 5 IJL
Developing solvent system: Ethyl acetate, water,

anhydrousformic acid, and glacial acetic acid
(100:26:11 :11)

Derivatization reagent A: 5- mg/mL of 2-aminoethyl
diphenylborinate in methanol

USP43

Derivatization reagent B: 50 mg/mL of polyethylene
glycol 400 in alcohol

Analysis
Samples: Standard solutionand Sample solution
Before development of the chromatograms, saturate the

. chamber for20 minwith Developing solvent system. Ifthe
relative humidity in the laboratory exceeds 50%,
condition the plate to about 35% relative humidity
using a suitabledevice. Apply the samplesseparately as
bands, and allowto dry. Develop the plate over a path
of 6 em, remove from the chromatographic chamber,
and dry in a circulating air oven at 105°for 5 min.
Immediately treat the hot plate with Derivatization
reagent A, then with Derivatization reagent B, dry, and
examine under long-wave UV light (365 nm).

Acceptance criteria: The Standard solutionshows in its
lower part with increasing RF values a yellowish-brown
fluorescentzone due to rutin (RF 0.28), a light blue
fluorescentzone due to chlorogenic acid (RF 0.36), and a
yellowfluorescentzone due to quercetin (RF 0.92). The
Sample solutionshows a yellowish-brown fluorescent
zone, a lightbluefluorescentzone, and a yellowish-brown
fluorescentzone at RFsimilar to those of rutin,chlorogenic
acid, and quercetin, respectively, in the S~andard solution.
Additional yellowish to yellowish-green zones due to
flavonoids detected in the Sample solutionchromatogram
includeone zone below the rutinzone, two zones
between the rutin and chlorogenicacid zones, and two
zones above the chlorogenicacidzone. Other zones may
be seen in the Sample solutionchromatogram.

Test for terpene lactones
Standard solution: Dissolve an amount of USP Ginkgo

Terpene Lactones RS in methanol to obtain a solution
containing ineach mL about 1.0,0.9, 0.6, 0.7, and 0.2 mg
of bilobalide, ginkgolide A, ginkgolide B, ginkgolideC,
and ginkgolide J, respectively.

Sample solution: Use the Sample solutionprepared in the
Test for flavonoids.

Adsorbent: Chromatographic silica gel with an average
particlesize of 5 IJm (HPTLC plates)

Application volume: 5 IJL
Developing solvent system: Toluene, ethyl acetate,'

acetone, and methanol (20: 10: 10: 1.2) I

Derivatization reagent: Acetic anhydride
Analysis

Samples: Standardsolutionand Sample solution
Immersethe plate for 2 s in an 8 g/200-mL solution of

sodium acetate in methanol. Allow the excess liquidto
drip from the plate, dry in a forced-air oven at 70° for
30 min, and cool in a desiccator. Apply the samples
separatelyas bands to the impregnated plate, and allow
to air-dry. Before development of the chromatograms,
saturate the chamber for 20 minwith Developing solvent
system. If the relative humidityin the laboratoryexceeds
50%, condition the plate to about 35% relative
humidity, using a suitabledevice. Develop the plate
over a path of 6 em, removefrom the chromatographic
chamber, and dry in cold air. Treat the plate with
Derivatization reagent, heat at 180°for 10 min, cool, and
examine under short-wave UV light (254 nm).

Acceptance criteria: The Standardsolutionchromatogram
showsfive distinctquenching zonescorresponding to the
differentginkgo terpene lactones: ginkgolide C,
ginkgolide J, ginkgolideB, ginkgolide A, and bilobalide at
RFvalues of about 0.13, 0.18, 0.32, 0.~8, and 0.45,
respectively. The Sample solutionchromatogram shows a
strong quenching zone at the application position, a
broad quenching zone near the solventfront, and five
distinct quenching zones correspondingto different
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ginkgo terpene lactones at RFsimilar to those detected in
the Standard solutionchromatogram.
[NOTE-RF values may differ from one plate to another

due to the impregnation step.]

COMPOSITION
• CONTENT OF FLAVONOL GLYCOSIDES

Extraction solvent: Alcohol, hydrochloric acid, and water
(25:4:10)

Mobile phase: Methanol, water, and phosphoricacid
(100:100:1 )

Standard solution A: 0.02 mg/ml of USP Quercetin RS in
methanol

Standard solution B: 0.02 mg/ml of USP Kaempferol RS in
methanol

Standard solution C: 0.005 mg/ml of USP Isorhamnetin RS
in methanol

Sample solution: Transfer about 1.0 g of Ginkgo, finely
powdered, to a 250-ml flask fitted with a reflux condenser.
Add 78 ml of Extraction solvent, and reflux on a water bath
for 135 min. [NOTE-The solution will turn deep red. The
colorof the solutionisnot a definitive indication of reaction
completeness.]Allow to cool to room temperature. Decant
into a 1OO-ml volumetric flask. Add 20 ml of methanol to
the 250-ml flask, and sonicate for 30 min. Filter, transfer
the filtrate into the 1OO-ml volumetric flask, wash the
residueon the filterwith a small amount of methanol,
transfer the rinsate into the same 1OO-ml volumetric flask,
dilute with methanol to volume, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packing II
Flowrate: 1.5 ml/min
Injection volume: 20 IJL

System suitability .
Samples: Standard solution A, Standard solution B, and

Standard solutionC
[NoTE-The relative retention times for quercetin,

kaempferol, and isorhamnetinare about 1.9, 1.8, and
2.0, respectively, StandardsolutionA, Standard
solution B, and Standardsolution C.]

Suitability requirements
Relative standard deviation: NMT 2.0% determined
fromthe quercetin peak in repeated injections, Standard
solution A

Analysis
Samples: StandardsolutionA,Standardsolution B, Standard

solution C, and Sample solution
Calculate the percentage of each flavonol glycoside in the

portion of Ginkgo taken:

Result =(rulrs) x (Cs/W) x Fx 10

ru = peak area of the relevantanalytefrom the Sample
solution

rs = peak area of the relevantanalyte from Standard
solutionA, Standard solutionB, or Standard
solutionC

Cs = concentration of the relevantanalyte in Standard
solutionA, Standard solution B, or Standard
solution C (mg/ml)

W = weight of Ginkgo taken to prepare the Sample
solution (g)

F . = factor to convert each flavonol aglycone into its
respective flavonol glycoside: 2.504 for
quercetin, 2.437 for isorhamnetin, and
2.588 for kaempferol
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Calculate the total percentage of flavonol glycosides by
adding the individual percentages calculated.

Acceptance criteria: NlT 0.5% of flavonoids, as flavonol
glycosides, on the dried basis

• CONTENT OF TERPENE lACTONES
Solvent: Methanol and water (9:1)
Buffer solution: Dissolve 1.19 g of dibasicsodium

phosphate and 8.25 g of monobasic potassium phosphate
in 1000 ml of water, and adjust to a pH of 5.8.

Diluent: Methanoland water (1 :1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 75 25

23 52 48

28 52 48

30 25 75

35 10 90

40 75 25

50 75 25

Standard solutions: Using the labeled content of the
individual terpene lactones, prepare five solutionsof the
USP Ginkgo Terpene lactones RS in Diluent within the
range of 5-500 IJg/mL for each of the relevant terpene
lactones. Use sonication to dissolve the analytes if
necessary. Pass through afilterof0.45-lJmorfiner pore size.

Sample solution: Transfer about 2.5 g ofGinkgo, accurately
weighed, to a 30-ml glasscentrifugetube with a screwcap
and a PTFE gasket.Add10 ml of Solvent, seal the tube, and
mixwell on a vortex mixer. Heat on a water bath at 90°for
30 min. Mix the hot suspension on a vortex mixer, and
repeat the heating at 90° for 30 min. Cool, centrifuge,
transfer the supernatant into a round-bottom flask, and
keep the residue in the glass tube. Repeat the extraction
two more times, each time using 10 ml of Solvent. .
Combine the extracts, and evaporate to dryness under
vacuum on a water bath maintained at 50°. Add 10 mL of
Buffer solution to the residue, and sonicate for 5 min.
Quantitatively transferthe solution to a glass
chromatographic tube filled with chromatographic
siliceous earth capable of holding 20 mL of aqueous
phase.' Rinse the beakerwith two 5-ml portions of Buffer
solution, and transferthe rinsatesto the column. [NOTE-Do
not exceed 20 mL of total aqueous phase or the holding
capacityof the chromatographic tube.]
Allow the Buffer solutionto be absorbed into the column.

After 15 min, elute the column with 100 ml of ethyl
acetate, collectthe eluate, and evaporate to drynessunder
vacuum on a water bath maintained at 50°. Dissolve the
residue in 10.0 ml of Diluent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering detector.

[NOTE-The parameters of the detector are adjusted to
achieve the best signal-to-noise ratio, according to
manufacturer recommendations.]

Column: 4.6':mm x 25-cm; packing L1

, Suitable commercially available material is Extrelut® NT 20 from EMerck
Science.

www.webofpharma.com

https://nhathuocngocanh.com/



5036 Ginkgo / Dietary Supplements

Column temperature: 25°
Flowrate: 1 ml/min
Injection volume: 15 J.JL

System suitability
Samples: Standard solutions
Suitability requirements

Chromatogram similarity: The chromatograms of the
Standard solutions are similar to the reference
chromatogram provided with the lot of USP Ginkgo
Terpene Lactones RS being used.

Relativestandard deviation: NMT 2.0% determined
from the bilobalide peak in replicate injections

Correlation coefficient: NLT 0.995 for the regression
lineas determined in Analysis

Analysis
Samples: Standard solutions and Sample solution
Record the chrornatoqrarns, and identify the peaksof the

relevantanalytes in the chromatograms of the Standard
solutions by comparison with the reference
chromatogram of the USP Ginkgo Terpene Lactones RS
lot beingused. Plotthe logarithms of the relevantpeak
areasagainst the logarithmsof respective concentrations,
in mg/mL, of each analyte from the Standard solutions,
and establish the regression lines by least-squares
regression.

From the graphs, determine the concentrations, C, in mgt
mL, of each relevantanalyte in the Sample solution.

Separately calculate the percentages of bilobalide
(ClsH1S0S), ginkgolide A (CZOHZ409), ginkgolide B
(CZOH2401O), and ginkgolide C (CZOH24011) in the portion
of Ginkgo taken: -

Result = (C/ W) x 1000

C =concentration of the relevantanalyte inthe
Sample solution (mg/mL)

W =weight of Ginkgo taken to prepare the Sample
solution (mg)

Calculate the total percentage of terpene lactones in the
portion of Ginkgo taken by adding the percentages
calculated for each analyte.

Acceptance criteria: NLT 0.1% of terpene lactones,
calculated as the sum of bilobalide, ginkgolide A,
ginkgolide B, and ginkgolideC, on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Limits ofElemental

Impurities (561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined moldsand yeastscount does not exceed 103 cfu/
g, and the bile-tolerantGram-negative bacteria do not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Dried whole, folded, or fragmented leaves,
with or without attached petiole,varyfrom khaki green to
greenish brown in color; often more brown at the apical
edge, and darker on the adaxial surface. Laminae are
broadlyobcuneate (fan-shaped), 2-12 cm in width and 2
9.5 cm in length from petioleto apical margin; mostly 1.5
2 times wider than long. The- base margins are entire,
concave; apical marginsinuate, usually truncate or centrally
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cleft, and rarely multiply cleft.The surface isglabrous, with
wrinkled appearance due to prominent dichotomous
venationappearing parallel and extendingfrom the lamina
base to the apical margin. Petioles, similar in color to leaf,
are channeled on the adaxial surface, and 2-8 ernin length.

Microscopic
Transverse section of lamina: Athin but marked cuticle

occurs over a single layerof epidermalcells on both
surfaces. Stomata are present on the lowersurface only,
with guard cells sunken with respect to adjacent
epidermal cells. Palisade elements, elongated, at right
angles to the surfaceand often irregular in appearance,
occur just belowthe upper epidermis. Vascular bundles
occur at intervals along the width of the blade, with
adjacent clustercrystals of calcium oxalate. Cells of the
mesophyll are smallerthan the palisade cells, elongated,
parallel to the leafsurface, and separated by large
intercellular spaces.

Powdered lamina and petiole: Underthe microscope,
transverse fragments of the leafdisplay a smooth cuticle,
present on both leafsurfaces and staining pinkish orange
with sudan III TS. Insurfaceview, cells of the upper
epidermisare elongated and wavy-walled, withabundant
yellowdroplets 2-12 J.Jm indiametervisible in mature and
old leaves but not in young leaves. Cells of the-lower
epidermis are similar in shape but have straighter walls
and are interrupted by anisocytic stomata. Numerous
lignified elements derivedfromthe laminaand petioleare
present, including xylem vessels with annular thickening,
tracheids, and vessels with bordered pits.The extent of
lignification, particularly in the petiole, increases with age
of leaf. Calcium oxalate crystals are numerous,scattered
or associatedwith vessels, ranging insizefrom 5 to 50 J.Jm
inyoung leaves and 15 to 100 J.Jm in mature leaves. Under
crossed polarizers, numerous smallerprism- or
tear-shaped shinyfeatures of indeterminate nature may
be present. Very occasional, highly elongated, uniseriate,
covering trichomeswith no obvious crosswalls and
smooth or wartysurfaces maybe seen. Matureleaves may
show the presence of very rare, polygonal to circular
starch granules approximately 20 J.Jm in diameter, with a
central hilum and exhibiting a marked Maltese cross
under crossed polarizers.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 3.0% ofstems and NMT 2.0% ofotherforeign
organic matter

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Ginkgo
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 11.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 1.0 g of finely powdered Ginkgo
Acceptance criteria: NMT 11.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP ChlorogenicAcid RS
USP Ginkgo Terpene Lactones RS
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS
USP Rutin RS
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F

= peakarea of the relevantanalytefrom the Sample
solution

= P~~.~..~E~~~t .. ~.b~s-r~t~~~Q~5~.Q.~1~te from
~~liQ(;[gi.tl2;~gly.tl9.t1.tlL(US~fl.£~U§i~Pll~i

=c~Dse~~r~~i?~....?t'~~'~.~I~.I~~~Q;.~nalyte in '~tl)~
:$tqriggtgi~Qly.tiQi}"'(I.JSgl·Jt(~ii2()i9) (mglmL)

= mean molecularmassfactor to convert each
analyte into flavonol glycoside with a mean
molecular mass of 756.7 (2.504 for quercetin,
2.437 for isorhamnetin, and 2.588 for
kaempferol)

Calculate the total quantity, in mg, of flavonol glycosides
in the portion of Capsules taken by adding the individual
quantitiescalculated.Calculate the total quantity, in mgl
Capsule, of flavonol glycosides and the percentage of
flavonol glycosides in the labeled amount of Powdered
Ginkgo Extract.

Acceptance criteria: 22.00/0-27.0% of flavonol glycosides

Standard solutions: Using the labeled content of the
individual terpene lactones, prepare five solutions of the
USP Ginkgo Terpene Lactones RS in Diluent withinthe
range of 5-500 ~g/mL for each of the relevantterpene
lactones. Use sonicationto dissolve the analytes if
necessary. Pass through afilterof0.45-~m orfiner poresize.

Sample solution: Weighand finely powder the contents of
NLT 20 Capsules. Transfer an accuratelyweighed quantity
of the powder, equiv~l~nt to about}~9mg~f.P~~d;reg

~i~~g?,.~~~~a;~(...~~ ..~... ~;?+ ·~#~~~Y'iJ!.;O-·r'\,·(11t0(.lr~~qrt~G
~Q(y.tiQ~I'!~""q.!··~p:""I~;~~~ic . ... \.J$Picl"AiJg!2Q.1:9)
Quantitatively transfer the solution to a glass
chromatographic tube filled with chromatographic
siliceous earth capable of holding 20 mL of aqueous
phase.' Rinse the beakerwith two 5-mL portions of Buffer
solution, and transfer the washings to the column.
[NOTE-Do not exceed 20 mL of total aqueous phase or the
holding capacityof the chromatographic tube.] Allow the
Buffer solutionto be absorbed into the column. After
15 min, elute the column with 100 mLof ethyl acetate,

Table 1

• CONTENT OF TERPENE LACTONES

~fl~ID'~~I~1i~f~~f~5
Buffer solution: Dissolve 1.19 g of dibasicsodium,

phosphate and 8.25 g of monobasic potassium phosphate
. in 1000 mL of water, and adjust to a pH of 5.8.
Diluent: Methanol and water (1 :1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 7.

Time Solution A Solution B
(min) (0/0) (0/0)

0 75 25

23 52 48

28 52 48

30 25 75

35 10 90

40 75 25

50 75 25

, Suitable commercially available material isExtrelut®NT 20 from EMerck
Science.

Ginkgo Capsules

Sample solution: eigh and finely powder the contents of
NLT 20 Capsules. Transfer an accurately weighed quantity
of the powder, equivalent to about 50 mg of flavonol
glycosides, to a 50-mLvolumetric flask. Add 20 mL of
methanol, and sonicate for 3 min. Add 20 mL of 1.5 N
hydrochloric acid, and sonicate again for 1.0 min. Allow to
cool to room temperature, and dilute with methanol to
volume. Centrifuge, and transfera portion of the clear
supernatant to a rubber-capped, low-actinic glassvial. Heat
in a steam bath for 25 min, and cool to room temperature
in an ice bath,

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 ~L

System s~i,ii~~~~~I~qi~~[~ll:;~I9J~I:((]J~('la~[~~f~jSample:
quercetin,

kaempferol, and i;~'~~~:i~.,~;~~i!~.!~f:e about 1.0, 1.8, and
2.0, respectively'~~"!(IISP12~tl~.~~1~)]

Suitability requirements
Relative standard tip'via·tioln~ NMT 2.0% for

Samples: and Sample
solution

Calculatethe quantity, in mg, of each flavonol glycoside in
the portion of Capsules taken:

Result = (rulrs) x Cs x F x 50

• CONTENT OF FLAVONOL GLYCOSIDES
Mobile phase: Methanol, water, and phosphoricacld

100:100:1

DEFINITION
Ginkgo Capsules are prepared with PowderedGinkgo Extract

and contain, in the labeled amount of Powdered Ginkgo
Extract, NLT 22.0% and NMT 27.0% offlavonolglycosides
and NLT 5.4% and NMT 12.0% of terpene lactones,
calculatedas the sum of bilobalide (C15H,sOs), ginkgolideA
(C2oH2409), ginkgolideB(C2oH240,O), and ginkgolide C
(C2oH240'1)'

IDENTIFICATION
• A. HPLC: The retention times of the quercetin,

isorhamnetin, and kaempferol peaksof the Sample solution
correspond to those of the Standard solution, as obtained
in the test for ContentofFlavonol Glycosides. In the
chromatogram of the Sample solution, the ratioof the
kaempferol peak to the quercetin peak is NLT 0.7, and the
isorhamnetin peak is NLT 0.1 times the sizeof the
quercetin peak.

• B. HPlC: The retention times of the bilobalide, ginkgolide
A, ginkgolide B, and ginkgolide C peaksof the Sample
solutioncorrespond to those of the Standard solutions, as
obtained in the test for Content of Terpene Lactones.

STRENGTH
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collect the ethyl acetate solution, and evaporate to
under vacuum in a water bath maintained at
the residue in 20.0 mLof Diluent. !~.
s()IH~i()QfQt()Hg~t~>~i!~~~;()f~~~~
qi~<::gr<:ltti~Jtir~~:f~~imjlJl!it~r~() .. _

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [NOTE-The

parameters of the detector are adjusted to achieve the
best signal-to-noise ratio, according to.manufacturer
recommendations.]

Column: 4.6-mm x 25-cm; packing L1
Column temperature: 25 ± 10

Flow rate: 1 mL/min
Injection volume: 15 ~L

System suitability
Samples: Standardsolutions
Suitability requirements

Chromatogram similarity: The chromatograms of the
Standardsolutions are similar to the reference
chromatogram provided with the lot of USP Ginkgo
Terpene Lactones RS being used.

Relative standard deviation: NMT 2.0% for bilobalide
in repeated injections

Correlation coefficient: NLT 0.995 for the regression
line as determined in Analysis

Analysis
Samples: Standardsolutions and Sample solution
Record the chromatograms, and identifythe peaks of the

relevant analytes in the chromatogram of the Standard
solutions by comparison with the reference
chromatogram of the USP GinkgoTerpene Lactones RS
lot being used. Measure the areas of the analyte peaks.
Plot the logarithms of the relevant peak responses versus
the logarithms of concentrations, in mg/mL, of each
analyte of the Standardsolutions, and determine the
regression line using a least-squaresanalysis.

From the graphs, determine the concentration, C, in
mg/mL, of the relevant analyte in the Sample solution.

Separatelycalculate the quantities, in mg,. of bilobalide
(ClsH1S0S), ginkgolide A (CZOHZ409), ginkgolide B
(C2oH2401O), and ginkgolide C (CZOH24011) in the portion
of Capsules taken: .

Result =C x 20

C = concentration of the relevant analyte in the
Sample solution (mg/mL)

Calculate the total quantity of terpene lactones in the
portion of Capsules taken by adding the quantities
calculated for each analyte. Calculatethe total quantity,
in mg, of terpene lactones per Capsule and the
percentage of terpene lactones in the labeled amount of
Powdered Ginkgo Extract.

Acceptance criteria: 5.40/0-12.0% of terpene lactones,
calculated as the sum of bilobalide, ginkgolideA,
ginkgolide B, and ginkgolide C

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution

Medium: 0.1 N hydrochloricacid; 500 mL
Apparatus 2: 75 rpm
Time: 45 min
Standard solutions: Prepare as directed in the test for

Contentof Terpene Lactones.
Sample solution: Combine 2~-mL portions of the solution

under test from each of the six dissolution vessels in a
separation funnel. Extractwith four 50-mLportions of ethyl

USP 43

acetate. Combine the extracts, and evaporate under
vacuum to dryness. Dissolve the residue with sonication in
5.0 mLof a mixture of water and methanol (1:1).

Analysis: Proceed as directed in the test for Contentof
Terpene Lactones to determine the concentration, C, in mg/
mL, of ginkgolide Bin the Sample solution.
Calculatethe percentage of ginkgolide Bdissolved:

Result = 5000C/3G

C =concentration of ginkgolide B in the Sample
solution (mg/mL)

G =content of ginkgolide Bas determined in the
test for Contentof Terpene Lactones (mg/
Capsule)

Tolerances: NLT 75% of the content of ginkgolideB is
dissolved.

• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104cfu/g, and the total
combined moldsand yeasts count does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022),1est
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomialand, following

the official name, the article used to prepare the Capsules.
Label the Capsulesto indicate the content, in mg/Capsule,
of Powdered Ginkgo Extract.

• USP REFERENCE STANDARDS (11)
USPGinkgo Terpene Lactones RS
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS

Powdered Ginkgo Extract
DEFINITION
Powdered Ginkgo Extractis prepared from dried and

comminuted leavesof Ginkgoextracted with an acetone
water mixture or other suitable solvents. The ratio of the
crude plant material to Powdered Extract is between
35:1 and 67:1. It contains NLT 22.0% and NMT 27.0% of
flavonoids, calculated as flavonol glycosides, with a mean
molecular mass of 756.7, on the dried basis. It contains NLT
5.4% and NMT 12.0% of terpene lactones, consisting of
between 2.6% and 5.8% of bilobalide (C,sH1SOS) and
between 2.8% and 6.2% of the sum of ginkgolideA
(CZOHZ409), ginkgolide B(C2oH2401O), and ginkgolide C
(C2oH24011), on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Test for flavanoids

Standard solution: Asolution of 0.6 mg/mL of. USP
Rutin RS and 0.2 mg/mL each of USP ChlorogenicAcid RS
and USP Quercetin RS in methanol .

Sample solution: 5 mg/mL of Powdered Extract in a
mixture of methanol and water (4:1)
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Adsorbent: Chromatographic silica gel mixture with an
average particlesizeof 5 IJm (HPTLC plates)

Application volume: 5 IJL
Developing solvent system: Ethyl acetate, water,

anhydrousformic acid, and glacial acetic acid
(100:26:11 :11)

Spray reagent 1: 5 mg/mL of 2-aminoethyl
diphenylborinate in methanol

Spray reagent 2: 50 mg/mL of polyethylene glycol 400 in
alcohol

Analysis
Samples: Standard solution and Sample solution
Before development of the chromatograms, saturate the

chamber for 20 min with Developing solvent system.
Record temperature and humidity in the laboratory. If
the relative humidityexceeds 50%, condition the plate
to about 35% relative humidity using a suitabledevice.
Apply the samples separatelyas bands to a suitable
thin-layer chromatographic plate (see Chromatography
(621», and allowthe bands to dry, Develop the plate
over a path of 6 em, remove the plate from the
chromatographic chamber, and dry in a circulating air
oven at 105° for 5 min. Immediately spray the hot
plate with Spray reagent 1, then with Spray reagent 2.
Dry, and examine under long-wavelength UV light.

Acceptance criteria: The Standard solution shows in its
lower part with increasing R Fvaluesa yellowish-brown
fluorescentzone due to rutin (R F 0.28), a light blue
fluorescentzone due to chlorogenicacid (R F0.36), and a
yellowfluorescentzone due to quercetin (R F0.92). The
Sample solution shows a yellowish-brown fluorescent
zone, a lightbluefluorescentzone, and a yellowish-brown
fluorescentzone at RFsimilar to those of rutin, chlorogenic
acid, and quercetin, respectively, in the Standard solution.
Additional yellowish to yellowish-green zones due to
flavonoids detected in the Sample solution chromatogram
includeone zone belowthe rutin zone, two zones
between the rutin and chlorogenic acid zones, and two
zones above the chlorogenicacid zone. Other zones may
be seen in the Sample solution chromatogram.

• B. HPLC: In the test for Content of Flavonol G/ycosides, the
retention times of the peaksfor quercetin, isorhamnetin,
and kaempferol of the Sample solution correspond to those
of the Standard solution. In the chromatogram of the
Sample solution, the ratio of the kaempferol peak to the
quercetin peak is NLT 0.7, and the peakfor isorhamnetin is
NLT 0.1 times the sizeof the quercetin peak.

COMPOSITION
• CONTENT OF FLAVONOL GLYCOSIDES

Extraction solvent: Alcohol, hydrochloric acid, and water
(25:4:10)

Mobile phase: Methanol, water, and phosphoricacid
(100:100:1 )

Standard solution A: 0.125 mg/mL of USP Quercetin RS in
methanol

Standard solution B: 0.125 mg/mL of USP Kaempferol RS
in methanol

Standard solution C: 0.03 mg/mL of USP lsorhamnetln RS
in methanol

Sample solution: Transfer about 0.3 g of Powdered Extract,
accuratelyweighed, to a 250-mL flask fitted with a reflux
condenser. Add 78 mL of Extraction solvent, and reflux in a
hot water bath for 135 min. [NOTE-The solution will turn
deep red. The color of the solution is not a definitive
indication of reactioncompleteness.]Allow to coolto room
temperature. Transfer to a 1OO-mL volumetric flask, dilute
with water to volume, and mix.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packing L1
Flowrate: 1.5 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A, Standard solution S, and

Standard solution C
[NOTE-The relative retention times for quercetin,

kaempferol, and isorhamnetinare about 1.0, 1.8, and
2.0, respectively; Standard solution A, Standard
solution S, and Standard solution C.]

Suitability requirements
Relative standard deviation: NMT 2.0% determined
from the quercetin peak in repeated injections, Standard
solution A

Analysis
Samples: Standard solution A,Standard solution S, Standard

solution C, and Sample solution
Calculate the percentage of each flavonol glycoside in the

portion of Powdered Extract taken:

Result =(r vir s) x (C slW) x Fx-l O.

. r u =peakarea of the relevantanalytefrom the Sample
solution

r s =peak area of the relevantanalyte from Standard
solution A, Standard solution S, or Standard
solution C

C s =concentration of the relevantanalyte in Standard
solution A, Standard solution S, or Standard
solution C (mg/mL)

W =weight of Powdered Extract taken to prepare the
Sample solution (g)

F =mean molecular massfactor to convert each
analyte into flavonol glycoside with a mean
molecular mass of 756.7: 2.504 for quercetin,
2.437 for isorhamnetin, and 2.588 for
kaempferol

Calculate the total percentage of flavonol glycosides by
adding the individual percentages calculated. '

Acceptance criteria: 22.0%-27.0% of flavonoids,
calculated as flavonol glycosides with a mean molecular
mass of 756.7, on the dried basis

• CONTENT OF TERPENE LACTONES
Solvent: Methanol and water (9:1)
Buffer solution: Dissolve 1.19 g of dibasic sodium

phosphate and 8.25 g of monobasic potassium phosphate
in 1000 mL of water, and adjust to a pH of 5.8.

Diluent: Methanol and water (1 :1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 75 25

23 52 48

28 52 48

30 25 75

35 10 90

40 75 25
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Standard solution: Preparea composite solutionof
0.4 mg/mL USP Rutin RS and 0.05 mg/mL USP
Quercetin RS in methanol. Sonicate to dissolve, ifnecessary,
and mixwell.

Sample solution: Transfer 100 mg of Powdered Extract
into a 1O-mL volumetric flask. Addabout 7 mLof methanol,
and sonicate to dissolve. Dilute with methanol to volume,
and mix well. Pass through a filter of 0.45-lJm or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; 5-lJm base-deactivated

packing Ll
Column temperature: 30°
Flowrate: 1.0 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution

Result =(C/W) x 2000

C = concentration of the relevantanalyte in the
Sample solution (mg/mL)

W =weight of Powdered Extract taken to prepare the
Sample solution (mg)

Calculate the total percentage of terpene lactonesin the
portion of Powdered Extract taken by adding the
percentages calculatedfor each analyte.

Acceptance criteria
Total terpene lactones: 5.40/0-12.0%
Bilobalide: 2.6%-5.8%
Sum of ginkgolide A, ginkgolide B,and ginkgolide C:

2.80/0-6.2%

CONTAMINANTS

: Meets the requirements.
• MICR()8IAL ENU""ERATION TESTS (2021): The total aerobic

bacterialcount does not exceed 104cfu/g, and the total
combined moldsand yeastscount does not exceed103 cfu/
g.

'. ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for the absence of Salmonella
speciesand Escherichia coli

SPECIFIC TESTS
• LIMIT OF RUTIN AND QUERCETIN

Solution A: 0.1% of formicacid in water
Solution B: Acetonitrile
Mobile phase: See Table 2.

Table 2·

Time Solution A Solution B
(min) (%) (%)

0 90 10

40 64 36

45 0 100

50 0 100

51 90 10

60 90 10

Table 1 (continued)

Standard solutions: Using the labeled content of the
individual terpene lactones, prepare five solutionsof the
USP Ginkgo Terpene Lactones RS in Diluent within the
range of 5-500 IJg/mL for each of the relevantterpene
lactones. Use sonicationto dissolve the analytes if
necessary. Pass through afilterof0.45-lJm orfiner pore size.

Sample solution: Transfer about 120 mg of Powdered
Extract, accurately weighed, to a 25-mLbeaker.Add
10 mL of Buffer solution to the residue, and sonicate for
5 min. Quantitatively transferthe solution to a glass
chromatographic tube filled with chromatographic
siliceous earth capable of holding 20 mL of aqueous
phase.' Rinse the beakerwith two 5-mLportions of.Buffer
solution, and transfer the washings to the column. Do not
exceed 20rnl, of the total aqueous phase or the holding
capacityof the chromatographic tube. Allow the Buffer
solutionto be absorbed into the column.After 15 min,elute
the columnwith 100 mL of ethyl acetate, collect the ethyl
acetate solution, and evaporate to dryness under vacuum
in a water bath maintained at 50°. Dissolve the residue in
20.0 mL of Diluent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [NOTE-The

parameters of the detector are adjusted to achievethe
best signal-to-noise ratio, according to manufacturer
recommendations.]

Column: 4.6-mm x 25-cm; packing L1
Column temperature: 25 ± 1°
Flow rate: 1 mL/min
Injection volume: 15 IJL

System suitability
Samples: Standardsolutions
Suitability requirements .

Chromatogram similarity: The chromatograms from
the Standard solutions are similar to the reference
chromatogram providedwith the lot of USP Ginkgo
Terpene Lactones RS being used.

Relativestandard deviation: NMT 2.0% determined
from the bilobalide peak in repeated injections

Correlation coefficient: NLT 0.995 for the regression
lineas determined in Analysis

Analysis
Samples: Standardsolutions and Sample solution
Record the chromatograms, and identify the peaksof the

relevantanalytes in the chromatograms of the Standard
solutions, by comparing them with the reference
chromatogram of the USP GinkgoTerpene Lactones RS
lot being used. Measure the areas of the analyte peaks.
Plot the logarithms of the relevant peak responses versus
the logarithms of concentrations, in mg/mL, of each
analyteof the Standardsolutions, and determine the
regression line by using a least-squares analysis.

From the graphs, determine the concentration, C, in
mg/mL, of the relevantanalyte in the Sample solution.

Separately calculate the percentages of bilobalide
(C15H1808), ginkgolide A(C2oH2409), ginkgolide B
(C2oH24010), and ginkgolide C (C2oH24011) in the portion
of Powdered Extract taken:

Time Solution A Solution B
(min) (%) (%)

50 75 25

1 Suitablecommercially availablematerial isExtrelut" NT20 from E. Merck
Science.
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[NOTE-The relative retention times are 1.0 and 1.8 for
rutin and quercetin, respectively.]

Suitability requirements
Column efficiency: NLT 15,000 theoretical plates for the

rutin peak and NLT 20,000 for the quercetin peak
Tailing factor: 0.8-2.0 for the rutin peak
Relative standard deviation: NMT 2.0% for the rutin

peak in repeated injections
[NOTE-If deterioration of peak shapes is observed,

wash the column using a mixture of acetonitrile and
water (9:1) at 1.0 mL/min for 30 min.]

Analysis
Samples: Standard solution and Sample solution
Use the chromatogram of the Standardsolution to identify

the rutin and quercetin peaks.
Calculate the percentages of rutin and quercetin in the

portion of Powdered Extract taken:

Result =(r vir s) x (C siC v) x 100

r u = peak area of the relevant analyte from the Sample
solution

r s =peak area of the relevant analyte from the
Standardsolution

C s = concentration of USP Rutin RS or USP
Quercetin RS in the Standardsolution(mg/mL)

C u = concentration of Powdered Extract in the
Sample solution(mg/mL)

Acceptance criteria: NMT 4% of rutin and NMT 0.5% of
quercetin "

• LIMIT OF GINKGOLIC ACIDS
Solution A: 0.01 % phosphoric acid in water
Solution B: 0.01 % phosphoric acid in acetonitrile
Mobile phase: See Table 3.

Table 3
Time Solution A Solution B
(min) (%) (%)

0 25 75

6 10 90

7 10 90.

8 25 75

10 25 75

Standard solution: Dissolve USP Ginkgolic Acids RS in
methanol, and dilute, if necessary,with water to obtain a
concentration of 0.25 IJg/mL of ginkgolic acids, calculated
asthe sum of the congeners ginkgolic acid C13:0, ginkgolic
acid C15:1, and ginkgolic acid C17:1.

Sample solution: Transfer 0.5 9 of Powdered Extract to a
1O-mL volumetric flask. Add 8 mL of methanol to dissolve,
and dilute with water to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 5-cm; base-deactivated packing L7
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 100 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Chromatogram similarity: The chromatogram is similar
to the reference chromatogram provided with the lot of
USP Ginkgolic Acids RS being used.

Dietary Supplements / Ginkgo 5041

Tailing factor: NMT 2.0 for the ginkgolic acid
C15:1 peak

Relative standard deviation: NMT 5.0% for the
ginkgolic acid C15:1 peak in repeated injections

Analysis
Samples: Standard solution and Sample solution

[NOTE-Identify the peaks of the relevant analytes by
comparison with the reference chromatogram of the
USP Ginkgolic Acids RS lot being used. If deterioration
of peak shapes is observed, wash the column using a
mixture of methanol and water (9:1) for 30 min.]

Calculate the concentration, in IJg/g, of each ginkgolic acid
in the portion of Powdered Extract taken:

Result=(r vir s) x (C slW) x P x 10

r u =peak area of the relevant analyte from the Sample
solution

r s =peak area of the relevant analyte from the
Standard solution

C s =concentration of USP Ginkgolic Acids RS in the
Standard solution (mg/mL) .

W =weight of Powdered Extract taken to prepare the
Sample solution (mg)

P =content of the relevant ginkgolic acid inUSP
Ginkgolic Acids RS (lJg/g)

Calculate the total amount of ginkgolic acids by adding the
individual contents.

Acceptance criteria: NMT 5 IJg/g
• Loss ON DRYING (731)

Sample: 1.0 9 of Powdered Extract
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 5.0%

• OTHER REQUIREMENTS: Meets the requirements for Residual
Solvents in Botanical Extracts (565)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, protect from moisture, and store at controlled
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was prepared. The label also indicates the content of
flavonol glycosides and of terpene lactones, the extracting
solvent used for preparation, and the ratio of the starting
crude plant material to the Powdered Extract.

• USP REFERENCE STANDARDS (11)
USP Chlorogenic AcidRS
USP Ginkgo Terpene Lactones RS
USP Ginkgolic Acids RS
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS
USP Rutin RS

Ginkgo Tablets

DEFINITION
Ginkgo Tablets are prepared from Powdered Ginkgo Extract

and contain, in the labeled amount of Powdered Ginkgo
Extract, NLT 22.0% and NMT 27.0% offlavonol glycosides
and NLT 5.4% and NMT 12.0% of terpene lactones,
consisting of bilobalide (ClsH1S0S), ginkgolide A (C2oH2409),
ginkgolide B (C2oH240,O), and ginkgolide C (C2oH2401')'
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Standard solutions: Using the labeled content of the
individual terpene lactones, prepare five solutions of the
USP GinkgoTerpene Lactones RS in Diluentwithin the
range of 5-500 IJg/mL for each of the relevant terpene
lactones. Use sonication to dissolve the analytes if
necessary. Passthrough a filterof0.45-lJm orfiner pore size.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer an accurately weighed quantity of the powder,
equiy~I~~tS~.~~()lJ!1~8~~~!~~~g;r;gi'~i;~'~~~'i~~!ract,
!?.:a.; ·~.~.~ ....~••.~.. ,..g~/(l/~"m~i()fyl1q/lfi~fJi·~glgitic;!t')~!~f7Jg
s(.}l'iic;~~~}fpFilo i .....(l.JSelB~ijgg+~)l!I) Quantitativelytransfer
the solution to a glass chromatographic tube filled with
chromatographic siliceous earth capable of holding 20 mL
of aqueous phase.' Rinse the beakerwith two 5-mL
portions of Buffeisolution, and transfer the washings to the
column. [NOTE-DO not exceed 20 mL of total aqueous
phase or the holding capacity of the
chromatographic tube.] Allow the Buffer solution to be
absorbed into the column. After 15 min, elute the column
with 100 mLof ethyl acetate, collect the ethyl acetate
solution, and evaporate to drynessunder vacuum ina water
bath maintained at 50°. Dissolve the residue in 20.0 mL
Diluent. .... ..~.

~.~~~~ic~,c.}<.. .... .. ... " is
9f2~n~2fiJtr~ .~(9~PIBAQ9FZ'Q1~)

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [NOTE-The

parameters of the detector are adjusted to achieve the
best signal-to-noise ratio, according to manufacturer
recornrnendatlons.]

Calculate the total quantity, in mg, of flavonol glycosides
in the portion of Tablets taken by adding the individual
quantities calculated. Calculatethe total quantity, in mgl
Tablet, of flavonol glycosides and the percentage of
flavonol glycosidesin the labeled amount of Powdered
Ginkgo Extract.

Acceptance criteria: 22.0%-27.0% of flavonol glycosides

Table 1

• CONTENT OF TERPENE LACTONES
A.,··......i./'/(/ ..·.;i./·,.
.... ···~L(U~PltAug"Z()12)
Buffer solution: Dissolve 1.19 g of dibasicsodium .

phosphate and 8.25 g of monobasic potassium phosphate
in 1000 mL of water, and adjust to a pH of 5.8.

Diluent: Methanol and water (1 :1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 7.

Time Solution A Solution B
(min) (%) (%)

0 75 25

23 52 48

28 52 48

30 25 75

35 10 90

40 75 25

50 75 25

1 Suitable commerciallyavailable material isExtrelut®NT 20 from EMerck
Science.

Cs = analyte in ~th~~
:>tal7daJrd S(')lut/ionA,(OSI~ 1;'Alig.2(19) (mg/mL)

F =mean mass convert each
analyte into flavonol glycosidewith a mean
molecular mass of 756.7 (2.504 for quercetin,
2.437 for isorhamnetin, and 2.588 for
kaempferol)

• CONTENT OF FLAVONOL GLYCOSIDES
Mobile phase: Methanol, water, and phosphoric acid
(188;188:1)

....~~flm~~rd!s
8??'i~,~
Isorhan'l

Sample solution: Weighand finely powder NLT 20 Tablets.
Transferan accurately weighed quantity of the powder,
equivalent to about 50 mg of flavonol glycosides, to a
50-mLvolumetricflask. Add 20 mLof methanol, and
sonicate for 3 min. Add 20 mL of 1.S N hydrochloric acid,
and sonicate again for 10 min. Allow to cool to room
temperature, and dilute with methanol to volume.
Centrifuge, and transfer a portion of the clear supernatant
to a rubber-capped, low-actinic glass vial. Heat in a steam
bath for 25 min, and cool to room temperature in an
ice bath.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 IJL

System sultabllltv
Sam pIe: .~S:"lJtlii:Jl"1jri1('ltbniti()n'l tUsF"1;'Aud#2(19)

quercetin,
kaempferol, and i~~,~.~~~Q.~.~!~~,~e about 1.0, 1.8, and
2.0, respectively'~~(l.J§P;1;A~g'+912)]

Suitability requirements
Relative standard deviation: NMT 2.0% for

quercetin~~«lJSF'/1..Au~1~~i~5
Analysis

Samples: and Sample
solution

Calculatethe quantity, in mg, of each flavonol glycosidein
the portion of Tablets taken:

Result =(rulrs) x Cs x F x 50

t» =peak area of the relevant analyte from the Sample
solution

~ ~m

IDENTIFICAnON
• A. HPLC: The retention times of the quercetin,

isorhamnetin, and kaempferol peaks of the Sample solution
correspond to those of the Standardsolution, as obtained
in the test for Contentof Flavonol Glycosides. In the
chromatogram of the Sample solution, the ratio of the
kaempferol peak to the quercetin peak is NLT 0.7, and the
isorhamnetin peak is NLT 0.1 times the size of the
quercetin peak.

• B. HPLC: The retention times of the bilobalide, ginkgolide
A, ginkgolide B, and ginkgolide C peaks of the Sample
solution correspond to those of the Standardsolutions, as
obtained in the test for Contentof Terpene Lactones.

STRENGTH
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Column: 4.6-mm x 25-cm; packing L1
Column temperature: 25 ± 10

Flowrate: 1 mL/min
Injection volume: 15 ~L

System suitability
Samples: Standardsolutions
Suitability requirements

Chromatogram similarity: The chromatograms of the
Standardsolutions are similar to the reference
chromatogram providedwith the lot of USP Ginkgo
Terpene Lactones RS being used. .

Relative standard deviation: NMT 2.0% for bilobalide
in repeated injections .

Correlation coefficient: NLT 0.995 for the regression
lineas determined in Analysis

Analysis
Samples: Standardsolutions and Sample solution
Record the chromatograms, and identify the peaksof the

relevantanalytes in the chromatogram of the Standard
solutions by comparison with the reference
chromatogram of the USP Ginkgo Terpene Lactones RS
lot being used. Measurethe areas of the analyte peaks.
Plot the logarithmsof the relevant peak responsesversus
the logarithmsof concentrations, in mg/mL, of each
analyte of the Standardsolutions, and dete~mine the
regression line using a least-squares analysis,

From the graphs, determine the concentration, C, in
mg/mL, of the relevantanalyte in the Sample solution.

Separately calculate the quantities, in mg, of bilobalide
(ClsH1SOS), ginkgolideA(C2oH2409), ginkgolide B
(C2oH24010), and ginkgolide-C (C2oH24011) in the portion
of Tabletstaken:

Result =C x 20

C = concentration of the relevantanalyte in the
Sample solution (mg/mL)

Calculatethe total quantity of terpene lactones in the
portion of Tabletstaken by adding the quantities
calculatedfor each analyte. Calculate the total quantity,
in mg, of terpene lactones per Tabletand the percentage
of terpene lactones in the labeledamount of Powdered
Ginkgo Extract. .

Acceptance criteria: 5.40/0-12.0% of terpene lactones,
consisting of bilobalide, ginkgolide A, ginkgolide B, and
ginkgolide C

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution

Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 75 rpm
Time: 45 min
Standard solutions: Prepareas directed in the test for

Contentof Terpene Lactones.
Sample solution: Combine 25-mL portions of the solution

under test from each of the sixdissolution vessels in a
separation funnel. Extract withfour 50-mL portionsofethyl
acetate. Combine the extracts, and evaporate under
vacuum to dryness. Dissolve the residuewith sonication in
5.0 mL of a mixture ofwater and methanol (1:1).

Analysis: Proceed as directed in the test for Contentof
Terpene Lactones to determine the concentration, C, in mg/
mL, of ginkgolide Bin the Sample solution.
Calculatethe percentage of ginkgolide Bdissolved:

Result = 5000C/3G

C = concentration of ginkgolide Bin the Sample
solution (mg/mL)

Dietary Supplements / Glucosamine 5043

G =content of ginkgolide Bas determined in the
test for Contentof Terpene Lactones (mg/Tablet)

Tolerances: NLT 75% of the content of ginkgolide Bis
dissolved.

• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104cfu/g, and the total
combined moldsand yeastscount does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomial and, following

the official name, the article used to prepare the Tablets.
Label the Tablets to indicate the content, in mg/Tablet, of
PowderedGinkgo Extract.

• USP REFERENCE STANDARDS (11)
USP Ginkgo Terpene Lactones RS
USP Isorhamnetin RS
USP Kaempferol RS

, USP Quercetin RS

Ginseng, American-see American Ginseng

Ginseng, Asian-see Asian Ginseng

Ginseng, Siberian-see Eleuthero

Ginseng, Tienchi-see Tienchi Ginseng Root and
Rhizome

Glucosamine and Chondroitin Sulfate
Sodium Tablets

DEFINITION
Glucosamine and Chondroitin Sulfate SodiumTablets are

prepared from either Glucosamine Hydrochloride,
Glucosamine Sulfate Sodium Chloride, Glucosamine Sulfate
Potassium Chloride, or a mixture of any of them, with
ChondroitinSulfate Sodium. Tabletscontain NLT 90.0% and
NMT 120.0% of the labeledamounts of chondroitin sulfate
sodium and glucosamine (C6H13NOs).

[NOTE-Chondroitin Sulfate Sodium isextremely
hygroscopic once dried. Avoid exposure to atmosphere,
and weigh promptly.]

IDENTIFICATION
• A. The retention time of the major peaksof the Sample

solutioncorrespond to those of the Standardsolution, as
obtained in the test for Contentof Glucosamine.
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• s, ELECTROPHORESIS
Barium acetate buffer: Dissolve25.24 g of barium acetate

in 900 mL of water. Adjust with acetic acid to a pH of 5.0,
and dilute with water to 1000 mL.

Staining reagent: 0.1% (w/v) toluidine blue in 0.1 M
acetic acid

Standard solution: Usethe Standardsolutionof middle
concentration from the test for Contentof Chondroitin
Sulfate Sodium.

Sample solution: Prepare asdirected in the test for Content
of Chondroitin Sulfate Sodium.

Analysis: Fill the chambers of an electrophoresis apparatus
suitable for separations on cellulose acetate membranes1 (a
small submarine gel chamber or one dedicated to
membrane media) with Barium acetatebuffer. Soaka
cellulose acetate membrane 5-6 cm x 12-14 cm in Barium
acetatebufferfor 10 min, Ofuntil evenly wetted, then blot
dry between two sheets of absorbent paper. Using an
appllcator- suitable for electrophoresis, apply equal
volumes (0.5 ~L) of the Sample solution and Standard
solution to the brighter side of the membrane held in
position in an appropriate applicator stand or on a
separating bridge in the chamber. Ensure that both ends of
the membrane are dipped at least0.5-1.0 cm deep into the
buffer chambers. Apply a constant 60 V (6 mA at the start)
for 2 h. [NoTE-Perform the application of solutions and
voltage within 5 min becausefurther drying of the blotted
paper reduces sensitivity.]
Placethe membrane in a plastic staining tray, and with the

application side down, float or gently immerse in Staining
reagentfor 5 min. Then stir the solution gently for 1 min.
Remove the membrane, and destain in 5% acetic acid
until the background clears.

Acceptance criteria: The principal spot of the Sample
solution hasthe same migration asthe principal spot of the
Standardsolution.
[NOTE-Document the results by taking a picture within

15 min of completion of destaining.]

STRENGTH
• CONTENT OF GLUCOSAMINE

Diluent: Transfer 29 ~L of acetic acid and 5 mL of
acetonitrile to a 1OO-mL volumetric flask containing 50 mL
of water. Dilute with water to volume.

Borate buffer: 0.2 M (76.3 giL of sodium borate in water)
adjusted with hydrochloric acid TS to a pH of 9.5

Acetate buffer: 6.80 giL of sodium acetate trihydrate in
water adjusted with dilute acetic acid to a pH of 5.9

Derivatizing reagent: In a 14-mL polypropylene culture
tube, dissolve 50 mg of o-phthalaldehyde in 1.25 mL of
anhydrous methanol. Add 50 IJLof 3-mercaptopropionic
acid and 11.2 mL of Borate buffer, and mix gently. Allow to
stand in the dark for 30 min before use. [NoTE-Reagent
strength is maintained by adding 10 ~L of
3-mercaptopropionic acid every 2 days. Storage should be
in the dark at room temperature, and can be used for NMT
2 weeks.]

Mobile phase: Methanol and Acetate buffer (1:9)
Standard solution: 1.0 mg/mL of USP Glucosamine

Hydrochloride RS in water. Allow to stand at room
temperature for 1 h.

Sample solution: Transfer an equivalent to 25 mg of
glucosamine, from finely powdered Tablets (NLT 20), to a

1 Suitable cellulose acetate membranes for electrophoresis are available
from Fluka Chemical Corp., Milwaukee, WI; and DiaSys Corp., Waterbury,
CT(www.diasys.com).
2 Suitable applicatorsare available from DiaSys Corp., Waterbury,CT
(www.diasys.com) and HelenaLaboratories, Beaumont,TX
(www.helena.com).
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25-mL volumetric flask. Dilute with Diluent to volume. Mix
on a vortex mixer to suspend the powder in solution. ,
Sonicate in a 65° water bath for 20 min. Removefrom the
bath, stir for 5 min with the aid of a magnetic stirrer, and
centrifuge.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 340 nm
Column: 3.0-mm x 5-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 ~L

System suitability
Samples: Five individual aliquots of the Standardsolution

derivatized as directed in the Analysis. Each derivatized
aliquot is injected only once.
[NOTE-The relative retention times for the B-anorner

and the a-anomer are 1.0 and 1.8, respectively. The
retention time for the ~-anomer is NLT 4 min.]

Suitability requirements
Relative standard deviation: NMT 2.0% from five

replicate injections
Analysis

Samples: Standardsolution and Sample solution
Transfer 100 ~L of the Derivatizing reagentand 1,00 ~L of

the Standardsolution or Sample solution to a vial
containing 400 IJL of Borate buffer.Allow the
derivatization to proceed for 1 min. Inject the derivatized
solutions immediately after the derivatization reaction.

Calculate the percentage of the labeled amount of
glucosamine (C6HnNOs) in the portion of Tablets taken:

Result= (rulrs) x (CslCu) x (MrdMr2) x 100

tu = peak response of the ~-anomer from the
derivatized Sample solution

ts =peak responseof the ~-anomer from the
derivatized Standardsolution

Cs = concentration of USP Glucosamine
Hydrochloride RS in the Standardsolution
(mg/mL)

Cu =nominal concentration of glucosamine in the
Sample solution (mg/mL)

Mr l = molecular weight of glucosamine, 179.17 '
Mr2 =molecular weight of glucosamine hydrochloride,

215.63

Acceptance criteria: 90.0%-120.0%
• CONTENT OF CHONDROITIN SULFATE SODIUM

Diluent: Weigh about 297 mg of monobasic potassium
phosphate, 492 mg of dibasic potassium phosphate, and
250 mg of polysorbate 80, and transfer into a l-L beaker.
Dissolvein approximately 900 mL of water, and adjust with
potassium hydroxide or phosphoric acid to a pH of 7.0
± 0.2. Dilute with water to 1 L, and mix thoroughly.

Standard solutions: 1.5, 1.0, and 0.5 mg/mL of USP
Chondroitin Sulfate Sodium RS in water

Sample solution: Transfer an equivalent to 100 mg of
chondroitin sulfate sodium, from finely powdered Tablets
(NLT 20), to 60 mL ofwater. Shake to suspend the powder
in solution. Sonicate in a 65° water bath for 20 min. Remove
from the bath, and stir or shakefor 5 min. Dilute with water
to 100 mL, and centrifuge or pass throuqh a suitable filter.

Titrimetric system
(See Titrimetry(541).)
Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water.

Degas before use.
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Tolerances: NLT 75% of the labeled amount of
glucosamine (C6H13NOs) is dissolved.

Determine the percentage of the labeled amount of
chondroitin sulfate sodium dissolved by using the following
method.

Endpoint detection: Turbidimetric with a photoelectric
probe

Analysis
Samples: Standard solutions and Sample solution

Transfer 5.0 mL of each Standard solutionand the Sample
solution to separate titration vessels. Add 25 mL of
Diluent to each. Stir until a steady reading is obtained
with a photoelectric probe either at 420,550, or
660 nm. Setthe instrument to zero in absorbance mode.
Titrate with Titrant using the photoelectric probe to
determine the endpoint turbidimetrically. From a linear
regression equation calculated using the volumes of
Titrant consumed versusconcentrations of the Standard
solutions, determine the concentration of chondroitin
sulfate sodium in the Sample solution.

Calculate the percentage of the labeled amount of
chondroitin sulfate sodium in the portion of Tablets
taken:

• Hel~-~ ~
H)-(

Standard solutions, Titrant, and Diluent: Proceed as
directed in the test for Contentof Chondroitin Sulfate
Sodium.

Sample solution: Usethe solution under test.
Analysis: Proceed as directed in the test for Content of

Chondroitin Sulfate Sodium.
Calculate the percentage of the labeled amount of

chondroitin sulfate sodium dissolved:

Result= (C x V/L) x 100

C = determined concentration of chondroitin sulfate
sodium in the Sample solution (mg/mL)

V =volume of Medium, 900 mL
L =label claim of chondroitin sulfate sodium (mg/

Tablet)

Glucosamine Hydrochloride

Tolerances: NLT 75% of the labeled amount of chondroitin
sulfate sodium is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label indicates the types of glucosamine salts

contained in the article and the species source from which.
.the chondroitin was derived. Label it to state the source(s)
of chondroitin sulfate sodium, whether bovine, porcine,
avian, or a mixture of any of them. The label states on the
front panel the content of chondroitin sulfate sodium on
the dried basis.

• USP REFERENCE STANDARDS (11)
USP Chondroitin Sulfate Sodium RS
USP Glucosamine Hydrochloride RS

C6H13NOs' HCI 215.63
D-Glucose, 2-amino-2-deoxy-, hydrochloride;
2-Amino-2-deoxy-p-D-glucopyranose hydrochloride [66-

84-2].

DEFINITION
Glucosamine Hydrochloride contains NLT 98.0% and NMT

102.0% of glucosamine hydrochloride (C6H13NOs. HCI),
calculated on the dried basis.

IDENTIFICATION

-.. • ..·e>.>·:.... . . .... )

• B. IDENTIFICATION TESTS-GENERAL, Chloride (191): Meets
the requirements

• C. The retention time of the glucosamine peak of the
Sample solutioncorresponds to that of the Standard
solution, as obtained in the Assay.

Result= (ru/rs) x (Cs x V/L) x (MrtlMrz) x 100

= peak area from the derivatized Sample solution
=peak area from the derivatized Standard solution
= concentration of USP Glucosamine

Hydrochloride RS in the Standard solution
(mg/mL)

= volume of Medium, 900 mL
= label claim of glucosamine (mg/Tablet)
= molecular weight of glucosamine, 179.17
= molecular weight of glucosamine hydrochloride,

215.63

C

V
L
Mr1

Mrz

Result= (C/Cu) x 100

=determined concentration of chondroitin sulfate
sodium in the Sample solution (mg/mL)

=nominal concentration of chondroitin sulfate
sodium in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-120.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Determine the percentage of the labeled amount of

glucosamine (C6H13NOs) dissolved by using the following
method. .

Standard solution: Prepare as directed in the test for
Contentof Glucosamine. Dilute with a suitable quantity of
water, if necessary.

Sample solution: Use the solution under test
Borate buffer, Acetate buffer, Derivatizing reagent,

Mobile phase, and Chromatographic system: Proceedas
directed in the test for Content of Glucosamine.

Analysis: Proceed as directed in the test for Content of
Glucosamine.
Calculate the percentage of the labeled amount of

glucosamine (C6H13NOs) dissolved:

www.webofpharma.com

https://nhathuocngocanh.com/



5046 Glucosamine / Dietary Supplements

ASSAY
• PROCEDURE

Buffer: In a l-L volumetric flask, dissolve 3.5 9 of dibasic
potassium phosphate in water. Add 0:25 mL of ammonium
hydroxide, dilute with water to volume, and mix. Adjust
with phosphoric acid to a pH of 7.5.

Mobile phase: Acetonitrile and Buffer(75:25)
Diluent: Acetonitrile and water (50:50)
Standard solution: 3.8 mg/mL of USP Glucosamine

Hydrochloride RS in Diluent
Sample solution: 3.8 mg/mL of Glucosamine

Hydrochloride in Diluent. [Nets-Shake by mechanical
means to aid dissolution.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm x 15-cm'; 5-l.Im packing L8
Column temperature: 350

Flow rate: 1.5 mL/min
Injection size: 10 I.IL

System suitability
Sample: Standard solution ,

[NOTE-The peak for the glucosamine moiety elutes at
about 10 min. The chromatogram shows a large
additional peak near the void volume, due to the
chloride ion.]

Suitability requirements
Tailing factor: NMT 2.0 for the glucosamine peak
Efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of glucosamine hydrochloride

(C6H13NOs. HCI) in the portion of Glucosamine
Hydrochloride taken:

Result=(r vir s) x (C siC v) x 100

r u =peak response from the Sample solution
r s =peak response from the Standard solution
C s = concentration of USP Glucosamine

Hydrochloride RS in the Standard solution
(mg/mL) .

C u = concentration of Glucosamine Hydrochloride in
'the Sample solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the dried basis

IMPURITIES
• RESIDUE ONIGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Sulfate (221): A 0.1O-g portion

shows no more sulfate than corresponds to 0.25 mL of
0.020 N sulfuric acid (NMT 0.24%).

• ARSENIC, Method /I (211): NMT 3 ppm

SPECIFICTESTS
• OPTICAL ROTATION, Specific Rotation (781 S): +70.00 to

+73.00

Sample solution: 25 mg/mL. Measure the specific rotation
3 h after preparation.

·pH(791)
Sample solution: 20 mg/mL
Acceptance criteria: 3.0-5.0

• Loss ONDRYING (731): Dry a sample at 105 0 for 2 h: it loses
NMT 1.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

USP 43

• USP REFERENCE STANDARDS (11)
USP Glucosamine Hydrochloride RS

Glucosamine Tablets
DEFINITION
Glucosamine Tablets are prepared from Glucosarnine

Hydrochloride, Glucosamine Sulfate Sodium Chloride,
Glucosamine Sulfate Potassium Chloride, or a mixture of any
of them. Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amount of glucosamine (C6H13NOs).

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solutioncorresponds to that of the Standardsolution, as
obtained in the test for Content of Glucosamine.

• B. IDENTIFICATION TESTS-GENERAL, Chloride (191): Meets
the requirements

• C. IDENTIFICATION TESTS-GENERAL, Sulfate(191): Meets
the requirements. [NoTE-Only for Tablets labeled as
containing glucosamine sodium sulfate or glucosamine
potassium sulfate]

STRENGTH
. • CONTENT OF GLUCOSAMINE

Buffer: In a l-L volumetric flask dissolve 3.5 9 of dibasic
potassium phosphate in water. Add 0.25 mL of ammonium
hydroxide, dilute with water to volume, and mix. Adjust
with phosphoric acid to a pH of 7.5.

Mobile phase: Acetonitrile and Buffer (75:25)
Diluent: Acetonitrile and water (50:50)
Standard solution: 3.75 mg/mL of USP Glucosamlne

Hydrochloride RS in Diluent
Sample solution: Weigh and finely powder NLT 20 Tablets.

Transfer an accurately weighed .portion of the finely
powdered material, equivalent to about 312 mg of
glucosamine, to a 1OO-mL volumetric flask. Add 60 mL of
Diluent, and sonicate for 10 min. Shake by mechanlcal
means for 15 min. Dilute with Diluent to volume, and mix.
Pass a portion of this solution through a membrane filter of
0.45-l.Im or finer pore size.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm x 15-cm; 5-l.Im packing L8
Column temperature: 350

Flow rate: 1.5 mL/min
Injection size: 10 I.IL

[NoTE-The peak for glucosamine moiety elutes at
about 10 min. The chromatogram shows a large
additional peak near the void volume, due to the
chloride ion.]

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the glucosamine peak
Column efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of

glucosamine (C6H13NOs) in the portion of Tablets taken:

Result=(rvlrs) x (CslCv) x (M,tlM'2) ~ 100
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ru =peak response of glucosamine from the Sample
solution

rs =peak response of glucosamine from the Standard
solution .

Cs =concentration of USP Glucosamine
Hydrochloride RS in the Standard solution
(mg/mL)

Cu =nominal concentration of glucosamine in the
Sample solution (mg/mL)

Mr1 =molecular weight of glucosamine, 179.17
Mr2 =molecular weight of glucosamine hydrochloride,

215.63

Acceptance criteria: 90.00/0-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: Water; 900 mL
Apparatus 2: .75 rpm
Time: 60 min
Standard solution: Dissolve a suitable amount of USP

Glucosamine Hydrochloride RS in water to obtain a
concentration similar to that expected in the Sample
solution.

Sample solution: Filtered portion of the solution under test
Buffer: Mix 1.0 mL of phosphoric acid with 2 Lof water, and

adjust with potassium hydroxide to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (2:3)
Chromatographic system -

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm x 25-cm; packing L7
Flow rate: 0.6 mL/min
Injection size: 10 ~L

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the glucosamine peak
Relative standard deviation: NMT 2.0% .

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of

glucosamine (C6H13NOs) dissolved:

Result= (rulrs) x (Cs x VIL) x (MrtlMr2) x 100

ru =peak area from the Sample solution
rs =peak area from the Standard solution
Cs =concentration of USP Glucosamine

Hydrochloride RS in the Standard solution
(mg/mL)

V =volume of Medium, 900 mL
L =labeled amount of glucosamine (mg/Tablet)
Mr1 =molecular weight of glucosamine, 179.17
Mr2 = molecular weight of glucosamine hydrochloride,

215.63

Tolerances: NLT 75% of the labeled amount of
glucosamine (C6H13NOs) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label indicates the type of glucosamine salt

contained in the article.

Dietary Supplements / Glucosamine 5047

• USP REFERENCE STANDARDS (11)
USP Glucosamine Hydrochloride RS

Glucosamine Sulfate Potassium
Chloride

(C6H14NOs)2S04·2KCI 605.52
Bis(o-glucose, 2-amino-2-deoxy-), sulfate potassium chloride

complex;
Bis(2-amino-2-deoxy-~-D-glucopyranose) sulfate potassium

chloride complex (-,-) [1296149-08-0].

DEFINITION
Glucosamine Sulfate Potassium Chloride contains NLT 98.0%

and NMT 102.0% of glucosamine sulfate potassium chloride
[(C6H14NOs)2S04 . 2KCI], calculated on the dried basis.

IDENTIFICATION

'''' .. 0)
Sample: Transfer 50 mg of Glucosamine Sulfate Potassium

Chloride to a centrifuge tube, and dissolve in 2 mL of water.
Add 0.5 mL of barium chloride TS, and centrifuge. Collect
the supernatant, and evaporate to dryness. Dry the residue
at 105 0 for 2 h.

Acceptance criteria: The IRspectrum of the Sample
matches that of a similar preparation of USP Glucosamine
Hydrochloride RS, except that the addition of barium
chloride TS is omitted.

• B. IDENTIFICATION TESTS-GENERAL, Chloride (191) and
Potassium (191): Meets the requirements

• C. The retention time of the glucosamine peak of the
Sample solutioncorresponds to that of the Standard
solution, as obtained in the Assay.

• D. SULFATE: In the test for Contentof Sulfate, after the
addition of barium chloride TS a white precipitate is
formed.

ASSAY
• PROCEDURE

Buffer: In a 1-L volumetric flask, dissolve 3.5 9 of dibasic
potassium phosphate in water, add 0.25 mL of ammonium
hydroxide, dilute with water to volume, and mix. Adjust
with phosphoric acid to a pH of 7.5.

Mobile phase: Acetonitrile and Buffer (75:25)
Diluent: Acetonitrile and water (50:50)
Standard solution: 3.8 mg/mL of USP Glucosamine

Hydrochloride RS in Diluent.Shakefor 5 min by mechanical
means to completely dissolve.

Sample solution: Transfer 263 mg of Glucosamine Sulfate
PotassiumChloride to a 50-mL volumetric flask. Dissolve in
30 mL of Diluent, and shake by mechanical means. Dilute
with Diluent to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: .LC
Detector: UV 195 nm
Column: 4.6-mm x 15-cm; 5-~m packing L8
Column temperature: 350

Flow rate: 1.5 mL/min
Injection size: 10 ~L

System suitability
Sample: Standard solution
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[NoTE-The peak for the glucosamine moiety elutes at
about 10 min. The chromatogram shows additional
peaksnear the void volume, due to the counter ions.]

Suitability requirements
Tailing factor: NMT 2.0 for the glucosamine peak
Efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0%.

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of glucosamine sulfate potassium

chloride [(C6H,4NOs)2S04 . 2KCI] in the portion of
Glucosamine Sulfate Potassium Chloride taken:

Result= (r vir s) x (C siC v) x (M ,riM (2) x 100

r u = peak response from the Sample solution
r s =peak responsefrom the Standardsolution
C s =concentration of USP Glucosamine

Hydrochloride RS in the Standardsolution
(mg/mL)

C u =concentration of Glucosamine Sulfate Potassium
Chloride in the Sample solution(mg/mL)

M r =molecular weight of glucosamine sulfate
potassium chloride, 605.52

M ,2 =twice the molecular weight of glucosamine
hydrochloride, 431.26

Acceptance criteria: 98.0%-102.0% on the dried basis

OTHER COMPONENTS
• CONTENT OF SULFATE

Sample: 1 g of Glucosamine Sulfate Potassium Chloride
Analysis: Transfer the Sample to a 250-mL beaker, and

dissolve in 100 mL of water. Add 4 mL of 6 N hydrochloric
acid. Heat the solution to boiling, and add, with constant
stirring, sufficient boiling barium chloride TSto completely
precipitate the sulfate. Add an additional 2 mL of barium
chloride TS, and digest on a steam bath for 1 h. Pass the
mixture through ashless filter paper. Transfer the residue
quantitatively to a new filter, and wash the residue with hot
water until no precipitate is obtained when 1 mL of silver
nitrate TS is added to 5 mL of washing. Transfer the paper
containing the residue to a tared crucible. Char the paper,
without burning, and ignite the crucible and its contents to
constant weight. Calculate the content of sulfate by
multiplying the weight obtained by 0.4116.

Acceptance criteria: 15.5%-16.5%

IMPURITIES
• RESIDUE ON IGNITION (281): 26.5%-31.0%
• SODIUM: A solution (1 in 10), tested on a platinum wire,

does not impart a pronounced yellow color to a
nonluminous flame.

• ARSENIC, Method /I (211): NMT 3 ~g/g

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S)

Sample solution: 35 mg/mL. Measure the specific rotation
3 h after preparation.

Acceptance criteria: +47.0° to +53.0°
• pH (791)

Sample solution: 20 mg/mL
Acceptance criteria: 3.0-5.0

• Loss ON DRYING (731): Dry a sample at 105° for 2 h: it loses
NMT 1.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Glucosamine Hydrochloride RS

USP 43

Glucosamine Sulfate Sodium Chloride

(C6H,4NOs)zS04·2NaCI 573.31
Bis(D-glucose, 2-amino-2-deoxy-), sulfate sodium chloride

complex;
Bis(2-amino-2-deoxy-~-D-glucopyranose) sulfate sodium

chloride complex (-,-) [1296149-13-7].

DEFINITION
Glucosamine Sulfate Sodium Chloride contains NLT 98.0%

and NMT 102.0% of glucosamine sulfate sodium chloride
[(C6H,4NOs)2S04' 2NaCI], calculated on the dried basis.

IDENTIFICATION

• A.,~~~
Spg9:t[Q~f:,». . 9l

Sample: Transfer 50 mg of Glucosamine Sulfate Sodium
Chloride to a centrifuge tube, and dissolve in 2 mL of water.
Add 0.5 mL of barium chloride TS, and centrifuge. Collect
the supernatant, and evaporate to dryness. Dry the residue
at 105° for 2 h.

Acceptance criteria: The IRspectrum of the Sample
matches that of a similar preparation of USP Glutosamine
Hydrochloride RS, except that the addition of barium
chloride TS is omitted.

• B. IDENTIFICATION TESTS-GENERAL, Chloride (191) and
Sodium (191): Meets the requirements

• C. The retention time of the glucosamine peak of the
Sample solutioncorresponds to that of the Standard
solution, asobtained in the Assay.

• D. SULFATE: In the test for Contentof Sulfate, after the
addition of barium chloride TS a white precipitate is
formed.

ASSAY
• PROCEDURE

Buffer: In a 1-L volumetric flask, dissolve 3.5 g of dibasic
potassium phosphate in water, add 0.25 mL of ammonium
hydroxide, dilute with water to volume, and mix. Adjust
with phosphoric acid to a pH of 7.5.

Mobile phase: Acetonitrile and Buffer (75:25)
Diluent: Acetonitrile and water (50:50)
Standard solution: 3.8 mg/mL of USP Glucosamine

Hydrochloride RS in Diluent. Shakefor 5 min by mechanical
means to completely dissolve.

Sample solution: Transfer 250 mg of Glucosamine Sulfate
Sodium Chloride to a 50-mL volumetric flask. Dissolvein
30 mL of Diluent, and shake by mechanical means. Dilute
with Diluent to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm x 15-cm; 5-~m packing L8
Column temperature: 35°
Flowrate: 1.5 mL/min
Injection size: 10 ~L

System suitability
Sample: Standardsolution

[NoTE-The peak for the glucosamine moiety elutes at
about 10 min. The chromatogram shows additional
peaksnear the void volume, due to the counter ions.]

Suitability requirements
Tailing factor: NMT 2.0 for the glucosamine peak
Efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0%.
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Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of glucosamine sulfate sodium

chloride [(C6H,4NOs)2S04 . 2NaCI] in the portion of
Glucosamine Sulfate Sodium Chloride taken:

Result= (r vir s) x (C siC v) x (M ,tiM (2) x 100

=peak response from the Sample solution
== peak response from the Standard solution
=concentration of USP Glucosamine

Hydrochloride RS in the Standard solution
(mg/mL)

=concentration of Glucosamine Sulfate Sodium
Chloride in the Sample solution(mg/mL)

= molecular weight of glucosamine sulfate sodium
chloride, 573.31

=twice the molecular weight of glucosamine
hydrochloride, 431.26

Acceptance criteria: 98.0%-1 02~0% on the dried basis

OTHER COMPONENTS
• CONTENT OF SULFATE

Sample: 1 g of Glucosamine Sulfate Sodium Chloride
Analysis; Transfer the Sample to a 250-mL beaker, and

dissolve in 100 mL of water. Add 4 mL of 6 N hydrochloric
acid. Heat the solution to boiling, and add, with constant
stirring, sufficient boiling barium chloride TSto completely
precipitate the sulfate. Add an additional 2 mL of barium
chloride TS,and digest on a steam bath for 1 h. Pass the
mixture through ashless filter paper. Transfer the residue
quantitatively to a new filter, and wash the residuewith hot
water until no precipitate is obtained when 1 mL of silver
nitrate TS is added to 5 mL of washing. Transfer the paper
containing the residue to a tared crucible. Char the paper,
without burning, and ignite the crucible and its contents to
constant weight. Calculate the content of sulfate by
multiplying the weight obtained by 0.4116.

Acceptance criteria: 16.3%-17.3%

IMPURITIES
• RESIDUE ON IGNITION (281): 22.5%-26.0%
• ARSENIC, Method /I (211): NMT 3 I-Ig/g
• POTASSIUM

Analysis: AcJdify5 mL of a solution (1 in 20) with 6 N acetic
acid, and add 5 drops of sodium cobaltinitrite TS.

Acceptance criteria: No precipitate is formed.

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S)

Sample solution: 35 mg/mL. Measure the specific rotation
3 h after preparation.

Acceptance criteria: +50.00 to +55.00

• pH (791)
Sample solution: 20 mg/mL
Acceptance criteria: 3.0-5.0

• Loss ON DRYING (731): Dry a sample at 105 0 for 2 h: it loses
NMT 1.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Glucosamine Hydrochloride RS

Dietary Supplements / Glucosamine 5049

Glucosamine and
Methylsulfonylmethane Tablets

DEFINITION
Glucosamine and Methylsulfonylmethane Tablets are

prepared from either Glucosamine Hydrochloride,
Glucosamine Sulfate Sodium Chloride, Glucosamine Sulfate
Potassium Chloride, or a mixture of any of them, with
Methylsulfonylmethane. Tablets contain NLT 90.0% and
NMT 120.0% of the labeled amount of glucosamine
(C6H13NOs) and NLT 90.0% and NMT 110.0% of the labeled
amount of methylsulfonylmethane (C2H602S).

IDENTIFICATION
• A. PRESENCE OF GLUCOSAMINE: The retention times of the

major peaks of the Sample solution correspond to those of
the Standardsolution, as obtained in the Contentof
Glucosamine.

• B. PRESENCE OF METHYLSULFONYLMETHANE: The retention
time of the major peak of the Sample solutioncorresponds
to that of the Standard solution, as obtained in the Content
of Methylsulfonylmethane. .

STRENGTH
• CONTENT OF GLUCOSAMINE

Diluent: Transfer 29 I-IL of acetic acid and 5 mL of
. acetonitrile to a 1OO-mL volumetric flask containing 50 mL

of water, and dilute with water to volume.
Borate buffer: 0.2 M (76.3 giL of sodium borate in water)

adjusted with hydrochloric acid TS to a pH of 9.5.
[NOTE-Buffer must be stored at room temperature. It must
be warmed to dissolve if crystallization occurs.]

Acetate buffer: 6.80 giL of sodium acetate trihydrate in
water adjusted with dilute acetic acid to a pl-lof 5.9

Derivatizing reagent: In a 14-mL polypropylene culture
tube dissolve 50 mg of o-phthalaldehyde in 1.25 mL of
anhydrous methanol. Add 50 I-IL of 3-mercaptopropionic
acid and 11.2 mL of Borate buffer, and mix gently. Allow to
stand in the dark for 30 min before use. [NOTE-Reagent
strength is maintained by adding 10 I-IL of .
3-mercaptopropionic acid every 2 days. Storage should be
in the dark, at room temperature, and can be usedfor NMT
2 weeks.]

Mobile phase: Methanol and Acetate buffer (1:9)
Standard solution: 1.0 mg/mL of USP Glucosamine

Hydrochloride RS in water. Allow to stand at room
temperature for 1 h.

Sample solution: Transfer an equivalent to 25 mg of
glucosamine from NLT 20 Tablets, finely powdered, to a
25-mL volumetric flask, and dilute with Diluent to volume ..
Mix on a vortex mixer to suspend the powder in solution.
Sonicate in a 65 0 water bath for 20 min. Remove from the
bath, stir for 5 min with the aid of a magnetic stirrer and
centrifuge. '

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 3.0-mm x 5-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 I-IL

System suitability
Samples: Five individual aliquots of the Standard solution

derivatized as directed for Analysis. Each derivatized
aliquot is injected only once. .
[NOTE-The relative retention times for the p-anomer

and the a.-anomerare 1.0 and 1.8, respectively. The
retention time for the p-anomer is NLT4 min.]
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Suitability requirements
Relative standard deviation: NMT 2.0% for five

replicate injections
Analysis

Samples: Standardsolutionand Sample solution
Transfer 100 ~L of the Derivatizing reagentand 100 ~L of the

Standardsolutionor the Sample solution to a vial containing
400 ~L of Borate buffer. Allow the derivatization to proceed
for 1 min. Inject the derivatized solutions immediately after
the derivatization reaction.

Calculate the percentage of the labeled amount of
glucosamine (C6H13NOs) in the portion of Tablets taken:

Result =(ru/rs) x (Cs/Cu) x (MrdMr2) x 100

tu = peak response of the ~-anomer from the
derivatized Sample solution

rs = peak response of the ~-anomer from the
derivatized Standardsolution

Cs = concentrationof USP Glucosamine
Hydrochloride RS in the Standardsolution
(mg/mL)

Cv = nominal concentration of glucosamine in the
Sample solution (mg/mL)

Mr1 = molecular weight of glucosamine, 179.17
Mr2 =molecular weight of glucosamine hydrochloride,

215.63

Acceptance criteria: 90.0%-120.0% of the labeled claim
• CONTENT OF METHYLSULFONYLMETHANE

Diluent: Transfer 950 mL of methanol to a 1-L volumetric
flask. Add 0.60 mL of diethylene glycol methyl ether, and
dilute with methanol to volume.

Standard solution: 0.4 mg/mL of USP
Methylsulfonylmethane RS in Diluent. Sonicate at 500 for
1 min, and allow to cool to room temperature.

Sample solution: Finely powder NLT 20 Tablets. Dissolve a
portion of the finely powdered material, equivalent to 1
Tablet, in Diluent, and sonicate for 15 min at 50°. Allow to
cool to room temperature, dilute with Diluent to volume,
and mix. Quantitatively dilute with Diluent to obtain a final
concentration of 0.4 mg/mL of methylsulfonylmethane.
Transfer 1 mL of the suspension to a 1.5-mL
microcentrifuge tube, and centrifuge for 20 s. Usethe
supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary; 5-~m phaseG2

coating
Temperature

Column: 120°
Injector: 250 0

Detector: 250°
Carrier gas: Helium
Flow rate: 5 mL/min
Injection size: 1 ~L

Injector type: Split ratio, 2:1
System suitability

Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0% for the peak
response ratio of methylsulfonylmethane to diethylene
glycol methyl ether from replicate injections

Analysis
Samples: Standardsolutionand Sample solution

USP 43

Calculate the percentage of the labeled amount of
methylsulfonylmethane (C2H60 2S) in the portion of
Tablets taken:

Result = (Ru/Rs) x (Cs/Cu) x 100

Rv = peak responseratio of methylsulfonylmethane to
diethylene glycol methyl ether from the Sample
solution

Rs =peak response ratio of methylsulfonylmethane to
diethylene glycol methyl ether from the Standard
solution

Cs =concentration of USP Methylsulfonylmethane RS
in the Standardsolution (mg/mL)

Cv =nominal concentration of
methylsulfonylmethane in the Sample solution
(mg/mL)

Acceptance criteria: 90.0%-110.0% of the label claim

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Dissolution .
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min

Determine the percentage of glucosamine dissolved as
follows.

Standard solution: Prepareasdirected in the test for
Contentof Glucosamine. Dilute with a suitable quantity of
water, if necessary.

Sample solution: Usethe solution under test.
Borate buffer, Acetate buffer, Derivatizing reagent,

Mobile phase, Chromatographic system, and Analysis:
Proceed asdirected in the test for Contentof Glucosamine.
Calculate the percentage of the labeled amount of

glucosamine (C6H13NOs) dissolved:

Result=(ru/rs) x (Cs x V/L) x (MrdMr2) x 100

tu =peak area obtained from the derivatized Sample
solution

ts =peak areaobtained from the derivatized Standard
solution

Cs =concentration of USP Glucosamine
Hydrochloride RS in the Standardsolution
(mg/mL)

V =volume of Medium, 900 mL
L = label claim of glucosamine (mg/Tablet)
MrI =molecular weight of glucosamine, 179.17 .
Mr2 =molecular weight of qlucosamine hydrochloride,

215.63

Tolerances: NLT 75% of the labeled amount of
glucosamine (C6H13NOs) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label indicates the types of glucosamine salts

contained in the article.
• USP REFERENCE STANDARDS (11)

USP Glucosamine Hydrochloride RS
USP Methylsulfonylmethane RS

Dimethyl sulfone.
C2H60 2S 94.13
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Glucosamine, Chondroitin Sulfate
Sodium, and Methylsulfonylmethane
Tablets

DEFINITION
Glucosamine, Chondroitin Sulfate Sodium, and

Methylsulfonylmethane Tablets are prepared from either
Glucosamine Hydrochloride, Glucosamine Sulfate Sodium
Chloride, Glucosamine Sulfate Potassium Chloride, or a
mixture of any of them, with Chondroitin SulfateSodium and
Methylsulfonylmethane. Tablets contain NLT 90.0% and
NMT 120.0% of the labeled amounts of chondroitin sulfate
sodium and glucosamine (C6H,3NOs) and NLT 90.0% and
NMT 110.0% of the labeled amount of .
methylsulfonylmethane (C2H60 2S).

[NOTE-Chondroitin Sulfate Sodium is extremely
hygroscopic once dried. Avoid exposure to atmosphere,
and weigh promptly.]

IDENTIFICATION
• A. PRESENCE OF GLUCOSAMINE: The retention time of the

major peak of the Sample solutioncorresponds to that of the
Standard solution, as obtained in the test for Content of
Glucosamine.

• B. PRESEflfc;:E OF CHONDROITIN SULFATE
Barium acetate buffer: Dissolve 25.24 g of barium acetate

in 900 mL of water. Adjust with acetic acid to a pH of 5.0,
and dilute with water to 1000 mL.

Staining reagent: 0.1% (w/v) .toluidine blue in 0.1 M
acetic acid

Standard solution: Use the Standardsolutionof middle
concentration from Contentof Chondroitin Sulfate Sodium.

Sample solution: Prepare as directed in Content of
Chondroitin Sulfate Sodium.

Analysis: Fill the chambers of an electrophoresis apparatus
suitable for separations on cellulose acetate membranes1 (a
small submarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soaka
cellulose acetate membrane 5-6 cm x 12-14 cm in Barium
acetatebuffer for 10 min, or until evenly wetted, then blot
dry between two sheets of absorbent paper. Using an
applicator- suitable for electrophoresis, apply equal.
volumes (0.5 ~L) of the Sample solutionand Standa~d
solution to the brighter side of the membrane held In
position in an appropriate applicator stand or on a
separating bridge in the chamber. Ensurethat both ends of
the membrane are dipped at least0.5-1 .0 cm deep into the
buffer chambers. Apply a constant 60 volt,s (6 mA at ~he
start) for 2 h. [NOTE-Perform the application .of solutions
and voltage within 5 min. becausefurther drying of the
blotted paper reduces sensitivity.]
Placethe membrane in a plastic staining tray, and with the

application side down, float or gently immerse in Staining
reagentfor 5 min. Then stir the solution gently for 1.. min.
Remove the membrane, and destain in 5% acetic acid
until the background clears.

Acceptance criteria: The principal band from the Sample
solution has the same migration asthe principal band from
the Standardsolution. [NOTE-Document the results by
taking a picture within 15 min of completion of destaining.]

• C. PRESENCE OF METHYLSULFONYLMETHANE: The retention
time of the major peak of the Sample solutioncorresponds

1 Suitablecellulose acetate membranes for electrophoresis are available
from Fluka Chemical Corp., Milwaukee, WI; and DiaSys Corp.,Waterbury,
CT(www.diasys.com).
2 Suitableapplicatorsare available from ~iaSys Corp., Waterbury, CT
(www.diasys.com) and Helena Laboratories, Beaumont,TX
(www.helena.com).
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to that of the Standard solution, asobtained in the Content
of Methylsulfonylmethane.

STRENGTH
• CONTENT OF GLUCOSAMINE

Diluent: Transfer 29 ~L of acetic acid and 5 mL of
acetonitrile to a 1OO-mL volumetric flask containing 50 mL
of water, and dilute with water to volume.

Borate buffer: 0.2 M (76.3 gIL of sodium borate in water)
adjusted with hydrochloric acid TSto apH of 9.5

Acetate buffer: 6.80 gIL of sodium acetate trihydrate in
water adjusted with dilute acetic acid to a pH of 5.9.
[NOTE-Buffer must be stored at room temperature and can
be warmed to dissolve if crystallization occurs.]

Derivatizing reagent: In a 14-mL polypropylene culture
tube, dissolve 50 mg of o-phthalaldehyde in 1.25 mL of
anhydrous methanol. Add 50 ~L of 3-mercaptopropionic
acid and 11.2 mL of Borate buffer, and mix gently. Allow to
stand in the dark for 30 min before use. [NOTE-Reagent
strength is maintained by adding 10 ~L of
3-mercaptopropionic acid every 2 days. Storage should be
in the dark, at room temperature, and can be usedfor NMT
2 weeks.] .'

Mobile phase: Methanol and Acetate buffer (1:9)
Standard solution: 1.0 mg/mL of USP Glucosamine

Hydrochloride RS in water. Allow to stand at room
temperature for 1 h.

Sample solution: Transfer an equivalent to 25 mg of
glucosamine from NLT 20 Tablets, finely powdered, to a
25-mL volumetric flask, and dilute with Diluent to volume.
Mix on a vortex mixer to suspend the powder in solution.
Sonicate in a 65° water bath for 20 min. Remove from the
bath, stir for 5 min with the aid of a magnetic stirrer, and
centrifuge.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 3.0-mm x 5-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 ~L

System suitability
Samples: Five individual aliquots of the Standardsolution

derivatized asdirected in Analysis. Each derivatized aliquot
is injected only once.
[NOTE-The relative retention times for the p-anomer

and the a.-anomerare 1.0 and 1.8, respectively. The
retention time for the p-anomer is NLT 4 min.]

Suitability requirements
Relative standard deviation: NMT 2.0% for five

replicate injections
Analysis

Samples: Standard solutionand Sample solution
Transfer 100 ~L of the Derivatizing reagent and 100 ~L of

the Standardsolutionor the Sample solution to a vial
containing 400 ~L of Borate buffer, and allow the
derivatization to proceed for 1 min. Inject the derivatized
solutions immediately after the derivatization reaction.

Calculate the percentage of the labeled amount of
glucosamine (C6H13NOs) in the portion of Tablets taken:

Result=(rulrs) x (CsICu) x (M,tlM,z) x 100

= peak response of the p-anomer from the
derivatized Sample solution

= peak response of the p-anomer from the
derivatized Standardsolution

=concentration of USP Glucosamine
Hydrochloride RS in the Standard solution
(mg/mL)
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Suitability requirements
Relative standard deviation: NMT 2.0% for five

replicate injections
Analysis

Samples: Standardsolution and Sample solution
Transfer 100 I-IL of the Derivatizingreagentand 100 I-IL of the

Standardsolutionor the Sample solution to a vial containing
400 I-IL of Borate buffer. Allow the derivatization to proceed
for 1 min. Inject the derivatized solutions immediately after
the derivatization reaction.

Calculate the percentage of the labeled amount of
glucosamine (C6H13NOs) in the portion of Tablets taken:

Result= (ru/rs) x (CslCu) x (MrrlMr2) x 100

tu = peak response of the ~-anomer from the
derivatized Sample solution

r5 =peak response of the ~-anomer from the
derivatized Standardsolution

Cs =concentration of USP Glucosamine
Hydrochloride RS in the Standardsolution
(mg/mL)

Cu = nominal concentration of glucosamine in the
Sample solution (mg/mL)

Mr1 = molecular weight of glucosamine, 179.17
Mr2 =molecular weight of glucosamine hydrochloride,

215.63

Acceptance criteria: 90.00/0-120.0% of the labeled claim
• CONTENT OF METHYLSULFONYLMETHANE

Diluent: Transfer 950 mL of methanol to a 1-L volumetric
flask. Add 0.60 mL of diethylene glycol methyl ether, and
dilute with methanol to volume.

Standard solution: 0.4 mg/mL of USP
Methylsulfonylmethane RS in Diluent. Sonicate at 50° for
1 min, and allow to cool to room temperature.

Sample solution: Finely powder NLT 20 Tablets. Dissolvea
portion of the finely powdered material, equivalent to 1
Tablet, in Diluent, and sonicate for 15 min at 50°. Allow to
cool to room temperature, dilute with Diluent to volume,
and mix. Quantitatively dilute with Diluent to obtain a final
concentration of 0.4 mg/mL of methylsulfonylmethane.
Transfer 1 mL of the suspension to a 1.5-mL
microcentrifuge tube, and centrifuge for 20 s. Usethe
supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary; 5-lJm phase G2

coating
Temperature

Column: 120°
Injector: 250°
Detector: 250°

Carrier gas: Helium
Flow rate: 5 mL/min
Injection size: 1 IJL
Injector type: Split ratio, 2:1

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0% for the peak
response ratio of methylsulfonylmethane to diethylene

. glycol methyl ether from replicate injections
Analysis

Samples: Standardsolutionand Sample solution

USP 43

Calculate the percentage of the labeled amount of
methylsulfonylmethane (CZH 60 ZS) in the portion of
Tablets taken:

Result= (Ru/Rs) x (CslCu) x 100

Ru = peak response ratio of methylsulfonylmethane to
diethylene glycol methyl ether from the Sample
solution

Rs = peak response ratio of methylsulfonylmethane to
diethylene glycol methyl ether from the Standard
solution

Cs =concentration of USP Methylsulfonylmethane RS
in the Standardsolution (mg/mL)

Cu = nominal concentration of
methylsulfonylmethane in the Sample solution
(mg/mL)

Acceptance criteria: 90.00/0-110.0% of the label claim

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Dissolution
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min

Determine the percentage of glucosamine dissolved as
follows.

Standard solution: Prepare asdirected in the test for
Contentof Glucosamine. Dilute with a suitable quantity of
water, if necessary.

Sample solution: Use the solution under test.
Borate buffer, Acetate buffer, Derivatizing reagent,

Mobile phase, Chromatographic system, and Analysis:
Proceed as directed in the test for Contentof Glucosamine.
Calculate the percentage of the labeled amount of

glucosamine (C6H13NOs) dissolved:

Result= (ru/rs) x (Cs x V/L) x (MrrlMr2) x 100

tu = peak area obtained from the derivatized Sample
solution

ts = peak area obtained from the derivatized Standard
solution

C5 =concentration of USP Glucosamine
Hydrochloride RS in the Standardsolution
(mg/mL)

V = volume of Medium, 900 mL
L = label claim of glucosamine (mg/Tablet)
Mr1 =molecular weight of glucosamine, 179.17
Mr2 = molecular weight of glucosamine hydrochloride,

215.63

Tolerances: NLT 75% of the labeled amount of
glucosamine (C6H13NOs) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label indicates the types of glucosamine salts

contained in the article.
• USP REFERENCE STANDARDS (11>

USP Glucosamine Hydrochloride RS
USP Methylsulfonylmethane RS

Dimethyl sulfone.
CZH60 ZS 94.1 3
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Glucosamine, Chondroitin Sulfate
Sodium, and Methylsulfonylmethane
Tablets

DEFINITION
Glucosamine, Chondroitin Sulfate Sodium, and

Methylsulfonylmethane Tablets are prepared from either
Glucosamine Hydrochloride, Glucosamine Sulfate Sodium
Chloride, Glucosamine Sulfate Potassium Chloride, or a
mixture of any of them, with Chondroitin SulfateSodium and
Methylsulfonylmethane. Tablets contain NLT 90.0% and
NMT 120.0% of the labeled amounts of chondroitin sulfate
sodium and glucosamine (C6H13NOs) and NLT 90.0% and
NMT 110.0% of the labeled amount of
methylsulfonylmethane (C2H60 2S).

[NOTE-Chondroitin Sulfate Sodium is extremely
hygroscopic once dried. Avoid exposure to atmosphere,
and weigh promptly.]

IDENTIFICATION
• A. PRESENCE OF GLUCOSAMINE: The retention time of the

major peakof the Sample solutioncorresponds to that of the
Standardsolution, as obtained in the test for Contentof
Glucosamine.

• B. PRESENCE OF CHONDROITIN SULFATE
Barium acetate buffer: Dissolve 25.24 g of barium acetate

in 900 mL of water. Adjust with acetic acid to a pH of 5.0,
and dilute with water to 1000 mL.

Staining reagent: 0.1% (w/v} toluidine blue in 0.1 M
acetic acid

Standard solution: Use the Standardsolutionof middle
concentration from Contentof Chondroitin Sulfate Sodium.

Sample solution: Prepare as directed in Contentof
Chondroitin Sulfate Sodium.

Analysis: Fill the chambers of an electrophoresis apparatus
suitable for separations on cellulose acetate membranes' (a
small submarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soaka
cellulose acetate membrane 5-6 cm x 12-14 cm in Barium
acetatebufferfor 10 min, or until evenly wetted, then blot
dry between two sheets of absorbent paper. Using an
applicator- suitable for electrophoresis, apply equal
volumes (0.5 IJL) of the Sample solution and Standard
solution to the brighter side of the membrane held in
position in an appropriate applicator stand or on a
separating bridge in the chamber. Ensure that both ends of
the membrane are dipped at least 0.5-1.0 cm deep into the
buffer chambers. Apply a constant 60 volts (6 mA at the
start) for 2 h. [NOTE-Perform the application of solutions
and voltage within 5 min because further drying of the
blotted paper reduces sensitivity.]
Placethe membrane in a plastic staining tray, and with the

application side down, float or gently immerse in Staining
reagentfor 5 min. Then stir the solution gently for 1.min.
Remove the membrane, and destain in 5% acetic acid
until the background clears.

Acceptance criteria: The principal band from the Sample
solution has the same migration as the principal band from
the Standardsolution. [NOTE-Document the results by
taking a picture within 15 min of completion of destaining.]

• C. PRESENCE OF METHYLSULFONYLMETHANE: The retention
time of the major peak of the Sample solution corresponds

, Suitablecellulose acetate membranes for electrophoresis are available
from Fluka Chemical Corp., Milwaukee, WI; and DiaSys Corp.,Waterbury,
CT(www.diasys.com).
2 Suitableapplicators are available from DiaSys Corp., Waterbury, CT
(www.diasys.com) and HelenaLaboratories, Beaumont,TX
(www.helena.com).
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to that of the Standardsolution, as obtained in the Content
of Methylsulfonylmethane.

STRENGTH
• CONTENT OF GLUCOSAMINE

Diluent: Transfer 29 IJL of acetic acid and 5 mL of
acetonitrile to a 1OO-mL volumetric flask containing 50 mL
of water, and dilute with water to volume.

Borate buffer: 0.2 M (76.3 giL 'of sodium borate in water)
adjusted with hydrochloric acid TS to apH of 9.5

Acetate buffer: 6.80 giL of sodium acetate trihydrate in
water adjusted with dilute acetic acid to a pH of 5.9.
[NOTE-Buffer must be stored at room temperature and can
be warmed to dissolve if crystallization occurs.]

Derivatizing reagent: In a 14-mL polypropylene culture
tube, dissolve 50 mg of o-phthalaldehyde in 1.25 mL of
anhydrous methanol. Add 50 IJL of 3-mercaptopropionic
acid and 11.2 mL of Borate buffer, and mix gently. Allow to
stand in the dark for 30 min before use. [NOTE-Reagent
strength is maintained by adding 10 IJL of
3-mercaptopropionic acid every 2 days. Storage should be
in the dark, at room temperature, and can be usedfor NMT
2 weeks.]

Mobile phase: Methanol and Acetate buffer (1:9)
Standard solution: 1.0 mg/mL of USP Glucosamine

Hydrochloride RS in water. Allow to stand at room '
. temperature for 1 h. .
Sample solution: Transfer an equivalent to 25 mg of

glucosamine from NLT 20 Tablets, finely powdered, to a
25-mL volumetric flask, and dilute with Diluent to volume.
Mix on a vortex mixer to suspend the powder in solution.
Sonicate in a 65° water bath for 20 min. Removefrom the
bath, stir for 5 min with the aid of a magnetic stirrer, and
centrifuge.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 3.0-mm x 5-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
Samples: Five individual aliquots of the Standardsolution

derivatized asdirected in Analysis. Each derivatized aliquot
is injected only once.
[NOTE-The relative retention times for the B-anomer

and the a-anomer are 1.0 and 1.8, respectively. The
retention time for the ~-anomer is NLT 4 rnln.]

Suitability requirements
Relative standard deviation: NMT 2.0% for five

replicate injections
Analysis

Samples: Standardsolution and Sample solution
Transfer 100 IJLof the Derivatizingreagentand 100 IJL of

the Standardsolution or the Sample solution to a vial
containing 400 IJLof Borate buffer, and allow the
derivatization to proceed for 1 min. Inject the derivatized
solutions immediately after the derivatization reaction.

Calculate the percentage of the labeled amount of
glucosamine (C6H13NOs) in the portion of Tablets taken:

Result= (rulrs) x (CslCu) x (M,dM'2) X 100

=peak response of the ~-anomer from the
derivatized Sample solution

= peak response of the ~-anomer from the
derivatized Standardsolution

=concentration of USP Glucosamine
Hydrochloride RS in the Standardsolution
(mg/mL)
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Cu = nominal concentration of glucosaminein the
Sample solution (mg/mL)

Mr1 =molecularweight of glucosamine, 179.17
Mr2 = molecularweight of glucosaminehydrochloride,

215.63

Acceptance criteria: 90.0%-120.0% of the labelclaim
• CONTENT OF CHONDROITIN SULFATE SODIUM
Standard solutions: 1.5, 1.0, and 0.5 mg/mL of USP

ChondroitinSulfate Sodium RS in water
Sample solution: Transfer an equivalent to 100 mg of

chondroitin sulfate sodiumfrom NLT 20 Tablets, finely
powdered, to 60 mL of water, and shake to suspend the
powder insolution.Sonicateina 65°water bath for 20 min.
Remove from the bath, stir or shakefor 5 min, dilute with
water to 100 mL, and centrifugeor pass through a suitable
filter.

Diluent: Weigh about 297 nig of monobasic potassium
phosphate, 492 mg of dibasic potassium phosphate, and
250 mg of polysorbate 80, and transfer into a I-L beaker.
Dissolve in.approxlrnately 900 mL ofwater, and adjust with
potassium hydroxideor phosphoric acid to a pH of 7.0
± 0.2. Dilute with water to 1 L, and mix thoroughly.

Titrimetric system
(See Titrimetry (541).)
Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water
Endpoint detection: Turbidimetric with photoelectric

probe
Analysis: Transfer 5.0 mL of each Standard solutionand the

Sample solution to separatetitration vessels, and add 25 mL
of Diluent to each. Stiruntila steady reading isobtained
with a photoelectric probe either at 420, 550, or660 nm.
Setthe instrument to zero inabsorbance mode. Titratewith
Titrant using the photoelectric probe to determine the
endpoint turbidimetrically. From a linearregression
equation, calculated using the volumesof Titrant
consumed versusconcentrations of the Standard solutions,
determine the concentration of chondroitin sulfatesodium
in the Sample solution.
Calculate the percentage of chondroitin sulfatesodium in

the portion of Tabletstaken: .

Result = (CICu) x 100

C =determined concentration of chondroitin sulfate
sodium in the Sample solution(mg/mL)

Cu = nominal concentration of chondroitin sulfate
sodium in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-120.0% of the labelclaim
• CONTENT OF METHYLSULFONYLMETHANE

Diluent: Transfer 950 mL of methanol to a l-L volumetric
flask. Add 0.60 mL of diethyleneglycol methyl ether, and
dilute with methanol to volume.

Standard solution: 0.4 mg/mL of USP
Methylsulfonylmethane RS in Diluent. Sonicateat 50° for
1 min, and allowto coolto room temperature.

Sample solution: Finely powder NLT 20 Tablets. Dissolve a
portion of the finely powdered material, equivalent to 1
Tablet, in Diluent, and sonicatefor 15 min at 50°. Allow to
cool to room temperature. Quantitatively dilute with
Diluent to obtain a final concentration of 0.4 mg/mL of
methylsulfonylmethane. Transfer 1 mL of the suspension
to a 1.5-mL microcentrifuge tube, and centrifugefor 20 s.
Usethe supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC

USP 43

Detector: Flame ionization
Column: 0.53-mm x 30-m capillary column coated with a

5-J.Jm phase G2 .
Temperature

Column: 120°
Injector: 250°
Detector: 250°

Carrier gas: Helium
Flowrate: 5 mL/min
Injection size: 1 J.JL
Injection type Splitratio, 2:1

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0% for the peak
response ratio of methylsulfonylmethane to diethylene
glycol methylether from replicateinjections

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of

methylsulfonylmethane (C2H60 zS) in the portion of
Tablets taken:

Result =(RulRs) x (CslCu) x 100

Ru = peak area ratio of methylsulfonylmetharle to
diethyleneglycol methylether from the Sample
solution

Rs =peak area ratio of methylsulfonylmethane to
diethyleneglycol methylether from the Standard
solution

Cs =concentration of USP Methylsulfonylmethane RS
in the Standard solution(mg/mL)

Cu =nominal concentration of
methylsulfonylmethane in the Sample solution
(mg/mL)

Acceptance criteria: 90.00/0-110.0% of of the label claim

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirementsfor Dissolution
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min

Determinethe percentage of glucosaminedissolved as
follows.

Borate buffer, Acetate buffer, Derivatizing reagent,
Mobile phase, Chromatographic system, and Analysis:
Proceedas directed in the test for ContentofGlucdsamine.

Standard solution: Prepareas directed in the test for
ContentofGlucosamine. Dilute with a suitable quantity of
water, if necessary.

Sample solution: Use the solution under test.
Calculate the percentage of the labeled amount of

glucosamine(C6H13NOs) dissolved:

Result = (rulrs) x (Cs x VIL) x (M,dMr2) x 100

ru = peak area obtained from the derivatized Sample
solution

rs = peakarea obtained fromthe derivatized Standard
solution

Cs = concentration of USP Glucosamine
Hydrochloride RS in the Standard solution
(mg/mL)

V = volumeof Medium,900 mL
L = labelclaim of glucosamine(mg/Tablet)
M'I = molecular weight of glucosamine, 179.17
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C
= volume of Titrant consumed by the Sample (mL)
= volume of Titrant consumed by the Blank (mL)
=actual normality of the Titrant (mEq/mL)
=equivalency factor, 147.1 mg/mEq
=Sample weight (mg)

Blank: Mix 6 mL of formic acid and 50 mL of glacial
acetic acid.

Titrimetric system
(See Titrimetry(541»
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 6 mL of formic acid and
50 mL of glacial acetic acid, and titrate with the Titrant.
Perform the Blank determination.
Calculate the percentage of glutamic acid (CSH9N04) in the

Sample taken:

Result={[(Vs - V 8) x N x F]/W} x 100

Acceptance criteria: 98.5%-101 .5% on the dried basis

IMPURITIES
• RESIDUE ONIGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221)

Standard solution: 0.40 mL of 0.010 N hydrochloric acid
Sample: 0.7 g of Glutamic Acid
Acceptance criteria: NMT 0.02%

• CHLORIDE AND SULFATE, Sulfate (221)
Standard solution: 0.25 mL of 0.020 N sulfuric acid
Sample: 1.2 g of Glutamic Acid
Acceptance criteria: NMT 0.02%

• IRON (241): NMT 10 IJg/g
• RELATED COMPOUNDS

Standard solution: 0.05 mg/mL of USP GlutamicAcid RS in
water .

Sample solution: 10 mg/mL in a solution of ammonia TS
and water (1:1)

System suitability solution: 0.4 mg/mL each of USP
Aspartic Acid RS and USP Glutamic Acid RS in water

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 IJL
Developing solvent system: Butyl alcohol, glacial acetic

acid, and water (3:1:1)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl

alcohol and 2 N acetic acid (95:5)
System SUitability

Suitability requirements: The chromatogram from the
System suitabilitysolutionexhibits two clearly separated
spots.

Analysis: After air-drying the plate, repeat the development
process. After air-drying a second time, spray with Spray
reagent, and heat between 100° and 105° for about 15 min.
Examine the plate under white light.

Acceptance criteria: Any secondary spot of the Sample
solution is not larger or more intense than the principal spot
of the Standard solution.
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (7815)

Sample solution: 100 mg/mL in 2 N hydrochloric acid
Analysis: Proceed as directed in the chapter, except

measure at 20°.

V
L

Result=(C x V/L) x 100

= determined concentration of chondroitin sulfate
sodium in the Sample solution (mg/mL)

= volume of Medium, 900 mL
= label claim of chondroitin sulfate sodium (mg/

Tablet)

Tolerances: NLT 75% of the labeled amount of chondroitin
sulfate sodium is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITiONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label indicates the types of glucosamine salts

contained in the article and the species source from which
chondroitin was derived. Label it to state the source(s)of
chondroitin sulfate sodium, whether bovine, porcine,
avian, or a mixture of any of them. The label stateson the
front panel the content of chondroitin sulfate sodium on
the dried basis.

• USP REFERENCE STANDARDS (11)
USP Chondroitin Sulfate Sodium RS
USP Glucosamine Hydrochloride RS
USP Methylsulfonylmethane RS

Dimethyl sulfone.
CZH60ZS 94.13

Mr2 =molecular weight of glucosamine hydrochloride,
215.63

Tolerances: NLT 75% of the labeled amount of
glucosamine (C6H13NOs) is dissolved.
Determine the percentage of chondroitin sulfate sodium

dissolved asfollows. .
Titrant, Diluent, Standard solutions, and Analysis:

Proceed asdirected in the test for Contentof Chondroitin
Sulfate Sodium.

Sample solution: Use the solution under test.
Calculate the percentage of the labeled amount of

chondroitin sulfate sodium dissolved:

o 0

HO~OH
NHz

Glutamic Acid

ASSAY
• PROCEDURE

Sample: 140 mg of Glutamic Acid

CSH9N04 147.13
L-Glutamic acid;
S-2-Aminopentanedioic acid [56-86-0].

DEFINITION
Glutamic Acid contains NLT 98.5% and NMT 101.5% of

L-glutamic acid (CSH9N04) , calculated on the dried basis.

IDENTIFICATION
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Acceptance criteria: +31 .5° to +32.5°
\I LossON DRYING (731): Dry a sample at 105° for 3 h: it loses

NMT 0.1% of its weight.

ADDITIONAL REQUIREMENTS
\I PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
\I USP REFERENCE STANDARDS (11)

USP Aspartic Acid RS
USPGlutamic Acid RS

Glutamine-see GlutamineGeneral Monographs

Glutathione

o 0 (SH 0

HO~~n~~OH
NH2 0

ClOH17N306S 307.32
Pentanoic acid, 2-amino-5-[(R)-1-(carboxymethylamino)-3-

mercapto-l-oxopropan-2-ylamino]-5-oxo, (5);
N-(N-L-y-Glutamyl-L-cysteinyl)glycine [70-18-8].

DEFINITION
Glutathione contains NlT 98:0% and NMT 101.0% of

glutathione (ClOH17N306S), calculated on the dried basis.

IDENTIFICATION

\I A•..•~.~.~~.~~.~~.~.~.
Spe.qt[()~c.9PY;\"?; .. -.. .. .... )

• B. OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: 40 mg/ml in water
Acceptance criteria: -15.5° to -17.5°, at 20°

ASSAY
• PROCEDURE

Sample: 500 mg of Glutathione previously dried
Blank: 50'ml of metaphosphoric acid (1 in 50)
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 50 ml of rnetaphosphoric
acid (1 in 50) and titrate with the Titrant.
Calculate the percentage of glutathione (ClOH17N306S) in

the portion of Glutathione taken:

Result = [(Vu> VB) x N x Fx 100]IW

Vu = titrant volume of the Sample (ml)
VB = titrant volume of the Blank (ml)
N = titrant normality (mEq/ml)
F =equivalency factor, 307.32 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 98.0%-101.0% on the dried basis

USP43

IMPURITIES
• AMMONIUM

Standard solution: 10 IJg of ammonium from a diluted
ammonium chloride solution

Sample solution: 50 mg of Glutathione
Silver manganese paper: Immerse strips of slow filter paper

(Whatman® filter paper, grade 5 or equivalent) into a
solution containing 8.5 mg/ml of manganese sulfate and
8.5 mg/ml of silver nitrate. Maintain for a few min and
allow to dry over phosphorus pentoxide protected from
acid and alkaline vapors.

Analysis: Transfer the Sample solution and the Standard
solutionto separate 25-ml jars fitted with caps, and dissolve
in 1 ml of water. Add 0.30 g of magnesium oxide. Close
immediately after placing a5-mm square piece of Silver
manganese paper, wetted with a few drops of water, under
the caps. Swirl,avoiding projections of liquid, and allow to
stand at 40° for 30 min.

Acceptance criteria: Ifthe Silver manganese paper shows a
gray color, it is not more intense than that of the Standard
(NMT 200 ppm).

• ARSENIC (211): NMT 2 ppm .
• CHLORIDE AND SULFATE, Chloride (221): Dissolve 0.7 g in

water to make 15 ml. The solution shows no more chloride
than corresponds to 0.20 ml of 0.020 N hydrochloric acid
(NMT 200 ppm).' '

, • CHLORIDE AND SULFATE, Sulfate (221): Dissolve 0.8 g in
water to make 15 ml. The solution shows no more sulfate
than corresponds to 0.25 ml of 0.020 N sulfuric acid (NMT
300 ppm).

• IRON (241): NMT 10 ppm
• RESIDUE ON IGNITION (281): NMT 0.1 %
• RELATED COMPOUNDS

Mobile phase: •6.8 gil of potassium dihydrogen phosphate
with 2.02 gil of sodium 1-heptane sulfonate. Adjust with
phosphoric acid to a pH of 3.0. Mix 970 ml of this solution
with 30 ml of methanol. '

System suitability solution: 0.1 mg/ml of USP
L-Phenylalanine RS, 0.5 mg/ml of USPGlutathione RS, and
0.5 mg/ml of USP Ascorbic Acid RS in Mobile phase

Standard solution: 0.01 mg/ml of USP Glutathione RS in
Mobilephase. [NOTE-This solution has a concentration
equivalent to 2.0% of that of the Sample solution.]

Sample solution: 50 mg of Glutathione in 100 ml of
Mobilephase. [NOTE-Allow the solution to stand for 5 min
before use.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 210 nm
Column: 4.6-mm x 15-cm; 5-lJm packing II
Column temperature: 30°
Flow rate: Adjust so that the retention time of glutathione

is about 5 min.
Injection volume: 10 IJl

System suitability
Sample: System suitabilitysolution
Suitability requirements

Resolution: NlT 5.0 between the ascorbic acid and
glutathione peaks; and NlT 5.0 between the
glutathione and L-phenylalanine peaks

R~I~tiv.e standard deviation: NMT 1.5% for replicate
injections

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any impurity in the portion of

Glutathione taken:

Result=(r vir s) x (C siC u) x 100
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= peak response of any peak from the Sample
solution other than glutathione

= peak response of the glutathione peak from the
Standard solution

=concentration of USP Glutathione RS in the
Standard solution (mg/mL)

= concentration of Glutathione in the Sample
solution (mg/mL)

Acceptance criteria . . .
Individual impurity: NMT 1.5% for the Impurity with the

relative retention time of about 4
Total impurities: NMT 2.0%

SPECIFICTESTS
• CLARITY AND COLOR OF SOLUTION

Sample solution: 0.1 g/mL in water
Analysis: Using identical tubes of colorless, transparent,

neutral glasswith a flat baseand an internal diameter of 15
25 mm, compare the liquid to be examined with water! the
depth of the layer being 40 mm. Compare the colors In
diffused daylight, viewing vertically against a white
background.

Acceptance criteria: The solution is clear and colorless.
• Loss ONDRYING (731)

Analysis: Dryat 105° for 3 h.
Acceptance criteria: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein tight containers.
• USP REFERENCE STANDARDS (11)

USP Ascorbic Acid RS
USP Glutathione RS
USP L-Phenylalanine RS

of
Ic!ioline (C8H2o~Q6P2h;J~e

Resul1:=[(Vi:- VB» ( H~_x/ilOO]f~ "
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F =equivalency I 2_5?2I1lg/rnEg
W = Sampleweig g)

Acceptim~e; criteria: 98.g'(~102.0%6flJneanl1yor6us
basis

(KOH)

5

5

:5

:5

10

20

40

3

o

8

:S

10

1~

Time
(min)

Table 1

RES
'CHLORIDE; SUL
hase:hPotassh.J '. id

gra leotwith the use ofeluentge
Table 7.

1~pionex EGC III I<OH or equivalent.

2,5]~2?
3~dlhydroxypn)pyrnyarogen

r?~~tnrrietbylai1Jrnol1!o)~thyJ

www.webofpharma.com

https://nhathuocngocanh.com/



5056 Glycerylphosphorylcholine / Dietary Supplements USP 43

h

PC

Table)

R~sult~(ri(s)~{c/tu)X'tpb

lyeerOl frqri):tb~ appj;oprJate

lY'eerfri from!he'Siqnacira

·~lvGlyceifn:RS intneStcmaard

•

Time Sol~~lDU!1\l SOJ:U~ioiiiS

~mfn) (Olti~

0 98, 2

s 98. t
,18 44 ~6

30 32 68

34 10 90

loride,
~GPC or

0,02

O:d(}"S

4.4

1.7

ents
between the acetate and tnloride

Name

Suitabilityr
Resolutio

peaks
Relative standard· deY

acetate, chloride, suit
Analysis

Samples: Standard sol
Separatel' ula '.

sulfate, '. ho
L-alpha-GPC Sol

Result;(i~lT;rx·(CsTfu),~.fog

Acetate

Phosphate

Chloride

Sulfate

. Acceptance criteria: ·See rabM;2;
• .LIMIT OF G OL

Mobile phas . Acetonitrile ancfwalef(55~~4S)

www.webofpharma.com

https://nhathuocngocanh.com/



ation

Acceptance
Criteria,:

",MTWo)'

:rable 4(continued)
_Rel~ive . Relati
Retention R

TI.me

<tQIREMENTS
D:STORAGE:'Preservelriwen~doseq

~esult ::(ru/rsr')( (Csl~(j)')((l/F)~l 00

_se-Qfeactl~iro·pUf!fY·ffomJbe.~SgriifJle

Nam~

Dietary Supplements / Glycerylphosphorylcholine 5057

;C$

'et!
:f
~ccejJb~h~c~crltena': $ee~ta6Je4.

So

98

'Solution 0
(%)'

Tiible4

Table·), (continued)

42,

43

Time
(min)

USP 43

www.webofpharma.com

https://nhathuocngocanh.com/



5058 Glycerylphosphorylcholine / Dietary Supplements USP 43

Calculate the percentage of glycyl-L-glutamine
(C7H13N30 4) in the Sample taken, excluding glycine and
glutamine:

Glycine- see Glycine General Monographs .

Gly

Gin

Result, = [(Result1 - a - b)]/[(100 - Gly - Gin)] x 100

a =Gly x (MrtlMr2)

b =Gin x (MrtlMr3)

=percentage of glycine from the Related
Compounds test

=percentage of glutamine from the Related
Compounds test

=molecular weight of glycyl-L-glutamine, 203.2
= molecular weight of glycine, 75.1
= molecular weight of glutamine, 146.1

Glycyl-L-glutamine

C7H13N30 4 • H20 221.21
L-2-(Amino acetamide)-4-amino-4-oxo-butanoic acid

monohydrate;
Glycyl-L-glutamine hydrate [13115-71-4].

DEFINITION
Glycyl-L-glutamine contains NLT 98.0% and NMT 101.5% of

glycyl-L-glutamine (C7H13N30 4) , calculated on the anhydrous
and solvent-free basis, and excluding glycine and glutamine.

IDENTIFICATION

Acceptance criteria: 98.0%-101.5% on the anhydrous and
solvent-free basis, and excluding glycine and glutamine

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221)

Sample: 0.89 g
Standard solution: 0.50 mL of 0.010 N hydrochloric acid
Acceptance criteria: ·NMT 200 ~g/g

.• CHLORIDE AND SULFATE, Sulfate (221)
Sample: 0.96 g .
Standard solution: 0.20 mL of 0.010 N sulfuric acid
Acceptance criteria: NMT 200 ~g/g

• IRON (241): NMT 10 ~g/g
• RESIDUAL SOLVENTS (467)
Acceptance criteria

Ethanol: NMT 0.5%
[NoTE-For the Acceptance criteriafor any other residual

solvents, see Residual Solvents (467).]
• LIMIT OF AMMONIUM .

Standard stock solution: Dissolve 1.486 g of ammonium
chloride in 500.0 mL of water.

Standard calibration solutions: Transfer0.01,0.1, 1.0, and
10.0 mL of Standardstock solution into separate 100-mL
volumetric flasks, and dilute with water to volume. The final
concentrations are 0.1, 1, 10, and 100 ~g/mL of
ammonium ions (NH/), respectively.

Sample solution: Transfer 1.0 g of Glycyl-L-glutamine to a
150-mL beakercontaining a plastic-coated stirring bar, add
100.0 mL of water, and stir until dissolved.

Electrode system: Usea gas-sensing, ammonia-specific
indicating electrode with internal reference connected to a
pH meter capable of measuring potentials with a minimum
reproducibility of ±0.1 mV (seepH(791». Condition the
electrode according to the manufacturer's instructions.

Analysis .
Standard response line: Transfer 100 mL of water into a
~ 50-mL beaker containing a plastic-coated stirring bar,
Insert the electrode into the water, stir, and measure the.
P?tential. Add 1 mL of 10 N sodium hydroxide solution,
stir, and measure the potential after stabilization (about
3 min). The potential difference must be below 20 mY.
Transfer 100.0 mL of each of Standard calibrationsolutions
(0.1, 1, 10, 100 ~g/mL of ammonium ions) into separate
150-mL beakers, and add 1 mL of 10 N sodium hydroxide.
Insert the electrode into each solution, stir, and measure
the potential after stabilization (about 3 min). Plot a curve
(four calibration points) of the potential (mV) asfunction
of ammonium ion concentrations (~g/mL).

Sample: Sample solution

• H20

. ,>J.
• meets the requirements for Optical Rotation, Specific

Rotation (781 S) in Specific Tests. .

ASSAY
• PROCEDURE

Sample: 300 mg
Blank: Mix 5 mL of formic acid with 50 mL of glacial

acetic acid. .
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 5 mL of formic acid, add
50 mL of glacial acetic acid, and titrate with the Titrant.
Perfor":l the Blankdetermination, and make any necessary
correction. .
Calculate the percentage of glycyl-L-glutamine

(C7H13N30 4) in the Sample taken:

Result, = [(Vs - VB) x N x (F/W)] x 100

Vs = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 203.2 mg/mEq
W =Sample weight (mg)
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W

v
C

• 2H zO

Relative Acceptance
Retention Criteria,

Name Time NMT(%)

Cyclo(gly-gln) 0.28 0.2

Glutamine 0.54 0.5

Pyroglutamic acid 0.56 0.1

Glycine 0.59 1.0

Gly-gly-gln 1.20 0.3'

Gly-glu 2.10 0.2

Anyunspecified impurity - 0.1

Totalunspecified impurities - 0.5

Result=(ru/rr) xl 00

to = peak response of each individual impurity
rr = sum of the responses of all the peaks, excluding

peak responses of glycine and glutamine

Acceptance criteria: See Table 1.

Table 1

Cu = concentration of Glycyl-L-glutamine in the Sample
solution (mg/mL)

Calculate the percentage of any other specified and
unspecified impurities in the portion of the Sample
taken:

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 100 mg/mLin 2 N hydrochloric acid.
Perform the measurement at 20°.

Acceptance criteria: -5.5° to -7.5°.on the anhydrous basis
• WATER DETERMINATION, Method la (921): 7.0%-9.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight,

light-resistant containers.
• USP REFERENCE STANDARDS (11)

USP t-Alanyl-t-alanlne RS
USP L-Alanyl-L-glutamine RS
USP Glutamine RS
USP Glycine RS
USP Glycyl-L-glutamine RS

Glycyl-L-tyrosine

C" H'4N204·2H20 274.27
L-2-Aminoacetamide-3-(parahydroxyphenyl) propionic acide

dihydrate;
Glycyl-L-tyrosine dihydrate [658-79-7].

DEFINITION
Glycyl-L-tyrosine contains NLT 98.0% and NMT 101.5% of

glycyl-L-tyrosine (CllH,4N204), calculated on the anhydrous
and solvent-free basis, and excluding glycine and tyrosine.

Rinse the electrode, insert it into the Sample solution, add
1 mL of 10 N sodium hydroxide, and stir. Check the
pH, which must be above 11; if not, adjust with 10 N
sodium hydroxide. After 3 min, measure the potential,
and determine the corresponding ammonium ion
concentration from the calibration curve.

Calculate the content of ammonium in the portion of the
Sample taken:

Result=(ru/rs) x (CslCu) x 100

=peak response of glutamine or glycine from the
Sample solution

= peak response of glutamine from Standard
solution 1 or glycine from Standard solution 2

=concentration of USP Glutamine RS in Standard
solution 1 (mg/mL) or concentration of USP
Glycine RS in Standard solution 2 (mg/mL)

Result= (V x C)/W

= volume of the Sample solution (mL)
= concentration of ammonium ions in the Sample

solutiondetermined from the Standard
response line (lJg/mL)

= weight of Glycyl-L-glutamine taken to prepare the
Sample solution (g)

Acceptance criteria: NMT 200 I-Ig/g
• RELATED COMPOUNDS

Buffer solution: Dissolve 6.84 9 of potassium phosphate in
1000 mL of water.

Mobile phase: Acetonitrile and Buffer solution(65:35)
System suitability solution: Transfer 25 mg of USP

L-Alanyl-L-glutamine RS and 5 mg of USP
L-Alanyl-alanineRS into a 25-mL volumetric flask, and dilute
with water to volume. Transfer 1.0 mL of this solution into a
1O-mLvolumetric flask containing 20 mg of USP
Glycyl-L-glutamine RS, and dilute with Mobilephaseto
volume.

Standard solution 1: 0.0125 mg/mL of USP Glutamine RS
in Mobilephase

Standard solution 2: 0.025 mg/mL of USP Glycine RS in
Mobilephase

Sample solution: 2.5 mg/mL of Glycyl-L-glutamine in
Mobilephase

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L8
Flow rate: 0.7 mL/min
Injection volume: 20 IJL

System suitability
Sample: System suitability solution

[NOTE-The relative retention times for
t-alanyl-t-alanine, L-alanyl-L-glutamine, and
glycyl-L-glutamine are 0.83, 0.96, and 1.0,
respectively.]

Suitability requirements
Column efficiency: NLT 8000 theoretical plates for the

L-alanyl-L-glutamine peak
Resolution: NLT 2.0 between t-alanyl-t-qlutarnlne and

t-alanyl-t-alanine
Analysis

Samples: Standard solution 1, Standard solution 2, and
Sample solution

Calculate the percentage of glutamine and glycine in the
portion of the Sample taken:
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IDENTlflCATeON

Acceptance criteria: 98.0%-1.01.5% ~n the anhyd~ous and
solvent-free basis, and excluding glycine and tyrosine

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221)

Sample: 0.89 9 . .
Standard solution: 0.50 mL of 0.010 N hydrochloric acid
Acceptance criteria: NMT 200 ~g/g

• CHLORIDE AND SULFATE, Sulfate (221)
Sample: 0.96 9 . .
Standard solution: 0.20 mL of 0.010 N sulfuric acid
Acceptance criteria: NMT 200 ~g/g

• IRON (241): NMT 10 ~g/g
• RES.IDUAL SOLVENTS (467)

Acceptance criteria
Ethanol: NMT 0.5%
[NoTE-For the Acceptance criteriafor any other residual

solvents, see Residual Solvents (467).]

• LIMIT OF AMMONIUM
Standard stock solution: Dissolve 1.486 9 of ammonium

chloride in 500.0 mL of water.
Standard calibration solutions: Transfer0.01,0.1, 1.0, and

10.0 mL of Standardstock solution into separate 100-m.L
volumetric flasks, and dilute with water to volume. The final
concentrations are 0.1, 1, 10, and 100 ~g/mL of
ammonium ions (NH/), respectively.

Sample solution: Transfer 1.0 g o! Glycyl-L-t>:r~sine to a
150-mL beaker containing a plastic-coated stirring bar, add
100.0 mL of water, and stir until dissolved.

Electrode system: Usea gas-sensing, ammonia-specific
indicating electrode with internal referenceconnected to a
pH meter capable of measuring potentials with a.~inimum
reproducibility of ±0.1 mV (see pH (791)~. ~ondltlc;>n the
electrode according to the manufacturer s Instructions.

Analysis .
Standard response line: Transfer ~ 00 mL of "Ya~er Into a

150-mL beaker containing a plastic-coated stirring bar,
insert the electrode into the water, stir, and measurethe
potential. Add 1 mL of 10 N sodium hydroxide solution,
stir, and measure the potential after stabilization (about
3 min). The potential difference must be below 20 mY.
Transfer 100.0 mL of each of Standardcalibrationsolutions
(0.1, 1, 10, 100 ~g/mL of ammonium ion~).int? sepa~ate
150-mL beakers, and add 1 mL of 10 N sodium hydroxide.
Insert the electrode into each solution, stir, and measure
the potential after stabilization (about 3 min). Plot a curve
(four calibration points) of the potential (mV) asfunction
of ammonium ion concentrations (~g/mL).

Sample: Sample solution .. .
Rinse the electrode, insert It Into the Sample soiutlon, add

1 mL of 10 N sodium hydroxide, and stir. Check the
pH, which must be above 11; if not, adjust with 10 .N
sodium hydroxide. After 3 min! measure t~e pc;>tentlal,
and determine the corresponding ammonium Ion
concentration from the calibration curve.

Calculate the content of ammonium in the portion of the
Sample taken:

Result= (V x C)/W

V = volume of the Sample solution (mL)
C =concentration of ammonium ions in the Sample

solution determined from the Standard
response line (~g/mL)

W =weight of Glycyl-L-tyrosinetaken to prepare the
Sample solution (g)

Acceptance criteria: NMT 200 ~g/g

• RELATED COMPOUNDS
Buffer solution: Dissolve 6.84 9 of potassium phosphate in

1000 mL of water.
Mobile phase: Acetonitrile and Buffer solution (65:35)
System suitability solution: Transfer25 mg of USP

L-Alanyl-L-glutamine RS and 5 mg of USP .
L-Alanyl-alanineRS into a 25-mL volumetric.flask, ~nd ~llute
with water to volume. Transfer1.0 mL of this solution Into a
1O-mLvolumetric flask containing 20 mg of USP
Glycyl-I-tyrosine RS, and dilute with Mobilephaseto
volume.

Standard solution 1: 0.037 mg/mL of USP L-Tyrosine RS in
Mobilephase . .

Standard solution 2: 0.025 mg/mL of USP Glycine RS In
Mobilephase .. .

Sample solution: 2.5 mg/mL of Glycyl-t-tyrosine In Mobl!«
phase .

Chromatographic system
(See Chromatography (621), System Suitability.)

=percentage of glycine from the Related
Compounds test

=,percentage of tyrosine from the Related
Compounds test

=molecular weight of glycyl-L-tyrosine, 238.2
= molecular weight of glycine, 75.1
=molecular weight of tyrosine, 181.2

Gly

Tyr

the requirementsfor OpticalRotation Specific
Rotation (781S) in Specific Tests.

ASSAY
• PROCEDURE

Sample: 300mg' .
Blank: Mix 5 mL of formic acid with 50 mL of glacial

acetic acid.
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potenti.ometric ..

Analysis: Dissolvethe Sample In 5 mL of formic aCI~, add
50 mL of glacial acetic acid, and titrate with the TItrant.
Perform the Blankdetermination, and make any necessary
correction.
Calculate the percentage of glycyl-L-tyrosine (CllH14N204)

in the Sample taken:

Result! =reVs - VB) x N x (F/W)] x 100

Vs =Titrant volume consumed by the Sample (rnL)
VB =Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F = equivalency factor, 238.2 mg/mEq
W =Sample weight (mg)

Calculate the percentage of glycyl-L-tyrosine (CllH14N204)
in the Sample taken, excluding glycine and tyrosine:

Result,= [(Result! - a - b)]/[(l 00 - Gly:'" Tyr)] x 100

a =Gly x (MrdMr2)

b = Tyr x (MrdMr3)
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Mode: LC
Detector: UV215 nm
Column: 4.6-mm x 25-cm; 5-l..Im packing L8
Flow rate: 0.7 mL/min
Injection volume: 20 I..IL

System suitability
Sample: System suitabilitysolution

[NOTE-The relative retention times for
glycyl-L-tyrosine, L-alanyl-L-alanine, and
L-alanyl-L-glutamine are 1.0, 1.6, and 1.8,
respectively.]

Suitability requirements
Column efficiency: NlT 8000 theoretical plates for the

L-alanyl-L-glutamine peak
Resolution: NLT 2.0 between L-alanyl-L-glutamine and

L-alanyl-L-alanine
Analysis

Samples: Standard solution 1, Standardsolution2, and
Sample solution

Calculate the percentage of tyrosine and glycine in the
portion of the Sample taken:

Result= (rulrs) x (CslCu) x 100

= peak response of tyrosine or glycine from the
Sample solution

=peak response of tyrosine from Standard solution
1 or glycine from Standardsolution 2

= concentration of USP L-Tyrosine RS in Standard
solution 1 (mg/mL) or concentration of USP
Glycine RS in Standard solution2 (mg/mL)

= concentration of Glycyl-L-tyrosine in the Sample
solution (mg/mL)

Calculate the percentage of any other specified and
unspecified impurities in the portion of the Sample
taken:

Result = (ru/rr) x 100

t» = peak response of each individual impurity
r, = sum of the responsesof all the peaks, excluding

peak responses of glycine and tyrosine

Acceptance criteria: See Table 1.

Table 1
Relative Acceptance

Retention Criteria,
Name Time . NMT(%)

Cyclo(gly-tyr) 0.41 0.2

Plvaloyl-t-tyroslne 0.48 0.1

Tyrosine 0.67 1.5

Glycine 1.15 1.0

Gly-qly-tyr 1.27 0.3

Any unspecified impurity - 0.1

Total unspecified impurities - 0.5

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 20 mg/mL in water. Perform the
measurement at 20°.

Acceptance criteria: +46.0° to +50.0° on the anhydrous
basis

• WATER DETERMINATION, Method la (921): 10.0%-16.0%

DietarySupplements / Goldenseal 5061

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed tight

light-resistant containers. ' ,
• USP REFERENCE STANDARDS (11)

USP Alanyl-L-alanine RS
USP L-Alanyl-L-glutamine RS
USP Glycine RS
USP Glycyl-I-tyrosine RS
USP L-Tyrosine RS

Goldenseal

DEFINITION
Goldenseal consists of the dried roots and rhizomes of

Hydrastis canadensis L. (Fam. Ranunculaceae). It contains
NLT 2.0% of hydrastine (C21H21N06) and NLT 2.5% of
berberine (C2oH1SN04), calculated on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: Prepare a composite solution
containing 0.5 mg/mL of USP Hydrastine RS and 0.025 mg/
ml of USP Berberine Chloride RS in methanol ",

Sample solution: Sonicate 0.25 g of Goldenseal root and
rhizome in 4 mL of 80% methanol for 30 min. Withdraw
the supernatant, and wash the residue twice with 2-mL
aliquots of methanol. Combine the supernatant and
rinsates in a 20-ml volumetric flask, and adjust with
methanol to volume. Mix well and filter before use.
[NOTE-If prolonged storage is required, keep the Sample

solution refrigerated.]
Chromatographic system

Mode: HPTlC
Adsorbent: Chromatographic silica gel with an average

particle size of 5 I..Im (HPTLC plate)'
Application volume: 5 I..IL each of Standard solutionand

Sample solutionas 8-mm bands
Temperature: Ambient, not to exceed 30°
Developing solvent system: A mixture of ethyl acetate

methanol, formic acid, and water (50:10:6:3) ,
System suitability

Sample: Standard solution
Apply as a band and dry in air. Condition at relative

humidity of about 33%. Develop in a saturated chamber
until the solvent front has migrated over a path of 6 em.
Dry in a stream of cold air, and examine under the
long-wave (365 nm) UV light.

Suitability requirements
Chromatographic pattern: Under long-wave UV
. (365 nm), the chromatogram exhibits the dark-blue

band at about one-third of the migration distance due
to hydrastine, and a bright yellow band at roughly
halfway due to berberine.

Analysis
Samples: Standard solutionand Sample solution
Treat and examine the Samples as described in System

SUitability.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits a bright blue fluorescent band due to
hydrastinine close to the application line; additional deep
blue zones may be observed immediately above and below
this band. In the middle third of the chromatogram, a deep
blue band coincident with hydrastine, and a bright yellow
fluorescent band coincident with berberine in the Standard

1 Suitable commercially available plates are HPTLCSilica Gel 60 F2S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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solution are observed. Proximal to the solventfront, a deep
blue band is seen. The presence of a second yellow band
belowthat of berberine, commonly ascribed to palmatine,
isa likely sign of adulteration. The deep blue hydrastine
band helps distinguish Goldenseal from numerous
berberine-containing species.

COMPOSITION
• CONTENT OF BERBERINE AND HYDRASTINE AND LIMIT OF

PALMATINE
Mobile phase: Dissolve 9.93 g of monobasicpotassium

phosphate in 730 mLof water and add 270 mL of
acetonitrile. Mix, filter, and degas.

Solvent: Amixture of 0.1 M monobasic potassium
phosphate and acetonitrile (60:40)

Standard solution: 0.05 mg/mL each of USP Berberine
Chloride RS and USP Hydrastine RS ina mixtureofmethanol
and water (1:1)

System suitability solution: Preparea solution of palmatine
chloridein a mixture of water and methanol (1 :1) with a
known concentration of about 0.05 mg/mL. Mix equal
volumes of this solution and the Standard solution.

Sample solution: Finely powder a quantity of Goldenseal,
and transferabout 0.12 g, accuratelyweighed, to a 50-mL
volumetric flask. Add 40 mL of Solvent, sonicatefor 5 min,
and shakefor 10 min. Dilute with Solvent to volume, mix,
and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm x 150-mm; packing L1
Flowrate: 1.8 mL/min
Injection volume: 10 fJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements .

Resolution: NLT 1.5 between the berberineand
palmatine peaks; NLT 1.5 between the hydrastine and
palmatine peaks, System suitability solution

Capacity factor: NLT 3.0 for the hydrastine peak,
Standard solution .

Column efficiency: NLT 5000 theoretical plates,
determined from the hydrastineand berberine peaks,
Standard solution

Tailing/actor: NMT 2.0, determined fromthe hydrastine
and berberine peaks, Standard solution

Relativestandard deviation: NMT 2.5%, determined
from the hydrastineand berberine peaks in repeated
injections, Standard solution .

Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of hydrastine (C21H21N06) and

berberine (C2oH18N04) in the portion of Goldenseal
taken:

Result =(ru/rs) x Cs x (V/W) x 100

to = peakarea of berberineor hydrastine inthe Sample
solution

ts =peak area of berberine or hydrastine in the
Standard solution

Cs =concentration of berberine or hydrastine in the
Standard solution (mg/mL)

V = volume of the Sample solution (mL)
W· = weight of powdered Goldenseal used to prepare

the Sample solution (mg)
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Using the values obtained from the chromatogram of the
Sample solution, divide the peak area of berberine by the
area of any peak at the locusfor palmatine (ifpresent).

Acceptance criteria: NLT 2.0% of hydrastine(C2lH2lN06)
and NLT 2.5% of berberine(C2oH18N04) on the dried basis.
The ratioof the berberinepeakarea to any peakarea at the
locusfor palmatine is more than 50:1.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meetsthe requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The rhizome is knotty, subcylindrical, and
occasionally has an aerial stem. It is 1-5 cm in length and
2-10 mm in diameter. Externally, the rhizomeis brown to
duskyyellowish orange, deeplyfurrowed, and marked by
numerous stem and bud scalescars. Numerousbrittleroots
arise roughlyfrom the same sideof the main axis.: Fractures
are short and resinous, with a darkyellowto .
yellowish-brown bark, greenish-yellow margins, and a
yellowish-orange center that iswaxy in appearance. An
interrupted circle of small, radially elongated fibrovascular
bundles are alsopresent.The rootsare filiform, up to 35 em
in length and 1 mm in diameter, and are either curved or
twisted, tangled together, or broken. Fractures are short
andbrittle, and show an internalcolor of yellowish orange
to greenish yellow.

Microscopic
Transverse section of rhizome and root: The rhizome has

polygonal, yellowish-brown, thin- to slightly thick-walled
cork cells. Wedge-shapedvascular bundles are separated
by wide medullary rays. Tracheary elements are lignified
and have slit-shaped pits.Afew large vessels with
reticulate thickenings are also present. The parenchyma
tissue iscomposed of polygonal cells with abundant
simple or compound starch grains up to 8 um in
diameter. Afew irregularly shaped resin cells are present
in the cortex and the pith. Masses of granular,
orange-brown matter are present in the parenchyma
tissues. The roots have a single layerof irregularly,
elongated corkcells. The tracheary elements are
associatedwith lignified fibers. Fragmentsof the
epidermis are sometimes present near the base of the
rhizome and are composed of cells with thick, lignified,
beaded walls.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 2.0 g of Goldenseal, finely powdered
Analysis: Dry the Sample at 1000 for 5 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 1.0 g of Goldenseal, finely powdered
Analysis: NMT 9.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store protected from light, moisture, and heat.
• LABELING: The label states the Latin binomial and, followinq

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Berberine Chloride RS
USP Hydrastine RS
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Powdered Goldenseal
DEFINITION
Powdered Goldenseal is Goldenseal reduced to a fine or very

fine powder. It contains NLT 2.0% of hydrastine
(C21H21N06) and NLT 2.5% of berberine (C2oH1SN04),
calculated on the dried basis.

IDENTIFICATION
• A. HPTLe FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: Preparea composite solution
containing 0.5 mg/mL of USP Hydrastine RS and 0.025 mg/
mL of USP Berberine Chloride RS in methanol

Sample solution: Sonicate 0.25 g of Powdered Goldenseal
root and rhizome in 4 mL of 80% methanol for 30 min.
Withdraw the supernatant, and wash the residue twice with
2-mL aliquots of methanol. Combine the supernatant and
rinsates in a 20-mL volumetric flask, and adjust with
methanol to volume. Mix well and filter before use.
[NOTE-If prolonged storage isrequired, keep the Sample

solution refrigerated.]
Chromatographic system

Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTLC plate)'
Application volume: 5 IJLeach of Standard solution and

Sample solution as 8-mm bands
Temperature: Ambient, not to exceed 30°
Developing solvent system: A mixture of ethyl acetate,

methanol, formic acid, and water (50:10:6:3)
System suitability -

Sample: Standard solution
Apply as a band and dry in air. Condition at a relative

humidity of about 33%. Develop in a saturated chamber
until the solvent front has migrated over a path of 6 cm.
Dry in a stream of cold air, and examine under long-wave
(365 nm) UV light.

Suitability requirements
Chromatographic pattern: Under long-wave UV

(365 nm), the chromatogram exhibits a dark-blue band
at about one-third of the migration distance due to
hydrastine and a bright yellow band at roughly halfway
due to berberine.

Analysis
Samples: Standard solution and Sample solution
Treat and examine the Samples as described in System

suitability.
Acceptance criteria: The chromatogram of the Sample

solution exhibits a bright blue fluorescent band due to
hydrastinine close to the application line; additional deep
blue zones may be observed immediately above and below
this band. In the middle third of the chromatogram, a deep
blue band coincident with hydrastine and a bright yellow
fluorescent band coincident with berberine in the Standard
solution are observed. Proximal to the solvent front, a deep
blue band is seen. The presence of a second yellow band
below that of berberine, commonly ascribed to palmatine,
is a likely sign of adulteration. The deep blue hydrastine
band helps distinguish Powdered Goldenseal from
numerous berberine-containing species.

COMPOSITION
• CONTENTOF BERBERINE AND HYDRASTINE AND LIMIT OF

PALMATINE
Mobile phase: Dissolve 9.93 g of monobasic potassium

phosphate in 730 mL of water and add 270 mL of
acetonitrile. Mix, filter, and degas.

1 Suitablecommerciallyavailable plates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.g., PartNo. 1.05642.0001).
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Solvent: A mixture of 0.1 M monobasic potassium
phosphate and acetonitrile (60:40)

Standard solution: 0.05 mg/mL each of USP Berberine
Chloride RS and USP Hydrastine RS in a mixture of methanol
and water (1:1)

System suitability solution: Preparea solution of palmatine
chloride in a mixture of water and methanol (1:1) with a
known concentration of about 0.05 mg/mL. Mix equal
volumes of this solution and the Standard solution.

Sample solution: Transfer about 0.12 g of Powdered
Goldenseal, accurately weighed, to a 50-mL volumetric
flask. Add 40 mL of Solvent, sonicate for 5 min, and shake
for 10 min. Dilute with Solvent to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm x 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 IJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 1.5 between the berberine and
palmatine peaks; NLT 1.5 between the hydrastine and
palmatine peaks, System suitability solution . "

Capacity factor: NLT 3.0 for the hydrastine peak,
Standard solution

Column efficiency: NLT 5000 theoretical plates,
determined from the hydrastine and berberine peaks,
Standard solution

Tailing factor: NMT 2.0, determined from the hydrastine
and berberine peaks, Standard solution

Relative standard deviation: NMT 2.5%, determined
from the hydrastine and berberine peaks in repeated
injections, Standard solution

A~~ili . .
Samples: Standard solution and Sample solution
Calculate the percentages of hydrastine (C21H21N06)and

berberine (C2oH1SN04) in the portion of Powdered
Goldenseal taken:

Result= (ru/rs) x Cs x (V/W) x 100

=peak area of berberine or hydrastine from the
Sample solution

= peak area of berberine or hydrastine from the
Standard solution

=concentration of berberine or hydrastine in the
Standard solution (mg/mL)

=volume of the Sample solution (mL)
= weight of Powdered Goldenseal used to prepare

the Sample solution (mg)

Using the values from the chromatogram of the Sample
solution, divide the peak area of berberine by the area of
any peak at the locus for.palrnatine (if present).

Acceptance criteria: NLT 2.0% of hydrastine (C21H21N06)
and NLT 2.5% of berberine (C2oH1SN04) on the dried basis.
The ratio of the berberine peak area to any peak area at the
locus for palmatine is more than 50:1.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
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SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: The powder isdarkyellowto

moderately greenish-yellow with an aromatic odor and
bitter taste. Abundant starch granules are present and are
either spherical or ovoid; the granules are simple or
compounded, with an occasionalslit-shaped hilum.
Parenchyma cells range from polygonal to round and are
filled with starch or brown resin.Tracheary elements with
slit-shaped pits and a few large reticulated vessels are
present, as are beaded, thick-walled elongated epidermal
cells. Thinfragments of cork layerare also present.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• Loss ON DRVING (731)
Sample: 2 g of Powdered Goldenseal, finely powdered
Analysis: Drythe Sample at 100° for 5 h.
Acceptance criteria: NMT 12.0% .

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT 9%
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store protected from light and moisture.
• LABELING: The labelstates the Latin binomialand, followinq

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Berberine Chloride RS
USP Hydrastine RS

Powdered Goldenseal Extract

DEFINITION
Powdered Goldenseal Extractis prepared from the pulverized

dried roots and rhizomesof Hydrastis canadensis L. (Fam.
Ranunculaceae), using suitable solvents. It contains NLT 5%
of hydrastine (C2lH2lN06) and NLT 10% of the sum of
berberine (C2oHlsN04) and hydrastine, calculated on the
dried basis. The ratio of starting crude plant material to
Powdered Goldenseal Extract is 2:1.

IDENTIFICATION
• A. HPTlC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: Prepare a composite solution
containing 0.5 mg/mLof USP Hydrastine RS and 0.025 mg/
mLof USP Berberine Chloride RS in methanol.

Sample solution: 10 mg/mL of Powdered Goldenseal
Extractin a mixture of methanol and water (1:1). Sonicate
for 20 min, cool to room temperature, and filter.
[NOTE-If prolonged storage isrequired, keep the Sample
. solution refrigerated.]

Chromatographic system
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 urn (HPTLC plate)"
Application volume: 5 ~L each of Standardsolution and

Sample solution as 8-mm bands
Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methanol,
formic acid, and water (50:10:6:3)

System suitability
Sa~ple: Standardsolution

1 Suitablecommercially available plates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Applyas a band and dry in air. Condition at relative
humidity of about 33%. Develop in a saturated chamber
until the solvent front has migrated over a path of 6 cm.
Dryin a current of cold air, and examine under long-wave
(365 nm) UV light.

Suitability requirements
Chromatographic pattern: The chromatogram

exhibits a dark-blue band at about one-third of the
migration distance due to hydrastineand a bright-yellow
band at roughly halfwaydue to berberine. .

Analysis ,
Samples: Standardsolution and Sample solution
Treat and examine the Samples as described in.System

suitability.
Acceptance criteria: The chromatogram of the Sample

solution exhibits a bright blue fluorescent band due to
hydrastinine close to the application line; additional deep
blue zones may be observed immediatelyabove and below
this band. Inthe middle third of the chromatogram, a deep
blue band coincident with hydrastineand a bright-yellow
fluorescent band coincident with berberine in the Standard
solutionare observed. Proximal to the solvent front, adeep
blue band isseen. The presence of a second yellow band
below that of berberine, commonly ascribed to palmatine,
is a likely sign of adulteration. The deep blue hydrastine
band helps distinguish Powdered Goldenseal Extractfrom
numerous berberine-containing species.

COMPOSITION
• CONTENT OF BERBERINE AND HVDRASTINE AND LIMIT OF

PALMATINE
Mobile phase: Dissolve 9.93 g of monobasic potassium

phosphate in 730 mLof water and add 270 mLof
acetonitrile. Mix, filter, and degas.

Standard solution: 0.05 mg/mL each of USP Berberine
ChlorideRS and USP Hydrastine RS ina mixtureof methanol
and water (1:1)

System suitability solution: Preparea solution of palmatine
chloride in a mixture of water and methanol (1:1) with a
known concentration of about 0.05 mg/mL. Mix equal
volumes of this solution and the Standardsolution.

Sample solution: 2 mg/mL of PowderedGoldensealExtract
in a mixture of methanol and water (1:1). Sonicate for
20 min, cool to room temperature, and filter. [NOTE,-The
sample to be used in this test should not be subjected to
the conditions specified in the test for Loss on Drying. A
separate sample is used to determine the content on the
dried basis.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV235 nm
Column: 4.6-mm x 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 ~L

System suitability
Samples: Standardsolution and System suitability solution
Suitability requirements

Resolution: NLT 1.5 between the berberine and
palmatine peaks; NLT 1.5 between the hydrastine and
palmatine peaks, System suitabilitysolution

Capacity factor: NLT 3.0 for the hydrastine peak,
Standardsolution

Column efficiency: NLT 5000 theoretical plates,
determined from the hydrastineand berberine peaks,
Standardsolution

Tailing factor: NMT 2.0, determined from the hydrastine
and berberine peaks, Standardsolution
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Relative standard deviation: NMT 2.5%, determined
from the hydrastine and berberine peaks in replicate
injections, Standardsolution

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentages of hydrastine (C21H21N06) and

berberine (C2oH1SN04) in the portion of Powdered
Goldenseal Extracttaken:

Result =(r vir s) x (C siC v) x 100

ru = peak area of berberine or hydrastine from the
Sample solution

r s = peak area of berberine or hydrastine from the
Standardsolution

C s = concentration of berberine or hydrastine in the
Standardsolution (mg/mL)

C u = concentration of Powdered Goldenseal Extract
in the Sample solution (mg/mL)

Using the valuesfrom the chromatogram of the Sample
solution, divide the peak area of berberine by the area of
any peak at the locus for palmatine (if present).

Acceptance criteria: NLT 5% of hydrastine and NLT 10% of
the sum of hydrastine and berberine on the dried basis.The
ratio of the berberine peak area to any peak area at the locus
for palmatine is more than 50:1.

CONTAMINANTS

·~'ii.·~~~/~*
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. : Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104du/g, and the total
combined molds and yeasts count does not exceed 103 dul
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1.0 g of Powdered Goldenseal Extract
Analysis: DrY the Sample at 105° for 2 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store protected from light and moisture.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant from which the
article was prepared. Label to indicate the content of
hydrastine and berberine, the extracting solvent used for
preparation, and the ratio of the starting crude plant
material to the Powdered Goldenseal Extract.

• USP REFERENCE STANDARDS (11)
USP BerberineChloride RS
USP Hydrastine RS

Dietary Supplements / Grape Seeds 5065

Grape Seeds Oligomeric
Proanthocyanidins
DEFINITION
Grape Seeds Oligomeric Proanthocyanidins is a fraction of an

extract of the ripe seeds of Vitis vinifera L. (Fam. Vitaceae). It
contains NLT 75.0% of oligomeric proanthocyanidins, on
the anhydrous basis. The extract is prepared using suitable
solvents such as alcohol, methanol, acetone, ethyl acetate,
water, or mixturesof these solvents, ina ratio ofstarting plant
material to extract between 70:1 and 10:1. The extract is
further enriched in oligomeric proanthocyanidins by
fractionation with ethyl acetate or by other means.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Adsorbent: Chromatographic silica gel with an average

particlesize of 5 IJm and a layerthickness of about 0.2 mm
(HPTLC plates)

Standard solution A: Dissolve a quantity of USP Purified
Grape Seeds Oligomeric Proanthocyanidins RS in .
methanol, using sonication, to obtain a solution havinq a
concentration of about 5 mg/mL. Centrifuqe if necessary,
and use the clear supernatant. [NOTE-Prepare fresh.]

Standard solution B: Dissolve a quantity of USP
(+)-Catechin RS in methanol, using sonication, to obtain a
solution having a concentration of about 1 mg/mL.

Sample solution: Proceed as directed for Standardsolution
A,except use the Grape Seeds Oligomeric
Proanthocyanidins.

Developing solvent system: Amixtureof acetone, toluene,
and formic acid (15:15:5)

Spray reagent: Dissolve about 100 mg of vanillin in 3-mL of
methanol using sonication. Add about 3 mLof hydrochloric
acid, dilute with methanol to 10 n:JL, and carefully mix
under cold water. [NOTE-Prepare fresh.]

Application volume: 15 IJL, as 5-1 O-mm bands
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution
Applythe Samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621)}.
Usea saturated chamber. Develop the chromatograms
until the solvent front has moved up about 90% of the
plate. Removethe plate from the chamber, dry, spray
with the Spravreaqent, dry, and examine under visible
light.

Acceptance criteria: The chromatogram of the Sample
solution exhibits pink-violet bands, corresponding in color
and RF to those in the chromatogram of Standardsolution
A, at the following approximate RF values: a pair of bands
between 0.20 and 0.23 (trimeric proanthocyanidins), a
band at 0.28 (proanthocyanldln-Bj-Svo-qallate), a band at
0.31 (B-type dimeric proanthocyanidins), and a band at
0.43 «-)-epicatechin-3-0-gallate). The chromatogram of
the Sample solution may exhibit a pink-violet band at an
approximate RFof0.49 (residualflavan 3-01 monomers and/
or gallic acid) corresponding to the band in the
chromatogram of Standardsolution B. Other pink-violet
bands may also be observed.

• B. The chromatogram of the Sample solutionobtained inthe
test for Limit of Catechin and Epicatechin exhibits peaks due
to proanthocyanidin dimer B1, proanthocyanidin dimer B2,
(-)-epicatechin-3-0-gallate, and a broad peak due to other
oliqcmerlcproanthocyarudtns at retention times
corresponding to those in the chromatogram of Standard
solutionB.
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COMPOSITION
• CONTIENT OF OLIGOMERIC PROANTHOCYANIDINS

Internal standard solution: Prepare a solution of butylated
hydroxy toluene in Mobile phasecontaining about 0.3 mg/
mL.

Standard solution A: Dissolve a weighed quantity of USP
Purified Grape Seeds Oligomeric Proanthocyanidins RS in
Internal standard solution to obtain a solution having a
known concentration of about 1.0 mg/mL.

Standard solution B: Dissolvea portion of USP(+)-CatechiQ
RS in Internal standard solution to obtain a solution having a
known concentration of about 0.2 mg/mL.

Sample solution: Dissolve a weighed quantity of Grape
Seeds Oligomeric Proanthocyanidins in Internal standard
solution to obtain a solution having a known concentration
of about 1.0 mg/mL. Centrifuge, and use the clear
supernatant.

Mobile phase: Prepare a filtered and degassed mixture of
tetrahydrofuran and an aqueous solution of lithium
bromide (about 1 mg/mL) (95:5).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 7.5-mm x 30-cm; s-um, soo-A, packing L21
Column temperature: 25° ± 1
Flow rate: 1.0 mL/min
Injection size: 10 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements. Measure the responses as

determined under Analysis.
Relative standard deviation: NMT 2.0% determined

from the the peak area ratio of the oligomeric
proanthocyanidins to the internal standard in repeated
injections, Standard solution A .

Resolution: NLT 3.0 between the peaks of monomers
and the internal standard, Standard solution B

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution .
Chromatograph Standard solution A and determine the

beginning and end of the retention time windowfor the
integration of oligomeric proanthocyanidins; at the
points where the response of the main peak is about
0.5% 'of its maximum. Record the peak area ratio of the
oligomeric proanthocyanidins to the internal standard.
Chromatograph Standard solution Band the Sample
solution and identify the locus for the monomers.
Integrate the areas of the main peaks within the .
retention time window as determined for Standard
solution A, excluding the area above the. main peak, at
the locus identified for the monomers; using a proper
integration method,

Calculate the percentage of the oligomeric
proanthocyanidins in the portion of the Grape Seeds
Oligomeric Proanthocyanidins taken:

Result = (Ru/Rs) x (Cs/Cu) x 100

=peak response ratio of the oligomeric
proanthocyanidins to the internal standard from
the Sample solution

=peak response ratio of the oligomeric
proanthocyanidins to the internal standard from
Standard solution A

= concentration of USP Purified Grape Seeds
Oligomeric Proanthocyanidins RS in Standard
solution A (mg/mL)

USP 43

=concentration of Grape Seeds Oligomeric
Proanthocyanidins in the Sample solution
(mg/mL)

Acceptance criteria: NLT75.0% on the anhydrous basis

IMPURITIES

SPECIFIC TESTS
• LIMIT OF CATECHIN AND EPICATIECHIN

Solution A: Use acetonitrile.
Solution B: Use a 0.3% aqueous solution of 85%

phosphoric acid.
Solvent: Prepare a mixture of Solution A and Solution B(1:9).
Standard solution A: Dissolve, using sonication, a weighed

quantity of USP(+)-Catechin RS in Solvent to obtain a
solution having a known concentration of about 0.5 mg/
mL.

Standard solution B: Dissolve, using sonlcatlon..a weighed
quantity of USPGrape Seeds Oligomeric
Proanthocyanidins RS in Solvent to obtain asolution
having a known concentration of about 5 mg/mL.
Centrifuge, and use the clear supernatant.

Sample solution: Proceed as directed for Standard solution
S, except use the Grape Seeds Oligomeric
Proanthocyanidins.

Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 10 90

45 20 80

65 60 40

66 10 90

85 10 90

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 0.7 mL/min
Injection size: 10 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

The chromatogram obtained from Standard solution B is
similar to the Reference Chromatogram provided with
the lot of the USP Grape Seeds Oligomeric
Proanthocyanidins RS being used.

Tailing factor: NMT 2.0 for the catechin peak,Standard
solution A

Relative standard deviation: NMT2% determined from
the catechin peak in repeated injections, Standard
solution A

Analysis .
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatogram of Standard solution A, Standard

solution S, and the Reference Chromatogram provided
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with the lot of USP Grape Seeds Oligomeric
Proanthocyanidins RS being used, identifythe retention
times of the peaks corresponding to (+)-catechin and
(-)-epicatechin. The approximate relativeretention
times of the peaks are 1.0 and 1.43 for (+)-catechin and
(-)-epicatechin, respectively.

Calculate the sum of the percentages of (+)-catechin and
(-)-epicatechin in the portion of the Grape Seeds
Oligomeric Proanthocyanidins taken:

(ru/rs) x (C x V/W) x 100

=sum of the peak responses for (+)-catechin and
(-)-epicatechin from the Sample solution

=peak response for (+)-catechin in Standard
solutionA

= concentration of USP (+)-Catechin RS in Standard
solutionA (mg/mL)

=final volume of the Sample solution (mL)
= weight of Grape Seeds Oligomeric

Proanthocyanidins taken to prepare the Sample
solution (mg)

Acceptance criteria: NMT 19.0% on the anhydrous basis
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g. The total
combined yeast and mold count does not exceed 103

cfu/g.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets

the requirements of the tests for absence of Salmonella
species and Escherichia coli.

• RESIDUE ON IGNITION (281): NMT 0.5%, determined on
5.0 g

• WATER DETERMINATION, Method la (921) : NMT 8.0%
• WATER-INSOLUBLE FRACTION

Analysis: Transfer about 1 g, weighed, to a suitable flask.
Add 100 mLof water, and shake vigorouslyfor 15 min. Pass
the solution through a previously tared sintered-glassfilter,
wash the flask with 30 mLof water, and transfer the
washings to the filter. Wash the filter with 30 mL of water
in 5-mL portions. Drythe filter for 2 h at 105°, cool in a
desiccator, and weigh. Calculate the percentage of the
water-insoluble fraction.

Acceptance criteria: NMT 2%
• OTHER REQUIREMENTS: It meets the requirements of the test

for Residual.Solvents under Botanical Extracts (565).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomialand, folloWing
the official name, it states "Grape Seeds Oligomeric
Proanthocyanidins". It meets other labeling requirements
under BotanicalExtracts (565).

• USP REFERENCE STANDARDS (11)
USP (+)-Catechin RS
USP Grape Seeds Oligomeric Proanthocyanidins RS
USP Purified Grape Seeds Oligomeric Proanthocyanidins RS

Powdered Decaffeinated Green Tea
Extract
DEFINITION
Powdered Decaffeinated Green Tea Extractis prepared from

young unfermented leavesand leaf buds of Camellia
sinensis (L.) Kuntze(Family Theaceae) [syn. Thea sinensis L.]
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using suitable solventssuch as alcohol, methanol, acetone,
water, or mixtures of these solvents; the caffeine has been
removed. The ratio of the starting crude plant material to
Powdered Decaffeinated Green Tea Extract is 6:1-10:1. It
contains NLT 60.0% of polyphenols, calculated as
(-)-epigallocatechin:-3-0-gallate, NLT 40.0% of
(-)-epigallocatechin-3-0-gallate, and NMT 0.1% of
caffeine, all calculated on the anhydrous basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 4 mg/mL of USP Powdered
Decaffeinated Green Tea Extract RS in alcohol and water
(4:1), sonicated for 10 min, and centrifuged. Usethe clear
supernatant. [NOTE-Prepare fresh, Store below -20°, if
storage is needed.]

Sample solution: 4 mg/mL of Powdered Decaffeinated
Green Tea Extractin alcohol and water (4:1), sonicated for
10 min, and centrifuged. Use the clear supernatant.

Chromatographic system
Application volume: 1 ~L

Developing solvent system: Toluene, acetone, and
formic acid (9:9:2) .

Immersion reagent: Dissolve 140 mg of fast blue Bsalt in
10 mLof water, and add 140 mLof methanol and
50 mLof dichloromethane. [NOTE-Prepare weekly, and
store at 4° in the dark.]

Analysis
Samples: Standardsolutionand Sample solution
Usean unsaturated chamber. Developthe chromatograms,

dry the plate at 100°, treat with the Immersion reagent, dry
in a current of cold air, and immediately examine under
white light. [NOTE-The chromatogram is stable up to
30 min; afterward, the plate's background darkens
significantly.]

System suitability: Under white light, the derivatized
chromatogram of the Standardsolution exhibits, in the
middle third of the plate, four prominent brownish-orange
bands corresponding, in the order of increasing RF, to
(-)-epigallocatechin-3-0-gallate, (-)-epigallocatechin,
(-)-epicatechin-3-0-gallate, and (-)-epicatechin,
respectively. The most intense band is that of
(-)-epigallocatechin-3-0-gallate.

Acceptance criteria: The chromatogram of the Sample.
solution exhibits major bands similarin position and color
to the major bands of the Standardsolution.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Polyphenols.
Acceptance criteria: The chromatogram of the Sample

solution exhibits the peaks for (-)-epigallocatechin,
(+)-catechin, (-)-epicatechin, (-)-epigallocatechin
3-0-gallate, (-)-gallocatechin-3-0-gallate,
(-)-epigallocatechin-3-0-(3'-O-methyl)-gallate, and
(-)-epicatechin-3-0-gallate at retention times
corresponding to those of Standardsolution B.

COMPOSITION
• CONTENT OF POLYPHENOLS

Solution A: Methanol, 85% phosphoric acid, and water (50:
3.5: 946.5)

Solution B: Acetonitrile and methanol (95:5)
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 94 6

20 94 6
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(-)-epigallocatechin-3-0-gallate, (-)-gallocatechin
3-0-gallate, (-)-epigallocatechin
3-0-(3'-O-methyl)-gallate, and (-)-epicatechin
3-0-gallate as (-)-epigallocatechin-3-0-gallate in the
portion of Powdered Decaffeinated Green Tea Extract
taken:

Add the percentages calculated for the individual
polyphenols.

Acceptance criteria: NlT 40.0% of (..:)-epigallocatechin
3-0-gallate and NlT 60.0% of polyphenols, calculated as
(-)-epigallocatechin-3-0-gallate, both on ,the anhydrous
bas~'

, CONTAMINANTS

Result=(rulrs) x Cs x (VIW) x 100

=peak area of gallic acid from the Sample solution
= peak area of gallic acid from the Standardsolution
=concentration of gallic acid in the Standard

solution(mg/ml)
=volume of the Sample solution (ml)
=weight of Powdered Decaffeinated Green Tea

Extract taken to prepare the Sample solution
(mg)

v
W

Result = (rulrs) x Cs x (VIW) x 100

tu =peak area of each of the polyphenols in the
Sample solution

rs =peak area of (-)-epigallocatechin-3-0-gallate in
StandardsolutionA

Cs = concentration of USP (-)-Epigallocatechin-
3-0-gallate RS in StandardsolutionA (mg/ml)

V =volume of the Sample solution (ml)
W =weight of Powdered Decaffeinated Green Tea

Extract taken to prepare the Sample solution
(mg)

: Meets the requirements
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• MICROBIAL ENUMERATION TESTS '(2021): The total aerobic
microbial count does not exceed 104 cfu/g, and the total
combined yeasts and molds count does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• LIMIT OF GALLIC ACID

Solution A, Solution S, Mobile phase, and
Chromatographic system: Proceed as directed in the test
for Contentof Polyphenols.

Standard solution: 0.2 mg/ml of gallic acid in Solution A
Sample solution: 20 mg/ml of Powdered Decaffeinated

Green Tea Extract in Solution A. Mix and centrifuge.
Analysis

Samples: Standardsolution and Sample solution
Record the chromatograms, and measure the areas of the

gallic acid peaks.
Calculate the percentage of gallic acid in the portion of

Powdered Decaffeinated Green Tea Extract taken:

Separately calculate the percentages of
(-)-epigallocatechin, (+)-catechin, (-)-epicatechin,

Standard solution A: 0.1 mg/ml of USP
(-)-Epigallocatechin-3-0-gallate RS in Solution A

Standard solution S: 0.4 mg/ml of USP Powdered
Decaffeinated Green Tea Extract RS in Solution A. Mix and
centrifuge.

Sample solution: 0.4 mg/ml of Powdered Decaffeinated
Green Tea Extract in Solution A. Mix and centrifuge.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detectors. UV 278 nm
Column: 4.6-mm x 25-cm; 5-~m packing II
Column temperature: 25°
Flow rate: 0.8 ml/min
Injection volume: 15 IJl

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Resolution: NlT 1 between the (-)-epigallocatechin
3-0-gallate peak and the preceding peak, Standard
solutionB -

Tailing factor: 0.8-2.0 for the (-)-epigallocatechin
3-0-gallate peak, StandardsolutionA

Relative standard deviation: NMT 2.0% for the
(-)-epigallocatechin-3-0-gallate peak in replicate
injections, StandardsolutionA

Chromatogram similarity: The chromatogram of
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Decaffeinated Green Tea Extract RS being used.

Analysis .
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Record the chromatograms, and measure the areas of the

analyte peaks. Using the chromatogram of Standard
solution'Band the reference chromatogram provided with
the lot of USP Powdered Decaffeinated Green Tea
Extract RS, identify the retention times of the peaks
corresponding to the different polyphenols. The
approximate relative retention times of the polyphenols
are provided in Table 2.

Table 2

Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

50 78 22

70 38 62

75 94 6

90 94 6

Relative
Retention

Analyte Time

(-)-Epigallocatechin 0.56

(+)-Catechin 0.68

H-Epicatechin 0.98

(-)-Epigallocatechin-3-0-gallate 1.00

(-)-Gallocatechin-3-0-gallate 1.09

(- )-Epigallocatechin-3-0-(3'-O-methyl)-gallate 1.19

(-)-Epicatechin-3-0-gallate 1.27
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Acceptance criteria: NMT 1.0% on the anhydrous basis
• LIMIT OF CAFFEINE

Solution A: Methanol, tetrahydrofuran, 85%
phosphoric acid, and water (50: 10: 3.5: 936.5)

Solution B: Acetonitrile, methanol, and 85%
phosphoric acid (946.5: 50: 3.5)

Mobile phase: See Table 3.

Table 3
Time Solution A Solution B
(min) (%) (%)

0 100 0

30 100 0

35 0 100

40 0 100

45 100 0

55 100 0

Standard solution: 1 IJg/mL of USP Caffeine RS in methanol
Sample solution: 1 mg/mL of Powdered Decaffeinated

Green Tea Extract in methanol
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 25-cmi 5-lJm packing L60'
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT2.0% determined
from the caffeine peak in replicate injections

Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the areas of the

caffeine peaks. .
Calculate the percentage of caffeine in the portion of

Powdered Decaffeinated Green Tea Extracttaken:

Result = (ru/rs) x Cs x (V/W) x 100

ru = peak area of caffeinefrom the Sample solution
rs = peak area of caffeinefrom the Standard solution
Cs = concentration of USP CaffeineRS in the Standard

solution (mg/mL)
V =volume of the Sample solution (mL)
W =weight of Powdered Decaffeinated Green Tea

Extracttaken to prepare the Sample solution
(mg)

Acceptance criteria: NMT 0.1% on the anhydrous basis
• WATER DETERMINATION (921), Method I, Method la

Sample: 0.5 9 of Powdered DecaffeinatedGreenTea Extract
Acceptance criteria: NMT 6.0%

• RESIDUE ON IGNITION (281)
Sample: 1.0 g of Powdered DecaffeinatedGreenTea Extract
Acceptance criteria: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

, EndcappedpackingII columnscan also be used in this test.
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• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements in
Botanical Extracts (565). Dosage forms prepared with this
article should bear the following statement: Do not take on
an empty stomach. Takewithfood. Do not use ifyou have a
liver problem. Discontinueuse and consult a healthcare
practitioner ifyou develop symptoms of livertrouble, such
as abdominal pain, dark urine, or jaundice (yellowing of the
skin or eyes).

• USP REFERENCE STANDARDS (11)
USP Caffeine RS
USP (-)-Epigallocatechin-3-0-gallate RS
USP Powdered Decaffeinated Green Tea Extract RS

Guggul

DEfiNITION
Guggul is the oleo-gum-resin obtained by incision or

produced by spontaneous exudation from the stem and
branches of Commiphora wightii (Arn.) Bhandari, also known
as Commiphora mukul (Hook. ex. Stocks) Eng!. or
Balsamodendrum mukul (Hook.) (Fam. Burseraceaej.Jt
contains NLT 1.0% of guggulsterones Eand Z, calculated on
'the dried basis as guggulsterone Z.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: 10 mg/mL of USP Purified Guggul
Extract RS with heating, in acetonitrile

Sample solution: Transferabout 0.5 9 of crushed Guggul
to a centrifuge tube. Add 25 mLof acetonitrile, and shake
for 1 min. Heat in a water bath for 10-15 min with
occasional shaking, cool, centrifuge, and use the
supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Developing solvent system: A mixture of hexane and

ethyl acetate (6:4)
Adsorbent: 0.25-mm layerof chromatographic silica gel

mixture, typically20 cm in length (TLC plates)
Application volume: 10 IJL

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands. Usea saturated chamber.

Develop until the solvent front has moved about
three-fourths the length of the plate, dry the plate, and
examine under short-wave UV light (254 nm).

Acceptance criteria: The chromatogram of the Sample
solution exhibits bands at RFvalues of about 0.38 and 0.47,
due to guggulsterones Eand Z, respectively. Both bands
correspond in RFvalues to bands from the Standard solution.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Guggulsterones Eand Z.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks for guggulsterones Eand Z at
retention times that correspond to those of Standard
solutionA.

COMPOSITION
• CONTENT OF GUGGULSTERONES E AND Z

Mobile phase: A mixture of acetonitrile and water (45:55)
Standard solution A: 10 mg/mL of USP Purified Guggul

Extract RS with heating, in acetonitrile. Pass the solution
through a filter of 0.45-lJm pore size before injection.
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Standard solution B: 0.1 mg/mL of USP
Guggulsterone Z RS in acetonitrile. Pass the solution
through a filter of 0.45-lJm pore size before injection.

Sample solution: Transfer about 2.0 9 of crushed Guggul
to a conical flask, and extract four times with 50-mL
portions of acetonitrile. Shake for 1 min, and reflux in a
water bath for 30 min, stirring magnetically. Evaporate the
combined extracts to about 50 mL, and transfer to a
1OO-mL volumetric flask. Dilute with acetonitrile to volume,
and pass through a filter of 0.45-lJm pore size before
injection.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 2.0 mL/min
Injection volume: 20 IJL
Column temperature: 27 ± 1°

System suitability
Samples: StandardsolutionA and StandardsolutionB

[NoTE-The relative retention times for guggulsterones
Eand Z are about 0.69 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

StandardsolutionA is similar to the reference
chromatogram provided with the lot of USP Purified
Guggul Extract RS being used.

Resolution: NLT 2.0 between the guggulsterone Z peak
and the peak before, StandardsolutionA

Tailing factor: NMT 1.5 for the guggulsterone Z peak,
StandardsolutionB .

Relative standard deviation: NMT 2.0% for replicate
injections for the guggulsterone Z peak, Standard
solutionB

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Allow StandardsolutionA to elute for NLT 2 times the

retention time of guggulsterone Z, as determined from
StandardsolutionB. Using the chromatogram of Standard
solutionA and the reference chromatogram provided with
the lot of USP Purified Guggul Extract RS being used,
identify the retention times of the peakscorresponding
to guggulsterone Eand guggulsterone Z.

Calculate the percentage of guggulsterones Eand Z as
guggulsterone Z in the portion of Guggul taken:

Result= (rulrs) x C, x (VIW) x 100

= sum of the peak responses of guggulsterones E
and Z from the Sample solution

=peak responseof guggulsterone Z from Standard
solutionB

=concentration of USP Guggulsterone Z RS in
StandardsolutionB(mg/mL)

=final volume of the Sample solution, 100 mL
=weight of Guggul taken to prepare the Sample

solution (mg)

Acceptance criteria: NLT 1.0% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ART~CLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
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SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Guggul occurs in rounded or irregular
conglomerates of tears, of variable sizes, light to dark
brown, slightly sticky to touch, with characteristic and
aromatic odor and an aromatic, astringent taste.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 1%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 2 (561): NLT 33%

• ETHYL ACETATE SOLUBLE EXTRACTIVES
Sample: .About 5.0 9 of coarsely powdered Guggul
Analysis: Transfer the Sample to a glass-stoppered, conical

flask.Add 25 mL of solvent hexane, insert a stopper into the
flask, shake for 1 h, filter, and discard the filtrate. Repeat
twice, and dry the residue in a vacuum over phosphorus
pentoxide at room temperature for 8 h. Crush the dried
material, and extract with four 25-mL quantities of ethyl
acetate, by shaking each time for 1 h at room temperature,
followed by filtration through a sintered glassfunnel
(porosity No.3). Evaporate the combined filtrates under
reduced pressure in a tared flask, dry the residue in a
vacuum over phosphorus pentoxide at room temperature
for 12 h, and weigh. Determine the percentage of the ethyl
acetate soluble extractives calculated fromthe weight of
Guggul taken. . "

. Acceptance criteria: 22%-30%
• Loss ON DRYING (731)

Sample: 1.0 9 of Guggul
Analysis: Dry the Sample at 10sa for 2 h.
Acceptance criteria: NMT 8.0%

• RESIDUE ON IGNITION (281): NMT 10.0%, ignited at 800
± 25°

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The label states the Latin binomial of the
species of Commiphora from which the oleo-gum-resin was
obtained and the official name.

• USP REFERENCE STANDARDS (11)
USP Guggulsterone Z RS
USP Purified Guggul Extract RS

Native Guggul Extract
DEFINITION
Native Guggul Extract is prepared from Guggul, using ethyl

acetate, alcohol, or methanol. The ratio of starting crude
plant material to Native Extract is approximately 9:1. It
contains NLT 5.0% of guggulsterones Eand Z, calculated on
the anhydrous basisas guggulsterone Z. It does not contain
added substances. .

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 10 mg/mL of USP Purified Guggul
Extract RS, with heating, in acetonitrile

Sample solution: Homogenize Native Guggul Extract by
heating in a water bath at 60°-80°. Preparea 5-mg/mL
solution in acetonitrile with heating.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
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Developing solvent system: Amixture of hexane and
ethyl acetate (6:4)

Adsorbent: 0.25-mm layerof chromatographic silica gel
mixture, typically 20 cm in length

Application volume: 10 ~L

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands to a suitable plate. Use a

saturated chamber. Develop until the solventfront has
moved about about three-fourths the length of the plate,
dry the plate, and examine under UV light at 254 nm.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits bands at RFvalues of about 0.38 and 0.47,
due to guggulsterone Eand Z, respectively. Both bands
correspond in R F to bands in the chromatogram from the
Standardsolution.

• B. HPLC IDENTifiCATION TEST
Analysis: Proceed as directed in the test for Contentof

Guggulsterones Eand Z.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks for guggulsterones Eand Z at
retention times that correspond to those of Standard
solutionA.

COMPOSITION
• CONTENT Of GUGGULSTERONES E AND Z

Mobile phase: Amixture of acetonitrileand water (45:55)
Standard solution A: 10 mg/mL of USP Purified Guggul

Extract RS, with heating, in acetonitrile. Pass the solution
through a filterof 0.45-~m pore size before injection.

Standard solution B: 0.1 mg/mL of USP
Guggulsterone Z RS in acetonitrile. Pass the solution
through a filter of 0.45-~m pore size before injection.

Sample solution: Homogenize the Native Guggul Extract
by heating in a water bath at 60°-80°. Dissolve a weighed
quantity of homogenized Native Extract, with heating, in
acetonitrile to obtain a solution having a known
concentration ofabout 0.2 mg/mL ofguggulsteronesEand
Z. Pass through a filter of 0.45-~m pore size before
injection.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Flowrate; 2.0 mL/min
Injection size: 20 ~L

Column temperature: 27 ± 1°
System suitability

Samples: StandardsolutionA and Standardsolution B
[NOTE-The relative retention times for guggulsterones E
and Z are about 0.69 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chrornatoqramfrorn

StandardsolutionA issimilar to the reference
chromatogram provided with the lot of USP Purified
Guggul Extract RS being used.

Resolution: NLT 2.0 between the guggulsterone Z peak
and the peak before, StandardsolutionA

Tailing factor: NMT 1.5 for the guggulsterone Z peak,
, Standardsolution B
Relative standard deviation: NMT2.0% for the
guggulsterone Z peak (replicate injections), Standard
solutionB ' .

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Allow StandardsolutionA to elute for NLT two times the

retention time of guggulsterone Z, as determined in
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StandardsolutionB. Using the chromatogram of Standard
solutionA and the referencechromatogram providedwith
the lot of USP Purified Guggul Extract RS being used
identify the retention times of the peakscorrespondi~g
to guggulsterone Eand guggulsterone Z.

Calculate the percentage of guggulsterones Eand Z as
guggulsterone Z in the portion of Native Guggul Extract
taken:

Result =(r vir s) x C s x (VIW) x 100

=sum of the peak responses of guggulsterones E
and Z from the Sample solution

=peak responseof guggulsterone Z from Standard
solution B

= concentration of USP GuggulsteroneZ RS in
Standardsolution B(mg/mL) .

= final volume of Sample solution (mL)
= weight of Native Extract taken to prepare the

Sample solution (mg)

Acceptance criteria: NLT 5.0% of guggulsterones Eand Z,
calculated as guggulsterone Z, on the anhydrous' basis

CONTAMINANTS

Meets the'
• BOTANICAL

requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g, and the total
combined yeastsand moldscount does not exceed,1 03 cful
g.

• ABSENCE OF SPECifiED MICROORGANISMS (2022): ,It meets
the requirements of the tests for absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• WATER DETERMINATION, Method 1a (921): NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements
under BotanicalExtracts (565).

• USP REfERENCE STANDARDS (11)
USP Guggulsterone Z RS
USP Purified Guggul Extract RS

Purified Guggul Extract
DEFINITION
Purified Guggul Extract is prepared from Native Guggul

Extract by fractionation usingaqueous methanol. Itcontains
NLT 90.0% and NMT 110.0% of the labeled amount of
guggulsterones Eand Z, calculated as guggulsterones Z. It
may be a semisolid extract with no added substances or
powder extract containing suitableadded substances.
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IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 10 mg/mL of USP Purified Guggul
Extract RS, with heating, in acetonitrile.

Sample solution: 10 mg/mL in acetonitrilefrom Purified
Guggul Extract, dissolved with heating, cooled, and
centrifuged.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Developing solvent system: Amixture of hexane and

ethyl acetate (6:4)
Adsorbent: 0.25-mm layerof chromatographic silica gel

mixture, typically 20 em in length
Application volume: 10 IJL

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands to a suitable plate. Use a

saturated chamber. Develop until the solventfront has
moved about about three-fourthsthe length of the plate,
dry the plate, and examine under UV light at 254 nm.

Acceptance criteria: The chromatograph of the Sample
solutionexhibitsbands at RFvaluesofabout 0.38 and 0.47,
due to guggulsterone Eand Z, respectively. Both bands
correspond in R F to bands in the chromatogram from the
Standardsolution.

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Contentof

Guggulsterones Eand Z.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaksfor guggulsterones Eand Z at
retention times that correspond to those of Standard
solution A.

COMPOSITION
• CONTENT OF GUGGULSTERONES E AND Z

Mobile phase: Amixture of acetonitrile and water (45:55)
Standard solution A: 10 mg/mL of USP PurifiedGuggul

Extract RS, with heating, in acetonitrile. Pass the solution
through a filterof 0.45-lJm pore size before injection.

Standard solution B: 0.1 mg/mL of USP
Guggulsterone Z RS in acetonitrile. Pass the solution
through a filterof 0.45-lJm pore size before injection.

Sample solution: Dissolve a weighed quantity of Purified
Guggul Extract, with heating, in acetonitrileto obtain a
solution having a known concentration of about
0.2 mg/mLof guggulsterones Eand Z. Pass through a filter
of 0.45-lJm pore size before injection.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 2.0 mL/min
Injection size: 20 IJL
Column temperature: 27 ± 10

System suitability
Samples: StandardsolutionA and Standardsolution B

[NoTE-The relative retention times for guggulsterones E
and Z are about 0.69 and 1.0, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

StandardsolutionA issimilar to the reference
chromatogram providedwith the lot of USP Purified
Guggul Extract RS being used.

Resolution: .NLT 2.0 between the guggulsterone Z peak
and the peak before, StandardsolutionA

Tailing factor: NMT 1.5 for guggulsterone Z peak,
Standardsolution B
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Relativestandard deviation: NMT 2.0% for replicate
injections for the guggulsterone Z peak, Standard
solutionB

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Allow StandardsolutionA to elute for NLT two times the

retention time of guggulsterone Z, as determined in
StandardsolutionB. Using the chromatogram of Standard
solutionA and the referencechromatogram provided with
the lot of USP Purified Guggul Extract RS being used,
identify the retention times of the peakscorresponding
to guggulsterone Eand guggulsterone Z.

Calculate the percentage of guggulsterones Eand Z as
guggulsterone Z in the portion of Purified Guggul Extract
taken:

Result =(r vir s) x Cs x (VIW) x 100

ru = sum of the peak responses of guggulsterones E
and Z from the Sample solution

r s =peak responseof guggulsterone Z from Standard
solutionB .

C s = concentration of USP GuggulsteroneZ RS in
Standardsolution B (mg/mL) .

V =final volumeof the Sample solution (rnt)
W =weight of Purified Guggul Extract taken to

prepare the Sample solution (mg)

Acceptance criteria: 90.0%-110.0% of the labeledamount
of guggulsterones Eand Z, calculated as guggulsterones Z

CONTAMINANTS

11;
:M~~tS'ther~quirements

• BOTANICAL EXTRACTS, Residual Solvents (565): Meetsthe
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 104 du/g, and the total
combinedyeastsand moldscount does not exceed 193 dul
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirementsof the tests for absence of Salmonella
speciesand Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirementsin
Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP GuggulsteroneZ RS
USP Purified Guggul Extract RS

Guggul Tablets
DEFINITION
GuggulTablets are prepared from Native Guggul Extract or

Purified Guqqul Extract. Tabletscontain NLT 90.0% and
NMT 110.0% of the labeledamount of Extract, calculated as
the sum of guggulsterones Eand Z.
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IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 10 mg/mL of USP Purified Guggul
Extract RS, with heating, in acetonitrile

Sample solution: Powder and transfer a portion of the
Tablets equivalent to 100 mg of Extract to a conical flask.
Extract three times, each with 25 mL of acetonitrile, in a 55°
water bath for 15 min, stirring with a magnetic stirrer, and
filter. Evaporate the combined extracts to dryness in a
vacuum between 45° and 50°, dissolve the residue in 10 mL
of acetonitrile, centrifuge, and use the clear supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Developing solvent system: A mixture of hexane and

ethyl acetate (6:4)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture, typically 20 cm in length
Application volume: 10 ~L

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands to a suitable plate. Usea

saturated chamber. Develop until the solvent front has
moved about about three-fourths the length of the plate,
dry the plate, and examine under UV light at 254 nm.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits bands at RF values of about 0.38 and 0.47,
due toguggulsterone Eand Z, respectively. Both bands
correspond in RF to bands in the chromatogram from the
Standardsolution.

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Contentof

Guggulsterones Eand Z.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits peaks for guggulsterones Eand Z at
retention times that correspond to those of Standard
solutionA.

STRENGTH
• CONTENT OF GUGGULSTERONES EAND Z

Mobile phase: A mixture of acetonitrile and water (45:55)
Standard solution A: 10 mg/mL of USP Purified Guggul

Extract RS, with heating, in acetonitrile. Pass the solution
through a filter of 0.45-~m pore size before injection.

Standard solution B: 0.1 mg/mL of USP
Guggulsterone Z RS in acetonitrile. Pass the solution
through a filter of 0.45-~m pore size before injection.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a weighed amount of the powder, equivalent to
about 10 mg of guggulsterones Eand Z, to a conical flask,
and extract five times, each with a 20-mL portion of
acetonitrile, shake for 1 min, and reflux in a water bath for
30 min, stirring with a magnetic stirrer. Evaporate the
combined extracts to dryness in a vacuum at 45°-50°.
Dissolve the residue in 50.0 mL of acetonitrile, and pass
through a filter of 0.45-~m pore size before injection.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Flow rate: 2.0 mL/min
Injection size: 20 ~L

Column temperature: 27 ± 1°
System suitability

Samples: StandardsolutionA and Standardsolution8
[NbTE-The relative retention times for guggulsterones E
and Z are about 0.69 and 1.0, respectively.]

Dietary Supplements / Guggul 5073

Suitability requirements
Chromatogram similarity: The chromatogram from

StandardsolutionA is similar to the reference
chromatogram provided with the lot of USP Purified
Guggul Extract RS being used.

Resolution: NLT 2.0 between the guggulsterone Z peak
and the peak before, StandardsolutionA

Tailing factor: NMT 1.5 for the guggulsterone Z peak,
StandardsolutionB

Relative standard deviation: NMT 2.0% for the
guggulsterone Z peak (replicate injections), Standard
solution B

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Allow StandardsolutionA to elute for NLT two times the

retention time of guggulsterone Z, as determined in
Standardsolution8. Using the chromatogram of Standard
solutionA and the reference chromatogram provided with
the lot of USP Purified Guggul Extract RS being used,
identify the retention times of the peakscorresponding
to guggulsterone Eand guggulsterone Z.

Calculate the content of guggulsterones Eand Z as
guggulsterone Z in the portion of Tablets taken:

C, =(ru/rs) x Cs x V

t» =sum of the peak responses of guggulsterones E
and Z from the Sample solution

rs = peak responseof guggulsterone Z from Standard
solutionB

Cs =concentration of USP Guggulsterone Z RS in
Standardsolution 8 (mg/mL)

V =final volume of the Sample solution (mL)

Calculate the percentage of the labeled amount of Guggul
Extract taken:

Result=C, x (Awr/ W) x (100/LE) x (100/L)

C, =content of guggulsterones Eand Z in the portion
of Tablets taken (mg)

AWT = average weight of Tablets (mg)
W =weight of the powdered Tablets taken (mg)'
LE = labeled percentage of the sum of guggulsterones

Eand Z in the Extract used to prepare the Tablets
L =label claim of Extract (mg/Tablet)

Acceptance criteria: 90.0%-110.0% of the labeled amount
of Extract, calculated as the sum of guggulsterones Eand
Z

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): It meets the

requirement for Disintegration only; 30 min, the use of the
disk being omitted.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 clu/g, and the total
combined yeastsand molds count does not exceed 103 clu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

• RESIDUAL SOLVENTS (467): Meets the requirements
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ADDITIONAL REQUIREMENTS .
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the article from which the Tablets were
prepared. The label also indicates the amount of Extract, in
mg/Tablet, and the content, in mg, of guggulsterones E
and Z per 100 mg of Extract.

• USP REFERENCE STANDARDS (11)
USP Guggulsterone Z RS
USP Purified Guggul Extract RS

Gymnema
DEFINITION
Gymnema consists of the dried leaves of Gymnema sylvestre

(Retz.) R. Br. ex Schult. (Fam. Asclepiadaceae). It contains.
NLT 1.0% of gymnemic acids, calculated as qyrnnernaqerun
on the dried basis.

IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanical

Characteristics
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203) .

Standard solution A: 0.5 mg/mL of USP Gymnemagenrn RS
in methanol

Standard solution B: 20 mg/mL of USP Native Gymnema
Extract RS in methanol. Sonicatefor 10 min, centrifuge, and
use the supernatant. .

Sample solution: About 0.5 g of Gy~nema, finely .
powdered, in 5 mL of methanol. Sonicate for 10 min,
centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTLC plates)
Application volume: 5 ~L as8-mm bands .
Relative humidity: Condition the plate to a relatlve

humidity of about 33% using a suitable device.
Developing solvent system: A mixture. of .

dichloromethane, methanol, and formic acid (75:25:10)
Developing distance: 6 cm
Derivatization reagent: A mixture of methanol and

sulfuric acid (9:1)
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution .

Apply the samples as bands. Develop in a saturated
chamber remove the plate from the chamber, dry in air,
treat with Derivatization reagent, heat at 110° for 3 min,
and examine under white light and UV at 365 nm. .

System suitability: The chromatogram of Standard solution
Bshows two bands clearly separated at an RF of about 0.6
0.7 below the band due to gymnemagenin in Standard
solution A. The most prominent band is located at about
one-third of the chromatogram, visible as brown in color
under white light and blue under UV.

Acceptance criteria: The chromatogram of the .Sample
solution shows the following bands corresponding In color
and position to bands in the chromatogram of Standard
solution B: two bands at an RF of about 0.6-0.7, below the
band due to gymnemagenin in Standard solution A. The
most prominent band is at about.one-third of the. .
chromatogram, visible as brown I~ color under white light
and blue under UV' in the lower third of the chromatogram,
under UV,are one light blue-greenish band and a dark band
underneath.
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• C. HPLC
Analysis: Proceed as directed in the test for Content of

Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample

solution shows a major peak at a retention ~ime :
corresponding to that of the qyrnnernaqenm peak In the
chromatogram of Standard solution A and an additional
peak corresponding to deacylgymnemic acid.

COMPOSITION
• CONTENT OF GVMNEMIC ACIDS

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 ml of water, and add 0:5 mL
of phosphoric acid. Dilute with water to 1000 mL, rrux,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 75 25

20 45 55

25 40 .' 6q

30 40 60

35 75 25

40 75 25

Solvent: 50% Ethanol in water .
Potassium hydroxide solution: 12% Potassiumhydroxide

in water
Hydrochloric acid solution: 4 N hydrochloric acid .
Standard solution A: 0.3 mg/mL of USP Gymnemaqenln RS

in methanol .
Standard solution B: Transfer about 0.25 g of USP Native

Gymnema Extract RS to a 1OO-mL round-bottom flaskfitted
with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux for 1 h, and cool to
room temperature. Add 5.5 mL of Hydrochloric acid
solution, reflux for 2 h, and cool to room temperature.
Adjust the solution with Potassium hydroxide solution to a
pH of 7.5-8.5, transfer to a 50-mL volu~e!ric flask, dilute
with Solvent to volume, and mix. Before Injectlon, pass
through a membrane filter having a 0.~5-~m or finer pore
size, discarding the first few ml of the filtrate. .

Sample solution: Transfer about 0.75 g of Gymnema, finely
powdered and accurately weighed, to a 100-ml
round-bottom flask fitted with a reflux condenser. Add
25 mL of Solvent and 2 ml of Potassium hydroxide solution,
reflux for 1 h, and cool to room temperature. Add 5.5 ml
of Hydrochloric acid solution, r~flux f?r 2 h, an~ cool to ro?m
temperature. Adjust the solution With Potasslum hydroXide
solution to a pH of 7.5-8.5, filter into a 1O~-mL volumetric
flask dilute with Solvent to volume, and mix. Before
inje~tion, pass through a membrane filter having a 0.15-~m
or finer pore size, discarding the first few ml of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 25-cm; 5-~m, 100 A, packing L1
Column temperature: 25°
Flow rate: 1.6 ml/min
Injection volume: 20 ~l

System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements
Chromatogram similarity: The chromatogram of

Standard solution B is similar to the reference
chromatogram provided with the lot of USP Native
Gymnema Extract RS being used.

Tailing factor: NMT 1.5 for the gymnemagenin peak,
Standard solution A

Relativestandard deviation: NMT 2.0% for the
gymnemagenin peak, Standardsolution A

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of Standardsolution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP NativeGymnema Extract RS being
used, identify the retention times of the peaks
corresponding to deacylgymnemicacid and
gymnemagenin from the Sample solution.

Calculate the percentage of gymnemic acids, calculated as
gymnemagenin, in the portion of Gymnemataken:

Result =(ru/rs) x Cs x (V/W) x 100

ru = peak area of gymnemagenin from the Sample
solution

ts =peak area of gymnemagenin from Standard
solutionA

Cs = concentration of gymnemagenin in Standard
solutionA (mg/mL)

V = final volume of the Sample solution (mL)
W = weight of Gymnema used to prepare the Sample

solution (mg)

Acceptance criteria: NLT 1.0% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits ofElemental

Impurities (561): Meets the requirements .
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 du/g, the total
combined moldsand yeasts count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteriado not
exceed 103 du/g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Leaves opposite; petiolate; simple, elliptic or
ovate, acute apex, margin entire, acute to acuminate at
base; reticulatevenation; pubescent on both surfaces, the
dorsal surface is more pubescent; about 2-6 cm long, 1
4 cm broad; upper surface isyellowish-brown, lowersurface
isdark green; bitter taste, when chewed has the property
of paralyzing the sense of taste for a few hours for both
sweet and bitter substances and in particular sweet
substances. Pharmacopeial articleconsists of dry, brittle,
and green to yellowish-green leaves.

Microscopic
Transverse section of petiole: Horseshoe shaped.

Trichomes present profusely all over the periphery, and
are uniseriate, multicellular and thick-walled. Alayerof
epidermis, thick-walled cells; 4-5 layers of
coll'enchymatous cortex; and inner parenchyma.The
vascular bundles occur as an arc in the middle, three in
number-two small lateral, and one large median. The
median bundle consistsof xylem elements arranged in
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radial rows, surrounded by phloem. Xylem consists of
vessel elements, tracheids, and fibers. Rosette crystals are
present in the collenchyma and parenchymacells, with
more in the cells toward the center. The starch grainsare
polygonal, simpleor compound, in two to many in
groups, hilum indistinct.

Transverse section of lamina: Upperand lowerepidermal
cells, thin wall, covered with thin striated cuticle.
Trichomes are present on both surfaces, uniseriate, uni-to
tricellular, and thick-walled. Asinglelayerof palisade cells
below the upper epidermisoccupiesone-third of the
thickness of the lamina, followedby 3-5 layers of
parenchyma cells with large intercellular spaces.

Transverse section of midrib: Upperand lowerepidermal
cells, thin wall, covered with thin striated cuticle.
Trichomes are present, uniseriate, uni- to tricellular, and
thick-walled, followed by 4-5 layers of compact
parenchyma cells on both sidesof the midrib; collateral
vascular bundles are present, forming an arc shape.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 1 (561): NLT 20% .

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 1 (561): NLT 20%

• Loss ON DRYING (731)
Sample: 1.0 9 of finely powdered Gymnema
Analysis: Drythe Sample at 1050 for 3 h.
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 9 of finely powdered Gymnema
Acceptance criteria: NMT 15%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 1.0 9 of finely powdered Gymnema
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture. Store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Gymnemagenin RS
USP NativeGymnema Extract RS

Powdered Gymnema

DEFINITION
Powdered Gymnema isGymnema reduced to powder or very
fine powder. It contains NLT 1.0% of gymnemic acids,
calculated as gymnemagenin on the dried basis.

IDENTIFICATION
• A. Meets the requirementsfor Specific Tests, Botanical

Characteristics
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mLof USP Gymnemagenin RS
in methanol

Standard solution B: 20 mg/mL of USP Native Gymnema
Extract RS in methanol. Sonicate for10 min,centrifuge, and
use the supernatant.

Sample solution: About 0.5 9 of PowderedGymnema in
5 mL of methanol. Sonicatefor 10 min, centrifuge, and use
the supernatant.
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Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS

in methanol
Standard solution B: Transfer about 0.25 9 of USP Native

Gymnema Extract RS to a 1OO-mL round-bottom flaskfitted
with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h,
and cool to room temperature. Add 5.5 mL of Hydrochloric
acid solution, reflux on a water bath for 2 h, and cool to
room temperature. Adjust the solution with Potassium
hvdroxide solution to a pH of 7.5-8.5, transfer to a 50-mL
volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a
0.45-lJm or finer pore size, discarding the first few mL of
the filtrate.

Sample solution: Transfer about 0.75 9 of Powdered
Gymnema, accurately weighed, to a 1OO-mL round-bottom
flask fitted with a reflux condenser. Add 25 mL of Solvent
and 2 mL of Potassium hydroxide solution, reflux on a water
bath for 1 h, and cool to room temperature. Add 5.5 mL of
Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with
Potassium hydroxide solution to a pH of 7.5-8.5, filter into a
1OO-mL volumetric flask, dilute with Solvent to volume, and
mix. Before injection, passthrough a membrane filter
having a 0.45-lJm or finer pore size, discarding the first few
mL of the filtrate.

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 25-cm; 5-lJm, 100 A, packing L1
Column temperature: 25°
Flow rate: 1.6 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Native
Gymnema Extract RS being used.

Tailing factor: NMT 1.5 for the gymnemagenin peak,
Standard solution A '

Relative standard deviation: NMT 2.0% for the
gymnemagenin peak, Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and
.Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Native Gymnema Extract RS being
used, identify the retention tjmes of the peaks
corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.

Calculate the percentage of gymnemic acids, calculated as
gymnemagenin, in the portion of Powdered Gymnema
taken:

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLCplates)
Application volume: 5 IJL as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33%, using a suitable device.
Developing solvent system: A mixture of

dichloromethane, methanol, and formic acid (75:25:10)
Developing distance: 6 cm
Derivatization reagent: A mixture of methanol and

sulfuric acid (9:1)
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution.

Apply the Samples as bands, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate
from the chamber, dry in air, derivatize the plate with
Derivatization reagent, heat at 110° for 3 min, and
examine under white light and under UV at 365 nm.

System suitability: The chromatogram of Standard solution
Bshows two bands clearly separated at an RFof about 0.6
0.7 below the band due to gymnemagenin in Standard
solution A. The most prominent band is located at about
one-third of the chromatogram, visible asbrown in color
under white light and blue under UV.

Acceptance criteria: The chromatogram of the Sample
solution shows the following bands corresponding in color
and position to bands in the chromatogram of Standard
solution B: two bands at an RF of about 0.6-0.7, below the
band due to qyrnnernaqenin in Standard solution A. The
most prominent band is at about one-third of the
chromatogram, visible as brown in color under white light
and blue under UV; in the lower third of the chromatogram,
under UV, are one light blue-greenish band and a dark band
underneath.

• C. HPlC
Analysis: Proceed as directed in the test for Content of

Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample

solution shows a major peak at a retention time
corresponding to that of the gymnemagenin peak in the
chromatogram of Standard solution A and an additional
peak corresponding to deacylgymnemic acid.

COMPOSITION
• CONTENT OF GYMNEMIC ACIDS

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, and add 0.5 mL
of phosphoric acid. Dilute with water to 1000 mL, mix,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 75 25

20 45 55

25 40 60

30 40 60

35 75 25

40 75 25

Solvent: 50% Ethanol in water
Potassium hydroxide solution: 12% Potassium hydroxide

in water
v

Result= (rulrs) x Cs x (VIW) x 100

=peak area of gymnemagenin from the Sample
solution

= peak area of gymnemagenin from Standard
solution A

= concentration of gymnemagenin in Standard
solution A (mg/mL)

= final volume of the Sample solution (mL)
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W = weight of Powdered Gymnema used to prepare
the Sample solution (mg)

Acceptance criteria: NlT 1.0% on the dried basis

. CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 cfu/g, the total
combined molds and yeasts count does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative' bacteria do not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Microscopic Under a microscope, it shows fragments of
upper and lower epidermal cells, polygonal, thin and
straight walls, covered with striated cuticle, anomocytic
stomata; trichomes are present on both surfaces, uniseriate,
uni- to tricellular, and thick walled; fragments of
collenchyma and parenchyma cells, some containing
rosettes of calcium oxalate; starch grains, polygonal, simple
or compound, hilum indistinct; fragments of reticulate and
spiral vessels, and tracheids.

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method 7 (561): NlT 20%'

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 7 (561): NlT 20%

• Loss ON DRVING (731)
Sample: 1.0 g of Powdered Gymnema
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Gymnema
Acceptance criteria: NMT 15%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561)'
Sample: 1.0 g of Powdered Gymnema
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture. Store at
room temperature.

• LABELING: The label states the latin binomial and, following
the official name, the part of the plant used to prepare the
article.

• USP REFERENCE STANDARDS (11)
USP Gymnemagenin RS
USP Native Gymnema Extract RS

Native Gymnema Extract

DEFINITION
Native Gymnema Extract is prepared from Gymnema using

hydroalcoholic mixtures. The ratio of plant material to
extract isabout 8:1. It contains NlT 5.0% of gymnemic acids,
calculated as gymnemagenin on the dried basis.

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHV

Standard solution A: 0.5 mg/mL of USP Gymnemagenin RS
in methanol
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Standard solution B: 20 mg/ml of USP Native Gymnema
Extract RS in methanol. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: 20 mg/mL of Native Gymnema Extract in
methanol. Sonicate for 10 min, centrifuge, and use the
supernatant.

Chromatographic system
Adsorbent: Chromatographi<: silica gel mixture with an

average particle size of 5 urn (HPTLC plates)
Application volume: 5 III as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33%, using a suitable device.
Developing solvent system: A mixture of

dichloromethane, methanol, and formic acid (75:25:10)
Developing distance: 6 em
Derivatization reagent: A mixture of methanol and

sulfuric acid (9:1)
Analysis

Samples: Standardsolution A, Standard solution B, and
Sample solution. Apply the samples as bands to a suitable
hiqh-performance thin-layer chromatographic plate, and
dry in air (see Chromatography (621»). Develop the
chromatograms in a saturated chamber, remove the plate
from the chamber, dry in air, derivatize the plate with
Derivatization reagent, heat at 110° for 3 min, and
examine under visible light and UV at 366 nm. '

System suitability: The chromatogram of Standard
solution Bshows. two bands clearly separated at an RF of
about 0.6-0.7 below the band due to gymnemagenin in
StandardsolutionA, and the most prominent band is
located at about one-third of the chromatogram, visible
as brown in color under white light and blue under UV.

Acceptance criteria: The chromatogram of the Sample
solution shows the following bands corresponding in color
and position to bands in the chromatogram of Standard
solutionB: two bands at an RF of about 0.6-0.7, below the
band due to gymnemagenin in Standard solutionA; the
most prominent band at about one-third of the
chromatogram, visible as brown in color under white light
and blue under UV; and in the lower third of the .
chromatogram, under UV, one light blue-greenish band
and a dark band underneath.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample

solutionshows a major peak at a retention time
corresponding to that of the gymnemagenin peak in the
chromatogram of Standard solution A and an additional
peak corresponding to deacylgymnemic acid.

COMPOSITION
• CONTENT OF GVMNEMIC ACIDS

Solution A: Dissolve 0.14 g of anhydrous potassium
dihydrogen phosphate in 900 ml of water, arid add 0.5 ml
of phosphoric acid. Dilute with water to 1000 ml, mix,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 75 25

20 45 55

25 40 60

30 40 60
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Table 1 (continued)
Time Solution A Solution B
(min) (%) (%)

35 75 25

40 75 25

Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide

in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USPGymnemagenin RS

in methanol
Standard solution B: Transfer about 0.25 9 of USP Native

Gymnema Extract RS to a 1OO-mL round-bottom flaskfitted
with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h,
and cool to room temperature. Add 5.5 rnl, of Hydrochloric
acidsolution, reflux on a water bath for 2 h, and cool to
room temperature. Adjust the solution with Potassium
hydroxide solution to a pH of 7.5-8.5, transfer to a 50-mL
volumetric flask, dilute with Solvent to volume, and mix.
Before injection, passthrough a membrane filter having a
0.45-l.lm or finer pore size, discarding the first few mL of
the filtrate.

Sample solution: Transfer an amount of Native Gymnema
Extract, equivalent to about 30 mg of gymnemic acids, to a
1OO-mL round-bottom flask fitted with a reflux condenser.
Add 25 mL of Solvent and 2 mL of Potassium hydroxide
solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acidsolution,
reflux on a water bath for 2 h, and cool to room
temperature. Adjust the solution with Potassium hydroxide
solution to a pH of 7.5-8.5, transfer to a 1OO-mL volumetric
flask, dilute with Solvent to volume, and mix. Before
injection, passthrough a membrane filter having a 0.45-l.lm
or finer pore size, discarding the first few mL of the filtrate.

Chromatographic system
(SeeChromatography (621), System SUitability.)
Mode: LC
Detector: UV 210 nm .
Column: 4.6-mm x 25-cm; 5-l.lm, 100 A, packing L1
Column temperature: 25 ± 10

Flow rate: 1.6 mL/min
Injection volume: 20 I.lL

System suitability
Samples: StandardsolutionA and Standard solutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP Native
Gymnema Extract RS being used.

Tailing factor: NMT 1.5 for the gymnemagenin peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% determined
from the gymnemagenin peak in repeated injections,
StandardsolutionA

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of StandardsolutionA, Standard

solution B, and the reference chromatogram provided
with the lot of USP Native Gymnema Extract RS being
used, identify the retention times of the peaks
corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.

Calculate the percentage of gymnemic acids, calculated as
gymnemagenin, in the portion of Native Gymnema
Extract taken:

USP 43

Result =(r vir s) x (C siC v) x 100

r u = peak area of gymnemagenin from the Sample
solution

r s =peak area of gymnemagenin from Standard
solutionA

C s =concentration of gymnemagenin in Standard
solutionA (mg/mL)

C u =concentration of Native Gymnema Extract in the
Sample solution(mg/mL)

Acceptance criteria: NLT 5.0% on the dried basis

CONTAMINANTS

• MICROBIAL TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeastscount does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absenceof Salmonella species
and Escherichia coli

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1.0 9 of Native Gymnema Extract
Analysis: Dry at 1050 for 3 h.
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 9 of Native Gymnema Extract
Acceptance criteria: NMT 8%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 1.0 9 of Native Gymnema Extract
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture. Store at
controlled room temperature.

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements
under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Gymnemagenin RS
USP Native Gymnema Extract RS

Purified Gymnema Extract

DEFINITION
Purified Gymnema Extract is prepared from Native Gymnema

Extract by precipitation using dilute hydrochloric acid
solution. The ratio of plant material to extract is about 25:1.
It contains NLT 90.0% and NMT 110.0% of the labeled
amount of gymnemic acids, calculated asgymnemagenin on
the dried basis. It may contain suitable added substancesas
carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP Gymnemagenin RS
in methanol
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Table 1 (continued)

Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide

in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS

in methanol
Standard solution B: Transfer about 0.25 g of USP Native

Gymnema Extract RS to a 1OO-mL round-bottom flaskfitted
with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h,
and cool to room temperature. Add 5.5 mL of Hydrochloric
acidsolution, reflux on a water bath for 2 h, and cool to
room temperature. Adjust the solution with Potassium
hydroxide solution to a pH of 7.5-8.5, transfer to a 50-mL
volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter havlnq a
0.45-lJm or finer pore size, discarding the first few mL of
the filtrate. . ,

Sample solution: Transfer an amount of Purified Gymnema
. Extract, equivalent to about 30 mg of gymnemic acids, to a

1OO-mL round-bottom flask fitted with a reflux condenser.
Add 25 mL of Solvent and 2 mL of Potassium hydroxide
solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acidsolution,
reflux on a water bath for 2 h, and cool to room
temperature. Adjust the solution with Potassium hydroxide
solutionto a pH of 7.5-8.5, transfer to a 1OO-mL volumetric
flask, dilute with Solvent to volume, and mix. Before
injection, passthrough a membrane filter havlnq a 0.45-lJm
or finer pore size, discarding the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 25-cm; 5-lJm, 100 A, packing L1
Column temperature: 25 ± 10

Flow rate: 1.6 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solutionA and Standard solutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP Native
Gymnema Extract RS being used.

Tailing factor: NMT 1.5 for the gymnemagenin peak,
Standardsolution A

Relative standard deviation: NMT 2.0% for the
gymnemagenin peak, Standard solution A

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solutionA, Standard

solution B, and the reference chromatogram provided
with the lot of USP Native Gymnema Extract RS being
used, identify the retention times of the peaks
corresponding to deacylgymnemic acid and
gymnemagenin in the Sample solution chromatogram.

Calculate the percentage (P) of gymnemic acids, calculated
as gymnemagenin, in the portion of Purified Gymnema
Extract taken:

Time Solution A Solution B
(min) (0/0) (0/0)

35 75 25

40 75 25

Standard solution B: 20 mg/mL of USP Native Gymnema
Extract RS in methanol. Sonicatefor 10 min, centrifuge, and
use the supernatant.

Sample solution: 20 mg/mL of Purified Gymnema Extract
in methanol. Sonicate for 10 min, centrifuge, and use the
supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 IJm (HPTLCplates)
Application volume: 5 IJL as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33%, using a suitable device.
Developing solvent system: A mixture of

dichloromethane, methanol, and formic acid (75':25:10)
Developing distance: 6 cm
Derivatization reagent: A mixture of methanol and

sulfuric acid (9:1)
Analysis

Samples: Standard solution A, Standardsolution B, and
Sample solution. Apply the samples as bands to a suitable
high-performance thin-layer chromatographic plate, and
dry in air (see Chromatography (621 »). Develop the
chromatograms in a saturated chamber, remove the plate
from the chamber, dry in air, derivatize the plate with
Detivatizatlon reagent, heat at 110 0 for 3 min, and
examine under visible light and UV at 366 nm.

System suitability: The chromatogram of Standard
solutionBshows two bands clearly separated at an RF of
about 0.6-0.7 below the band due to gymnemagenin in
Standard solution A, and the most prominent band is
located at about one-third- of the chromatogram, visible
as brown in color under white light and blue under UV.

Acceptance criteria: The ~hromatogram of the .Sa",!ple
solutionshows the following bands corresponding In color
and position to bands in the chromatogram of Standard
solution B: two bands at an RF of about 0.6-0.7, below the
band due to gymnemagenin in StandardsolutionA; the
most prominent band at about one-third of the
chromatogram, visible as brown in color under white light
and blue under UV; and in the lower third of the
chromatogram, under UV, one light blue-greenish band
and a dark band underneath.

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample

solutionshows a major peak at a retention time
corresponding to that of the gymnemagenin peak in the
chromatogram of Standard solution A and an additional
peak corresponding to deacylgymnemic acid.

COMPOSITION
• CONTENT OF GVMNEMIC ACIDS

Solution A: Dissolve0.14 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, and add 0.5 mL
of phosphoric acid. Dilute with water to 1000 mL, mix,
filter, and degas.

Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 75 25

20 45 55

25 40 60

30 40 60
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P = (r vir s) x (C slC v) x 100

r v = peak area of gymnemagenin from the Sample
solution

r s = peak area of gymnemagenin from Standard
solutionA

C s =concentration of gymnemagenin in Standard
solutionA (mg/mL)

C u = concentration of Purified Gymnema Extract in the
Sample solution (mg/mL)

Calculate the percentage of the labeled amount of
gymnemic acids in the portion of ~urified Gymnema
Extract taken:

Result = (PIL) x 100

P =content of gymnemic acids asdetermined above
(%)

L = labeled amount of gymnemic acids (%)

Acceptance criteria: 90.0%-110.0% of the labeled amount
on the dried basis

CONTAMINANTS

~~f1JiI€t;!§;
requirements .

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g, and the total
combined molds and yeastscount does not exceed 103 cful
g.

• ABSEN-::E OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1.0 9 of Purified Gymnema Extract
Analysis: Dry at 105° for 3 h. .
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)·
Sample: 1.0 9 of Purified Gymnema Extract
Acceptance criteria: NMT 8%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 1.0 9 of Purified Gymnema Extract
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture. Store at
controlled room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. Label it to indicate the content of
gymnemic acids, in percentage. It meets other labeling
requirements under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Gymnemagenin RS
USP Native Gymnema Extract RS

USP 43

Hawthorn Leaf with Flower

DEFINITION
Hawthorn leaf with Flower consists of the dried tips of the

flower-bearing branches up to 7 cm in length of Crataegus
moryogyna [acq. emend Lindman. or Crataegus laevigata
(POIr.) DC, also known as Crataegus oxycanthaLinne (Fam.
Rosaceae). It contains NLT 0.6% of C-glycosylated flavones,
expressed as vitexin (CzlH2001O), and NLT 0.45% of
O-glycosylated flavones, expressed as hyperoside
(C2l HZ0012) , calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 0.1 mg/mL each of chlorogenic acid,

rutin, USP Hyperoside RS, and USP Vitexin RS in methanol.
[NoTE-Reserve a portion of this solution for use in
Identification test B.]

Sample solution: Finely powder 109 of Hawthorn Leafwith
Flower. Transfer 1 9 of the powder to aflask, and add 10 mL
of methanol. Heat the flask on a water bath malntalned at
65° for 5 min, cool, filter, and use the filtrate.

Adsorbent: 0.50-mm layer of chromatographic silica gel
mix~ure (TLC plates) . ,

Application volume: 10 III
Developing solvent system: Ethyl acetate, glacial acetic

acid, formic acid, and water (10: 1.1: 1.1: 2.6)
Derivatization reagent A: 2-Aminoethyl diphenylborinate

in methanol (1 in 100)
Derivatization reagent B: Polyethylene glycol 4000 in

methanol (5 in 100)
Analysis

Samples: Standardsolution and Sample solution
Proceed as directed in the chapter, except to dry the plate

at 105°, and spray the plate while still hot with 10 mL of
Derivatizationreagent A and then with 10 mL of
Derivatizationreagent B. Allow the plate to air-dry for
30 min, and examine under long-wave UV light (365 nm).

Acceptance criteria: The chromatogram of the Standard
solution exhibits an intense orange zone (at RFvalue of 0.3)
due to rutin; a light blue fluorescent zone (at RFvalue of 0.4)
due to chlorogenic acid; a yellowish-orange zone (at RF

value of 0.55) due to hyperoside; and a yellowish-green
zone (at RFvalue of 0.65) due to vitexin. The chromatogram
of the Sample solution, in addition to the zones due to rutin,
chlorogenic acid, hyperoside, and vitexin, exhibits a
yellowish-green zone (at RF value of 0.35) due to vitexin
2-rhamnoside; a light blue fluorescent zone (at RF value of
0.6) due to spiraeoside; and a light blue fluorescent zone
near the solvent front (at RFvalue of 0.9) due to caffeic acid.
The chromatogram of the Sample solutionalso exhibits
additional zones of weaker intensity.

• B. HPLC
Solution A: Tetrahydrofuran, acetonitrile, and methanol

(92.4: 3.4: 4.2)
Solution B: 0.5% Phosphoric acid in water
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 12 88

12 12 88

25 18 82

30 18 82
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Standard solution: Usethe Standardsolution reserved from
Identification test A.

Sample solution: Transfer 3'g offinely powdered Hawthorn
Leafwith Flower to a 1OO-mL round-bottom flask, add
60 mL of a mixture of methanol and water (4:1), and
maintain under reflux for 1 h. Cool, filter, and collect the
filtrate in a separateflask.Transfer the residuefrom the filter
back to the flask, add 40 mL of a mixture of methanol and
water (4:1), and maintain under reflux for 10 min. Cool,
filter, and combine the filtrate with the filtrate obtained
from the first extraction. Evaporate the solvent from the
combined filtrates under vacuum to a volume of 20 mL.
Dilute the resulting solution with a mixture of methanol and
water (4:1) to 25.0 mL. Pass 5.0 mL of this solution .
through a freshly conditioned solid-phase extraction .
column containing 360 mg of packing L1, collect the eluate
in a 1O-mLvolumetric flask, and dilute with a mixture of
methanol and water (4:1) tovolume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC.
Detector: UV 336 nm
Column: 4.0-mm x 10-cm; s-prn packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 5 I-IL

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for chlorogenic
acid, vitexin, rutin, and hyperoside are 0.26, 1.0,
1.16, and 1.4, respectively.]

Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis .'
Samples: Standardsolution and Sample solution

[NoTE-The relative retention times for acetyl vitexin
2"-O-rhamnoside, vitexin, isovitexin, and.vitexin
2"-O-rhamnoside are 1.53, 1.0, 0.73, and 0.67,
respectively.]

Measure the retention times for the major peaks.
Acceptance criteria: The retention times of the peaksfor

chlorogenic acid, vitexin, rutin, and hyperoside from the
Sample solution correspond to those from the Standard
solution. .

COMPOSITION
e CONTENT OF C-CiLYCOSYLATED FLAVONES

Solution A: 0.5% solution of phosphoric acid in water
Solution B: Tetrahydrofuran, isopropyl alcohol, and

acetonitrile (10:8:3)
Mobile phase: Solution A and Solution B (22:3)
Standard solution: 0.3 mg/mL of USP Vitexin RS in Solution

B, with heating if necessary
Sample solution: Finely powder 100 g of Hawthorn Leaf

with Flower. Transfer about 4 g of the powder, accurately
weighed, to a continuous-extraction apparatusfitted witha
flask containing 80 mL of methanol, and extract for 5 h.
Cool, remove the flask, and evaporate the solvent from the
extract under vacuum to 40 mL. Transfer this solution to a
50-mL volumetric flask, and dilute with methanol to
volume. Transfer 10.0 mL of the solution to a suitable flask
fitted with a reflux condenser, add 4 mL of 25% .
hydrochloric acid, and maintain under reflux for 90 min.
Cool, transfer the contents of the flask to a 50-mL .
volumetric flask, and dilute with methanol to volume.

Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 336 nm
Column: 4-mm x 10-cm; packing L1
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Flow rate: 1 mL/min
Injection volume: 5 I-IL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8-2
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the areas of the major peaks. Calculate the

percentage of C-glycosylated flavones, expressed as
vitexin (C2l H200lO) , in the portion of Hawthorn Leafwith
Flower taken:

Result=(CslCu) x ('iru/rs) x 100

Cs =concentration of USP Vitexin RS in the Standard
solution (mg/mL)

Cu = concentration of Hawthorn Leafwith Flower in
the Sample solution (mg/mL)

'iru = sum of the peak areas of vitexin and isovitexin,
with a relative retention time of about T.0 and
0.85, respectively, in the chromatogram of the
Sample solution .

rs =vitexin peak area in the Standardsolution

Acceptance criteria: NLT 0.6% of C-glycosylated flavones,
expressed asvitexin (C21H200l0) on the dried basis

e. CONTENT OF O-CiLYCOSYLATED FLAVONES
Mobile phase: Methanol, phosphoric acid, and water

(100:1:100)
Standard solution: 0.05 mg/mL of USP Quercetin RS in

methanol
Sample solution: Proceed asdirected for the Sample

solution in Contentof C-Glycosylated Flavones, except to use
1 mL of 25% hydrochloric acid for 60 min instead of 4 mL
of 25% hydrochloric acid for 90 min.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 I-IL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8-2
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the areas of the major peaks. Calculate the

percentage of O-glycosylated flavones, expressed as
hyperoside (C2l H20012) , in the portion of Hawthorn Leaf
with Flower taken:

Result =(rufrs) x (CslCu) x (MrdMr2) x 100

ru =quercetin peak area from the Sample solution
rs =quercetin peak area from the Standardsolution
Cs =concentration of USP Quercetin RS in the

Standardsolution (mg/mL)
Cu =concentration of Hawthorn Leafwith Flower in

the Sample solution (mg/mL)
Mr1 =molecular weight of hyperoside, 464.38
Mr2 = molecular weight of quercetin, 302.24
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Acceptance criteria: NLT 0.45% of O-glycosylated
flavones, expressed as hyperoside (C21H20012) on the dried
basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 102cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: It shows fragments of dark brown, lignified
branches, usuallyfrom 1 rnrn to NMT 2.5 mm in diameter,
bearing alternate petiolate leaves,with small, often
deciduous styles, and bearing numerous white flowers in a
corymbose arrangement. The leavesare more or less
strongly lobate, and their margins are slightlyor very
slightlyserrate. C. laevigata has pinnatilobate to pinnatifid
leaves, divided into three, five, or seven obtuse lobes; the
leavesof C. monogynaare almost pinnatisect with three to
five acute lobes. The adaxial surfaceof the leafisdark green
to brownish-green; the abaxial surface is lighter,
greyish-green, and shows a dense network of clearlyvisible
veinletsand slightly prominent principalveins.The leaves
of C. laevigataand C. monoqynoare glabrous or bear
isolated trichomes. The flowersconsist of a brownish-green
tubulous calyx, ending in its upper part in fivetriangular
segments, and of fiveyellowish-white to brownishfree
petals, rounded to widely oval, shortly unguiculate, arid
with numerous stamens. The ovary, fused to the tubulous
calyx, bears one to three long styles and consists of the
same number of carpels, each containing one fertileovule.
C. monogynahas one style and one carpel, and C.
laevigatahas two or three styles and carpels.

Microscopic: When reduced to a fine powder, it shows the
following characteristics: unicellularcovering trichomes,
usually with thickwallsand wide lumens, almost straight to
somewhat curved, pitted at the base; fragments 'of leaf
epidermis with cells that have sinuous to polygonal walls
and large anomocytic stomata surrounded byfour to seven
subsidiarycells; clusters of parenchymatous cellscontaining
calcium oxalate crystals, usually from 10-20 urn in length;
fragments of petals showing rounded polygonalepidermal
cells, strongly papillose, with thick walls, the cuticle of
which clearlyshows wavy striations; fragments of anthers
whose endothecium has an arched and regularly thickened
margin; fragments of stems containing collenchymatous
cells, vesselsand fibers of lignified sclerenchyma, with
narrow lumens; numerous rounded to elliptical triangular
pollen grains up to 45 urn in diameter, with free exinesand
three germinal pores.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT8.0% of lignified matter

• Loss ON DRYING (731)
Sample: 1.0 g of Hawthorn Leaf with Flower, finely

powdered
Analysis: Dryat 10SO for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
9.0%

USP 43

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a well..c1osed container,

protected from light.
• LABELING: The labelstates the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
USP Quercetin RS
USP Vitexin RS

Powdered Hawthorn Leaf with Flower
DEFINITION
Powdered Hawthorn Leaf with Floweris Hawthorn Leaf with

Flowerreduced to a fine or veryfine powder.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 0.1 nig/mL each of chlorogenic acid,

rutin, USP Hyperoside RS, and USP Vitexin RS in methanol.
[NoTE-Reserve a portion of this solution for use iQ
Identification test B.]

. Sample solution: Transferabout 1 g of Powdered Hawthorn
Leaf with Flower to a flask, and add 10 mLof methanol.
Heat the flask on a water bath maintained at 65° for 5 min,
cool, filter, and use the filtrate.

Adsorbent: 0.50-mm layer of chromatographic silica gel
mixture (TLC plates)

Application volume: 10 J.lL
Developing solvent system: Ethyl acetate, glacial acetic

acid, formic acid, and water (10: 1.1: 1.1: 2.6)
Derivatization reagent A: 2-Aminoethyl diphenylborinate

in methanol (1 in 100)
Derivatization reagent B: Polyethyleneglycol4000 in

methanol (5 in 100)
Analysis

Samples: Standard solutionand Sample solution
Proceed as directed in the chapter, except to dry the plate

at 105°, and spray the plate while still hot with 10 mLof
Derivatization reagent A and then with 10 mLof '
Derivatization reagent B. Allow the plate to air-dryfor
30 min, and examine under long-wave UV light (365 nm).

Acceptance criteria: The chromatogram of the Standard
solutionexhibits an intense orange zone (at RFvalue of 0.3)
due to rutin; a light blue fluorescent zone (at RFvalue of 0.4)
due to chlorogenic acid; a yellowish-orangezone (at RF

value of 0.55) due to hyperoside; and a yellowish-qreen
zone (at RFvalue of 0.65) due to vitexin.The chromatogram
of the Sample solution, in addition to the zones due to rutin,
chlorogenic acid, hyperoside, and vitexin, exhibits a
yellowish-greenzone (at RF value of 0.35) due to vitexin
2-rhamnoside; a light blue fluorescent zone (at RF value of
0.6) due to spiraeoside; and a light blue fluorescent zone
near the solvent front (at RFvalueof 0.9) due to caffeic acid.
The chromatogram of the Sample solution also exhibits
additional zones of weaker intensity.

• B. HPLC
Solution A: Tetrahydrofuran, acetonitrile, and methanol

(92.4: 3.4: 4.2)
Solution B: 0.5% Phosphoric acid in water
Mobile phase: See Table 1.
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Table 1

Time Solution A Solution B
(min) (%) (%)

0 12 88

12 12 88

25 18 82

30 18 82

Standard solution: Usethe Standardsolution reserved from
Identification test A.

Sample solution: Transferabout 3 g of Powdered Hawthorn
Leafwith Flower to a 1OO-mL round-bottom flask, add
60 mL of a mixture of methanol and water (4:1), and
maintain under reflux for 1 h. Cool, filter, and collect the
filtrate in a separateflask.Transferthe residue from the filter
back to the flask, add 40 mL of a mixture of methanol and
water (4:1), and maintain under reflux for 10 min. Cool,
filter, and combine the filtrate with the filtrate obtained
from the first extraction. Evaporate the solvent from the
combined filtrates under vacuum to a volume of 20 mL.
Dilute the resulting solution with a mixture of methanoland
water (4:1) to 25.0 mL. Pass 5.0 mL of this solution
through a freshly conditioned solid-phase extraction
column containing 360 mg of packing L1, collect the eluate
in a 1O-mLvolumetric flask, and dilute with a mixture of
methanol and water (4:1) to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 336 nm
Column: 4.0-mm x 10-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for chlorogenic
acid, vitexin, rutin, and hyperoside are 0.26, 1.0,
1.16, and 1.4, respectively.] .

Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution

[NOTE-The relative retention times for acetyl vitexin
2"-O-rhamnoside, vitexin, isovitexin, and vitexin
2"-O-rhamnoside are 1.53, 1.0, 0.73, and 0.67,
respectively.]

Measure the retention times for the major peaks.
Acceptance criteria: The retention times of the peaks for

chlorogenic acid, vitexin, rutin, and hyperosidefrom the
Sample solution correspond to those of the Standard
solution.

COMPOSITION
• CONTENT OF C-GLYCOSYLATED FLAVONES

Solution A: 0.5% Solution of phosphoric acid in water
Solution B: Tetrahydrofuran, isopropyl alcohol, and

acetonitrile (10:8:3)
Mobile phase: Solution A and Solution 8 (22:3)
Standard solution: 0.3 mg/mL of USP Vitexin RS in Solution

8, with heating if necessary
Sample solution: Transferabout 4 g of Powdered Hawthorn

Leafwith Flower, accurately weighed, to a
continuous-extraction apparatus fitted with a flask
containing 80 mL of methanol, and extract for 5 h. Cool,
remove the flask, and evaporate the solvent from the
extract under vacuum to 40 mL. Transfer this solution to a
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50-mL volumetric flask, and dilute with methanol to
volume. Transfer 10.0 mL of the solution to a suitable flask
fitted with a reflux condenser, add 4 mL of 25%
hydrochloric acid, and maintain under reflux for 90 min.
Cool, transfer the contents of the flask to a 50-mL
volumetric flask, and dilute with methanol to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 336 nm
Column: 4-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8-2
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the areas of the major peaks. .
Calculate the percentage of C-glycosylated flavones,

expressed asvitexin (C21H20010), in the portion of
Powdered Hawthorn Leafwith Flower taken:

=sum of the peak areas of vitexin and isovitexin
from the Sample solution, with relative retention
times of about 1.0 and 0.85, respectively

=vitexin peak area from the Standardsolution
=concentration of USP Vitexin RS in the Standard

solution (mg/mL)
=concentration of Powdered Hawthorn Leafwith

Flower in the Sample solution (mg/mL)

Acceptance criteria: NLT 0.6% of C-glycosylated flavones,
expressed asvitexin (C21H20010) on the dried basis

• CONTENT OF O-GLYCOSYLATED FLAVONES
Mobile phase: Methanol, phosphoric acid, and water

(100:1:100)
Standard solution: 0.05 mg/mL of USP Quercetin RS in

methanol
Sample solution: Proceed as directed for the Sample

solution in Contentof C-Glycosylated Flavones, except use
1 mL of 25% hydrochloric acid for 60 min instead of 4 mL
of 25% hydrochloric acid for 90 min.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8-2
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the areas of the major peaks.
Calculate the percentage of O-glycosylated flavones,

expressed as hyperoside (C2l H200l2), in the portion of
Powdered Hawthorn Leafwith Flower taken:
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= quercetin peak area from the Sample solution
= quercetin peak area from the Standard solution
= concentration of USP Quercetin RS in the

Standardsolution (mg/mL)
=concentration of Powdered Hawthorn Leaf with

Flower in the Sample solution (mg/mL)
= molecular weight of hyperoside, 464.38
= molecularweight of quercetin, 302.24

Acceptance criteria: NLT 0.45% of O-glycosylated
flavones, expressed as hyperoside (C21H20012) on the dried
basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 102cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
speciesand Escherichia coli.

SPECifiC TESTS
• BOTANICAL CHARACTERISTICS

Microscopic: The yellowish-green powder shows the
following characteristics: unicellular covering trlchornes,
usually with thickwallsand wide lumens, almost straight to
somewhat curved, pitted at the base; fragments of leaf
epidermis with cells that have sinuous to polygonalwalls
and largeanomocytic stomata surrounded byfour to seven
subsidiary cells; clustersof parenchymatous cells containing
calcium oxalate crystals, usually from 10-20 IJm in length;
fragments of petals showing rounded polygonal epidermal
cells, strongly papillose, with thick walls, the cuticle of
which clearlyshows wavy striations;fragments of anthers
whose endothecium has an arched and regularly thickened
margin; fragments of stems containing collenchymatous
cells, vessels, and fibers of lignified sclerenchyrna, with
narrow lumens; and numerous rounded to elliptical
triangular pollen grains up to 45 IJm in diameter, with free
exines and three germinal pores. .

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): Nry1T 8.0% of lignified matter

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Hawthorn Leaf with Flower
Analysis: Dryat 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
9.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a well-closed container,

protected from light.
• LABELING: The labelstates the Latin binomial and, followinq

the official name, the parts of the plant source from which
the articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
USP Quercetin RS
USP Vitexin RS
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Hesperidin
gH3

Ho0? r(Y0CH
3

HO""'~oloyoyyo"""'~oH
OH HO"".·y·..."OH yy

OH OH 0

C2sH3401S 610.57
4H-l-Benzopyran-4-one, 7-[[6-0-(6-deoxy-a-L-

mannopyranosyl)-~-D-g lucopyranosyl]oxy]-2,3-dihydro-5
hydroxy-2-(3.,hydroxy-4-methoxyphenyl)-, (25)-;

(25)-5-Hydroxy-2-(3-hydroxy-4-methoxyphenyl)-4-oxo-3,4
dihydro-2H-chromen-7_yl 6:.0,,(c-t-rharnnopyranosylj-d-o
glucopyranoside [520-26-3].

DEfINITION
Hesperidin contains NLT 90.0% and NMT 102.0% of

hesperidin (C2SH3401S), calculated on the dried basis.

IDENTIfiCATION

• B. retention time of the majorpeak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Solution A: Dilute 5 mL of glacial acetic acid with water to
1000 mL.

Mobile phase: Methanol and Solution A (30:70)
System suitability solution: 0.2 mg/mL each of USP

Isonaringin RS, USP Hesperidin RS, USP Neohesperidin RS,
USP Diosmin RS, and USP Didymin RS in dimethyl sulfoxide

Standard solution: 1.0 mg/mL of USP Hesperidin RS in
dimethyl sulfoxide

Sample solution: 1.0 mg/mL of Hesperidin in dimethyl
sulfoxide

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 284 nm
Column: 3.9-mm x 15-cm; 4-lJm packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 IJL
Run time: At least5 times the retention time of hesperidin

System SUitability
Samples: System suitabilitysolution and Standardsolution

[NoTE-The relative retention times for hesperidin and
its related compounds are shown in Table 7.]

Suitability requirements
Resolution: NLT 1.8 between hesperidinand

neohesperidin, System suitabilitysolution
Relative standard deviation: NMT 2.0%; Standard

solution
Analysis .'

Samples: Standard solution and Sample solution
Calculate the percentage of hesperidin (C2SH34015)'in the

portion of Hesperidin taken: .

Result = (ru/rs)x (Cs/CiJ) x.l 00

ru = peak response from the Sample solution
rs =peak response from the Standardsolution
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Cs = concentration of USP Hesperidin RS in the
Standardsolution (mg/mL)

Cu =concentration of Hesperidin in the Sample
solution (mg/mL)

Acceptance criteria: 90.0%-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 9
Acceptance criteria: NMT 0.2%

• RELATED COMPOUNDS
Solution A, Mobile phase, System suitability solution,

Chromatographic system, and System suitability:
Proceed as directed in the Assay.

Standard solution: 0.05 mg/mL of USP Hesperidin RS in
dimethyl sulfoxide

Sample solution: 1.0 mg/mL of Hesperidin in dimethyl
sulfoxide

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of each impurity in the portion of

Hesperidin taken:

Result=(ru/rs) x (Cs/Cu) x Fx 100

= peak response of each impurity from the Sample
solution

=peak response of hesperidin from the Standard
solution

=concentration of U~P Hesperidin RS in the
Standardsolution (mg/mL)

= concentration of Hesperidin in the Sample
solution (mg/mL)

= correction factor for each individual impurity (see
Table 1)

Acceptance criteria: See Table 1. [NOTE-Disregard any
impurity less than 0.1%.]

Table 1

Relative Correction Acceptance
Retention Factor Criteria,

Name Time (F) NMT (%)

Eriocitrina 0.4 1.00 1.0

Isonaringin 0.7 1.07 4.0

Hesperidin 1.0 - -
Neohesperidln 1.2 0.91 1.0

Diosmin 1.5 1.67 1.0

Narlnqenln" 2.6 0.51 1.0

Didymin 3.0 1.02 3.0

Hesperetin' 3.8 0.45 1.0

Any unspecified im- - 1.00 1.0purity

Total unspecified im- - - 3.0purities

Total impurities - - 10.0

a (5)-5-Hydroxy-2-(3-hydroxy-4-methoxyphenyl)-4-oxo-3,4~dihydro-2H

chromen-7-yl 6-0-(CL-L-rhamnopyranosyl)-~-D-glucopyranoslde.
b (25)-5,7 -Dihydroxy-2-(4-hydroxyphenyl)chroman-4-one.
C (5)-5,7 -Oihydroxy- 2-(3-hydroxy-4-methoxyphenyl)chroman-4-one.

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry at 105° for 4 h.
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Acceptance criteria: NMT 5.0%
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 103cfu/g, and the total combined
molds and yeastscount does not exceed 102cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight

containers.
• USP REFERENCE STANDARDS (11)

USP Didymin RS
(RS)-5-Hyd roxy-2-(4-methoxyphenyl)-4-oxo-3,4

dihydro-2H-chromen-7-yl 6-0-(a-L-rhamnopyranosyl)
p-o-glucopyranoside.

C2SH34014 594.57
USP Diosmin RS
USP Hesperidin RS
USP Isonaringin RS

(RS)-5-Hyd roxy-2-(4-hyd roxyphenyl)-4-oxo-3,4-dihydro
2H-chromen-7-yl 6-0-(c-t-rhamnopyranosylj-j-o-
glucopyranoside. .

C27H32014 580.54
USP Neohesperidin RS

(S)-5-Hydroxy-2-(3-hydroxy-4-methoxyphenyl)-4-oxo
3,4-dihydro-2H-chromen-7-yl
2-0-(a-L-rhamnopyranosyl)-P-D-glucopyranoside.

C2sH34015 610.57

Histidine-see Histidine General Monographs

Holy Basil Leaf

DEFINITION
Holy Basil Leafconsistsof the dried leaf of Ocimum tenuiflorum

L. (Fam. Lamiaceae). It contains NLT 0.5% of triterpenes,
calculated as the sum of oleanolic acid and ursolic acid, on
the dried basis. '

IDENTIFICATION
• A. Holy Basil Leaf meets the requirements for Specific Tests,

Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP RosmarinicAcid RS
in methanol

Standard solution B: 10 mg/mL of USP Powdered Holy Basil
Extract RS in methanol

Sample solution: Sonicate about 1 9 of Holy Basil Leaf,
finely powdered, in 10 mL of methanol for 10 min,
centrifuge, and use the supernatant. [NOTE-Reserve a
portion of the supernatant for Identification test C.]

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 prn (HPTLCplates)
Application volume: 2 ~L of StandardsolutionA, 4 ~L of

Standardsolution B, and 8 ~L of Sample solution as 8-mm
bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
formic acid, and water (15:1:1)

Developing distance: 6 cm
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Derivatization reagent A: 5-mg/ml solution of
2-aminoethyl diphenylborinate in ethyl acetate

Derivatization reagent B: 50-mg/ml solution of
polyethylene glycol 400 in dichloromethane

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the Samples as bands to a suitable high performance

thin-layer chromatographic plate, and dry in air (see
Chromatography(621». Develop the chromatograms in a
saturated chamber, remove the plate from the chamber,
and dry in air. Heat the plate at 100° for 3 min, derivatize
the plate while still warm with Oerivatization reagent A,
and dry in air. Then derivatize with Oerivatization reagent
B, dry in air, and examine under UV light at 366 nm.

System suitability: The chromatogram of Standard solution
Bexhibits, in the upper third section, a blue fluorescent
band corresponding to the band due to rosmarinic acid in
the chromatogram of Standard solution A,and a less intense
blue fluorescent band directly above the band due to
rosmarinic. acid, corresponding to caffeic acid, and a red
band above the caffeic acid band. The bands due to
rosmarinic acid and caffeic acid are clearly separated. The
chromatogram of Standard solution Balso shows the most
intense band, an orange band, in the lower third section of
the chromatogram; and two greenish bands in the middle
third section of the chromatogram.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the following bands corresponding to
similar bands in the chromatogram of Standard solution B: a
blue fluorescent band at an RF corresponding to the
rosmarinic acid band; a less intense blue fluorescent band
at an RF above that of the rosmarinicacid band,
corresponding to caffeic acid; a red band above the caffeic
acid band; a red band at the solvent front due to
chlorophyll; two greenish bands in the middle third section
of the chromatogram; and the most intense band, an
orange band, with a blue band right above in the lower
third section of the chromatogram (distinction from sage
leaf, thyme leaf, basil leaf, and oregano leaf, all of which
show two orange bands in the lower third section of the
chromatogram; and lemon balm leaf which lacks this
band). The Sample solution does not exhibit
yellowish-orange bands in the middle section of the
chromatogram (distinction from rosemary leaf and
thyme leaf).

• C. THIN-LAYER CHROMATOGRAPHY
Standard solution A: 0.2 mg/ml of USP Ursolic Acid RS in

methanol
Standard solution B: 1.0 mg/ml of eugenol in methanol
Standard solution C: 1.0 mg/ml of methyleugenol in

methanol
Standard solution D: 10 mg/ml of USP Powdered Holy

Basil Extract RS in methanol
Sample solution: Use the solution prepared in Identification

test B.
Chromatographic system

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 5 IJm (HPTlC plates)

Application volume: 2 IJl each of Standard solution A,
Standard solution B, and Standard solution C, 4 IJl of
Standard solution 0, and 8 IJl of the Sample solution as
8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of toluene and
ethyl acetate (85:15)

Developing distance: 6 cm

USP 43

Derivatization reagent: Place 85 ml of methanol in a
1OO-ml glass bottle, and cool in a water-ice cubes-salt
bath or in a freezer. To the ice-cold methanol add 10 ml
of acetic acid and 5 ml of sulfuric acid, slowly and
carefully, and mix well. Allowthe mixture to cool to room
temperature, and then add 0.5 ml of p-anisaldehyde.

Analysis
Samples: Standard solution A,Standard solution B, Standard

solution C, Standard solution 0, and Sample solution
Apply the Samples as bands to a suitable high performance

thin-layer chromatographic plate, and dry in air (see
Chromatography (621». Develop the chromatograms in a
saturated chamber, remove the plate from the chamber,
dry in air, derivatize with Oerivatization reagent, heat at
100° for 3-5 min, set aside to cool, and examine under
visible light.

System suitability: Standard solution A exhibits a violet
band. Standard solution Band Standard solution C each
exhibit a greenish band. Standard solution °exhibits a
purple band above the green band corresponding to
eugenol or methyleugenol in Standard solution Bor
Standard solution C.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the most intense band, a violet band at an
RF corresponding to the ursolic acid band in the
chromatogram of Standard solution A and Standard solution
0, and a greenish band at an RF corresponding to the
eugenol band or methyleugenol band in the
chromatograms of Standard solution Bor Standard solution
C. [NOTE-Holybasil leaf may occur in two chemotypes, one
characterized by the presence of eugenol and the other by
the presence of methyleugenol.]

• D. HPLC
Analysis: Proceed as directed in the test for Content of

Triterpenes.
Acceptance criteria: The chromatogram of the Sample

solution exhibits two peaks at the retention times
corresponding to the ursolic acid and oleanolic acid peaks
from the Standard solutions.

COMPOSITION
• CONTENT OF TRITERPENES

Mobile phase: A mixture of acetonitrile and a 2.5-mg/ml
solution of ammonium acetate in water (67:33)

Standard solution A: 0.1 mg/ml of USP UrsolicAcid RS in
methanol. Sonicate to dissolve, if necessary.

Standard solution B: 4.0 mg/ml of USP Powdered Holy
Basil Extract RS in methanol. Sonicate to dissolve, if
necessary. Before injection, pass through a membrane filter
of 0.45-lJm or finer pore size.

Sample solution: Transfer about 3.0 g of Holy Basil leaf,
finely powdered and accurately weighed, to a 100-ml
round-bottom flask fitted with a reflux condenser. Add
50 ml of methanol, reflux on a water bath for 20 min, cool
to room temperature, and decant the supernatant. Repeat
until the last extract iscolorless. Combine the extracts, filter,
concentrate under vacuum, and adjust with methanol to a
volume of 100 mL. Before injection, pass through a
membrane filter havinq a 0.45-lJm or finer pore size,
discarding the first few ml of filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV, 205 nm
Column: 3.0-mm x 10-cm; 2.5-lJm packing II
Flow rate: 0.3 ml/min
Injection volume: 5 IJl

System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements
Chromatogram similarity: The chromatogram from

StandardsolutionB is similar to the reference
chromatogram provided with the lotof USP Powdered
Holy Basil Extract RS being used.

Resolution: NLT 1.3 between the oleanolic acid and
ursolic acid peaks, Standardsolution B

Relative standard deviation: NMT 2% for the ursolic
acid peak, StandardsolutionA

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of StandardsolutionA, Standard

solution B, and the reference chromatogram provided
with the lot of USP Powdered Holy Basil Extract RS being
used, identify the retention time of the peaks
corresponding to oleanolic acid and ursolic acid in the
Sample solution chromatogram.

Calculate the percentage of triterpenes, oleanolic acid, and
ursolic acid in the portion of Holy Basil Leaf taken:

Result= (rvlrs) x Cs x (VIW) x 100

ru =sum of the peak areas of oleanolic acid and ursolic
acid from the Sample solution

ts = peak area of ursolic acid from StandardsolutionA
Cs =concentration of ursolic acid in Standardsolution

A (mg/mL)
V =volume of the Sample solution (mL)
W =weight of Holy Basil Leaf taken to prepare the

Sample solution (mg)

Acceptance criteria: NLT 0.5% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 I-Ig/g
Cadmium: NMT 0.5 I-Ig/g
Lead: NMT 5.0 I-Ig/g
Mercury: NMT 1.0 I-Ig/g

•'~;~;<y; :i<,lii~'t!!~~~;~<~;~~;;!i~~ti~lg~~l&~~i(l~g
c\pg..~~C ..;L,"J~)· Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined molds and yeastscount does not exceed 103 cful
g, and the bile-tolerant Gram-negative bacteria does not
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The leaves are petiolate; simple; elliptic
oblong to elliptic; apex acute or obtuse; margin serrate or
occasionally entire; base acute or obtuse; pubescent, more
trichomes on the lower surface around its midrib; venation
reticulate, veins more prominent on lower surface; petiole
cylindrical, slightly grooved on the upper surface, with
trichomes. The upper surface is green; the lower surface is
pale green; characteristic aromatic odor. PharmacopeiaI
article consists of dry, yellowish-green, brittle, leaves.

Microscopic .
Transverse section of leaf: Lamina is dorsiventral;upper

epidermis and lower epidermis, each a single layer of
rectangular cells covered with thin cuticle, showing plenty
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of covering and glandular trichomes, more on the lower
epidermis; covering trichomes are uniseriate, unicellular
to multicellular, often bent, with bulging basal cells;
glandular trichomes are of various sizes and shapes,
majority are sessil with 4-celled head, few with a
single-celled stalk, some with 1- to 2-celled stalk and 1- to
2-celled head; a layer of palisade cells under the upper
epidermis in the lamina region; 2-4 rows of collenchyma
cells under each epidermis in the midrib region; an arc of
conjoint, collateral vascular bundles in the center, and 2
4 patches of phloem bundles or rudimentary small
vascular bundles above the arc; and spongy parenchyma
cells rich in oleoresin contents.

Transverse section of petiole: Similar to the transverse
section through the midrib of the leaf; upper epidermis
and lower epidermis, each a single layer of rectangular
cells covered with thin cuticle, showing plenty of covering
and glandular trichomes; 2-4 rows of collenchyma cells
under each epidermis; an arc of conjoint, collateral
vascular bundle in the center, a row of small rudimentary
vascular bundles above the arc facing the upper side, and
an isolated vascular bundle at each end of the arc; and
spongy parenchyma cells .

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 5% of stems; NMT 2.0% of other foreign
matter

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Holy Basil Leaf
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)
Sample: 2 g of finely powdered Holy Basil Leaf
Acceptance criteria: NMT 18%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561)
Sample: 2-4 g of finely powdered Holy Basil Leaf
Acceptance criteria: NMT 3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Powdered Holy Basil Extract RS
USP Rosmarinic Acid RS
USP Ursolic Acid RS

Powdered Holy Basil Leaf

DEFINITION
Powdered Holy Basil Leaf is the pulverized dried leaf of Ocimum

tenuif/orum L. (Fam. Lamiaceae). It contains NLT 0.5% of
triterpenes, calculated as the sum of oleanolic acid and
ursolic acid, on the dried basis.

IDENTIFICATION
• A. Powdered Holy Basil Leaf meets the requirements for

Specific Tests, Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP Rosmarinic Acid RS
in methanol

Standard solution B: 10 mg/mL of USP Powdered Holy Basil
Extract RS in methanol

Sample solution: Sonicate about 1 g of Powdered Holy Basil
Leaf in 10 mL of methanol for 10 min, centrifuge, and use

www.webofpharma.com

https://nhathuocngocanh.com/



5088 Holy Basil Leaf / Dietary Supplements

the supernatant. [Ncrt--Reserve a portion of the
supernatant for Identification test C]

Chromatographic system
Adsorbent: Chromatographic silica gel mixturewith an

average particle sizeof 5 urn (HPTLC plates)
Application volume: 2!JLof Standard solution A, 4 !JL of

Standard solution B, and 8 !JL of the Sample solution as
8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
formicacid, and water (15:1:1)

Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solutionof
2-aminoethyl diphenylborinate in ethyl acetate

Derivatization reagent B: 50-mg/mL solutionof
polyethylene glycol 400 in dichloromethane

Analysis
Samples: Standard solution A, Standard solution 81 and

Sample solution
Apply the Samples as bands to a suitable high performance

thin-layer chromatographic plate, and dry in air (see
Chromatography (621». Develop the chromatograms in a
saturated chamber, remove the plate from the chamber,
dry inair, heat at 100° for 3 min, derivatize the platewhile
still warm with Derivatization reagent A, dry in air, then
derivatize with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.

System suitability: The chromatogram of Standard solution
B exhibits, in the upper third section, a blue fluorescent
band corresponding to the band due to rosmarinic acid in
the chromatogram of Standard solution A,and a less intense
blue fluorescent band, right above the band due to
rosmarinic acid, corresponding to caffeic acid, and a red
band above the caffeic band. The bands due to rosmarinic
acid and caffeic acid are clearly separated. The
chromatogram of Standard solution Balso shows the most
intense band, an orange band, in the lowerthird sectionof
the chromatogram, and two greenish bands in the middle
third section of the chromatogram.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the following bands correspondingto
similar bands inStandard solution B: a bluefluorescent band
at an RFcorresponding to the rosmarinic acid band; a less
intense blue fluorescent band at an RF above that of the
rosmarinic acid band, corresponding to caffeic acid; a red
band above the caffeic acid band; and a red band at the
solventfront due to chlorophyll; two greenish bands in the
middle third section of the chromatogram; and the most
intense band, an orange band, with a blue band rightabove
in the lowerthird section of the chromatogram (distinction
from sage leaf, thyme leaf, basil leaf, and oregano leaf, all
show two orange bands in the lowerthird section of the
chromatogram; and lemon balm leafwhich lacks the
band). The Sample solution does not exhibit
yellowish-orange bands at the middleof the chromatogram
(distinction from rosemary leafand thyme leaf).

• C. THIN-LAYER CHROMATOGRAPHY
Standard solution A: 0.2 mg/mL of USP Ursolic Acid RS in

methanol
Standard solution B: 1.0 mg/mL of eugenol in methanol
Standard solution C: 1.0 mg/mL of methyleugenol in

methanol
Standard solution D: 10 mg/mL of USP Powdered Holy

Basil Extract RS in methanol
Sample solution: Use the solution prepared in Identification

test B.
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Chromatographic system
Adsorbent: Chromatographicsilica gel mixturewith an

average particle sizeof 5 urn (HPTLC plates)
Application volume: 2!JL of Standard solution A, Standard

solution B, and Standard solution C; 4 !JL of Standard
solution D, and 8 !JL of the Sample solution as 8-mm bands

Relative humidity: Condition the plate to a relative
humidityof about 33% usinga suitable device.

Developing solvent system: Amixtureof toluene and
ethyl acetate (85:15)

Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or in a freezer. To the ice-cold methanol,
add 10 mL of acetic acid and 5 mL of sulfuric acid, slowly
and carefully, and mixwell. Allow the mixtureto cool to
room temperature, and then add 0.5 mL of
p-anisaldehyde.

Analysis
Samples: Standard solution A,Standard solution B, Standard

solution C, Standard solution 0, and Sample solution
Apply the Samples as bands to a suitablehigh performance

thin-layerchromatographic plate, and dry in air (see
Chromatography (621». Develop the chromatograms in a
saturated chamber, removethe plate from the chamber,
dry in air, derivatize with Oerivatization reagent; heat at
100° for 3-5 min, set aside to cool, and examine under
visible light.

System suitability: Standard solution A exhibits a violet
band. Standard solution Band Standard solution (each
exhibit a greenish band. Standard solution Dexhibits a
purple band above the green band corresponding to
eugenol or methyleugenol in Standard solution Bor
Standard solution C

Acceptance criteria: The chromatogram of the Sample
solution exhibitsthe most intense band, a violet band at an
RF corresponding to the ursolic acid band in the
chromatogram of Standard solution Aand Standard solution
D, and a greenish band at an RF corresponding to the
eugenol band or methyleugenol band in the
chromatograms of Standard solution Bor Standard solution
C [NOTE-Holy basil leafmayoccurintwo chemotypes,one
characterized by the presenceof eugenol and the other by
the presence of methyleugenol.] ,

• D. HPLC
Analysis: Proceed as directed in the test for Content of

Triterpenes.
Acceptance criteria: The chromatogram of the Sample

solution exhibits two peaksat the retention times
corresponding to the ursolic acid and oleanolic acid in the
Standard solutions.

COMPOSITION
• CONTENT OF TRITERPENES

Mobile phase: Amixtureof acetonitrile and a solutionof
2.5 mg/mL ammonium acetate in water (67:33)

Standard solution A: 0.1 mg/mLof USP Ursolic Acid RS in
methanol. Sonicateto dissolve ifnecessary.

Standard solution B: 4.0 mg/mLof USP Powdered Holy
Basil Extract RS in methanol. Sonicate to dissolve if
necessary. Before injection, passthrough a membrane filter
of 0.45-!Jm or finer pore size.

Sample solution: Transfer about 3.0 g of Powdered Holy
Basil Leaf, accurately weighed, to a 1OO-mL round-bottom
flask fitted witha reflux condenser.Add50 mL ofmethanol,
reflux on a water bath for 20 min, cool to room
temperature, and decant the supernatant. Repeatuntil the
last extract is colorless. Combinethe extracts, filter,
concentrate under vacuum and adjust the volume to
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100 mL using methanol. Before injection, pass through a
membrane filter having a 0.45-~m or finer pore size,
discarding the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV, 205 nm
Column: 3.0-mm x 1O-cm; 2.5-~m packing L1
Flow rate: 0.3 mL/min
Injection volume: 5 ~L

System suitability
Samples: Standardsolution A and Standard solutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Holy Basil Extract RS being used.

Resolution: NLT 1.3 between the oleanolic acid and
ursolic acid peaks, Standard solution B

Relative standard deviation: NMT 2% determined from
the ursolic acid peak in repeated injections, Standard
solutionA

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
Using the chromatograms of Standard solutionA, Standard

solution B, and the reference chromatogram provided
with the lot of USP Powdered Holy Basil Extract RS being
used, identify the retention time of the peaks
corresponding to oleanolic acid and ursolic acid in the
Sample solution chromatogram.

Calculate the percentage of triterpenes, oleanolic acid, and
ursolic acid in the portion of Powdered Holy Basil Leaf
taken:

Result=(rulrs) x Cs x (VIW) x 100

= sum of peak areas of oleanolic acid and ursolic
acid in the Sample solutionchromatogram

=peak area for ursolic acid in the Standard solution
A chromatogram

=concentration of ursolic acid in Standard solution
A (mg/mL)

=volume of the Sample solution (mL) ,
=weight of Powdered Holy Basil Leaf taken to

prepare the Sample solution (mg)

Acceptance criteria: NLT 0.5% on the dried basis

CONTAMINANTS
- ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

.lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g

-~~I~!~
~f'1Ply~.

-MICROBIAL ENUMERATION TESTS
bacterial count does not Os cfu/q, the total
combined molds and yeastscount does not exceed 103 ciis!
g, and the bile-tolerant Gram-negative bacteria does not
exceed 103 ciu!g.

- ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli
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SPECIFIC TESTS
- BOTANIC CHARACTERISTICS

Macroscopic: Yellowish-green powder; characteristic
aromatic odor

Microscopic: It shows fragments of epidermal cell, straight
anticlinal walls on the upper surface and slightly wavy on
the lower surface, with diacytic stomata, with covering and
glandular trichomes; covering trichomes, uniseriate,
unicellular to multicellular, often bent, with bulging basal
cells; 4-celled head and 1- to 2-celled head glandular
trichomes; fibres; and vascular tissue.

- Loss ON DRYING (731)
Sample: 1.0 g of Powdered Holy Basil Leaf
Analysis: Dry at 105 0 for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 2 g of Powdered Holy Basil Leaf
Acceptance criteria: NMT 18%

- ARTICLES OF BOTANICAL ORIGIN, Acid-insoluble Ash (561)
Sample: 2-4 g of Powdered Holy Basil Leaf
Acceptance criteria: NMT 3%

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label statesthe Latin binomial and, following
, the official name, the part of the plant from which the

article was derived.
- USP REFERENCE STANDARDS (11)

USP Powdered Holy Basil Extract RS
USP Rosmarinic Acid RS
USP Ursolic Acid RS

Powdered Holy Basil leaf Extract

DEFINITION
Powdered Holy Basil Leaf Extract is prepared from Holy Basil

Leaf by extraction with mixtures of alcohol-water' or
methanol-water. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of triterpenes, calculated as the sum
of oleanolic acid and ursolic acid, on the dried basis. It 'may
contain suitable added substancesas carriers.

IDENTIFICATION
- A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP RosmarinicAcid RS
in methanol

Standard solution B: 10 mg/mL of USP Powdered Holy Basil
Extract RS in methanol

Sample solution: 10 mg/mL of Powdered Holy Basil Leaf
Extract in methanol. [NOTE-Reserve a portion for use in
Identification test B.]

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 um (HPTLC plates)
Application volume: 2 ~L of Standard solution A, 4 ~L of

Standard solution B, and 8 ~L of the Sample solutionas
8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
formic acid, and water (15:1:1)

Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of

2-aminoethyl diphenylborinate in ethyl acetate
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Derivatization reagent B: 50-mg/mL solution of
polyethylene glycol 400 in dichloromethane

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the Samples as bands to a suitable high performance

thin-layer chromatographic plate, and dry in air (see
Chromatography (621 »). Develop the chromatograms in a
saturated chamber, remove the plate from the chamber,
dry in air, heat at 100° for 3 min, derivatize the plate while
still warm with Oerivatization reagent A, dry in air, then
derivatize with Oerivatization reagent B, dry in air, and
examine under UV light at 366 nm.

System suitability: The chromatogram of Standard solution
B exhibits, in the upper third section, a blue fluorescent
band corresponding to the band due to rosmarinic acid in
the chromatogram of Standard solution A,and a less intense
blue fluorescent band, right above the band due to
rosmarinic acid, corresponding to caffeic acid, and a red
band above the caffeic acid band. The bands due to
rosmarinic acid and caffeic acid are clearly separated. The
chromatogram of Standard solution Balso shows the most
intense band, an orange band, in the lower third section of
the chromatogram, and two greenish bands in the middle
third section of the chromatogram.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the following bands corresponding to
similar bands in the chromatogram of Standard solution B: a
blue fluorescent band at an RF corresponding to the
rosmarinic acid band; a less intense blue fluorescent band
at an RF above that of the rosmarinic acid band,
corresponding to caffeic acid; a red band above the caffeic
acid band; and a red band at the solvent front due to
chlorophyll; two greenish bands in the middle third section
of the chromatogram; and the most intense band, an
orange band, with a blue band above in the lower third
section of the chromatogram (distinction from sage leaf,
thyme leaf, basil leaf, and oregano leaf, all show two orange
bands in the lower third section of the chromatogram; and
lemon balm leaf which lacks this band). The Sample
solution does not exhibit yellowlsh-oranqe bands in the
middle section of the chromatogram (distinction from
rosemary leaf and thyme leaf).

• B. THIN-LAVER CHROMATOGRAPHY
Standard solution A: 0.2 mg/mL of USP UrsolicAcid RS in

methanol
Standard solution B: 1.0 mg/mL of eugenol in methanol
Standard solution C: 1.0 mg/mL of methyleugenol in

methanol
Standard solution D: 10 mg/mL of USP Powdered Holy

Basil Extract RS in methanol
Sample solution: Use the solution prepared in Identification

test A.
Chromatographic system

Adsorbent: Chromatographic silica gel mixture with an
average particle size of 5 J.Im (HPTLC plates)

Application volume: 2 J.IL of Standard solution A, Standard
solution B, and Standard solution C, 4 J.IL of Standard
solution 0, and 8pL of the Sample solution as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of toluene and
ethyl acetate (85:15)

Developing distance: 6 em
Derivatization reagent: Place 85 mL of methanol in a

1OO-mL glass bottle, and cool it down in a water-ice
cubes-salt bath or in a freezer. To the ice-cold methanol,
add 10 mL of acetic acid and 5 mL of sulfuric acid, slowly
and carefully, and mix well. Allow the mixture to cool to
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room temperature, and then add 0.5 mL of
p-anisaldehyde.

Analysis
Samples: Standard solution A,Standard solution B, Standard

solution C, Standard solution 0, and Sample solution
Apply the Samples as bands to a suitable high performance

thin-layer chromatographic plate, and dry in air (see
Chromatography (621 »). Develop the chromatograms in a
saturated chamber, remove the plate from the chamber,
dry in air, derivatize with Oerivatization reagent, heat at
100° for 3-5 min, set aside to cool, and examine under
visible light. .

System suitability: Standard solution A exhibits a violet
band. Standard solution Band Standard solution C each
exhibit a greenish band. Standard solution 0 exhibits a
purple band above the green band corresponding to
eugenol or methyleugenol in Standard solution Bor
Standard solution C.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the most intense band, a violet band at an
RF corresponding to the ursolic acid band in the
chromatogram of Standard solution A and Standard solution
D, and a greenish band at an RF corresponding to the
eugenol band or methyleugenol band in the
chromatograms of Standard solution Bor Standard solution
C.[NOTE-Holybasil leaf may occur in two chernotypes, one
characterized by the presence of eugenol and the other by
the presence of methyleugenol.]

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Triterpenes.
Acceptance criteria: The chromatogram of the Sample

solution exhibits two peaks at the retention times
corresponding to the ursolic acid and oleanolic acid in the
Standard solutions.

COMPOSITION
• CONTENT OF TRITERPENES

Mobile phase: A mixture of acetonitrile and a solution of
2.5 mg/mL ammonium acetate in water (67:33)

Standard solution A: 0.1 mg/mL of USP UrsolicAcid RS in
methanol. Sonicate to dissolve if necessary.

Standard solution B: 4.0 mg/mL of USP Powdered Holy
Basil Extract RS in methanol. Sonicate to dissolve if '
necessary. Before injection, pass through a membrane filter
of 0.45-J.Im or finer pore size.

Sample solution: An amount of Powdered Holy Basil Leaf
Extract equivalent to 5 mg of triterpenes in 50 mL of
methanol. Sonicate to dissolve if necessary. Before
injection, pass through a membrane filter of 0.45-J.IL or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV, 205 nm
Column: 3.0-mm x 10-cm; 2.5-J.Im packing L1
Flow rate: 0.3 mL/min
Injection volume: 5 J.IL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Holy Basil Extract RS being used.

Resolution: NLT 1.3 between the oleanolic acid and
ursolic acid peaks, Standard solution B
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Relativestandard deviation: NMT 2% determined from
the ursolic acid peak in repeated injections, Standard
solutionA

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solutionB, and the referencechromatogram provided
with the lot of USP Powdered Holy Basil Extract RS being
used, identify the retention time of the peaks
corresponding to oleanolic acid and ursolic acid in the
Sample solutionchromatogram.

Calculate the percentage of triterpenes, oleanolic acid, and
ursolic acid in the portion of Powdered Holy Basil Leaf
Extract taken:

P= (rulrs) x (CslCu) x 100

ru =sum of peak areas of oleanolic acid and ursolic
acid in the Sample solutionchromatogram

rs =peak area for ursolic acid in the Standard solution
A chromatogram

Cs =concentration of ursolic acid in Standard solution
A (mg/mL)

Cu = concentration of PowderedHoly Basil Leaf Extract
in the Sample solution(mg/mL)

Calculatethe percentage of the labeledamount of
triterpenes, oleanolic acid, and ursolic acid in the portion
of Powdered Holy Basil Leaf Extract taken:

Result =(PIL) x 100

P = content of triterpenes, oleanolic acid, and ursolic
acid, as determined above (%)

L =labeledamount of triterpenes,oleanolic acid,and
ursolic acid (%)

Acceptance criteria: 90%-110% of the labeledamount on
the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)'
Acceptance criteria

Arsenic: NMT 1.0 I-Ig/g
Cadmium: NMT 0.5 I-Ig/g
Lead: NMT 5.0 I-Ig/g
Mercury: NMT 1.0 I-Ig/g

~ -~
: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 cfu/g, and the total
combined moldsand yeastscount does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 2.0 9 of Powdered Holy Basil Leaf Extract
Analysis: Dryat 105° for 2 h.
Acceptance criteria: NMT 5.0%
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. Itmeets other labeling requirementsfor
Botanical Extracts (565).

• USP REFERENCE ,STANDARDS (11)
USP Powdered Holy Basil Extract RS
USP Rosmarinic Acid RS
USP Ursolic Acid RS

Hydroxocobalamin-see Hydroxocobalamin General
Monographs

Isoleucine-see Isoleucine General Monographs,

Japanese Honeysuckle Flower
DEFINITION
JapaneseHoneysuckle Flower consists of the dried flower buds

or dried flowers in the early-opening stage of Lonicera
japonicaThunb. (Fam. Caprifoliaceae) collected in early
summer. It contains NLT 3.8% of caffeoylquinic acids,
calculatedas the sum of chlorogenic acid,
3,5-di-O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic
acidon the dried basis; and NLT 0.80% of iridoids, calculated
as the sum ofsweroside, secoxyloganin, and centaurosideon
the dried basis.

IDENTIFICATION
• A. HPTLC FORARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL of USP Chlorogenic
Acid RS, 0.25 mg/mL of USP Rutin RS, and 0.1 mg/mL of
USP Luteolin-7-O-Glucoside RS in methanol ,

Standard solution B: 10 mg/mL of USP Lonicera japonica
Flower Dry Extract RS in methanol. Sonicatefor 10 min,and
filter. Evaporate the filtrateat about 50° under reduced
pressureto dryness. Add 5 mL of water to dissolve the
residue, and then add 10 mL ofethylacetate and mix. After
the solutionseparates into two layers, take the ethylacetate
layer. Repeatthe extraction one more time. Combine the
ethyl acetate extracts, evaporate the solvent at about 50°
under reduced pressureto dryness,and dissolve the residue
in methanol equivalent to one-fifth of the initial volumeof
USP Lonicera japonica Flower Dry Extract RS solution.

Sample solution: 500 mg of Japanese Honeysuckle Flower,
finely powdered, in 10 mL of methanol. Sonicatefor
10 min, and filter. Evaporate the filtrate at about 50° under
reduced pressureto dryness. Add5 mL of water to dissolve
the residue, and then add 10 mL of ethyl acetate and mix.
After the solutionseparates into two layers, take the ethyl
acetate layer. Repeatthe extraction one more time.
Combine the ethyl acetate extracts, evaporate the solvent
at about 50° under reduced pressureto dryness, and add
2 mL of methanol to dissolve the residue.

Chromatographic system
Adsorbent; Chromatographic silica gel mixture with an

average particle sizeof about 5 I-Im
Application volume: 5 I-IL, as 10-mm bands
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Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitable device.

Temperature: About 25°
Developing solvent system: The upper layersolutionof a

mixtureof n-butyl acetate, formic acid, and water
(7:5:5)

Developing distance: 8 em
Derivatization reagent A: 10 mg/ml of 2-aminoethyl
diphenylborinate in methanol

Derivatization reagent B: 50 mg/ml of polyethylene
glycol 4000 in alcohol

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air.Treat the plate with Derivatization reagent
A and allowto air-dry. Immediately, treat the plate with
Derivatization reagentB,allow to air-dry, and examine
under UV light at 366 nm.

System suitability: Under UV light at 366 nm, in the
lower-third section, StandardsolutionB exhibits one blue
fluorescent band corresponding in RF to the band due to
chlorogenicacid and one yellowband above chlorogenic
acid corresponding in RF to the band due to luteolin
7-0-glucoside in StandardsolutionA. One faint blue
fluorescent band is below the chlorogenicacid band and
another yellow band, due to rutin, is belowthe faint blue
fluorescent band. In the middle-third section, Standard
solutionBexhibits three blue fluorescentbands: the band
with the highest RF isdue to 3,5-di-O-caffeoylquinic acid;
the band with the middle RF isdue to
4,5-di-O-caffeoylquinic acid; the band with the lowestRF is
due to 3,4-di-O-caffeoylquinic acid.

Acceptance criteria: Under UV light at 366 nm, the Sample
solutionexhibits the most intense band correspondingin RF

and colorto the band ofchlorogenicacidand ayellow band
abovechlorogenicacidcorresponding inRFand colorto the
band due to luteolin-7-0-glucoside in Standard solutionA.
The Sample solution exhibitsanother yellow band in the
lower-third section corresponding to rutin and two blue
bands in the middle-third section due to
3,5-di-O-caffeoylquinic acid and 4,5-di-O-caffeoylquinic
acid corresponding in RF and color to similar bands in
StandardsolutionB.

• B. CAFFEOYLQUINIC ACIDS HPLC PROFILE
Analysis: Proceedas directed in the test for Content of

Caffeoylquinic Acids.
Acceptance criteria: The Sample solutionexhibits the most

intense peak with a retention time correspondingto
chlorogenicacid in StandardsolutionA and peaksat the
retention times corresponding to 3,5-di-O-caffeoylquinic
acid and 4,5-di-O-caffeoylquinic acid in Standard solution
B. It meets the content ratios in Table 2.

• C. IRIDOIDS HPLC PROFILE
Analysis: Proceedas directed in the test for Content of

Iridoids.
Acceptance criteria: The Sample solutionexhibits a peak

with a retention time corresponding to secoxyloganin in
StandardsolutionA and two additional iridoid peaks of
sweroside and centauroside at retention times
corresponding to the same iridoids in Standard solutionB.

COMPOSITION
• CON:rENT OF CAFFEOYLQUINIC ACIDS

Solution A: 0.1% phosphoric acid inwater
Solution B: Acetonitrile
Mobile phase: See Table 7.

iii
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Table 1

Time Solution A Solution B
(min) (%) (%)

0 86 14

8 81 19

14 81 19

34 69 31

35 10 90

39.5 10 90

40 86 14

48 86 14

[NOTE-Protect from lightand proceed under lowactinic
light.The Standardsolutions and the Sample solution
are stable for 24 h at room temperature.]

Solvent: Methanoland water (7.5: 2.5)
Standard solution A: 0.30 mg/ml of USP Chlorogenic

Acid RS in methanol
Standard solution B: 2.5 mg/ml of USP Lonicera japonica

Flower DryExtract RS in Solvent. Sonicate for 15 min, and
pass through a membrane filter of 0.45-lJm or finer
pore size.

Sample solution: Accurately transferabout 100 mg of
Japanese Honeysuckle Flower, finely powdered, into a
suitable stoppered conical flask, and accuratelyadd
10.0 ml of Solvent. Weigh the filled flask with a precision
of ±0.1 mg, stopper, and sonicatefor 30 min. After cooling
to room temperature, adjust to the initial weight by adding
Solvent. Pass through a membrane filter of 0.45-lJm orfiner
pore size,and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: lC
Detector: UV 327 nm
Column: 4.6-mm x 25-cm; 5-lJm packingII
Column temperature: 15°
Flow rate: 0.7 ml/min
Injection volume: 2 IJl

System suitability
Samples: StandardsolutionA and Standardsolution 'B
Suitability requirements

Resolution: NlT 1.5 between the chlorogenicacid and
cryptochlorogenic acid peaks;and between the
3,5-di-O-caffeoylquinic acid and 4,5-di-O-caffeoylquinic
acid peaks, Standardsolution8

Tailing factor: NMT 2.0 for the chlorogenicacid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
chlorogenic acid peak in repeated injections, Standard
solutionA

Chromatographic similarity: The chromatogram of
StandardsolutionB issimilar to the reference
chromatogram for caffeoylquinic acids providedwith
the lot of USP Lonicera japonica Flower Dry Extract RS
being used.

Analysis .
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Using the chromatograms of Standard solutionA and

Standardsolution B, and the reference chromatogram for
caffeoylquinic acids providedwith the lot of USP Lohicera
japonica Flower Dry Extract RS being used, identify the
retention times of the peaks of neochlorogenic acid,
chlorogenicacid, cryptochlorogenic acid,
3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid,
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and 4,S-di-O-caffeoylquinic acid in the Sample solution.
[NoTE-See Table 2 for relative retention times.These
values are not monograph requirements.Theymay vary
due to differences in the chromatographic conditions
allowed by the system suitability requirements.]

Table 2

Approxi-
mate

Relative
Reten- Conversion Content

Analyte tion Time Factor Ratio

Mi-
Neochlorogenicacid" 0.75 1.00 nor peak"

Chlorogenicacld- 1.00 1.00 1.0

Mi-
Cryptochlorogenicadd" 1.05 1.00 nor peak"

Mi-
3,4-Di-O-caffeoylquinic acide 2.65 0.81 nor peak"

3,5-Di-O-caffeoylquinic acid' 2.88 0.77 0.3-0.8

4,5-Di-O-caffeoylquinic acidg 3.01 0.77 0.04-0.2

a (1R,3R,4S,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5
trihydroxycyclohexane-1-carboxylic acid.
b The peak area is lower than the peak area of 4,5-di-O-caffeoylquinic acid.
c(1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5
trihydroxycyclohexane-1-carboxylic acid.
d (15,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5
trihydroxycyclohexane-1-carboxylic acid.
e (15,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l ,5
dihydroxycyclohexane-1-carboxylic acid.
f (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l ,5
dihydroxycyclohexane-l-carboxyllc acid.
9 (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l ,5- .
dihydroxycyclohexane-1-carboxylic acid.

Separately calculatethe percentages of chlorogenicacid,
3,S-di-O-caffeoylquinic acid, and 4,S-di-O-caffeoylquinic
acid in the portion of Japanese Honeysuckle Flower
taken:

Result =(rulrs) x Csx (VIW) x Fx'100

ru =peak area of the relevantanalytefrom the Sample
solution

rs =peak area of chlorogenicacid from Standard
solutionA

Cs =concentration of USP Chlorogenic Acid RS in
StandardsolutionA (mg/mL)

V =volume of the Sample solution (mL)
W =weight of Japanese Honeysuckle Flower taken to

prepare the Sample solution (mg)
F =conversion factor for the analyte (see Table 2)

Calculate the content of caffeoylquinic acids as the sum of
the percentages of chlorogenicacid,
3,S-di-O-caffeoylquinic acid, and
4,S-di-O-caffeoylquinic acid.

Acceptance criteria: NLT 3.8% on the dried basis
• CONTENT OF IRIDOIDS

Solution A, Solution B, Mobile phase, Standard solution
B,and Sample solution: Prepareas directed in the test for
Contentof Caffeoylquinic Acids.

Standard solution A: O.OS mg/mL of USP Secoxyloganin RS
in methanol

Chromatographic system: Proceed as directed in the test
for Contentof Caffeoylquinic Acids except for the Detector.
Detector: UV 240 nm
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System suitability
Samples: StandardsolutionA and Standard solution8
Suitability requirements

Resolution: NLT 1.S between the peak of secoxyloganin
and the peak before it, Standard solution 8

Tailing factor: NMT 2.0 for the secoxyloganin peak,
Standardsolution A

Relative standard deviation: NMT 2.0% for the
secoxyloganin peak in repeated injections, Standard
solutionA

Chromatogram similarity: The chromatogram of
Standardsolution B is similar to the reference
chromatogram for iridoids providedwiththe lot of USP
Lonicera japonica Flower Dry Extract RS being used.

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A and

Standardsolution B, and the reference chromatogram for
iridoids providedwith the lot of USP Lonicera japonica
Flower DryExtract RS being used, identify the peaksof
sweroside,secoxyloganin, and centaurosidein the Sample
solution. [NOTE-The approximate relative retention times
for the peaks of sweroside, secoxyloganin, and
centauroside are 0.8S, 1.00, and 1.80, respectively.]

Separatelycalculatethe percentages of secoxylogahin,
sweroside, and centauroside in the portion of Japanese
Honeysuckle Flower taken:

Result =(rulrs) x Cs x (VIW) x F x 100

ru =peak area of the relevantanalytefrom the Sample
solution

rs =peak area of secoxyloganin from Standard
solutionA

Cs =concentration of USP Secoxyloganin RS in
Standardsolution A (rnq/mt)

V =volume of the Sample solution(mL)
W =weight of Japanese Honeysuckle Flower taken to

prepare the Sample solution(mg)
F =conversion factor for the analyte (1.00 for

secoxyloganin, 1.03 for sweroside, and 0.89 for
centauroside)

Calculatethe content of iridoids as the sum of the
percentages of secoxyloganin, sweroside, and
centauroside.

Acceptance criteria: NLT 0.80% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (S61), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (S61), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterialcount does not exceed lOs du/g, the total
combined moldsand yeastscount does not exceed 103 dul
g, and the bile-tolerant Gram-negative bacteriacount does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Flower buds are clavate, tapered downwards,
slightly curved; 2-3 cm long, about 3 mm in diameter in
the upper part, and 1.5 mm in diameter in the lower part
with densely pubescent surface; externally yellowish white,
greenishwhite to yellowish green, gradually darkeningover
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time to a golden color. The foliaceous bracts are
occasionally visible. The calyx is green, pubescent,
five-lobed at the apex, about 2 mm long. The corollas of
opening flowers are tubular and two-lipped at the apex.
The stamens are epipetalous, yellow, in groups of five, and
the one ovary is glabrous.

Microscopic: The powder contains numerous glandular
hairs. The heads of glandular hairs are multicellular,
subround or slightly oblate, usually 30-70 JJm in diameter,
exceptionally up to 110 JJm.The stalks of glandular hairs
are unicellular or multicellular with up to five cells, usually
20-70 JJm long, exceptionally up to 700 JJm.
Non-glandular hairs occur in two types: one with thick
walls, unicellular, 45-900 JJm long, 15-40 JJm in diameter,
with fine verrucae on the surface, some having corneous
spirals; another type with thin walls, slender, curved or
shrunken, with fine verrucae on the surface. Clusters of
calcium oxalate are usually 6-45 JJm in diameter. Pollen
grains are spherical, with three germinal pores, 60-90 JJm
in diameter.

• LIMIT OF TRITERPENOID SAPONINS
Standard solution: 5.0 mg/mL of USPLonicera

macranthoides Flower Dry Extract RS in methanol. Sonicate
for 10 min, and filter.

Sample solution: 500 mg of Japanese Honeysuckle Flower,
finely powdered, in 10 mL of methanol. Sonicate for
10 min, and filter.

Chromatographic system
(See HPTLC for Articles of BotanicalOrigin (203).)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of about 5 JJm
Application volume: 3 JJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: The upper layer solution of a

mixture of n-butanol, formic acid, and water (4:1 :5)
Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in ethanol

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent,
heat at 105° for 5 min, and examine immediately under
UV light at 366 nm.

System suitability: Under UV light at 366 nm, in the
lower-third section, the Standardsolution exhibits three
clearly separated brown bands: the band with the highest
RF is due to dipsacoside B; the middle band is due to
macranthoidin A; the band with the lowest RF is due to
macranthoidin B.

Acceptance criteria: Under UV light at 366 nm, the Sample.
solutiondoes not exhibit any bands corresponding in RFand
color to the bands due to dipsacoside B, macranthoidin A,
and macranthoidin B in the Standardsolution.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter. NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Alcohol-Soluble Extractives, Method 1: NLT 30.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Water-Soluble Extractives, Method 2: NLT35.0%

• Loss ON DRVING (731)
Sample: 2 g of Japanese Honeysuckle Flower, finely

powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%
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• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 4 g of Japanese Honeysuckle Flower, finely
powdered .

Acceptance criteria: NMT 10.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Acid-Insoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The label states the Latin binomial following the
official name of the plant contained in the article.

• USP REFERENCE STANDARDS (11)
USP Chlorogenic Acid RS
USP Lonicera japonica Flower Dry Extract RS
USP Lonicera macranthoides Flower Dry Extract RS
USP Luteolin-7-0-Glucoside RS
USP Rutin RS
USP Secoxyloganin RS

Japanese Honeysuckle Flower Dry,
. Extract

DEFINITION
Japanese Honeysuckle Flower Dry Extract is prepared from the

dried flower buds or dried flowers in the early opening
stage of Lonicera japonica Thunb. (Fam. Caprifoliaceae)
collected in early summer and extracted with water or a
hydroalcoholic mixture containing NMT 15% alcohol.
Extracts may be further processed by adding alcohol,
filtering, evaporating, and then adding water, filtering, and
evaporating. It contains NLT 90.0.% and NMT 110.0% of the
labeled amount of caffeoylquinic acids, calculated as the sum
of neochlorogenic acid, chlorogenic acid, cryptochlorogenic
acid, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic
acid, and 4,5-di-O-caffeoylquinic acid on the dried basis; and
NLT 90.0% and NMT 110.0% of the labeled amount of
iridoids, calculated as the sum of sweroside, secoxyloganin,
and centauroside on the dried basis. It may contain suitable
added substances as carriers.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL of USPChlorogenic
Acid RS, 0.25 mg/mL of USPRutin RS, and 0.1 mg/mL of
USP Luteolin-7-0-Glucoside RS in methanol

Standard solution B: 10 mg/mL of USP Lonicera japonica
Flower Dry Extract RS in methanol. Sonicate for 10 min, and
filter. Evaporate the filtrate at about 50° under reduced
pressure to dryness. Add 5 mL of water to dissolvethe
residue, and then add 10 mL of ethyl acetate and mix. After
the solution separates into two layers, take the ethyl acetate
layer. Repeat the extraction one more time. Combine the
ethyl acetate extracts, evaporate the solvent at about 50°
under reduced pressure to dryness, and dissolve the residue
in methanol equivalent to one-fifth of the initial volume of
the USP Lonicera japonica Flower Dry Extract RS solution.

Sample solution: 100 mg of Japanese Honeysuckle Flower
Dry Extract in 10 mL of methanol. Sonicate for 10 min, and

.fllter. Evaporate the filtrate at about 50° under reduced
pressure to dryness. Add 5 mL of water to dissolve the.
residue, and then add 10 mLof ethyl acetate and mix. After
the solution separates into two layers, take the ethyl acetate
layer. Repeat the extraction one more time. Combine the
ethyl acetate extracts, evaporate the solvent at about 50°
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under reduced pressureto dryness, and add 2 mL of
methanol to dissolve the residue. .

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of about S IJm
Application volume: S IJL, as 10-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Temperature: About 2So
Developing solvent system: The upper layer solution of a

mixture of n-butyl acetate, formic acid, and water
(7:S:S)

Developing distance: 8 cm
Derivatization reagent A: 10 mg/mL of 2..aminoethyl

diphenylborinate in methanol
Derivatization reagent B: SO mg/mL of polyethylene

glycol 4000 in alcohol
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution

Apply the Samples as bands and dry in air. Develop in a
saturated chamber, remove the plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent
A and allow to air-dry. Immediately, treat the plate with
Derivatization reagent B, allow to air-dry, and examine
under UV light at 366 nm.

System suitability: Under UV light at 366 nm, in the
lower-third section, Standardsolution B exhibits one blue
fluorescent band corresponding in RF to the band due to
chlorogenic acid and one yellow band above chlorogenic
acid corresponding in RF to the band due to luteoHn-
7-O-glucoside in StandardsolutionA. One faint blue
fluorescent band is below the chlorogenic acid band and
another yellow band, due to rutin, is below the faint blue
fluorescent band. In the middle-third section, Standard
solution Bexhibits three blue fluorescent bands: the band
with the highest RF is due to 3,S-di-O-caffeoylquinic acid;
the band with the middle RF is due to
4,S-di-O-caffeoylquinic acid; the band with the lowest RF is
due to 3,4-di-O-caffeoylquinic acid.

Acceptance criteria: Under UV light at 366 nm, in the
lower-third section, the Sample solution exhibits one blue
fluorescent band corresponding in RFand color to the band
of chlorogenic acid and one yellow band above chlorogenic
acid corresponding in RF and color to the band of luteolin
7-O-glucoside in StandardsolutionA. One faint blue
fluorescent band is below the chlorogenic acid band and
another yellow band, due to rutin, is below the faint blue
fluorescent band corresponding in RF and color to similar
bands in Standardsolution B. In the middle-third section,
the Sample solution exhibits three blue fluorescent bands
due to 3,S-di-O-caffeoylquinic acid,
4,S-di-O-caffeoylquinic acid, and 3,4-di-O-caffeoylquinic
acid corresponding in RF and color to similar bands in
Standardsolution B.

• B. CAFFEOVLQUINIC ACIDS HPLC PROFILE
Analysis: Proceed as directed in the test for Contentof

Caffeoylquinic Acids.
Acceptance criteria: The Sample solution exhibits the most

intense peak with a retention time corresponding to
chlorogenic acid in StandardsolutionA and peaksat the
retention times corresponding to neochlorogenic acid,
cryptochlorogenic acid, 3,4-di-O-caffeoylquinic acid,
3,S-di-O-caffeoylquinic acid, and 4,S-di-O-caffeoylquinic
acid 'in Standardsolution B. The chlorogenic acid content is
NMT 65% of the total caffeoylquinic acids.
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• C. IRIDOIDS HPLC PROFILE
Analysis: Proceed as directed in the test for Contentof

Iridoids.
Acceptance criteria: The Sample solutionexhibits a peak

with a retention time corresponding to secoxyloganin in
StandardsolutionA and two additional iridoid peaksof
sweroside and centauroside at retention times
corresponding to the same iridoids in Standardsolution B.

COMPOSITION
• CONTENT OF CAFFEOVLQUINIC ACIDS

Solution A: 0.1% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 86 14

8 81 19

14 81 19

34 69 31

35 10 90

39.5 10 90

40 86 14

48 86 14

[NOTE-Protect from light and proceed under low actinic
light. The Standardsolutions and the Sample solution
are stable for 24 h at room temperature.]

Solvent: Methanol and water (7.5: 2.5)
Standard solution A: 0.30 mg/mL of USP Chlorogenic

Acid RS in methanol
Standard solution B: 2.5 mg/mL of USP Lonicera japonica

Flower Dry Extract RS in Solvent. Sonicatefor 15 min, and
pass through a membrane filter of 0.45-lJm or finer
pore size.

Sample solution: Accurately transfer about 25 mg of
Japanese Honeysuckle Flower Dry Extract into a suitable
stoppered conical flask, and accurately add 10.0 mL of
Solvent. Weigh the filled flask with a precision of ±0.1 mg,
stopper, and then sonicate for 30 min. After cooling to
room temperature, adjust to the initial weight by adding
Solvent. Pass through a membrane filter of 0.45-lJm orfiner
pore size, and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 15°
Flow rate: 0.7 mL/min
Injection volume: 2 IJL

System suitability
Samples: StandardsolutionA and Standardsolution B
Suitability requirements

Resolution: NLT 1.5 between the chlorogenic acid and
cryptochlorogenic acid peaks, and between the
3,S-di-O-caffeoylquinic acid and 4,5-di-O-caffeoylquinic
acid peaks, StandardsolutionB

Tailing factor: NMT 2.0 for the chlorogenic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
chlorogenic acid peak in repeated injections, Standard
solutionA
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Calculate the content of caffeoylquinic acids as the sum of
the percentages of neochlorogenic acid,chlorogenicacid,
cryptochlorogenic acid, 3,4-di-O-caffeoylquinic acid,

Separately calculatethe percentages of neochlorogenic
acid, chlorogenicacid, cryptochlorogenic acid,
3,4-di-O-caffeoylquinic acid,3,S-di-O-caffeoylquinic acid,
and 4,S-di-O-caffeoylquinic acid in the portion of
japanese Honeysuckle Flower Dry Extract taken:

Result =(rulrs) x Csx (VIW) x Fx 100

a (1R,3R,4S,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1 ,4,5
trihydroxycyclohexane-l-carboxylic acid.
b ~1 S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5
trrhydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5
trihydroxycyclohexane-1-carboxylic acid.
d,<1 S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5-
dlhydroxycyclohexane-l-carboxyllc acid. .
e ~1 S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l ,5-
dihydroxycyclohexane-l-carboxyllc acid. .
f (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l ,5
dihydroxycyclohexane-l-carboxylic acid.

= content of caffeoylquinic acids as determined
above (%)

= labeledamount of caffeoylquinic acids(%)

P

L

= peakarea of the relevantanalytefrom the Sample
solution

= peak area of secoxyloganin from Standard
solutionA

= concentration of USP Secoxyloganin RS in
StandardsolutionA (mg/mL)

= volumeof the Sample solution (mL)
=weight of japanese Honeysuckle Flower Dry

Extract taken to prepare the Sample solution
(mg) .

=conversion factor for the analyte (1.00 for
secoxyloganin, 1.03 for sweroside, and 0.89 for
centauroside)

Calculatethe content of iridoids as the sum of the
percentages of secoxyloganin, sweroside, and
centauroside.

v
w

F

3,S-di-O-caffeoylquinic acid, and
4,S-di-O-caffeoylquinic acid.

Calculatethe percentage of the labeled amount of
caffeoylquinic acids in the portion of Dry Extract taken:

Result =(PIL) x 100

Acceptance criteria: 90.00/0-110.0% on the dried basis
• CONTENT OF IRIDOIDS

Solution A, Solution B, Mobile phase, Standard solution
B, and Sample solution: Prepareas directed in the test for
Contentof Caffeoylquinic Acids.

S~andard solution A: 0.05 mg/mL of USP Secoxyloganin RS
In methanol

Chromatographic system: Proceedas directed in the test
for Contentof Caffeoylquinic Acids except for the Detector.
Detector: UV 240 nm

System suitability .
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Resolution: .NLT 1.5 between the peak of secoxyloganin
and the peak before it, StandardsolutionB'

Tailing factor: NMT 2.0 for the secoxyloganin peak
StandardsolutionA '

Relative standard deviation: NMT 2.0% for the
secoxyloganin peak in repeated injections, Standard
solutionA

Chromatogram similarity: The chromatogram of
Standardsolution8 is similar to the reference
chromatogram for iridoids provided with the lot of USP
Lonicera japonica Flower Dry Extract RS being used.

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution .
Using the chromatograms of StandardsolutionA and
~~an~ard so/~tion 8,. and the reference chromatogram for
irldolds providedwith the lot of USP Lonicera japonica
Flower.Dry Extract RS being used, identify the peaksof
swer?slde,secoxyloganin, and centaurosideinthe Sample
solution. [NOTE-The approximate relative retention times
for the peaksof sweroside, secoxyloganin, and
centauroside are 0.85, 1.00, and 1.80, respectively.]

Separatelycalculatethe percentages of secoxyloganin
sweroside, and centauroside in the portion of japan~se
Honeysuckle Flower Dry Extract taken:

Result = (rulrs) x Csx (VIW) x F x 100

=peakarea of the relevantanalytefrom the Sample
solution

=peak area of chlorogenicacid from Standard
solutionA

=concentration of USP Chlorogenic Acid RS in
StandardsolutionA (mg/mL)

=volume of the Sample solution (mL)
= weight of japanese Honeysuckle Flower Dry

Extract taken to prepare the Sample solution
(mg)

=conversion factor for the analyte (see Table 2)

v
w

F

Approximate
Relative Conversion

Analyte Retention Time Factor

Neochlorogenicacid" 0.75 1.00

Chlorogenicacidb 1.00 1,00

Cryptochlorogenicadd- 1.05 1.00

3,4-Di-O-caffeoylquinic acld" 2.65 0.81

3,5-Di-O-caffeoylquinic aclds 2.88 0.77

4,5-Di-O-caffeoylquinic acid' 3.01 0.77

Chromatographic similarity: The chromatogram of
Standardsolution8 issimilar to the reference .
chromatogram for caffeoylquinic acids providedwith
the lot of USP Lonicera japonica Flower Dry Extract RS
being used.

Analysis
Samples: StandardsolutionA, Standardsolution 8 and

Sample solution '
Using the chromatograms of StandardsolutionA and

Standardsolution8, and the referencechromatogram for
caffeoylquinic acids provided with the lot of USP Lonicera
japonica Flower Dry Extract RS being used, identify the
retention times of the peaksof neochlorogenicacid,
chlorogenicacid, cryptochlorogenic acid,
3,4-di-O-caffeoylquinic acid,3,S-di-O-caffeoylquinic acid,
and 4,S-di-O-caffeoylquinic acid in the Sample solution.
[NoTE-See Table 2 for relative retention times. These
values ar.e not monograph requirements.They may vary
due to differences in the chromatographic conditions
allowed by the system suitability requirements.]

Table 2
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Calculate the percentage of the labeledamount of iridoids
in the portion of DryExtract taken:

Result = (PIL) x 100

P =content of iridoids as determined above (%)
L =labeled amount of iridoids (%)

Acceptance criteria: 90.00/0-110.0% on the dried basis

CONTAMINANTS
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements,Pesticide Residues: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 dul g, and the total
combined moldsand yeastscount does not exceed 103 ciu!
g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meetsthe requirements

SPECIFIC TESTS
• LIMIT OF TRITERPENOID SAPONINS

Standard solution: 5.0 mg/mL of USP Lonicera
macranthoides Flower DryExtract RS in methanol. Sonicate
for 10 min, and filter.

Sample solution: 50 mg of JapaneseH.oneysuckle FI?wer
Dry Extract in 10 mLof methanol. Sonicatefor 10 min, and
filter.

Chromatographic system
(See HPTLC for Articles of Botanical Origin (203).)
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof about 5 IJm
Application volume: 3 IJL, as 8-mm bands .
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitable device. .
Developing solvent system: The upper layersolutionof a

mixture of n-butanol, formic acid, and water (4:1 :5)
Developing distance: 6 cm . .
Derivatization reagent: 10% sulfuric acid In ethanol

~~yili .
Samples: Standardsolution and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent,
heat at 10-50 for 5 min, and examine immediately under
UV light at 366 nm.

System suitability: Under UV light at 3~6 nm,. i~ the
lower-third section, the Standard solutionexhibitsthree
clearly separated brown bands: the band with the highest
RF isdue to dipsacoside B; the middle band isdue to
macranthoidin A; the band with the lowest RF isdue to
macranthoidin B.

Acceptance criteria: Under UV lightat 366 nm! th~ Sample
solutiondoes not exhibitany bands corresponding InRFand
color to the bands due to dipsacoside B, macranthoidin A,
and macranthoidin Bin the Standard solution.

• Loss ON DRYING (731)
Sample: 1 g of Japanese Honeysuckle Flower Dry Extract
Analysis: Drythe Sample at 1050 for 2 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LABELING: The label states the Latin binomial following the
official name of the plant from which the articlewas
prepared. It meets other labeling requirements under
Botanical Extracts (565).
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• USP REFERENCE STANDARDS (11)
USP ChlorogenicAcid RS
USP Lonicera japonica Flower Dry Extract RS
USP Lonicera macranthoides Flower Dry Extract RS
USP Luteolin-7-0-Glucoside RS
USP Rutin RS
USP Secoxyloganin RS

Japanese Honeysuckle Flower Powder
DEFINITION
JapaneseHoneysuckle Flower Powderconsists of the dried

flower buds or dried flowers in the earlyopening stage of
Lonicera japonica Thunb. (Fam. Caprifoliaceae) collected in
earlysummer and reduced to a fine or veryfine powder. It
contains NLT 3.8% of caffeoylquinic acids, calculated as the
sum of chlorogenic acid, 3,5-di-O-caffeoylquinic acid, and
4,5-di-O-caffeoylquinic acid on the dried basis; an? NLT
0.80% of iridoids, calculatedas the sum of sweroslde,
secoxyloganin, and centauroside on the dried basis.

IDENTIFICATION
• A. HPTLC FORARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.2 mg/mL of USP Chlorogenic
. Acid RS, 0.25 mg/mL of USP Rutin RS, and 0.1 mg/mL of

USP Luteolin-7-0-Glucoside RS in methanol
Standard solution B: 10 mg/mL of USP Lonicera japonica

Flower DryExtract RS in methanol. Sonicatefor 10 min,and
filter. Evaporate the filtrate at about 500 under reduced
pressureto dryness. Add 5 mL of water to dissolve ~he

residue, and then add 10 mL of ethylacetate and mix. After
the solutionseparates into two layers, take the ethylacetate
layer. Repeat the extraction one more time. Combine the
ethyl acetate extracts, evaporate the solvent at about 500

under reduced pressureto dryness;and dissolve the residue
in methanol equivalent to one-fifth of the initial volur:ne of
the USP Lonicera japonica Flower Dry Extract RS solution.

Sample solution: 500 mg of Japanese Honeysuckle Flower
Powder in 10 mL of methanol. Sonicate for 10 min, and
filter. Evaporate the filtrate at about 500 under reduced
pressureto dryness. Add 5 mL of water to dissolve ~he,

residue, and then add 10 mL of ethylacetate and mix.After
the solutionseparates into two layers, take the ethylacetate
layer. Repeat the extraction one more time. Combine the
ethyl acetate extracts, evaporate the solvent at about 500

under reduced pressureto dryness, and add 2 mL of
methanol to dissolve the residue.'

Chromatographic system
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof about 5 IJm
Application volume: 5 IJL, as 10-mm bands .
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitabledevice.
Temperature: About 250

•

Developing solvent system: The upper layersolutionof a
mixture of n-butyl acetate, formic acid, and water
(7:5:5)

Developing distance: 8 cm .
Derivatization reagent A: 10 mg/mL of 2-amlnoethyl

diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene

glycol 4000 in alcohol
Analysis

Samples: Standard solution A, Standard solutionB, and
Sample solution .

Apply the Samples as bands and dry in air. Develop in a
saturated chamber, remove the plate from the chamber,
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[NOTE-Protect from light and proceed under lowactinic
light. The Standardsolutions and the Sample solution
are stable for 24 h at room temperature.]

Solvent: Methanol and water (7.S:2.5)
Standard solution A: 0.30 mg/mL of USP Chlorogenic

Acid RS in methanol
Standard solution B: 2.S mg/mL of USP Lonicera japonica

Flower DryExtractRS in Solvent. SonicateforlS min, and
pass through a membrane filter of 0.45-~m or finer
pore size.

Sample solution: Accurately transfer about 100 mg of
Japanese Honeysuckle Flower Powder into a suitable
stoppered conicalflask, and accuratelyadd 10.0 mL of
Solvent. Weigh the filled flask with a precision of ±0.1 mg,
stopper, and then sonicate for 30 min. After cooling to
room temperature, adjust to the initial weight by adding
Solvent. Pass through a membrane filterof 0.45-~m or finer
pore size, and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm x 2S-cm; S-~m packing L1
Column temperature: lS o

Flow rate: 0.7 mL/min
Injection volume: 2 ~L

System SUitability
Samples: StandardsolutionA and Standard solution B
Suitability requirements

Resolution: NLT 1.S between the chlorogenic acid and
cryptochlorogenic acid peaks, and between the
3,S-di-O-caffeoylquinic acid and 4,S-di-O-caffeoylquinic
acid peaks, Standardsolution B

Tailing factor: NMT 2.0 for the chlorogenic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
chlorogenic acid peak in repeated injections, Standard
solutionA

Chromatographic similarity: The chromatogram of
Standardsolution B issimilarto the reference
chromatogram for caffeoylquinic acids provided with
the lot of USP Lonicera japonica Flower DryExtract RS
being used.

Analysis
Samples: StandardsolutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solutionA and

Standardsolution B, and the referencechromatogram for
caffeoylquinic acids provided with the lot of USP Lonicera
japonica Flower DryExtract RS being used, identify the
retention times of the peaks of neochlorogenic acid,
chlorogenic acid, cryptochlorogenic acid,
3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid,
and 4,S-di-O-caffeoylquinic acid in the Sample solution.
[NOTE-See Table 2 for relative retention times. These
valuesare not monograph requirements. They may vary
due to differences in the chromatographic conditions
allowed by the system suitability requirements.] ,

Table 2 ,

Approxi-
mate

Relative
Reten- Conversion 'Content

Analyte tion Time Factor Ratio

Mi-
Neochlorcqenlcaclds 0.75 1.00 nor peak"

Chlorogenic acids 1.00 1.00 1.0

and dry in air. Treat the plate with Derivatization reagent
A and allow to air-dry. Immediately, treat the plate with
DerivatizationreagentB,allowto air-dry, and examine
under UV light at 366 nm.

System suitability: Under UV light at 366 nm, in the
lower-third section, StandardsolutionB exhibits one blue
fluorescent band corresponding in RF to the band due to
chlorogenic acid and one yellow band above chlorogenic
acid corresponding in RF to the band due to luteolin-
7-O-glucoside in StandardsolutionA. One faint blue
fluorescent band is below the chlorogenic acid band and
another yellow band, due to rutin, is below the faint blue
fluorescent band. In the middle-third section, Standard
solution Bexhibits three blue fluorescent bands: the band
with the highest RF isdue to 3,S-di-O-caffeoylquinic acid;
the band with the middle RF isdue to
4,S-di-O-caffeoylquinic acid; the band with the lowest RF is
due to 3,4-di-O-caffeoylquinic acid.

Acceptance criteria: Under UV light at 366 nm, the Sample
solutionexhibits the most intense band corresponding in RF
and color to the band ofchlorogenicacid and a yellowband
above chlorogenic acid corresponding in RFand colorto the
band due to luteolin-7-0-glucoside in StandardsolutionA.
The Sample solution exhibits another yellow band in the
lower-third section corresponding to rutin and two blue
bands in the middle-third section due to
3,S-di-O-caffeoylquinic acid and 4,S-di-O-caffeoylquinic
acid corresponding in RF and color to similarbands in
Standardsolution B.

• B. CAFFEOYLQUINIC ACIDS HPLC PROFILE
Analysis: Proceed as directed in the test for Contentof

Caffeoylquinic Acids.
Acceptance criteria: The Sample solution exhibits the most

intense peak with a retention time corresponding to
chlorogenic acid in StandardsolutionA and peaks at the
retention times corresponding to 3,S-di-O-caffeoylquinic
acid and 4,S-di-O-caffeoylquinic acid in Standardsolution
B. It meets the content ratios in Table 2.

• C. IRIDOIDS HPLC PROFILE
Analysis: Proceed as directed in the test for Contentof

Iridoids.
Acceptance criteria: The Sample solution exhibits a peak

with a retention time corresponding to secoxyloganin in
StandardsolutionA and two additional iridoid peaks of
sweroslde and centauroside at retention times
corresponding to the same iridoids in StandardsolutionB.

COMPOSITION
• CONTENT OF CAFFEOYLQUINIC ACIDS

Solution A: 0.1% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 86 14

8 81 19

14 81 19

34 69 31

35 10 90

39.5 10 90

40 86 14

48 86 14
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Table 2 (continued)

Approxi-
mate

Relative
Reten- Conversion Content

Analyte tion Time Factor Ratio

Mi-
Cryptochlorogenic acidd 1.05 1.00 nor peak"

Mi-
3,4-0i-O-caffeoylquinic acld" 2.65 0.81 nor peak"

3,5-0i-O-caffeoylquinic acid' 2.88 0.77 0.3-0.8

4,5-0i-O-caffeoylquinic acid9 3.01 0.77 'O.0~0.2

a (1R,3R,4S,5R)-3-{[(E)-3-(3,4-0ihydroxyphenyl)acryloyl]oxy}-1,4,5
trihydroxycyclohexane-1-carboxylic acid.
bThe peak area is lowerthan the peak area of 4,5-di-O-caffeoylquinic acid.
c (1S,3R,4R,5R)-3-{[(E)-3-(3,4-0ihydroxyphenyl)acryloyl]oxy}-1 ,4,5
trihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-4-{[(E)-3-(3,4-0ihydroxyphenyl)acryloyl]oxy)-1,4,5
trihydroxycyclohexane-l-carboxylic acid.
e (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-l,5
dihydroxycyclohexane-l-carboxylic acid.
f (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1 ,5
dihydroxycyclohexane-l-carboxylic acid.
9 (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5
dihydroxycyclohexane-l-carboxylic acid.

Separately calculate the percentages of chlorogenic acid,
3,5-di-O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic
acid in the portion of Japanese Honeysuckle Flower
Powder taken:

Result= (rulrs) x Cs x (VIW) x Fx 100

tu = peak area of the relevant analyte from the Sample
solution

rs = peak area of chlorogenic acid from Standard
solution A

Cs = concentration of USP Chlorogenic Acid RS in
Standard solutionA (mg/mL)

V = volume of the Sample solution (mL)
W = weight of Japanese Honeysuckle Flower Powder

taken to prepare the Sample solutio'n (mg)
F = conversion factor for the analyte (see Table 2)

Calculate the content of caffeoylquinic acids as the sum of
the percentages of chlorogenic acid, .
3,5-di-O-caffeoylquinic acid, and
4,5-di-O-caffeoylquinic acid.

Acceptance criteria: NLT 3.8% on the dried basis
• CONTENT OF IRIDOIDS

Solution A, Solution 8, Mobile phase, Standard solution
8, and Sample solution: Prepare asdirected in the test for
Content of Caffeoylquinic Acids.

Standard solution A: 0.05 mg/mL of USP Secoxyloganin RS
in methanol

Chromatographic system: Proceed as directed in the test
for Contentof Caffeoylquinic Acids except for the Detector.
Detector: UV 240 nm

System suitability
Samples: Standard solutionA and Standard solution B
Suitability requirements

Resolution: NLT 1.5 between the peak of secoxyloganin
and the peak before it, Standard solution B

Tailing factor: NMT 2.0 for the secoxyloganin peak,
Standard solution A

Relative standard deviation: NMT 2.0% for the
secoxyloganin peak in repeated injections, Standard
solution A
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Chromatogram similarity: The chromatogram of
Standard solution B is similar to the reference
chromatogram for iridoids provided with the lot of USP
Lonicera japonica Flower Dry Extract RS being used.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatograms of Standard solutionA and

Standard solution B, and the reference chromatogram for
iridoids provided with the lot of USP Lonicera japonica
Flower Dry Extract RS being used, identify the peaks of
sweroside, secoxyloganin, and centauroside in the Sample
solution. [NOTE-The approximate relative retention times
for the peaks of sweroside, secoxyloganin, and
centauroside are 0.85, 1.00, and 1.80, respectively.]

Separately calculate the percentages of secoxyloganin,
sweroside, and centauroside in the portion of Japanese
Honeysuckle Flower Powder taken: .

Result= (rulrs) x Cs x (VIW) x F x 100

=peak area of the relevant analyte from the Sample
solution .

=peak area of secoxyloganin from Standard
solution A

=concentration of USP Secoxyloqanin RS in,
Standard solution A (mg/mL)

=volume of the Sample solution (rnL)
=weight of Japanese Honeysuckle Flower Powder

taken to prepare the Sample solution (mg)
=conversion factor for the analyte (1 .00 for

secoxyloganin, 1.03 for sweroside, and 0.89 for
centauroside)

Calculate the content of iridoids as the sum of the
percentages of secoxyloganin, sweroside, and
centauroside.

Acceptance criteria: NLT 0.80% on the dried basis

CONTAMINANTS
• ARTICLESOF BOTANICALORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICALORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 cfu/g, the total
combined molds and yeastscount does not exceed 103 cful
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Yellowish-white to yellowish-green powder,
darkening over time to a golden color

Microscopic: Glandular hairs are numerous. The heads of
glandular hairs are multicellular, subround or slightly
oblate, usually 30-70 IJm in diameter, exceptionally up to
110 IJm. The stalks of glandular hairs are unicellular or
multicellular with up to five cells, usually 20-70 IJm long,
exceptionally up to 700 IJm. Non-glandular hairs occur in
two types: one with thick walls, unicellular, 45-900 IJm
long, 15-40 IJm in diameter, with fine verrucae on the
surface, some having corneous spirals; another type with
thin walls, slender, curved, or shrunken, with fine' verrucae
on the surface. Clusters of calcium oxalate are usually 6-45
IJm in diameter. Pollen grains are spherical, with three
germinal pores, 60-90 IJm in diameter.
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I Shorthand I ~~:~ I ~r~~r
Notation (Area %) (Area%)Fatty Acid

DEFINITION
Krill Oil isthe fixed oil extracted fromAntarctic krill (Euphausia

superba Dana)biomassusing appropriate food-grade
organicsolvents. Krill Oil contains NLT 30% (w/w)and NMT
59% (w/w) of total p~os holi ids, of which 600/0-96% are
f>P7~~eb~!!gx'~b~I!D~ ,
~~f~~~~I~§pl~~j~¥I~
(w/w) of eicosapentaenoic acid
of docosahexaenoic acid (DHA)
phospholipids. It alsocontains NLT 1"I"r~~~lri~~rl~~I~~f
astaxanthin.

IDENTIFICATION

Krill Oil

• A. FATTY ACID PROFILE
Antioxidant solution, System suitability solution 1, and

Chromatographic system: Proceed as directed in Fats and
Fixed Oils(401), Procedures, Omega-3 FattyAcids
Determination and Profile. . ,

Standard solution: Prepareas directed in Fats and Fixed Oils
(401), Procedures, Omega-3 FattyAcids Determination and
Profile, Contentof EPA and DHA, Test Solution 1, except use
250 mg of USP Krill Oil RS.

Sample solution: Prepareas directed in the Standard
solution, except replace USP Krill Oil RS with Krill Oil.

System suitability
Samples: System suitabilitysolution 1and Standardsolution
Suitability requirements

Resolution: NLT 1.0 between the methyl oleate and
methyl cis-vaccinate peaks, Standardsolution

Theoretical area percentage's: Meets the requirements
for System suitability solution 1

Chromatogram similarity: Thechromatogram obtained
from the Standardsolution issimilar to the reference
chromatogram provided with the lot of USP Krill Oil RS
being used.

Analysis ,
Sample: Sample solution
Identify the retention timesofthe relevantfatty acid methyl

esters in the Sample solution by comparing the
chromatogram of the Sample solution with that of the
Standardsolutionand the USP referencechromatogram.

Calculate the area percentage for each fatty acid as methyl
esters in the portion of Krill Oil taken:

Result =(rir8) x 100

rA =peakarea of each individual fatty acid from the
Sample solution

rB = total area of all peaks, except the solventand
butylated hydroxytoluene peaks, from the
Sample solution

Acceptance criteria: The fatty acidsobtained from the
Sample solution meet the limitrequirements in Table 1.

Table 1

• LIMIT OF TIRITEIRPENOID SAPONINS
Standard solution: 5.0 mg/mLof USP Lonicera

macranthoides Flower Dry Extract RS in methanol. Sonicate
for 10 min, and filter.

Sample solution: 500 mg of Japanese Honeysuckle Flower
Powder in 10 mL of methanol. Sonicatefor 10 min and
fi~~ ,

Chromatographic system
(See HPTLC for Articles of Botanical Origin (203).)
Adsorbent: Chromatographicsilica gel mixturewith an

average particlesizeof about 5 IJm
Application volume: 3 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitabledevice.
De~eloping solvent system: The upper layersolutionof a

mixture of n-butanol, formic acid, and water (4:1 :5)
Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in ethanol

Analysis
Samples: Standardsolutionand Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, removethe plate from the chamber,
and dry in air.Treat the plate with Derivatization reagent,
heat at 105° for 5 min, and examine immediately under
UV light at 366 nm.

System suitability: Under UV light at 366 nm, in the
lower-third section, the Standardsolutionexhibits three
clearly separated brown bands: the band with the highest
RF isdue to dipsacoside B; the middle band isdue to
macranthoidin A; the band with the lowestRF isdue to
macranthoidin B.

Accep~ance criteria: Under UV light at 366 nm, the Sample
solutiondoes not exhibitany bands correspondingin RFand
color to the bands due to dipsacoside B, macranthoidin A
and macranthoidin Bin the Standardsolution. '

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Alcohol-Soluble Extractives, Method 1: NLT-30.0% '

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Water-Soluble Extractives, Method 2: NLT 35.0% '

• Loss ON DRYING (731)
Sample: 2 g of Japanese Honeysuckle Flower Powder
Analysis: Drythe Sample at 105° for 2 h. '
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods' of Analysis,
TotalAsh

Sample: 4 g of Japanese Honeysuckle Flower Powder
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Acid-Insoluble Ash: NMT 1.0% '

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store
in a cool place.

• LAB.E~ING: The labelstates the Latin binomial following the
official name of the plant from which the article was
derived.

• USP REFERENCE STANDARDS (11)
USP Chlorogenic Acid RS
USP Lonicera japonica Flower Dry Extract RS
USP Lonicera macranthoides Flower DryExtract RS
USP Luteolin-7-0-Glucoside RS
USP Rutin RS
USP Secoxyloganin RS

Saturated fatty acids
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Table 1 (continued)

• CONTENT OF TOTAL PHOSPHOLIPIDS
(See NuclearMagneticResonance Spectroscopy (761),

Qualitativeand QuantitativeNMR Analysis.)
[NOTE-All deuterated solvents used in this method

should be NLT 99.8 atom % D. Wheneverwater is
used in this method, it should be of sufficient quality
to ensure that no trace metals or other contaminants
that may affect the analysis are present.]

Solution A: 0.2 M EDTA, adjusted with a 1 M cesium
carbonate solution to a pH of 7.2-7.5. Document the final
pH and the amount of 1 M cesium carbonate solution
necessary to attain the desired pH. [NOTE-Use cesium
carbonate of a sufficient grade for trace metals analysis.]

Line shape standard (1H): 1% chloroform in acetone-d,
Sensitivity standard (1H): 0.1% ethylbenzene in

chloroform-d
Sensitivity standard (31P): 0.0485 M triphenyl phosphate

in acetone-d,
Internal standard: Usea suitable triphenyl phosphate NMR

analytical standard with purity of NLT 99.0%. .
Sample solution: [NOTE-NMR solventscontaining

tetramethylsilane (TMS) are readily available. Ifthe solvents
used do not contain TMS, it must be added to the Sample
solutionat an approximate concentration of0.05% (v/v) for

, use as a chemical shift scale reference.] Transfer300
350 mg of Krill Oil to a 5-mLsealableglassvial. Add
25.0 mg of the Internalstandardto the vial. Add 1 mLeach
of deuterated chloroform (chloroform-d) and deuterated
methanol (rnethanol-d.) of a grade suitable for NMR
analysis to the vial to dissolve the sample. Once dissolution
iscomplete, add 1 mLof Solution A, seal the vial, and shake
the solution for 10-20 min, then centrifuge the contents of
the vial. Transferthe lowerorganic phase to an appropriate
NMR tube. It is critical to collect the entire organic phase
and transfer it to the NMR tube. It may be unavoidable to
also transfer small amounts of the aqueous phase when
collecting the organic phase in the NMR tube. This is
acceptable practice, so long as the aqueous phase remains
completely separated and atop the organic phase in the
NMR tube. The entire amount of aqueous phase must be
above the probe's radio frequency (RF) coil (outside the
analysis area of the tube). Shouldthe organic phase contain
undissolved materials, they must remain suspended at the
aqueous-organic interface and be outside the analysis area
of the tube as well.The organic phase must be free of
bubbles and suspended materialsthat may interfere with
NMR data acquisition.

Standard solution: Prepare as directed in the Sample
solution, using 300-350 mg of USP Krill Oil RS in place of
the sample.

Instrumental conditions
(See NuclearMagneticResonance Spectroscopy (761).)
Magnetic field strength: NLT 300 MHz for "H frequency
Probe: Direct observe probe capable of tuning to the

resonance frequency of 31p (dependent on the specific
magnetic field strength used)

Instrument performance qualification
[NOTE-Testing for sensitivity and lineshape should be

performed on the interval specified by the
manufacturer of the instrument used. Performing
these tests on a minimum of a monthly basis is
required for this method, but may be done more
often, as required. Resolution testing is to be
performed during each analysis and documented as a
part of the analytical results.]

"H Line shape test: Using the Line shape standardrH)
and the protocol recommended by the instrument

Lower Upper
Shorthand limit Limit

Fatty Acid Notation (Area %) (Area%)

Myristic acid 14:0 1MB 13.0

Palmitic acid 16:0 17.0 24.6

Palmitic acid:myristic acid
ratio 16:0/14:0 1.6

Monounsaturated fatty acids

Palmitoleic acid 16:1 n-7 2.5 'ill
cfs-Vaccenic acid 18:1 n-7 4.7 8.0

Oleicacid 18:1 n-9 iJ_PJlk 14.5

Efcosenoic acid 20:1 n-9 0.0 2.0

Erucic acid 22:1 n-9 0.0 1.5

Polyunsaturated fatty acids

Linoleic acid 18:2 n-6 0.0 3.0

Eicosapentaenoic acid 20:5 n-3 14.0 111rhl
Docosapentaenoic acid 22:5 n-3 0.0 0.7

Docosahexaenoic
acid 22:6 n-3 7.1 15.7

• B. PHOSPHOLIPID PROFILE
Solution A, Line shape standard (1H), Sensitivity

standard (1H), Sensitivity standard (31P), Internal
standard, Sample solution, Standard solution,
Instrumental conditions, System suitability, and
Analysis: Proceedas directed in the test for Content ofTotal
Phospholipids. .

Acceptance criteria: The Sample solutioncontains allof the
holi ids: hos hatid !choline

COMPOSITION
• CONTENT OF EPA AND DHA

Standard solution 1a, Standard solution 1b, Standard
solution 2a, Standard solution 2b, System suitability
solution 1, and Chromatographic system: Proceed as
directed in Fats and Fixed Oils(401), Procedures, Omega-3
FattyAcids Determination and Profile.

Test solution 1: Prepare as directed in Fats and Fixed Oils
(401), Procedures, Omega-3 FattyAcids Determination and
Profile, Contentof EPA and DHA, Test Solution 1, except use
250 mg of Krill Oil.

Test solution 2: Prepare as directed in Fats and Fixed Oils
(401), Procedures, Omega-3 FattyAcids Determination and
Profile, Contentof EPA and DHA, Test Solution 2, except use
250 mg of Krill Oil.

Analysis: Proceed as directed in Fats and Fixed Oils(401),
Procedures, Omega-3 FattyAcids Determination and Profile,
Contentof EPA and DHA, Analysis (for triglycerides).

Acceptance criteria: NLT 10.0% (w/w) of EPA and NLT
5.0% (w/w) of DHA
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manufacturer, the instrument must achieve the line
shape specifications for the probe in use, as required by
the instrument manufacturer. [NOTE-A different
standard solution may be required or recommended by
the manufacturerof the instrument; 1% chloroform in
acetone-d, is most commonly used.]

1H Sensitivitytest: Using the Sensitivity standard(l H) and
the protocol recommended by the instrument
manufacturer, the instrument must achievethe
sensitivity specifications required by the instrument
manufacturer. [NOTE-A differentstandard solution may
be requiredor recommended bythe manufacturerofthe
instrument;0.1 % ethylbenzene in chloroform-d is most
commonly used.]

31p Sensitivity test: Using the Sensitivity standard (31 P)
and the protocol recommended by the instrument
manufacturer, the instrument must achieve the
sensitivity specifications required by the instrument
manufacturer. [NOTE-A differentstandard solutionmay
be requiredor recommended bythe manufacturerofthe
instrument;0.0485 Mtriphenyl phosphate in acetone-d
is most commonly used.]

1H Resolution test: The resolution isdemonstrated by
the ability to detect both of the 295i satellitesignals of
TM5. Thesatellites must be resolved from the TM5 signal
in the spectrum with a line broadening factor of NMT
0.5 ppm.

31p Resolution test: The resolution isdemonstrated using
the phosphatidylcholine ether peak and the
phosphatidylcholine peak.Theseparationof these peaks
(with an applied line broadening factor of 1.0) must be
demonstrated, as follows. Using the baseline as a
reference, determine the total peak height of the
phosphatidylcholine ether peak, and draw a lineat 30%
of that total peak height (intensity). [NoTE-The
phosphatidylcholine ether signalappears just downfield
from the phosphatidylcholine signal.] The
phosphatidylcholine ether peak and the neighboring
phosphatidylcholine peak must be fully resolved at a
point that is NMT 30% of the peak height of the
phosphatidylcholine ether peak.

Data collection: Use the parameters specifled in Table 2.
Use 90° pulses, and calibratepulsesbefore use according
to the recommendations supplied by the instrument
manufacturer.

Table 2
31p NMR lHNMR

Quantitative Qualitative
Parameter Measurement Measurement

Pulse 1H-decoupled 31P(inverse
program gated) Single pulse 1H

Spectral 50 ppm 20 ppm
width (25 ppm to -25 ppm) (-3 ppm to 17 ppm)

Transmitter Center of spectralwidth, Center of spectralwidth,
offset Oppm 7 ppm

Relaxation
delay 5-15 s 2-5 s

Acquisi-
tion time 1-6 s 1-6 s

Sizeof da- NLT 64k NLT 64k
ta set (32k with zero-filling) (32k with zero-filling)

[NOTE-The acquisition time isdependent upon the
dwell time and the number of data points collected.
The number of scans acquired using a 300 MHz
instrument must be NLT 512.] .

USP 43

System suitability: Underthe conditions outlined in Data
collection, the 31 PNMR signal oftriphenyl phosphate should
be observed at -17.80 ppm, and the 1H NMR spectrum
should be referenced to the 1Hsignal of TM5 (0 ppm) for
all spectra acquired in the Analysis. Forquantitative
analysis, a sufficient number of scans should be acquired
such that the signal-to-noise ratiofor the
phosphatidylcholine signal in the 31 Pspectrum of the
Sample solution acquired in the Analysis is NLT 2000.

Analysis: Acquire the data outlined in Data collection.
Minimally acquire the 1Hspectrum (fingerprint) of the
Sample solution and the Standardsolution as well as the
quantitative 31 P spectrum of the Sample solutionand the
Standardsolution. Record the resulting spectra, and
perform integration by hand or automated means on the
quantitative 31 P NMR spectrum of the Sample solution.
Integration of the peakscontained in the spectrum of the
Sample solution must be performedsuch that the complete
set of phospholipid peaks (as identified by comparison to
the spectrum of the Standardsolutionand its reference
spectrum) is included in the integration. The integration
region for each signalmust extend ±0.05 ppm en either
side of the 31 P signal. Quantify the total phospholipids
present, the phosphatidylcholine ether content, and the
phosphatidylcholine content in the Sample solution using
comparison to the concentration of the Internal 'standard.
Compare the 1Hspectrum of the Sample solution to that of

the Standardsolution to determine the similarity of
fingerprints according to which phospholipids identified
in the referencespectrum of the Standardsolution are
present in the spectrum of the Sample solution.

Calculations: Use the following equations and molecular
weights listed in Table 3 to determine the phospholipids
content in the sample taken:

rnrnol., =(W/sx C,s)/(MW,s x 100)

mrnol., =millimoles of the Internalstandard in the Sample
solution (mmol)

W,s =weight of the Internalstandard added to the
Sample solution (mg)

C,s = purityvalueof the Internalstandard, based on
quantitative 31p NMR analysis (% by weight)

MW,s =molecular weight of the Internalstandard,'
326.28 g/mol (for triphenyl phosphate)

rnmols,=(lPL x A,s x mmol,s)I(I/s x Apu

rnrnol.,=millimoles of the phospholipid of interest in the
Sample solution (mmol)

IpL =integrated area under the phospholipid signalof
interest obtained from the spectrum of the
Sample solution

A/s =number of phosphorus atoms per molecule
expected from the Internal standard, 1 (for
triphenyl phosphate)

rnrnol., =millimoles of the Internalstandard in the Sample
solution (mmol)

I/s =integrated area under the Internal standard
obtained from the spectrum of the Sample
solution

ApL =number of phosphorusatoms per molecule
expectedfromthe phospholipid of interest,1 (for
any phospholipid listed in Table 3)

CPL =(MWPL x rnrnols, x 100)/Ws

=concentration of the phospholipid of interest in
the Sample solution (%, w/w)
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MWPL =molecular weight of the phospholipid of interest
(g/mol, from Table 3) in the Sample solution
(mg)

rnrnol., = millimoles of the phospholipid of interest in the
Sample solution (mmol)

Ws =weight of the sample present in the Sample
solution (mg)

[NoTE-Use the molecular weight specified in Table 3
for the calculations.]

Table 3

Approximate
Chemical Shift

(ppm) in
Reference to Molecular

Triphenyl Weight
Component Phosphate (g/mol)

Triphenyl phosphate (Internal standard) -17.8 -

Phosphatidylcholine (PC) -0.89 791

l-lysophosphatidylcholine
(l-lPC)a -0,48 534.5

2-lysophosphatidylcholine
(2-lPC)a -0.4 534.5

Phosphatidylethanolamine (PE) -0.24 770

N-Acylphosphatidylethanolamine
(NAPE) 0 1032

lysophosphatidylethanolamine (lPE) 0.25 492.5

Other - 800

aAbilityto resolve the signals of I-lysophosphatldykhollne and 2
Iysophosphatidylcholine will depend upon the applied magnetic field strength
of the NMRspectrometer used for the test procedure.

Acceptance criteria
Total hos hol.ie.!.~.~:.,30o/0-52.~ (w/w)

600/0-96% (w/w)
of the Totalphospholipids

• CONTENT OF ASTAXANTHIN
[NOTE-Perform this analysis in subdued light, using

low-actinic glassware.]
Sample solution: 0.005 g/mL of Krill Oil in chloroform.

[NOTE-If the solution is not clear, centrifuge it with an
appropriate centrifuge to obtain a clear supernatant.]

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 486 nm
Cell: 1 cm
Blank: Chloroform

Analysis
Sample: Sample solution
Calculate the percentage of astaxanthin in the portion of

Krill Oil taken:

Result=A/(F x C)

A = absorbance of the Sample solution
F =coefficient of extinction (E1%) of pure astaxanthin

in chloroform (100 mL .s' .crrr'), 1692
C = concentration of the Sample solution (g/mL)

Acceptance criteria: NLT ~Pi.POI~~Q'1!;,2S

Dietary Supplements / Krill Oil 5103

CONTAMINANTS
• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED

BIPHENYLS
Analysis: Determine the content of polychlorinated

dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method No. 1613 Revision B of
the Environmental Protection Agency. Determine the
content of polychlorinated biphenyls (PCBs) by Method
No. 1668 Revision A of the Environmental Protection
Agency.

Acceptance criteria: The sum of PCDDs and PCDFs is NMT
2.0 pg/g of World Health Organization (WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs (polychlorinated biphenyls, non-ortho IUPAC
congeners PCB-77, PCB-81, PCB-126,and PCB-169, and
rnono-ortho IUPACcongeners PCB-1 OS, PCB-114, PCB
118, PCB-123, PCB-156, PCB-157,PCB-167, and PCB-189)
is NMT 3.0 pg/g of WHO toxic equivalents.

SPECIFIC TESTS
• ASTAXANTHIN ESTERIFICATION

Standard solution A: 10 mg/mL of USP Astaxanthin Esters
from Haematococcus pluvialis RS in acetone .

Standard solution B: 10 mg/mL of USP Astaxanthin
(Synthetic) RS in acetone .

Sample solution: 250 mg/mL of Krill Oil in acetone'
C;:hromatographic system

(See Chromatography (621), General Procedures, Thin-Layer
Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel.

[NOTE-Dry silica gel at 110° for 1 h before use.]
Application volume: 51-lL
Developing solvent system: Hexane and acetone

(70:30)
Analysis

Samples: StandardsolutionA, Standard solutionB, and
Sample solution

Develop the chromatogram in the Developing solvent
system until the solvent front has moved about 15 cm of
the length of the plate. Remove the plate from the
chamber, and allow to dry.

Acceptance criteria: The principal spot from Standard
solution B, located in the bottom half of the plate, is free
astaxanthin. The Sample solution may exhibit a light, minor
spot, in the same location. The principal spots from
StandardsolutionA are from monoesters (primary spot,
located slightly above the middle of the plate) and diesters
(secondary spot, located in the top third of the plate). The
principal spot from the Sample solutionshould correspond
in color and RF value to the diester spot from Standard
solutionA. The secondary spot from the Sample solution
should correspond in color and approximately the same RF
value to the monoester spot from Standard solution A.
[NOTE-Slight differences in RF valueswithin monoester
spotsand within diester spots may exist because of different
intensities.]

• FATS AND FIXED OILS (401), Procedures, Peroxide Value:
NMT 5.0 mEq peroxide/kg

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at controlled room temperature. It
may be bottled or otherwise packaged in containers from
which air has been expelled by production of a vacuum or
by an inert gas.

• LABELING: The label states the averagecontent of DHA and
EPA in mg/g. It also states the name and concentration of
any added antioxidant.
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Short-Hand lower limit Upper limit
Fatty Acid Notation (Area %) (Area %)

Saturated fatty acids

Myristicacid 14:0 (lIi#~~~~~di9j 13.0

Palmitic acid 16:0 17.0 24.6

Palmitic acid:myristic
acid ratio 16:0/14:0 1.6 (lISpl'M~l'-2()19)

Monounsaturated fatty acids

Palmitoleic acid 16:1 n-7 2.5
, <
\wr ,ov,ay-L,!l>)

cis-Vaccenicacid 18:1 n-7 4.7 8.0

Oleic acid 18:1 n-9 (1I~~J[i~()195 14.5

Eicosenicacid 20:1 n-9 0.0 2.0

Erucicacid 22:1 n-9 0.0 1.5

Polyunsaturated fatty acids

Linoleicacid 18:2 n-6 0.0 3.0

Eicosapentaenoic acid 20:5 n-3 14.0
~~.~.~.

v- .','.,

Docosapentaenoic acid 22:5 n-3 0.0 0.7

Docosahexaenoic acid 22:6 n-3 7.1 15.7

Table 1

• B. PHOSPHOLIPID PROFILE .
Solution A, Internal standard,.6Sarripfe

stocksolu ,.6 (USP l-MaY-2019) Sample solution, Standard
solution, Instrumental conditions, System suitability,
and Analysis: Contentof TotalPhos holi idsStrength

Acceptance criteria: - 1

STRENGTH

DEFINITION

Krill Oil Capsules

.. USP REfERENCE STANDARDS (11)
USP Astaxanthin Esters from Haematococcus pluvialis RS

dCT::lV::lnth,in (Synthetic) RS

IDENTIFICATION

• A. FATTY ACID PROFILE
Antioxidant solution, System suitability solution 1, and

Chromatographic system: Proceed as directed in Fats and
Fixed Oils(401), Procedures, Omega-3 FattyAcids
Determinationand Profile.

Standard solution: Prepare as directed in Fats and Fixed Oils
(401), Procedures, Omega-3 FattyAcids Determination and
Profile, Test solution 1, except use 250 mg of USP Krill Oil RS.

Sample solution: Using the portion of oil from NLT 10
Capsules, prepare as directed in Fats and Fixed Oils(401),
Procedures, Omega-3 FattyAcids Determination and Profile,
Test solution 1.

System suitability
Samples: System suitabilitysolution 1 and Standardsolution
Suitability requirements

Chromatogram similarity: The chromatogram from the
Standardsolution is similar to the reference
chromatogram provided with the lot of USPKrill Oil RS
being used.

Resolution: NLT 1.0 between the methyl oleate and
methyl cis-vaccinate peaks, Standardsolution

Theoretical area percentages: Meet the requirements
for System suitability solution 1

Analysis
Sample: Standardsolution and Sample solution
Identify the retention times of the peaks corresponding to

the relevant fatty acid methyl esters by comparing the
chromatogram of the Standardsolution to the reference
chromatogram provided with the lot of USP Krill
Oil RS used.

Calculate the area percentage for each fatty acid as methyl
esters in the portion of oil taken from the Capsules:

Result =(rAlrB) x 100

rA =peak area of each individual fatty acid from the
Sample solution

rB = total area of all peaks, except the solvent and
butylated hydroxytoluene peaks, from the
Sample solution

Acceptance criteria: See Table 1.
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Table 2

Instrumenta conditions
. Magnetic field strength:ANLT 7.05 Tesla (resonan<:~

fr .' ". . f# fO'r ~1 ~or300MHz

: J
Probe: Directobserve probe capable of tuning to the

resonance frequency of 31 P (deper:!.~e_nt ,~n .the specific
magnetic field. strength used) Aata ternperature of;
~5~ A:(US~1~MaY-2019)

Data'collection: Use the parameters specified in Table 2.
Use 90° pulses, and calibrate pulses before use according
to the recommendations supplied by the instrument
manufacturer.

[NoTE-The acquisition time isdependent upon the
dwell time and the number of data points collected.
The number of scans acquired using a 1.7.05. Tesla
~agn~t~:'(U$P '.'. must be NLT ~12.] . '

System suitabili 31p
~ a~

31p NMR
Quantitative

~l' (USpi.May-2019)Parameter Measurement

IH-decoupled31p A\' '-.-_ '~ ,'--'. _.._' )2 .: ,,-,,' ,J

Pulseprogram (inversegated) ..... (USP l-May-2019)

50 ppm
A.".,.' .';Spectralwidth (25 to -25 ppm) ,A. (USPI·May-2019)

Center ofspectralwidth,
.A.·... (ll~Pt·May-2019)Transmitteroffset oppm

Relaxation delay 5-15 s
..... , "."> »:

A.(USP 1"May.2019)

Acquisition time 1-6 s A. •... '.,'
•. ,A. (uset·lv!ay-2019)

NLT 64k
Sizeof data set (32k with zero-filling)

A.>c... : .•...•...•.
' •• A.(USP 1·May·2019)

apsule)
A(mgl

A =con
ta

='av
= 'labelclaim

Capsule)l..

Acceptance criteria: A
of EPA. and l:)HAA

weig,
cont an proceed as directed in Fats and
Fixed Oils(401), Procedures, Omega-3 FattyAcids
Determination andProfile,Testsolution 7., ' '" _,..

Test solution 2:1. ~(LJSP1~May~iol'9JPrepareas directed inFats
and Fixed Oils(401), Procedures, Omega-3 Fatt Acids ...• '.
Determination and Profile, Test solution 2 ()mgq{
the cornbinedCapsulec,ontenfs;l'(usp )

Analysis: Proceed as directed in Fats and Fixed Oils(401),
Procedures, Omega-3 FattyAcids Determination and Profile,
Analysis (for triglycerides .
ACalcul
andD

n~e',t()J'~cidl'

• CONTENT OF EPA AND DHA
(SeeFats and Fixed Oils(401), Procedures, Omega-3 FattyAcids

Determination and Profile).
Standard solution 1a, Standard solution 1b, Standard

solution 2a, Standard solution 2b, System suitability
solution 1, and Chromatographic system: Proceedas
directed in the cha ter.

Test solution 1: .'
we'"

,~#Jarige~o'I'e,(J~:

• CONTENT OF TOTAL PHOSPHOLIPIDS
(See NuclearMagneticResonance Spectroscopy (761),

Qualitativeand QuantitativeNMR Analysis.)
[NOTE-All deuterated solvents useg,in,t~Js\~~~bod

should be NLT 99.8 atom % D';~A (USP'j:M~Yi2019)]
Solution A: 0.2 M ethylenediaminetetraacetic acid (EDTA)

adjusted with.~lMcesium carbonate solution to a pH of
7.2-7.5.':~(USP1-M~;2~'i9) [NOTE-Use cesiumcarbonate of a
sufficient grade for trace metalsanalysis.]

:f ~·'tUSP.l~MaY-2019)
Internal standard: Use a triphenyl phosphate nuclear

magnetic resonance (NMR) reference standard with NLT
. 9,90/0 P.lJTity.
..... ~.

stO
separ-ation.
phase.Was.. . .
methanol (2:1) and transf
the organic phase and co
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Approximate
Chemical Shift

(ppm) in
Reference to

Triphenyl Molecular Weight
Component Phosphate (g/mol)

Triphenyl phosphate (Internal
-17.8 -standard)

Phosphatidylcholine, including
791ether (PC) -0.89

1-Lysophosphatidylcholine
(l-LPC)a -0.48 534.5

2-Lysophosphatidylcholine
(2-LPC)a -0.4 534.5

Phosphatidylethanolamine (PE) -0.24 770

N-Acylphosphatidylethanola-
1032mine (NAPE) 0

Lysophosphatidylethanolamine
(LPE) 0.25 492.5

Other - 800

L

aAbility toresolve the signals of1-LPC and 2-LPC will depend upon the applied
magnetic field strength ofthe NMR spectrometer used for the test procedure.

Acceptance criteri
total phosphol

Table 3

• CONTENT OF ASTAXANTHIN
[NOTE-Perform this analysis in subdued light using

low-actinicglassware.]
Sample solution: 0.005 g/mL of Krill Oil in chloroform using

the portion of oil from NLT 10 Capsules. [NOTE-If the
solution is not clear, centrifuge it with an appropriate
centrifuge to obtain a clear supernatant.]

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 486 nm
Cell: 1 cm
Blank: Chloroform

Analysis
Sample: Sample solution
Calculate the percentage of astaxanthin in the portion of

Krill Oil taken from the Capsules:

Result = AI(F x C)

A =absorbance of the Sample solution
F = coefficientof extinction (E1%) of pure astaxanthin

in chloroform (100 mL . g-l . crrr"), 1692
C = concentration of the Sample solution (g/mL)

Acceptance criteria: NLT ;~;~'~:~~i~~g'I[~$~i!l~~[f~~l[~JI~~

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Rupture Test for

SoftShell Capsules: Meet the requirements

mmol, =(W/s x C/s)/(MW/s X 100)

mmol/s = millimoies of the Internal standard in the Sample
solution (mmol)

W/s =weight of the Internal standard added to the
Sample solution (mg)

CIS =purity value of the Internal standard, based on
quantitative 31P NMR analysis (% by weight)

MW/s = molecular weight of the Internalstandard,
326.28 g/mol (for triphenyl phosphate)

mmot.; = (lPL x A/s x mmol/s)I(I/s x Apu

mmolpL =millimoles of the phospholipid of interest in the
Sample solution (mmol)

IpL =integrated area under the phospholipid signal of
interest obtained from the spectrum of the
Sample solution

A/s = number of phosphorus atoms per molecule
expected from the Internal standard, 1 (for
triphenyl phosphate)

mmol.; = millimoles of the Internalstandard in the Sample
solution '

I/s =integrated area under the Internalstandard
obtained from the spectrum of the Sample
solution .

ApL = number of phosphorus atoms per molecule
expected from the phospholipid of interest, 1 (for
any phospholipid listed in Table 3) .

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Dietary Supplements / Krill Oil 5107

DEFINITION

Krill Oil Delayed-Release Capsules '

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve intight containers, and

store at room temperature. Protectfrom light. .

• LABELING: The label states the amount of docosahexaenoic
acid (DHA), elcosapentaenoicacid(EPA),and total
phospholipids .Ainmg/Capsu.le..A (USpr.May-2019)

• USP REFERENCE STANDARDS (11)
USP Astaxanthin (Synthetic) RS

4c::t~v~~nt!hin Esters from Haematococcus pluvialis RS

IDENTIFICATION

• A. FATTY ACID PROFILE
Antioxidant solution, System suitability solution 1, and

Chromatographic system: Proceed as directed in Fats and
Fixed Oils(401), Procedures, Omega-3 FattyAcids
Determination and Profile.

Standard solution: Prepareas directed in Fats and Fixed Oils
(401), Procedures, Omega-3 FattyAcids Determination qnd
Profile, Test solution 1,except use250 mg of USP Krill Oil RS.

Sample solution: Using the portion of oil from NLT 10
Capsules, prepare as directed in Fats and Fixed Oils(401),
Procedures, Omega-3 FattyAcids Determination and Profile,
Test solution 1.

System suitability
Samples: System suitabilitysolution 1 and Standard solution
Suitability requirements

Chromatogram similarity: The chromatogram from the
Standardsolution is similar to the reference
chromatogram providedwith the lot of USP Krill Oil RS
being used. '

Resolution: NLT 1.0 between the methyl oleate and
methyl cis-vaccinate peaks, Standardsolution

Theoretical area percentages: .Meet the requirements,
System SUitability solution 1

Analysis
Sample: Standardsolution and Sample solution
Identify the retention times of the peakscorrespondingto

the relevantfatty acid methyl esters by comparing the
chromatogram of the Standardsolution to the reference
chromatogram provided with the lot of USP Krill
Oil RS used.

Calculate the area percentage for each fatty acid as methyl
esters in the portion of oil taken from the Capsules:

• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED

BIPHENYLS
Analysis: Determinethe content of polychlorinated

dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method 1613, Revision Bof the
Environmental ProtectionAgency (EPA). Determine the
content of polychlorinated biphenyls (PCBs) by Method
1668, Revision Aof the EPA.

Acceptance criteria: The sum of PCDDs and PCDFs is NMT
2.0 pg/g of World Health Organization(WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs [non-ortho International Union of Pureand Applied
Chemistry (IUPAC) congeners PCB-77, PCB-81, PCB-126,
and PCB-169; and mono-ortho IUPAC congeners PCB-1 05,
PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167,
and PCB-189] isNMT 10.0 pg/g ofWHO toxicequivalents.

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 103 cfu/g, and the
combined moldsand yeastscount does not exceed 102 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test.
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

SPECIFIC TESTS
• ASTAXANTHIN ESTERIFICATION

Standard solution A: 10 mg/mL of USP Astaxanthin Esters
from Haematococcus pluvialis. RS in acetone

Standard solution B: 10 mg/mL of USP Astaxanthin
(Synthetic) RS in acetone

Sample solution: Using the portion of oilfrom NLT 10
, Capsules, prepare a solution of 250 mg/m Lin acetone.
Chromatographic system

(See Chromatography (621), General Procedures, Thin-Layer
Chromatography.) .

Mode: TLC
Adsorbent: 0.25-mm layerof chromatographic silica gel.

[NOTE-Dry silica gel at 1100 for 1 h before use.]
Application volume: 5 ~L

Developing solvent system: Hexaneand acetone
(70:30)

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Develop the chromatogram in the.Developing solvent

system until the solvent front has moved about 15 cm of
the length of the plate. Remove the plate from the
chamber, and allowto dry.

Acceptance criteria: The principal spot from Standard
solution B, located in the bottom halfof the plate, isfree
astaxanthin.The Sample solution mayexhibita light, minor
spot inthe same location.The principal spotsfrom Standard
solutionA are from monoesters (primary spot, located
slightly above the middle of the plate) and diesters
(secondaryspot, located in the top third of the plate).The.
principal spot from the Sample solution should correspond
in color and RF value to the diester spot from Standard
solutionA. The secondary spot from the Sample solution
should correspond in color and approximately the same RF

valueto the monoester spot from Standardsolution A.
[NotE-Slight differences in RFvalueswithin monoester
spots and withindiesterspots mayexistbecauseofdifferent
intensities.]

• FATS AND FIXED OILS (401), Procedures, Peroxide Value:
NMT 5.0 mEq peroxide/kg
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A

STRENGTH

c
origlOa
net weig . . ~ ,
Capsule conten s an .' ay- 9) prepare as directed in
Fats and Fixed Oils(401/, Procedures, Omega-3 FattyAcids
Determination and Profile, Test solution 7.

Test solution 2: A A·(U~P l:'May:;019)Prepare as·djrected-l'"l}ats
and Fixed Oils (401), Procedures, Omega-3 Fatt Acids
Determination and Profile( Test solution .rng·of
the combined Capsule contents. A (USP )

Analysis: Proceed as directed in Fats and Fixed Oils(401),
rroceaures. U'II,t=:'uU"J FattyAcids Determination and Profile,

• CONTENT OF EPA AND DHA
(See Fats and Fixed Oils(401), Procedures, Omega-3 FattyAcids

Determination and Profile).
Standard solution 1a, Standard solution 1b, Standard

solution 2a, Standard solution 2b, System suitability
solution 1, and Chromatographic system: Proceed as
directed in the

Test solution 1:
~~i
los
1

Result =(rirs) x 100

rA = peak area of each individual fatty acid from the
Sample solution

ro =total area of all peaks, except the solvent and
butylated hydroxytoluene peaks, from the
Sample solution

Acceptance criteria: See Table 7.

Short-Hand Upper Limit
Fatty Acid Notation (Area %)

Saturated fatty acids

Myristic acid 14:0 13.0

Palmitic acid 16:0 17.0 24.6

Palmitic acid:myristic
acid ratio 16:0/14:0 1.6

Monounsaturated fatty acids

Palmitoleic acid 16:1 n-7 2.5

cis-Vaccenic acid 18:1 n-7 4.7 8.0

Oleic acid 18:1 n-9 14.5

Eicosenic acid 20:1 n-9 0.0 2.0

Erucic acid 22:1 n-9 0.0 1.5

Polyunsaturated fatty acids

Linoleic acid 18:2 n-6 0.0 3.0

Eicosapentaenoic acid 20:5 n-3 14.0

Docosapentaeno-
ic acid 22:5 n-3 0.0

Docosahexaeno-
ic acid 22:6 n-3 7.1

• CONTENT OF TOTAL PHOSPHOLIPIDS
(See NuclearMagneticResonance Spectroscopy (761),

Qualitativeand Quantitative NMRAnalysis.)
[NOTE-All deuterated solvents us~g'_6i~}~!~;,.~~~~od

should be NLT 99.8 atom % D.~.iJuiP;l.:M~YfgQl?)]
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31p NMR
Quantitative

Measurement

1-6 s

NLT 64k
(32k with zero-filling)

Table 2 (continued)

mmol/s= (W/s x C/s)/(MW/s X 100)

mmot; =millimoles of the Internalstandard in the Sample
solution (mmol)

W,s =weight of the Internal standardadded to the
Sample solution (mg)

CIS =purity value of the Internalstandard, based on
quantitative 31p NMR analysis (% by weight)

MW,s = molecular weight of the Internalstandard,
326.28 g/mol (for triphenyl phosphate)

mmou, = (lPL x A,s x mmol,s)/(I,s x ApL)

mmolPL =millimoles of the phospholipid of interest in the
Sample solution (mmol)

IpL =integrated area under the phospholipid signal of
interest obtained from the spectrum of the
Sample solution

A,s =number of phosphorus atoms per molecule
expected from the Internalstandard, 1 (for
triphenyl phosphate)

mmol,s =millimoles of the Internalstandard in the Sample
solution

I,s = integrated area under the Internalstandard
obtained from the spectrum of the Sample
solution

ApL = number of phosphorus atoms per molecule
expected from the phospholipid of interest, 1 (for
any phospholipid listed in Table 3)

Parameter

Acquisition time

Sizeof data set

31p NMR
Quantitative

Measurement

5-15 s

50 ppm
(25 to -25 ppm)

lH-decoupled31p

(inversegated)

Center of spectral
width, 0 ppm

Table 2

Probe: Direct observe probe capable of
resonance frequency of 31P

rr;t~~~,;:~i~!!~i!i·g~;·~ength
~~~~(t)§P.JhMay;~019)

Data collection: Use the parameters specified in Table 2.
Use 90° pulses, and calibrate pulses before use according
to the recommendations supplied by the instrument
manufacturer.

Solution A: 0.2 M ethylenediaminetetraacetic acid (EDTA)
adjusted~i'~~~~'~i~;~ium carbonate solution to a pH of
7.2-7.5.;~·:..h(J~P'T"MiY;io19) [NoTE-Use cesium carbonate of a

...sllffici,eQt.g,rade for trace metals analysis.]
'A,•.,..)!.!;;·,·:;:......·..".i... ;.i.i.'!ii.".'.'!'....'•. , .A:(l,J~Pl"May~2(lT9j

Internal standard: Use a triphenyl phosphate nuclear
magnetic resonance (NMR) reference standard with NLT
99% urit.

Ai'

S

Parameter

Pulseprogram

Relaxation delay

Spectralwidth

Transmitteroffset
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Table 3
Approximate

Chemical Shift
(ppm) in

Reference to
Triphenyl Molecular Weight

Component Phosphate (g/mol)

Triphenyl phosphate -(Internal standard) -17.8

Phosphatidylcholine, including
ether (PC) -0.89 791

1-Lysophosphatidylcholine
(1-LPC)a -0.48 534.5

2-Lysophosphatidylcholine
(2-LPC)a -0.4 534.5

Phosphatidylethanolamine (PE) -0.24 770

N-Acylphosphatidylethanola-
mine (NAPE) 0 1032

Lysophosphatidylethanolamine
(LPE) 0.25 492.5

Other - 800

aAbility to resolve the signalsof 1-LPC and 2-LPC will depend upon the applied
magnetic fieldstrength of the NMR spectrometer used for the test procedure.

L

Acceptance criteria: NLT 95.0% of the labeled amount of
total phospholipids

• CONTENT OF ASTAXANTHIN
[NOTE-Perform this analysis in subdued light using

low-actinic glassware.]
Sample solution: 0.005 g/mL of Krill Oil in chloroform using

the portion of oil from NLT 10 Capsules. [NOTE-If the
solution is not clear, centrifuge it with an appropriate
centrifuge to obtain a clear supernatant.]

Instrumental conditions
(See Ultraviolet..Visible Spectroscopy (857).)
Analytical wavelength: 486 nm
Cell: 1 em
Blank: Chloroform

Analysis
Sample: Sample solution

USP 43

Calculate the percentage of astaxanthin in the portion of
Krill Oil taken from the Capsules:

Result= A/(F x C)

A = absorbance of the Sample solution
F =coefficient of extinction (E1%) of pure astaxanthin

in chloroform (100 mL . g-l . crrr'), 1692
C = concentration of the Sample solution (g/mL)

Acceptance criteria: NLT 1~;~'Q,~f~~~·~~(~r~F~J{~i~~~[[i~i

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration,

Procedure, Delayed-release (enteric-coated) soft shell
capsules: Meet the requirements

• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED

BIPHENYLS
Analysis: Determine the content of polychlorinated

dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method 1613, Revision B of the
Environmental Protection Agency (EPA). Determine the
content of polychlorinated biphenyls (PCBs) byMethod
1668, Revision Aof the EPA. . '

Acceptance criteria: The sum of PCDDs and PCDFs is NMT
2.0 pg/g of World Health Organization (WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs [non-ortho International Union of Pure and Applied
Chemistry (IUPAC) congeners PCB-77, PCB-81, PCB-126,
and PCB-169;andmono-ortho IUPAC congeners PCB-l05,
PCB-114, PCB-118,PCB-123, PCB-156, PCB-157,PCB-167,
and PCB-189] is NMT 10.0 pg/g of WHO toxic equivalents.

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 103 du/g, and the
combined molds and yeastscount does not exceed 102 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

SPECIFIC TESTS
• ASTAXANTHIN ESTERIFICATION

Standard solution A: 10 mg/mL of USP Astaxanthin Esters
from Haematococcus pluvialis RS in acetone

Standard solution B: 10 mg/mL of USP Astaxanthin
(Synthetic) RS in acetone

Sample solution: Using the portion of oil from NLT 10
Capsules, prepare a solution of 250 mg/mL in acetone.

Chromatographic system .
(See Chromatography (621), General Procedures, Thin-Layer

Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel.

[NOTE-Dry silica gel at 110° for 1 h before use.]
Application volume: 5 IJL
Developing solvent system: Hexane and acetone

(70:30)
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution

Develop the chromatogram in the Developing solvent
system until the solvent front has moved about 15 em of
the length of the plate. Removethe plate from the
chamber, and allow to dry.

Acceptance criteria: The principal spot from Standard
solution B, located in the bottom half of the plate, is free
astaxanthin. The Sample solutionmay exhibit a light, minor
spot in the samelocation. The principal spots from Standard
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solutionA are from monoesters (primary spot, located
slightly above the middle of the plate) and diesters
(secondary spot, located in the top third of the plate). The
principal spot from the Sample solutionshould correspond
in color and RF value to the diester spot from Standard
solutionA. The secondary spot from the Sample solution
should correspond in color and approximately the same RF

value to the monoester spot from Standard solutionA.
[NOTE-Slight differences in RF values within monoester
spots and within diester spots may exist becauseof different
intensities.]

• FATS AND FIXED OILS(401), Procedures, Peroxide Value:
NMT 5.0mEq peroxide/kg

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, and

store at room temperature. Protect from light.

• LABELING: The label states the amount of docosahexaenoic
acid (DHA), total
phospholipids

• USP REFERENCE STANDARDS (11)
USP Astaxanthin (Synthetic) RS

Lld':::lv,.ntlhin Esters from Haematococcus pluvialis RS

Lactobacillus acidophilus la-14

DEFINITION
Lactobacillus acidophilus La-14 (ATCC strain designation

SD5212) is a lactic acid-producing, Gram-positive,
rod-shaped, non-motile, non-spore-forming bacterium that
is homofermentative. Lactobacillus acidophilus La-14 occurs
as a white- to cream-colored powder that is produced via
fermentation of a pure, specific strain of Lactobacillus
acidophilus. Suitable cryoprotectants may be added to the
concentrated bacteria following fermentation, after which
the product is frozen and then freeze-dried. The formulated
product may be blended with suitable diluents and/or
bulking agents. It contains NLT 100% of the labeled viable
cell count of Lactobacillus acidophilus La-14.

IDENTIFICATION
• A. NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all cases for the Identification test, "sterile
water" refers to sterile, nuclease-free water
acceptable for use in molecular bioloqy.']

Buffer: Use a molecular biology-grade 10 mM tris
hydrochloride, 1 mM EDTAsodium buffer.i

Sample solution: 100 mg/mL of the freeze-dried probiotic
powder in Buffer

Primer set: Use a primer set comprised of forward primer
sequence (5'-3') AAACTGCMTTTMGATTATGAGTTTC and
reverse primer sequence (5'-3')

1 Suitable PCR-Certified Waters, RNase and DNaseFree, are available
from www.teknova.com.
2 Suitablebuffers (e.g. TE Buffer 1X,Molecular Biology Grade)are available
from www.promega.com.
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GGTACCGTCTTGATTATTAGTGTA,3 Primers should be
diluted in Buffer to a stock concentration of 100 IJM, then
further diluted to 25 JlM in Buffer, and stored at -20°. A
positive test for this Primer set is expected to give an
amplification product of 184 base pairs.

Polymerase chain reaction (PCR) sample preparations:
Prepare a solution containing 1 IJLof the Sample solution,
10 IJLof mastermix polymerase," 1 IJL of diluted forward
primer (25 IJM), 1 IJLof diluted reverseprimer (25 IJM), and
12 JJL of sterile water.

PCRnegative control: Prepare as directed for the PCR
sample preparations, replacing the 1 IJL of Sample solution
with 1 JJL of sterile water.

PCRamplification: Perform PCR on each PCR sample
preparationand the PCR negative control using an
appropriate thermal cycler.' Incubate at 95° for 7 min (step
1); 95° for 30 s (step 2); 51.0° for 30 s (step 3); and at 72°
for 60 s (step 4). Repeat steps 2-4 for 34 cycles, then
incubate at 72° for 5 min and hold at 4°.

Analysis: Analyze the products of the PCR amplificationfor
each PCR sample preparationand for the PCR negative
controlusing an automated on-chip electrophoresis system
with a DNA kit.6 Follow the manufacturer's instructions for
analysis.Alternatively, analysis and visualization may be
accomplished using gel electrophoresis. Prepare.or use a
commercially available 1% (w/v) agarose gel in a 1X

.tris-acetic acid-EDTA buffer (40 mM tris hydrochloride, 1%
glacial acetic acid, and 1 mM EDTA). Stain the gel with
0.5 mg/mL of ethidium bromide in water and de-stain with
deionized water. [CAUTION-Ethidium bromide is
considered a toxic substance and a potential mutagen. Use
appropriate personal protective equipment (including
nitrile gloves) when handling this reagent.] Use a DNA
ladder standard (1 KB plus)? suitable for determining the
size of linear double-stranded DNA fragments between
100 and 12,000 base pairs. The ladder standard should be
used in the first and last laneson the gel to allow for proper,
comparison of amplicons.
Analysis of the PCR negative control must result in the

absence of any amplification products, or the preparation
of the PCR sample preparations and the PCR negative
control must be repeated, followed by PCR amplification
and Analysis. ,

Acceptance criteria: The PCR sample preparations prepared
with the Primer setgives an amplification product of
184 base pairs. There should be no amplification product
of 600 base pairs.

ASSAY
• ENUMERATION

Agar medium: Prepare as follows or use a suitable
commercially available agar (see Table 1).8

3 DNA primersare commercially available (custom manufacture)from
Integrated DNA Technologies (www.idtdna.com)and other commercial
sources.
4 5 Prime MasterMix polymerasefrom 5 Prime.
S Suitable thermal cyclers are available from Eppendorf®
(www.eppendorf.com).
6 Suitable automated on-chip electrophoresis systemswith a DNA kitare
available fromAgilent (Agilent 2100 Bioanalyzer withAgilent DNA 1000 Kit
www.genomics.agilent.com).
7 Suitable 1 KB plusDNAladdersare available from
www.lifetechnologies.com.
8 Difco™ Lactobacilli MRS Agar, or equivalent.SuitableLactobacilli MRS
Agars are available from www.vwr.com or other chemical/
microbiological suppliers.
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Table 1. Lactobacilli MRS Agar
Quantity

Reagent (g)

Proteose peptone no. 3 10.0

Beefextract 10.0

Yeastextract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodium acetate 5.0

Magnesium sulfate 0.1

Manganese sulfate 0.05

Dipotassium phosphate 2.0

Agar 15.0

Suspend Lactobacilli MRSAgar in 1 L of purified water in an
appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
medium, then autoclave the solution at 121° for 15 min.
Cool to 45° and use immediately. Boiled Agar medium
may also be aseptically transferred into individual media
bottles in 100- or 200-mL aliquots before sterilizing, and
then autoclaved and stored for later use. [NoTE-Can be
stored at 4° (heat gently to 45° to melt the agar
before use).] Immediately before use, aseptically add
1.0 mL of a sterile 5% (w/v) cysteine hydrochloride
solution for each 100 mL of Agarmedium prepared, such
that the final concentration of cysteine hydrochloride in
the Agar medium is 0.05%.

Sample broth: Prepare as follows or use a suitable
commercially available broth (see Table 2).9

Table 2. Lactobacilli MRS Broth

Quantity
Reagent (g)

Proteose peptone no. 3 10.0

Beefextract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodium acetate 5.0

Magnesium sulfate 0.1

Manganese sulfate 0.05

Dipotassium phosphate 2.0

Suspend Lactobacilli MRS Broth in 1 L of purified water in
an appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
broth ingredients, then autoclave the solution at 121° for
1·5 min. Broth may also be aseptically transferred into
individual media bottles in 100- or 200-mL aliquots before

9 DifcoTM lactobacilli MRS Broth, or equivalent are available from
www.vwr.com or other chemical/microbiological suppliers.
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sterilizing, and then autoclaved and stored for later use.
[NOTE-Can be stored at 4° (allow broth to come to room
temperature before use).]

Peptone diluent: Prepare a solution of 0.1% peptone'? in
water (w/v) and adjust with a solution of lactic acid to a pH

. of 7.0. Using an autoclave, steam sterilize the solution at
121° for NLT 15 min, then allow to cool in the unopened
autoclave. Dispense into sterile containers as needed for
preparing samples.

Sample preparation: Aseptically transfer 11.0 g of
freeze-dried probiotic powder into a sterile stomacher bag.
Add 99 mL of previously sterilized (room temperature)
Sample broth to the bag and blend at 230 rpm for 2 min
in a stomacher. Hold the mixture at room temperature for
30 min to allow rehydration of the freeze-dried sample,
then blend in the stomacher for an additional 2 min at
230 rpm. This is the primary 10-1 dilution.
Using sterilized, filtered pipet tips, make serial dilutions by

aseptically transferring 1.0 mL of the primary 10-1 dilution
to sterile media bottles, each containing 99.0 mL of
Peptone diluent (10-3 dilution). Repeatthis operation until
the desired dilution series is obtained. [NOTE-:-The
dilutions used in the Analysis should be expected to
contain 25-250 du/mL.] Shakethe media bottles for
complete mixing before proceeding with the Analysis.

Analysis: For each Sample preparationto be plated, prepare
the Petri plates as follows. Using three sterile, filtered l-mL
pipet tips, aseptically transfer 1.0 mL of the Sample
preparation separately into three appropriately labeled
sterile 15-mm x 1OO-mm Petri plates, then pour about
15 mL of the 45° Agarmedium into each plate, flaming the
lip of the bottle between pours. Place the lid on each plate
after adding the Agarmedium, then gently swirl the plates
to mix the Sample preparation and the Agar medium.
[NOTE-Be careful to avoid spillage onto the lid of the dish
when swirling the plates.] Repeat this procedure for
additional dilutions of the Sample preparation. Prepare one
blank plate that contains only the Agarmediumand a
second blank plate in which 1.0 mL of Peptone diluent has
been mixed with the Agar medium. Allow the plates to sit
at room temperature on a level surface until the Agar
medium solidifies, then incubate the plates at 38° for 72 h
under anaerobic condltlons."
After 72 h of incubation, count the colonies and record the

results asviable du/g, taking into account the appropriate
dilution factor of the Sample preparation. Only count
plates containing 25-250 colonies. Determine the
average plate count, in du/g.

Acceptance criteria: NLT 100% of the labeled viable cell
count, in du/g

CONTAMINANTS
[NOTE-The methods of microbial analysis included in this

section as examples represent currently accepted
methods commonly used in industry. Users may
substitute other validated test methods for the methods
in this section.]

• MICROBIAL ENUMERATION TESTS (2021): The total
combined molds and yeastscount does not exceed 102 du/
g.

• NON-LACTIC ACID BACTERIA: ISO international standard
number 13559 (IDF 153), available from the International
Organization for Standardization (www.iso.org). The total
non-lactic acid bacteria count is less than 5 x 103 du/g.

10 Suitable peptone for microbiological analysis is available from BO
Bacto™ (www.bd.com).
11 Suitable anaerobic systems are available from BDGasPak™ EZContainer
System, www.bd.com.
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• ABSENCE OF SPECIFIED MaCROORGANISMS (2022), Test
Procedures, Test for Absence ofEscherichia coliandTest for
Absence of Salmonella Species: It meets the requirements of
the tests for absence of Escherichia coli. It meets the
requirements of the tests for absence of Salmonella species
in 40 g.

• Listeria: (See Food Chemicals Codex, Appendix XV.) It meets
the requirements of the tests for absence of Listeria in 25 g.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in high barrier foil

laminate bags and store at or below 4°.
• LABELING: This ingredient should be labeled with the genus,

species, and strain names and with the formulated
enumeration in cfu/g (or similar units). This monograph
applies only to Lactobacillus acidophilus La-14, and no other
strains of Lactobacillus acidophilus cultures.

Lactobacillus acldophllus NCFM

DEFINITION
Lactobacillus acidophilus NCFM (ATCC strain designation

SD5221) is a lactic acid-producing, Gram-positive,
rod-shaped, non-spore-forming bacterium that is
homofermentative. Rods occurring in short chains are
commonly observed. Lactobacillus acidophilus NCFM occurs
asa white- to cream-colored powder that is produced via
fermentation of a pure, specific-strain of Lactobacillus
acidophilus. Suitable cryoprotectants may be added to the
concentrated bacteria following fermentation, after which
the product is frozen and then freeze-dried. The formulated
product may be blended with suitable diluents and/or
bulking agents. It contains NLT 100% of the labeled viable
cell count of Lactobacillus acidophilus NCFM.

IDENTIFICATION
• A. NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all cases for the Identification test, "sterile
water" refers to sterile, nuclease-free water
acceptable for use in molecular biology.']

Buffer: Use a molecular biology-grade 10 mM tris
hydrochloride, 1 mM EDTAsodium buffer.!

Sample solution: 100 mg/mL of the freeze-dried probiotic
powder in Buffer

Primer set 1: Use a primer set comprised of forward primer
sequence (5'-3') TCGGCAAACTTAGTTGCAGAAGG and
reverse primer sequence (5'-3')
GGTGCTAAGCTAGGTATGGAACG.3 Primers should be
diluted in Bufferto a stock concentration of 100 fJM, then
further diluted to 25 fJM in Buffer, and stored at -20°. The
annealing temperature for Primer set 7 is 57.0°. A positive
test for this Primerset is expected to give an amplification
product of 365 base pairs with two single nucleotide
polymorphisms (SNPs).

Primer set 2: Use a primer set comprised of forward primer
sequence (5'-3') GCTGACGGAGATTATTCAAGCCAand
reverse primer sequence (5'-3')
GCAGAACACATACGCTACCAGAA.3 Primers should be
diluted in Bufferto a stock concentration of 100 fJM, then
further diluted to 25 fJM in Buffer, and stored at -20°. The

, Suitable PCR~Certified Waters, RNase and DNaseFree,are available
from www.teknova.com.
2 Suitablebuffers(e.g., TE Buffer 1X,Molecular Biology Grade)are available
from www.promega.com.
3 DNA primersare commerciallyavallable'(custom manufacture)from
Integrated DNA Technologies (www.idtdna.com) and other commercial
sources.
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annealing temperature for Primerset 2 is 57.0°. A positive
test for this Primer set is expected to give an amplification
product of 433 base pairs with two single nucleotide
polymorphisms (SNPs).

Primer set 3: Usea primer set comprised of forward primer
sequence (5'-3')AAACTGCAATTTAAGATTATGAGTTTC and
reverse primer sequence (5'-3')
GGTACCGTCTTGATTATTAGTGTA.3 Primers should be
diluted in Bufferto a stock concentration of 100 fJM, then
further diluted to 25 fJM in Buffer, and stored at -20°. The
annealing temperature for Primer set 3 is 51.0°. A positive
test for this Primer set is expected to give an amplification
product of 600 base pairs.

Polymerase chain reaction (PCR) sample preparations:
For each Primerset, prepare a solution containing 1 fJL of
the Sample solution, 10 fJL of mastermix polymerase," 1 fJL
of diluted forward primer (25 fJM), 1 fJL of diluted reverse
primer (25 fJM), and 12 fJL of sterile water.

PCRnegative control: Prepare as directed for the PCR
sample preparations, replacing the 1 IJLof Sample solution
with 1 fJL of sterile water.

PCRamplification: Perform PCR on each PCR sample
preparation and the PCR negativecontrol using an
appropriate thermal cycler." Incubate at 95° for 7 min (step
1); 95° for 30 s (step 2); the Primer set annealing. °

temperature for 30 s (step 3); and at 72° for 30 s (for
Primerset 7), for 30 s (for Primerset2), or for 1 min (for
Primer set 3; step 4). Repeat steps 2-4 for 34 cycles, then
incubate at 72° for 5 min and hold at 4°.

Analysis: Analyze the products of the PCR amplification for
each PCR sample preparationand for the PCR negative
control using an automated on-chip electrophoresis system
with a DNA kit. 6 Follow the manufacturer's instructions for
analysis. Alternatively, analysis and visualization may be
accomplished using gel electrophoresis. Prepare or use a
commercially available 1% (w/v) agarose gel in a 1X
tris-acetic acid-EDTA buffer (40 mM tris hydrochloride, 1%
glacial acetic acid, and 1 mM EDTA). Stain the gel with
0.5 mg/mL of ethidium bromide in water and de-stain with
deionized water. [CAUTION-Ethidium bromide is
considered a toxic substance and a potential mutagen. Use
appropriate personal protective equipment (including
nitrile gloves) when handling this reagent.] Use a DNA.
ladder standard (1 KB plus? suitable for determining the
size of linear double-stranded DNA fragments between
100 and 12,000 base pairs. The ladder standard should be
used in the first and last lanes on the gel to allow for proper
comparison of amplicons.
Analysis of the PCR negative control must result in the

absence of any amplification products or the preparation
of the PCR sample preparations and the PCR negative
control must be repeated, followed by PCR amplification
and Analysis.

Acceptance criteria
Primer set 1:· The PCR sample preparation prepared with

Primer set 7 gives an amplification product of 365 base
pairs with two SNPs. The first SNP is identified as
(underlined in the following 15 base pair sequence):
GAGTAAAITCCATCA and the location is 49 base pairs
from the 5' end of the forward primer described in Primer
set 7. The second SNPis identified as (underlined in the

4 5 PrimeMasterMix polymerasefrom 5 Prime.
S Suitablethermal cyclers are available from Eppendorf®
(www.eppendorf.com).
6 Suitableautomated on-chip electrophoresissystemswith a DNA kitare
available fromAgilent(Agilent 2100 Bioanalyzer withAgilentDNA 1000 Kit
www.genomics.agilent.com).
7 Suitable1 KB plus DNA ladders are available from
www.lifetechnologies.com.
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Table 2. Lactobacilli MRS Broth

Suspend Lactobacilli MRS Broth in 1 L of purified water in
an appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
broth ingredients, then autoclave the solution at 121° for
15 min. Broth may also be aseptically transferred into
individual media bottles in 100- or 200-mL aliquots before
sterilizing, and then autoclaved and stored for later use.
[NOTE-Can be stored at 4° (allow broth to come to room
temperature before use).]

Peptone diluent: Prepare a solution of 0.1% peptone!" in
water (w/v) and adjust with a solution of lactic acid to a pH
of 7.0. Using an autoclave, steam sterilize the solution at
121° for NLT 15 min, then allow to cool in the unopened
autoclave. Dispense into sterile containers as needed for
preparing samples.

Sample preparation: Aseptically transfer 11.0 g of
freeze-dried probiotic powder into a sterile stomacher bag.
Add 99 mL of previously sterilized (room temperature)
Sample broth to the bag and blend at 230 rpm for? min
in a stomacher. Hold the mixture at room temperature for
30 min to allow rehydration of the freeze-dried sample,
then blend in the stomacher for an additional 2 min at
230 rpm. This is the primary 10-1 dilution.
Using sterilized, filtered pipet tips, make serial dilutions by

aseptically transferring 1.0 mL of the primary 10-1 dilution
to sterile media bottles, each containing 99.0 mL of
Peptone diluent (10-3 dilution). Repeat this operation until
the desired dilution series is obtained. [NoTE-The
dilutions used in the Analysis should be expected to
contain 25-250 cfu/mL.] Shakethe media bottles for
complete mixing before proceeding with the Analysis.

Analysis: For each Sample preparationto be plated, prepare
the Petri plates as follows. Using three sterile, filtered l-mL
pipet tips, aseptically transfer 1.0 mL of the Sample
preparation separately into three appropriately labeled
sterile 15-mm x 100-mm Petri plates, then pour about
15 mL of the 45° Agar medium into each plate, flaming the
lip of the bottle between pours. Place the lid on each plate
after adding the Agar medium, then gently swirl the plates
to mix the Sample preparation and the Agar medium.

Sample broth: Prepare as follows or use a suitable
commercially available broth (see Table 2).9

Quantity
Reagent (g)

Proteose peptone no. 3 10.0

Beef extract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodium acetate 5.0

Magnesium sulfate 0.1

Manganese sulfate 0.05

Dipotassium phosphate 2.0

Table 1. Lactobacilli MRSAgar

following 15 base pair sequence): TTCAATTG~GTTrG
and the location is 241 base pairs from the 5' end of the
forward primer described in Primer set 1. The sequence of
the amplicon should be determined by validated,
standard sequencing technologies.

Primer set 2: The PCR sample preparation prepared with
Primer set2 gives an amplification product of 433 base
pairs with two SNPs. The first SNPis identified as
(underlined in the following 15 base pair sequence):
AAGCATT£AATACACand the location is 72 base pairs
from the 5' end of the forward primer described in Primer
set 2. The second SNP is identified as (underlined in the
following 15 base pair sequence): ATATGGITCTTACCT
and the location is 215 base pairs from the 5' end of the
forward primer described in Primer set2. The sequence of
the amplicon should be determined by validated,
standard sequencing technologies.

Primer set 3: The PCR sample preparationprepared with
Primer set 3 gives an amplification product of 600 base
pairs. There should be no amplification product of
184 base pairs.

ASSAY
• ENUMERATION

Agar medium: Prepare as follows or use a suitable
commercially available agar (see Table 1).8

Suspend Lactobacilli MRSAgar in 1 L of purified water in an
appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
medium, then autoclave the solution at 121° for 15 min.
Cool to 45° and use immediately. Boiled Agar medium
may also be aseptically transferred into individual media
bottles in 100- or 200-mL aliquots before sterilizing, and
then autoclaved and stored for later use. [NOTE-Can be
stored at 4° (heat gently to 45° to melt the agar
before use).] Immediately before use, aseptically add
1.0 mL of a sterile 5% (w/v) cysteine hydrochloride
solution for each 100 mL of Agarmedium prepared, such
that the final concentration of cysteine hydrochloride in
the Agar medium is 0.05%.

--
Quantity

Reagent (g)

Proteose peptone no. 3 10.0

Beef extract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodium acetate 5.0

Maqneslurnsultate . 0.1

Manganesesulfate 0.05

Dipotassium phosphate 2.0

Agar 15.0

8 Difco™ Lactobacilli MRS Agar, or equivalent. Suitable Lactobacilli MRS
Agars are availablefrom www.vwr.com or other chemical/ '
microbiological suppliers.

9 Difco™ Lactobacilli MRS Broth, or equivalentare availablefrom
www.vwr.com or other chemical/microbiological suppliers.
10 Suitable peptone for microbiological analysisis availablefrom BD
Bacto" (www.bd.com).
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[NOTE-Be careful to avoid spillage onto the lid of the dish
when swirling the plates.] Repeat this procedure for
additional dilutions of the Sample preparation. Prepare one
blank plate that contains only the Agarmedium and a
second blank plate in which 1.0 mL of Peptone diluent has
been mixed with the Agar medium. Allow the plates to sit
at room temperature on a level surface until the Agar
medium solidifies, then incubate the plates at 38° for 72 h
under anaerobic conditions."
After 72 h of incubation, count the colonies and record the

results asviable cfu/g, taking into account the appropriate
dilution factor of the Sample preparation. Only count
plates containing 25-250 colonies. Determine the
average plate count, in cfu/g.

Acceptance criteria: NLT 100% of the labeled viable cell
count, in cfu/g

CONTAMINANTS
[NoTE-The methods of microbial analysis included in this

section as examples represent currently accepted
methods commonly used in industry. Users may
substitute other validated test methods for the methods
in this section.] ,

• MICROBIAL ENUMERATION TESTS (2021): The total
combined molds and yeasts count does not exceed 102 cfu/
g.

• NON-LACTIC ACID BACTERIA: ISO international standard
number 13559 (IDF 153), available from the International
Organization for Standardization (www.iso.org). The total
non-lactic acid bacteria count is lessthan 5 x 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Escherichia coliandTest for
Absence of Salmonella Species: It meets the requirements of
the tests for absence of Escherichia coli. It meets the

. requirements of the tests for absence of Salmonella species
in 40 g.

• Usterla: (See Food Chemicals Codex, Appendix XV.) It meets
the requirements of the tests for absence of Listeria in 25 g.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein high barrier foil

laminate bags and store at or below 4°.
• LABELING: This ingredient should be labeled with the genus,

species, and strain names and with the formulated.
enumeration in du/g (or similar units). This monograph
applies only. to Lactobacillus acidophilus NCFM, and no
other strains of Lactobacillus acidophilus cultures.

Lactobacillus paracasel LPC-37

DEFINITION
Lactobacillus paracasei LPC-37 (ATCC strain designation

505275) is a lactic acid-producing, Gram-positive,
rod-shaped, non-motile, non-spore-forming bacterium that
is homofermentative. Lactobacillus paracasei LPC-37 occurs
as a white- to cream-colored powder that is produced via
fermentation of a pure, specific strain of Lactobacillus
paracasei. Suitable cryoprotectants may be added to the
concentrated bacteria following fermentation, after which
the product is frozen and then freeze-dried. The formulated
product may be blended with suitable diluents and/or
bulking agents. It contains NLT 100% of the labeled viable
cell count of Lactobacillus paracasei LPC-37.

" Suitableanaerobic systemsare available from BD GasPak™ EZ Container
System,www.bd.com.
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IDENTIFICATION
• A. NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all cases for the Identification test, "sterile
water" refers to sterile, nuclease-free water
acceptable for use in molecular biology.' ]

Buffer: Use a molecular biology-grade 10 mM
tris-hydrochloride, 1 mM EDTAsodium buffer.!

Sample solution: 100 mg/mL of the freeze-dried probiotic
powder in Buffer

Primer set: Use a primer set comprised of forward primer
sequence (5'-3') GTTTGTGGCGGCGTAACTTC and reverse
primer sequence (5'-3') GGTGATCCTGAACGCGGTT.3
Primers should be diluted in Bufferto a stock concentration
of 100 IJM, then further diluted to 25 11M in Buffer, and
stored at -20°. A positive test for this Primer set is expected
to give an amplification product of 273 base pairs.

Polymerase chain reaction (PCR) sample preparations:
Prepare a solution containing 1 ul, of the Sample solution,
10 IJLof mastermix polymerase," 1 IJLof diluted forward
primer (25 IJM), 1 IJL of diluted reverseprimer (25 IJM), and
12 IJLof sterile water.

PCR negative control: Prepare as directed for the PCR
sample preparations, replacing the 1 IJLof Sample solution
with 1 IJLof sterile water.

PCR amplification: Perform PCR on each PCR sample
preparation and the PCR negative control using an

. appropriate thermal cycler.' Incubate at 95° for 7 min (step
1); 95° for 30 s (step 2); 57.0° for 30 s (step 3); and at 72°
for 30 s (step 4). Repeat steps 2-4 for 34 cycles, then
incubate at 72° for 5 min, and hold at 4°.

Analysis; Analyze the products of the PCR amplification for
each PCR sample preparation and for the PCR negative
control using an automated on-chip electrophoresis system
with a DNA kit.6 Follow the manufacturer's instructions for
analysis. Alternatively, analysis and visualization may be
accomplished using gel electrophoresis. Prepare or use a
commercially available 1% (w/v) aqarose gel in a 1X
tris-acetic acid-EDTA buffer (40 mM tris-hydrochloride, 1%
glacial acetic acid, and 1 mM EDTA). Stain the gel with
0.5 mg/mL of ethidium bromide in water and de-stain with
deionized water. [CAUTION-Ethidium bromide is
considered a toxic substance and a potential mutagen. Use
appropriate personal protective equipment (including,
nitrile gloves) when handling this reagent.] Use a DNA
ladder standard (1 KB plus)? suitable for determining the
size of linear double-stranded DNA fragments between
100 and 12,000 base pairs. The ladder standard should be
used in the first and last lanes on the gel to allow for proper
comparison of amplicons.
Analysis of the PCR negative control must result in the

absence of any amplification products, or the preparation
of the PCR sample preparations and the PCR negative
control must be repeated, followed by PCR amplification
and Analysis.

, Suitable PCR-Certified Waters, RNase and DNaseFree, are available
from www.teknova.com.
2 Suitablebuffers(e.g. TE Buffer 1X,Molecular Biology Grade)are available
from www.promega.com.
3 DNA primers are commercially available (custom manufacture) from
Integrated DNA Technologies(www.idtdna.com) and other commercial
sources.
45 PrimeMasterMix polymerasefrom 5 Prime.
S Suitablethermal cyclers are available from Eppendorf®
(www.eppendorf.corn).
6 Suitableautomated on-chip electrophoresissystemswith a DNA kitare
available from Agilent(Agilent 2100 Bioanalyzer withAgilentDNA 1000 Kit
www.genomics.agilent.com).
7 Suitable1 KB plus DNA ladders are available from
www.lifetechnologies.com.
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Acceptance criteria: The peRsamplepreparationsprepared
with the Primerset gives an amplification product of
273 base pairs.

ASSAY
• ENUMERATION
Agar medium: Prepare as follows or use a suitable

commercially availableagar (see Table 1).8

Table 1. Lactobacilli MRS Agar
Quantity

Reagent (g)

Proteosepeptone no. 3 10.0

Beef extract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodiumacetate 5.0

Magnesium sulfate 0.1

Manganesesulfate 0.05

Dipotassium phosphate 2.0

Agar 15.0

Suspend Lactobacilli MRS Agarin 1 Lof purified water in an
appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boilingon a hot
plate. Allow to boil for 1 min to completely dissolve the
medium, then autoclave the solution at 121° for 15 min.
Cool to 45° and use immediately. Boiled Agar medium
may also be asepticallytransferred into individual media
bottles in 100- or 200-mLaliquots before sterilizing, and
then autoclaved and stored for later use. [NoTE-Can be
stored at 4° (heat gently to 45° to melt the agar
before use).] .

Sample broth: Prepare as follows or use a suitable
commercially available broth (see Table 2).9

Table 2. Lactobacilli MRS Broth

Quantity
Reagent (g)

Proteosepeptone no. 3 10.0

Beef extract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodiumacetate 5.0

Magnesium sulfate 0.1

Manganesesulfate 0.05

Dipotassium phosphate 2.0

8 Difco™ Lactobacilli MRS Agar,or equivalent. SuitableLactobacilli MRS
Agars are available from www.vwr.com or other chemical/
microbiological suppliers.
9 Dltco" Lactobacilli MRS Broth,or equivalent are available from
www,vwr.com or other chemical/microbiological suppliers.
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Suspend Lactobacilli MRS Broth in 1 Lof purified water in
an appropriately sized conicalflask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boilfor 1 min to completely dissolve the
broth ingredients, then autoclave the solution at 121° for
15 min. Broth may also be aseptically transferred into
individual media bottles in 100- or 200-mLaliquotsbefore
sterilizing, and then autoclaved and stored for later use.
[NoTE-Can be stored at 4° (allowbroth to come to room
temperature before use).]

Peptone diluent: Prepare a solution of 0.1% peptone'? in
water (w/v) and adjustwith a solution of lacticacid to a pH
of 7.0. Using an autoclave, steam sterilize the solutionat
121° for NLT 15 min, then allowto cool in the unopened
autoclave. Dispense into sterilecontainers as needed for
preparing samples.

Sample preparation: Aseptically transfer 11.0 g of
freeze-dried probiotic powder into a sterilestomacher bag.
Add 99 mLof previously sterilized (room temperature)
Sample broth to the bag and blend at 230 rpm for 2 min
in a stomacher. Holdthe mixture at room temperature for
30 min to allow rehydratlonof the freeze-dried sample,
then blend in the stomacher for an additional 2 rrrin at
230 rpm. This is the primary 10-1 dilution.,
Using sterilized, filtered pipet tips, make serial dilutions by

aseptically transferring1.0 ml of the primary10-1 dilution
to sterile media bottles, each containing 99.0 mLof
Peptone diluent (10-3 dilution). Repeatthis operation until
the desired dilution series isobtained. [NOTE-The
dilutions used in the Analysis should be expected to
contain 25-250 du/mL] Shakethe, media bottles for
complete mixing before proceeding with the Analysis.

Analysis: Foreach Sample preparation to be plated, prepare
the Petri plates as follows. Using three sterile, filtered 1-mL
pipet tips, aseptically transfer 1.0 ml of the Sample
preparation separately into three appropriately labeled
sterile 15-mm x 100-mm Petri plates, then pour about
15 mL of the 45° Agar medium into each plate, flaming the
lipof the bottle between pours. Place the lidon each plate
after adding the Agar medium, then gently swirl the plates
to mix the Sample preparation and the Agar medium.
[NOTE-Be careful to avoid spillageonto the lidof the dish
when swirling the plates.] Repeat this procedure for
additional dilutionsof the Sample preparation. Prepareone
blank plate that contains only the Agar medium and a
second blank plate in which 1.0 mLof Peptone diluent has
been mixed with the Agar medium.Allow the plates to sit
at room temperature on a level surface until the Agar
medium solidifies, then incubate the plates at 38° for 72 h
under anaerobic condltlons.!'
After72 h of incubation, count the coloniesand record the

resultsas viabledu/g, taking into account the appropriate
dilution factor of the Sample preparation. Only count
plates containing 25-250 colonies. Determine the
average plate count, in du/g.

Acceptance criteria: NLT 100% of the labeled viablecell
count, in du/g

CONTAMINANTS
[NOTE-The methods of microbial analysis included in this

section as examples represent currentlyaccepted
methods commonly used in industry. Users may
substitute other validated test methods for the methods
in this section.]

10 Suitable peptone for microbiological analysis is available from BD
Bacto™ (www.bd.com).
11 Suitableanaerobic systemsare available from BD GasPak™ EZ Container
System,www.bd.com.
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• MICROBIAL ENUMERATION TESTS (2021): The total
combined molds and yeasts count does not exceed 102 cfu/
g.

• NON-LACTIC ACID BACTIERIA: ISO international standard
number 13559 (JDF 153), available from the International
Organization for Standardization (www.iso.org). The total
non-lactic acid bacteria count is lessthan 5 x 103 cfu/g.

• ENTEROCOCCI: (See Food Chemicals Codex, Appendix XV.)The
total enterococci count is lessthan 102 cfu/g.

• COLIFORMS: (See FCC, Appendix XV.)The total coliforms
count is lessthan 10 cfu/g.

• ABSENCE OFSPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Staphylococcus aureus, Test for
Absence of Escherichia coli,and Test for Absence of Salmonella
Species: It meets the requirements of the tests for absence
of Staphylococcus aureus and Escherichia coli. It meets the
requirements of the tests for absence of Salmonella species
in 40 g.

• Usteria: (See FCC, AppendixXV.) It meets the requirements
of the tests for absence of Listeria in 25 g, if the production
lot of the strain has been in contact with any dairy-derived
ingredients.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in high barrier foil

larnlnatebaqs and store at or below 4°.
• LABELING: This ingredient should be labeled with the genus,

species, and strain names and with the formulated
enumeration in cfu/g (or similar units). This monograph
applies only to Lactobacillus paracasei LPC-37, and no other
strains of Lactobacillus paracasei cultures.

Lactobacillus rhamnosus HNOOl

DEFINITION
Lactobacillus rhamnosus HN001 (ATCC strain designation

SD5675) is a lactic acid-producing, Gram-positive,
rod-shaped, non-spore-forming bacterium that is a
facultative hexose heterofermenter. Rods of varying length
occurring in short chains are commonly observed.
Lactobacillus rhamnosus HN001 occurs as a white- to
cream-colored powder that is produced via fermentation of a
pure, specific;strain of Lactobacillus rhamnosus. Suitable
cryoprotectants may be added to the concentrated bacteria
following fermentation, after which the product isfrozen and
then freeze-dried. The formulated product may be blended
with suitable diluents and or bulking agents. It contains NLT
100% of the labeled viable cell count of Lactobacillus
rhamnosus HN001.

IDENTIFICATION
• A. NUCLEIC ACID-BASED IDENTIFICATION

[NOTE-In all cases for the Identification test, "sterile
water" refers to sterile, nuclease-free water
acceptable for use in molecular bioloqy.']

Buffer: Use a molecular biology-grade 10 mM tris
hydrochloride, 1 mM EDTA sodium buffer.?

Sample solution: 100 mg/mL of the freeze-dried probiotic
powder in Buffer

Primer set: Use a primer set comprised of forward primer
sequence (5'-3') CACCTGCGATCAAAGCGAAAC and
reverse primer sequence (5'-3')

1 Suitable PCR-Certified Waters, RNase and DNase Free, are available
from www.teknova.com.
2 Suitablebuffers(e.g. TE Buffer 1X,Molecular Biology Grade)are available
from www.promega.com.
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GCTCCCACCGGCACATTA,3 Primers should be diluted in
Buffer to a stock concentration of 100 J-lM, then further
diluted to 25 J-lM in Buffer, and stored at -20°. A positive
test for this Primer set is expected to give an amplification
product of 340 base pairs.

Polymerase chain reaction (PCR) sample preparations:
Prepare a solution containing 1 J-lL of the Sample solution,
10 J-lL of mastermix polymerase," 1 J-lL of diluted forward
primer (25 J-lM), 1 J-lL of diluted reverseprimer (25 J-lM), and
12 J-lL of sterile water.

PCRnegative control: Prepare as directed for the PCR
sample preparations, replacing the 1 J-lL of Sample solution
with 1 J-lL of sterile water.

PCRamplification: Perform PCR on each PCR sample
preparation and the PCR negative control using an
appropriate thermal cycler.' Incubate at 95° for 7 min (step
1); 95° for 30 s (step 2); 57.0° for 30 s (step 3); and at 72°
for 30 s (step 4). Repeat steps 2-4 for 34 cycles, then
incubate at 72° for 5 min, and hold at 4°.

Analysis: Analyze the products of the PCR amplification for
each PCR sample preparation and for the PCR negative
control using an automated on-chip electrophoresis system
with a DNA klt." Follow the manufacturer's instructions for
analysis. Alternatively, analysis and visualization may be
accomplished using gel electrophoresis. Prepare or.use a
commercially available 1% (w/v) agarose gel in a 1X

. tris-acetic acid-EDTA buffer (40 mM tris hydrochloride, 1%
glacial acetic acid, and 1 mM EDTA). Stain the gel with
0.5 mg/mL of ethidium bromide in water and de-stain with
deionized water. [CAuTloN-Ethidium bromide is
considered a toxic substance and a potential mutagen. Use
appropriate personal protective equipment (including
nitrile gloves) when handling this reagent.] Use a DNA
ladder standard (1 KB plus)? suitable for determining the
size of linear double-stranded DNA fragments between
100 and 12,000 base pairs. The ladder standard should be
used in the first and last lanes on the gel to allow for proper
comparison of amplicons.
Analysis of the PCR negative control must result in the

absence of any amplification products or the preparation
of the PCR sample preparations and the PCR negative
control must be repeated, followed by PCR amplification
and Analysis. ,

Acceptance criteria: The PCR sample preparations prepared
with the Primerset gives an amplification product of
340 base pairs.

ASSAY
• ENUMERATION

Agar medium: Prepare asfollows or use a suitable
commercially available agar (see Table 1).8

3 DNA primers are commercially available (custom manufacture) from
Integrated DNATechnologies(www.idtdna.com)and other commercial
sources.
45 PrimeMasterMix polymerasefrom 5 Prime.
S Suitablethermal cyclers are available from Eppendorf®
(www.eppendorf.com).
6 Suitableautomated on-chip electrophoresis systemswith a DNA kitare
available from Agilent(Agilent2100 Bioanalyzer with AgilentDNA 1000 Kit
www.genomics.agilent.com).
7 Suitable1 KB plus DNA ladders are available from
www.lifetechnologies.com.
8 Difco™ Lactobacilli MRS Agar,or equivalent.Suitable Lactobacilli MRS
Agarsare availablefrom www.vwr.com or other chemical!
microbiological suppliers.
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Table 1. lactobacilli MRS Agar
Quantity

Reagent (g)

Proteose peptone no. 3 10.0

Beefextract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80 1.0

Ammonium citrate 2.0

Sodium acetate 5.0

Magnesium sulfate 0.1

Manganese sulfate 0.05

Dipotassium phosphate 2.0

Agar 15.0

Suspend Lactobacilli MRSAgar in 1 L of purified water in an
appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
medium, then autoclave the solution at 121° for 15 min.
Cool to 45° and use immediately. Boiled Agar medium
may also be aseptically transferred into individual media
bottles in 100- or 200-mL aliquots before sterilizing, and
then autoclaved and stored for later use. [NoTE-Can be
stored at 4° (heat gently to 45° to melt the agar
before use).]

Sample broth: Prepare as follows or use a suitable
commercially available broth (see Table 2).9

Table 2. lactobacilli MRS Broth
Quantity

Reagent (g)

Proteose peptone no. 3 10.0

Beefextract 10.0

Yeast extract 5.0

Dextrose 20.0

Polysorbate 80' 1.0

Ammonium citrate 2.0

Sodium acetate 5.0

Magnesium sulfate 0.1

Manganese sulfate 0.05

Dipotassium phosphate 2.0

Suspend Lactobacilli MRS Broth in 1 L of purified water in
an appropriately sized conical flask or beaker (sufficiently
large to not boil over). Cover the flask or beaker with
aluminum foil and heat with stirring to boiling on a hot
plate. Allow to boil for 1 min to completely dissolve the
broth ingredients, then autoclave the solution at 121° for
15 min. Broth may also be aseptically transferred into
individual media bottles in 100- or 200-mL aliquots before
sterilizing, and then autoclaved and stored for later use.
[NoTE-Can be stored at 4° (allow broth to come to room
temperature before use).]

9 Dlfco" Lactobacilli MRS Broth, or equivalent are available from
www.vwr.com or other chemical/microbiological suppliers.
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Peptone diluent: Prepare a solution of 0.1% peptone'? in
water (w/v) and adjust with a solution of lactic acid to a pH
of 7.0. Using an autoclave, steam sterilize the solution at
121° for NLT 15 min, then allow to cool in the unopened
autoclave. Dispense into sterile containers as needed for
preparing samples.

Sample preparation: Aseptically transfer 11.0 g of
freeze-dried probiotic powder into a sterile stomacher bag.
Add 99 mL of previously sterilized (room temperature)
Sample broth to the bag and blend at 230 rpm for 2 min
in a stomacher. Hold the mixture at room temperature for
30 min to allow rehydration of the freeze-dried sample,
then blend in the stomacher for an additional 2 min at
230 rpm. This is the primary 10-1 dilution.
Using sterilized, filtered pipet tips, make serial dilutions by

aseptically transferring 1.0 mL of the primary 10-1 dilution
to sterile media bottles, each containing 99.0 mL of
Peptone diluent (10- 3 dilution). Repeat this operation until
the desired dilution series is obtained. [NOTE-The
dilutions used in the Analysis should be expected to
contain 25-250 cfu/mL.] Shakethe media bottles for
complete mixing before proceeding with the Analysis.

Analysis: For each Sample preparation to be plated, prepare
the Petri plates as follows. Using three sterile, filtered l-mL
pipet tips, aseptically transfer 1.0 mL of the Sample
preparation separately into three appropriately labeled
sterile 15-mm x 100-mm Petri plates, then pour about
15 mL of the 45° Agarmedium into each plate, flaming the
lip of the bottle between pours. Placethe lid on each plate
after adding the Agar medium, then gently swirl the plates
to mix the Sample preparationand the Agarmedium.
[NOTE-Be careful to avoid spillage onto the lid of the dish
when swirling the plates.] Repeat this procedure for
additional dilutions of the Sample preparation. Prepare one
blank plate that contains only the Agarmediumand a
second blank plate in which 1.0 mL of Peptone diluent has
been mixed with the Agar medium. Allow the plates to sit.
at room temperature on a level surface until the Agar
medium solidifies, then incubate the plates at 38° for 72 h
under anaerobic condltlons.!'
After 72 h of incubation, count the colonies and record the

results asviable cfu/g, taking into account the appropriate
dilution factor of the Sample preparation. Only count
plates containing 25-250 colonies. Determine the'
average plate count, in cfu/g.

Acceptance criteria: NLT 100% of the labeled viable cell
count, in cfu/g

CONTAMINANTS
[NOTE-The methods of microbial analysisincluded in this

section as examples represent currently accepted
methods commonly used in industry. Users may
substitute other validated test methods for the methods
in this section.]

• MICROBIAL ENUMERATION TESTS (2021): .The total
combined molds and yeastscount does not exceed 102 cfu/
g.

• NON-LACTIC ACID BACTERIA: ISO international standard
number 13559 (IDF 153), available from the International
Organization for Standardization (www.iso.org). The total
non-lactic acid bacteria count is less than 5 x 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofEscherichia coliand Test for
Absence of Salmonella Species: It meets the requirements of
the tests for absence of Escherichia coli. It meets the

10 Suitable peptone for microbiological analysis is available from BD
Bacto" (www.bd.com).
11 Suitable anaerobic systems are available from BDGasPak™ EZContainer
System, www.bd.com.

www.webofpharma.com

https://nhathuocngocanh.com/



v
w

USP 43

requirements of the tests for absence of Salmonella species
in 40 g.

• Listeria: (See Food Chemicals Codex, Appendix XV.) It meets
the requirements of the tests for absenceof Listeria in 25 g.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in high barrier foil

laminate bags and store at or below 4°.
• LABELING: This ingredient should be labeled with the genus,

species, and strain names and with the formulated
enumeration in cfu/g (or similar units). This monograph
applies only to Lactobacillus rhamnosus HN001, and no
other strains of Lactobacillus rhamnosus cultures.

leucine-see Leucine General Monographs

levocarnitine-see Levocarnitine General Monographs

Levocamltfne Oral Solution-see Levocarnitine
Oral Solution General Monographs

Levocarnltlne Tablets-see Levocarnitine Tablets
General Monographs

Licorice

DEFINITION
Licorice consists of the roots, rhizomes, and stolons of

Glycyrrhiza glabra L. or Glycyrrhiza uralensis Fish.ex DC.
(Fam. Fabaceae). It contains NLT 2.5% of glycyrrhizic acid
(C42H62016), calculated on the dried basis. '

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 5 mg/mL of USP Glycyrrhizic Acid RS
in a mixture of alcohol and water (7:3)

Sample solution: 2 g of pulverized Licorice in 10 mL of a
mixture of alcohol and water (7:3). Heat by shaking on a
water bath for 5 min, cool, and filter.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture (TLC plates)
Application volume: 2 J..IL
Developing solvent system: Butyl alcohol, glacial acetic

acid, and water (7:1 :2)
Analysis

Samples: Standardsolution and Sample solution
Develop the chromatogram in an unsaturated chamber to a

length of 10 cm. Examine the plate under 254-nm light.
Acceptance criteria: The chromatograms show a dark

purple zone, among other spots, due to glycyrrhizic acid
at ali RF value of 0.4.

COMPOSITION
• CONTENT OF GLYCYRRHIZIC ACID

Diluent: Alcohol and water (1:1)
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Solution A: Dilute acetic acid (1:15)
Mobile phase: Acetonitrile and Solution A (2:3)
S!an~ard solution: 0.25 mg/mL of USP Glycyrrhizic Acid RS

In Diluent
Sample solution: Transfer 500 mg of Licorice, reduced to a

powder, to a SUitable flask. Add 70 mL of Diluent, shakefor
15 min, centrifuge, and decant the supernatant into a
1OO-mL volumetric flask. Mix the residue with 25 mL of
Diluent, shake for 15 min, centrifuge, and add the
supernatant to the volumetric flask. Dilute with Diluent to
volume, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; packing L1
Flow rate: 0.6 mL/min
Injection volume: 20 J..IL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 5000 theoretical plates
determined from glycyrrhizic acid .

Tailing factor: NMT 2.0 for the glycyrrhizic acid peak
Relative standard deviation: NMT 2.0% "

~~yili .
Samples: Standardsolution and Sample solution
Calculate the percentage of glycyrrhizic acid (C42H62016) in

the portion of Licorice taken:

Result=(ru/rs) x Cs x (V/W) xl 00

= peak area of glycyrrhizic acid from the Sample
solution

= peak area of glycyrrhizic acid from the Standard
solution

= concentration of USP Glycyrrhizic Acid RS in the
Standardsolution (mg/mL)

=final volume of the Sample solution (mL)
=weight of Licorice taken to prepare the Sample

solution (mg)

Acceptance criteria: NLT 2.5% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS
Macrosc?pi~: The terrestrial stem is nearly cylindrical, 0.5

3.0 cm In diameter, and over 1 m in length; it is externally
dark brown to red-brown and longitudinally wrinkled. It
often has lenticels, small buds, and scaly leaves. The
transversesection reveals a rather clear border between the
phloem and the xylem, and a radial structure that often has
radiating splits.

Microscopic: The transverse section reveals several
yellow-brown cork layers, and a layer of phelloderm that is
1-3 cells thick. The cortex exhibits medullary rays, and
obli~e:ated sieve portions radiate alternately. The phloem
exhibits groups of phloem fibers, which are surrounded by
crystal cells, with thick but incompletely lignified walls. The
vessels are accompanied by xylem fibers, which are .
surrounded by crystal cells, and by xylem parenchyma cells.
The parenchyma cells contain starch grains, and often
contain single crystals of calcium oxalate.
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• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method2 (561): NLT 25.0%

• Loss ON DRYING (731): Dry a sample at 105° for 6 h; it loses
NMT 12.0% of its weight.

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
7.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store in a cool, dry place.
• LABELING: The label statesthe Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Glycyrrhizic Acid RS

Powdered Licorice

DEFINITION
Powdered Licorice is Licorice reduced to a fine or very fine

powder. It contains NLT 2.5% of glycyrrhizic acid
(C42H62016), calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 5 mg/mL of USP Glycyrrhizic Acid RS
in a mixture of alcohol and water (7:3)

Sample solution: 2 g of Powdered Licorice in 10 mL of a
mixture of alcohol and water (7:3). Heat by shaking on a
water bath for 5 min, cool, and filter.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture (TLC plates)
Application volume: 2 IJL .
Developing solvent system: Butyl alcohol, glacial acetic

acid, and water (7:1 :2)
Analysis

Samples: Standardsolutionand Sample solution
Develop the chromatogram in an unsaturated chamber to a

length of 10 cm. Examine the plate under 254-nm light.
Acceptance criteria: The chromatograms show a dark

purple zone, among other spots, due to glycyrrhizic acid
at an RF value of 0.4.

COMPOSITION
• CONTENT OF GLYCYRRHIZIC ACID

Diluent: Alcohol and water (1:1)
Solution A: Dilute acetic acid (1:15)
Mobile phase: Acetonitrile and Solution A (2:3)
Standard solution: 0.25 mg/mL of USP Glycyrrhizic Acid RS

in Diluent
Sample solution: Transfer500 mg of Powdered Licorice to a

suitable flask. Add 70 mL of Diluent, shakefor 15 min,
centrifuge, and decant the supernatant into a 100-mL
volumetric flask. Mix the residue with 25 mL of Diluent,
shake for 15 min, centrifuge, and add the supernatant to
the volumetric flask. Dilute with Diluent to volume, and
filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; packing L1
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Flow rate: 0.6 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements . .

Column efficiency: NLT 5000 theoretical plates
determined from glycyrrhizic acid .

Tailing factor: NMT 2.0 for the glycyrrhizic acid peak
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of glycyrrhizic acid (C42H62016) in

the portion of Powdered Licorice taken:

Result= (ru/rs) x Cs x (V/ltV) x 100

ru =peak area of glycyrrhizic acid from the Sample
solution

rs =peak area of glycyrrhizic acid from the Standard
solution

C, = concentration of USP Glycyrrhizic Acid RS in the
Standard solution (mg/mL)

V =final volume of the Sample solution (mL)
W =weight of Powdered Licorice taken to prepare the

Sample solution (mg)

. Acceptance criteria: NLT 2.5% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Light yellow-brown powder with slight odor
and sweet taste .

Microscopic: Powdered Licorice reveals parenchyma cells
containing starch grains and solitary crystals of calcium
oxalate, parenchyma cell fragments, cork tissue,yellow
sclerenchymatous fiber bundles that are accompanied by
crystal cell rows, and vessels with reticulate and
scalariform pits. ,

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Method2 (561): NLT 25.0%

• Loss ON DRYING (731): Dry a sample at 105° for 6 h; it loses
NMT 12.0% of its weight.

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
7.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in well-closed containers

in a cool, dry place.
• LABELING: The label statesthe Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Glycyrrhizic Acid RS
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Powdered Licorice Extract
DEFINITION
Powdered Licorice Extract is prepared from comminuted

Licorice extracted with water or suitable solvents such as
alcohol, water, or mixtures of these solvents. The ratio of the
crude plant material to Powdered Extract is between 5:1 and
7:1. It contains NLT 6.0% of glycyrrhizic acid (C42H62016),
calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 5 mg/mL of USP Glycyrrhizic Acid RS
in a mixture of alcohol and water (7:3)

Sample solution: 60 mg/mL of Powdered Licorice Extract,
in a mixture of alcohol and water (1:1)

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 2 j.JL
Developing solvent system: Butyl alcohol, glacial acetic

acid, and water (7:1 :2)
Analysis

Samples: Standardsolutionand Sample solution
Develop the chromatogram in an unsaturated chamber

to a length of 10 cm. Examine the plate under 254-nm
light.

Acceptance criteria: The chromatograms show a dark
purple zone, among other spots, due to glycyrrhizic acid
at an R Fvalue of 0.4.

COMPOSITION
• CONTENT OF GLYCYRRHIZIC· ACID

Diluent: Alcohol and water (1:1)
Solution A: Diluted acetic acid (1 in 15)
Mobile phase: Acetonitrile and Solution A (2:3)
Standard solution: 0.25 mg/mL of USP Glycyrrhizic Acid RS

in Diluent.
Sample solution: Transfer 150 mg of Powdered Licorice

Extract to a flask. Add 25 mL of Diluent, heat at 50° for
30 min, cool, centrifuge, and decant the supernatant into a
1OO-mL volumetric flask. Mix the residue with 20 mL of
Diluent, repeat the aboveprocedure, and dilute with Diluent
to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; packing L1
Flow rate: 0.6 mL/min
Injection size: 20 j.JL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 5000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of glycyrrhizic acid (C42H62016) in

the portion of Powdered Licorice Extract taken:

Result=(r v/r5) x C5 x (V/W) x 100

r u = peak area for glycyrrhizic acid from the Sample
solution

r 5 = peak area for glycyrrhizic acid from the Standard
solution
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=concentration of USP Glycyrrhizic Acid RS in the
Standardsolution (mg/mL)

=volume of Sample solution, 100 mL
=weight of Powdered Licorice Extract taken to

prepare the Sample solution (mg)

Acceptance criteria: NLT 6.0% on the dried basis

CONTAMINANTS

SPECIFIC TESTS
• Loss ON DRYING (731): Dry a sample at 105° for 6 h: it loses

NMT 10.0% of its weight.
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

12.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light.
• LABELING: The label statesthe Latin binomial and, followlnq

the official name, the part of the plant from which the
article was derived. The label also indicates the content of
glycyrrhizic acid, the extracting solvent or solvent mixture
used for preparation, and the ratio of the starting material
to final product. The label bearsa statement indicating that
"Excessive amounts or long-term useof Licorice may cause
high blood pressure or low potassium, which havebeen
associated with irregular heartbeat and/or muscle
weakness. Licorice may worsen the effects of congestive
heart failure, cirrhosis, or kidney failure. Diuretic use may
increasethe risk. If you are pregnant or nursing a baby, seek
the advice of a health professional before using this
product." It meets the requirements in BotanicalExtracts
(565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Glycyrrhizic Acid RS

Licorice Fluidextract-see Licorice Fluidextract NF

Ground Limestone
DEFINITION
Ground Limestone isafine, white to off-white, microcrystalline

powder mainly consisting of calcium carbonate. It is
obtained by crushing, grinding, and classifying naturally
occurring limestone, benefited by flotation and/or air
classification. After drying at 200° for 4 h, it contains NLT
94.0% and NMT 100.5% of calcium carbonate (CaC03) .

IDENTIFICATION
• A. IDENTIFICATION TESTs-GENERAL, Calcium (191)

Analysis: Add acetic acid to the Ground Limstone, and boil
the resulting solution.

Acceptance criteria: The solution produces effervescence
(presence of carbonate) after the addition of acetic acid.
After boiling, it meets the requirements in the chapter.

• B. ACID-INSOLUBLE SUBSTANCES: It meets the requirements
in the test for Acid-Insoluble Substances.
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ASSAY
• PROCEDURE

Sample: 200 mg of Ground Limestone, previously dried at
200 0 for 4 h

Blank: Proceed as directed in the Analysis, except omit the
test specimen.

Titrimetric system
(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 250-mL beaker. Moisten
thoroughly with a few mL of water, and add, dropwise,
sufficient 3 N hydrochloric acid to dissolve.Add 100 mL of
water, 15 mL of 1 N sodium hydroxide, and 300 mg of
hydroxy naphthol blue, and titrate with the Titrant until the
solution is a distinct blue color. Perform a Blank
determination.
Calculate the percentage of calcium carbonate (CaC0 3) in

the Sample taken:

Result= {[(V s - V B) x M x FJ/W} x 100

V s = Titrant volume consumed by the Sample (mL)
V 8 = Titrant volume consumed by the Blank (mL)
.M =actual molarity of the Titrant (mM/mL)
F =equivalency factor, 100.1 mg/mM
W =Sample weight (mg)

Acceptance criteria: 94.0o/~100.5%

IMPURITIES
• ARSENIC, Method I (211)

Test preparation: Slowly dissolve 1.0 g in 15 mL of
hydrochloric acid, and dilute with water to 55 mL.

Analysis: Proceed as directed in the chapter, except omit
the addition of 20 mL of 7 N sulfuric acid.

Acceptance criteria: It meets the requirements in the
chapter (NMT 3 ppm).

• LEAD (251)
Test preparation: Mix 1.0 g with 5 mL of water, slowly add

8 mL of 3 N hydrochloric acid, evaporate on a steam bath
to dryness, and dissolve the residue in 5 mL of water.

Acceptance criteria: NMT 3 ppm
• LIMIT OF MAGNESIUM AND ALKALI SALTS

Sample: 1..0 g
Analysis: Mix the Sample with 40 mL of water. Carefully add

5 mL of hydrochloric acid, heat the solution, and boil for
1 min. Rapidly add 40 mL of oxalic acid TS, and stir
vigorously until precipitation is well established. Add
immediately to the warm mixture 2 drops of methyl red TS
and then 6 N ammonium hydroxide, dropwise, until the
mixture is just alkaline. Cool to room temperature. Transfer
to a 1OO-mL graduated cylinder, dilute with water to
100 mL, mix, and allow to stand for 4 h or overnight. Filter,
and to 50 mL of the clear filtrate in a platinum dish add
0.5 mL of sulfuric acid, and evaporate the mixture on a
steam bath to a small volume. Carefully heat over a free
flame to dryness, and continue heating to complete
decomposition and volatilization of ammonium salts.Ignite
the residue to constant weight.

Acceptance criteria: NMT 3.5%. The weight of the residue
is NMT 17.5 mg. .

• LIMIT OF FLUORIDE
[NOTE-Prepare and store all solutions in plastic

containers.]
Buffer solution: 294 mg/mL of sodium citrate dihydrate in

water
Standard stock solution: 1.1052 mg/mL of USP Sodium

Fluoride RS in water

USP 43

Standard solution: Transfer 20.0 mL of Standardstock
solutionto a 1OO-mL volumetric flaskcontaining 50.0 mL of
Buffer solution, dilute with water to volume, and mix. Each
mL of Standardsolutioncontains 100 IJg of fluoride ion.

Sample solution: Transfer 2.0 g of Ground Limestone to a
beaker containing a plastic-coated stirring bar. Add 20 mL
of water and 4.0 mL of hydrochloric acid, and stir until
dissolved. Add 50.0 mL of Buffer solutionand sufficient
water to make 100 mL.

Electrode system: Usea fluoride-specific ion-indicating
electrode and a silver-silver chloride reference electrode
connected to a pH meter capable of measuring potentials
with a minimum reproducibility of ± 0.2 mV (seepH
(791»

Analysis
Samples: Standard solutionand Sample solution
Standard response line: Transfer 50.0 mL of Buffer

solution and 4.0 mL of hydrochloric acid to a beaker, and
add water to make 100 mL. Add a plastic-coated stirring
bar, insert the electrodes into the solution, stir for 15 min,
and read the potential, in mY. Continue stirring, and at
5-min intervals add 100, 100, 300, and 500 IJL·of
Standardsolution, reading the potential 5 min after each
addition. Plot the logarithms of the cumulative fluoride
ion concentrations (0.1, 0.2, 0.5, and 1.0 IJg/mL) versus
potential, in mY.
Rinse and dry the electrodes, insert them into the Sample

solution, stir for 5 min, and read the potential, in mY.
From the measured potential and the Standard
response linedetermine the concentration, C (in IJg/mL),
of fluoride ion in the Sample solution.

Calculate the content of fluoride in the portion of Ground
Limestone taken:

Result= (C x V)/W

C =concentration of fluoride ion, obtained from the
Standard response line, in the Sample solution(lJg/
mL)

V =volume of the Sample solution (mL)
W = weight of Ground Limestone taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 50 ppm

SPECIFIC TESTS
• ACID-INSOLUBLE SUBSTANCES

Sample: 5.0 g
Analysis: Mix the Sample with 25 mL of water. Add 25 mL

of hydrochloric acid, dropwise, with agitation, until it
ceases to causeeffervescence. Add water to make the
mixture measure 200 mL, and filter. Wash the insoluble
residue with water until the last washing shows no chloride,
and ignite and weigh the residue.

Acceptance criteria: 0.2%-2.5%. The weight of the residue
is between 10 and 125 mg.

• Loss ON DRYING (731): Dry a sample at 200 0 for 4h: it loses
NMT 2.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Sodium Fluoride RS
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Table 1

Relative
Fatty Shorthand Retention Area
Acid Notation Time Percentage

Palmitic acid 16:0 0.82 ~9

Stearicacid 18:0 0.92 ~5

Oleicacid 18:1 0.93 go

Linoleic acid 18:2 0.96 ~3

Conjugated Iino- - ;:::78leicacid 18:2

Injection volume: 10 J..IL. [NOTE-If an autosampler is used,
the sample loop should be flushed with acetonitrile
between injections.]

Analysis
Samples: Standard solutions, Sample solution, and Blank
Inject the Standardsolutions and construct a four-point

calibration curve using the peak areaversus concentration
(ng/J..IL). Inject each Blank and Sample solution, and
determine its benzo[a]pyrene concentration (ng/J..IL) from
the standard calibration curve.

Calculate the benzo[a]pyrene content, in J..Ig/kg, in the
portion of Conjugated Linoleic Acids-Free Fatty Acids'
taken:

Result = (C - Co) x (VIM)

= concentration of benzo[a]pyrene obtained from
the calibration curve for the oil sample (nq/ut)

=concentration of benzo[a]pyrene obtained from
the calibration curve for the blank (ng/J..IL)

=volume of acetonitrile and tetrahydrofuran (1:1)
added to the vial, 300 J..IL

=mass of the oil sample (g)

C

V

M

Acceptance criteria: NMT 2 J..Ig/kg

SPECIFIC TESTS
.. WATER DETERMINATION (921), MethodI, Method la: NMT

0.1%
• FATS ANDFIXED OILS(401), Procedures, AcidValue: 195-204
• FATS AND FIXED OILS, (401), Procedures, Peroxide Value:

NMT 5.0
• FATS AND FIXED OILS, (401), Procedures, FattyAcid

Composition
Standard solution: Prepare as directed for the Test

Solution, except use 100 mg of USP Conjugated Linoleic
Acids-Free Fatty Acids RS.

Sample solution: Prepare as directed in the Standard
solution, except replace USP Conjugated Linoleic Acids
Free Fatty Acids RS with Conjugated Linoleic Acids-Free
Fatty Acids.

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for the fatty acid.
components are shown in Table 1.]

Suitability requirements
Resolution: NLT 1.5 between CLA isomer c9, t11 and

CLA isomer t10, e12
Chromatogram similarity: The chromatogram of the

Standard solution is similar to the reference
chromatogram provided with the lot of USP Conjugated
Linoleic Acids-Free Fatty Acids RS being used.

Acceptance criteria: Conjugated Linoleic Acids-Free Fatty
Acids exhibit the composition profile of fatty acids in Table
1.

Conjugated linoleic Acids-Free Fatty
Acids

DEFINITION
Conjugated Linoleic Acids-Free Fatty Acids are derived from

plant seed oils such as safflower oil. They consist of free fatty
acids of which NLT 78% are conjugated linoleic acids (CLAs).
They contain a 1:1 ratio of the active conjugated linoleic
isomers (C18:2 cis-9, trans-l1 and C18:2 trans-10, cis-12).
Tocopherol may be added as an antioxidant.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils, Procedures, FattyAcidComposition.

IMPURITIES
• LIMIT OF BENZO[O]PVRENE

[NOTE-An equivalent method such as the one
described in ISO 22959 can be used instead.]

[CAUTloN-Benzo[a]pyrene is a known carcinogen. Carry
out all work in an appropriate hood.]

Mobile phase: Acetonitrile and water (88: 12)
Standard stock solution: 0.5 mg/mL of benzo[a]pyrene in

toluene. Store in the dark at 4°. Discard it after 6 months.
Standard solutions: Prepare four solutions having

concentrations of 0.004,0.02, 0.1, and 0.2 J..Ig/mL of
benzo[a]pyrene, by diluting the Standard stock solution
with acetonitrile.

Sample solution: Transfer about 0.5 gof Conjugated
Linoleic Acids-Free Fatty Acids to a 1O-mL centrifuge tube.
Add 3 mL of n-hexane to the tube and mix to dissolve the
sample. Transfer this solution to a freshly conditioned
solid-phase extraction (SPE) column.' [NoTE-The SPE
column is conditioned by first washing the column with
5 mL of dichloromethane followed by 5 mL of n-hexane.]
Rinsethe sample tube with 2 mL of n-hexane and transfer
to the SPE column. Wash the extraction column with
10 mL of n-hexane. Elute the benzo[a]pyrene with 5 mL of
dichloromethane, and collect the eluate in a 10-mL
centrifuge tube. Evaporate the eluate in a water bath at 35°
under a gentle stream of nitrogen until the .tube is
completely dry. Dissolve the residue with about 1 mL of
petroleum ether and transfer the solution quantitatively to a
preweighed 2-mL vial. Evaporate the solution in the 2-mL
vial until almost dry. Rinse the tube with 1 mL of petroleum
ether and transfer the solution to the vial. Continue
evaporating the solution until the vial is completely dry.
Weigh the vial and determine the mass of the residue. The
mass should be NMT 45 mg; otherwise repeat the Sample
solution preparation steps. Cap the vial and store at 4°.
Before use, dissolve the residue with a 300-J..IL mixture of
tetrahydrofuran and acetonitrile (1: 1). Pass the solution
through a filter of 0.45-J..Im pore size.

Blank: Prepare as directed for the Sample solutionbut
without the Conjugated Linoleic Acids-Free Fatty Acids.

Chromatographic system
(Se~ Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorescence

Excitation wavelength: 384 nm
Emission wavelength: 406 nm

Columns
Guard: 4.6-mm x 7.5-cm; 5-J..Im packing L1
Analytical: 4.6,:,mm x 25-cm; 5-J..Im packing L1

Flow rate: 1 mL/min

1 Chromspher PI 120A PAH, HPLC column, 3.0 mm x 8 em,S IJm, Agilent,
part number CP28159i www.agilent.com.
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Table 1 (continued)

Relative
Fatty Shorthand Retention Area
Acid Notation Time Percentage

CLAisomer c9,
tll 18:2 1.00 ~37.5

CLA isomer t10,
e12 18:2 1.01 ~37.5

eLA isomers
trans trans 18:2 1.03 ~2.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. Store in a cool, dry place, and protect from
light, heat, and air.

• USP REFERENCE STANDARDS (11)
USP Conjugated LinoleicAcids-Free Fatty Acids RS

Alpha Lipoic Acid

~OH
s-s

CSH140ZSZ 206.33
Thioctic acid;
1,2-Dithiolane-3-pentanoic acid;
l,2-Dithiolane-3-valeric acid [1077-28-7].

DEFINITION
Alpha Lipoic Acid contains NLT 99.0% and NMT 101.0%

of CSH140ZSZ' calculated on the dried basis.

IDENTIFICATION
• A. The retention time of the peak for alpha lipoic acid of the

Sample solution corresponds to that of the Standard
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

Buffer solution: 0.68 giL of monobasic potassium
phosphate

Mobile phase: Methanol, Buffer solution, and acetonitrile
(58:46:9). Adjust with phosphoric acid solution (8.3 in 100)
to a pH of 3.0-3.1.

Standard solution: 1.0 mg/mL of USP Alpha LipoicAcid RS
in Mobilephase

Sample solution: 1.0 mg/mL of Alpha LipoicAcid in Mobile
phase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 250-mm; packing L1
Column temperature: 35°
Flow rate: 1.2 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements _

Column efficiency: NLT 10,000 theoretical plates
Tailing factor: NMT 2.0 for the alpha lipoic acid peak

USP 43

_Relative standard deviation: NMT 2.0% for alpha
lipoic acid

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of alpha lipoic acid (CSH140ZSZ) in

the portion of Alpha LipoicAcid taken:

Result = (r vir s) x (C siCv) x 100

r v = peak response from the Sample solution
r s = peak response from the Standardsolution
C s =concentration of USP Alpha LipoicAcid RS in the

Standardsolution (mg/mL)
C u =concentration of Alpha LipoicAcid in the

Sample solution (rnq/rnl)

Acceptance criteria: 99.0%-101.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): Less than 0.1 %
• CHROMATOGRAPHIC PURITY, PROCEDURE 1

Buffer solution, Mobile phase, Standard solution, Sample
solution, and Chromatographic system: Proceed-as
directed in the Assay.

Diluted standard solution: Dilute the Standardsolution
(1 in 1000) with Mobilephase. --

System suitability
Sample: Dilutedstandardsolution
Suitability requirements

Signal-to-noise ratio: NLT 10
Relative standard deviation: NMT 10.0%

Analysis
Sample: Sample solution
Calculate the percentage of each impurityin the portion of

Alpha Lipoic Acid taken:

Result =(r vir .r) x 100

=peak response of each individual impurity from
the Sample solution

=sum of the responses of all the peaks from the
Sample solution

Acceptance criteria
Individual impurities: NMT 0.1 %
Total impurities: NMT 2.0%

• CHROMATOGRAPHIC PURITY, PROCEDURE 2
[NOTE-Use low-actinic glassware.]
Standard solution A: 40.0 mg/mL of USP Alpha Lipoic

Acid RS in dimethylformamide
Standard solution B: 20.0 mg/mL of USP Alpha Lipoic

Acid RS in dimethylformamide, prepared from the
dilution of StandardsolutionA

Standard solution C: 10.0 mg/mL of USP Alpha Lipoic
Acid RS in dimethylformamide, prepared from the
dilution of StandardsolutionB

Sample solution: 40.0 mg/mL of Alpha LipoicAcid in
dimethylformamide -

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 IJL
Developing solvent system: n-Propyl alcohol, ethyl

acetate, water, and 25% ammonia water (40:40:10:5).
Allow the chamber to become saturated for at least 1 h.

Iodine vapor-saturated chamber: Transfer 4 g of iodine
crystals to a small watch glass, and place in a
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chromatographic chamber. Allow the chamber to
become saturated for at least 2 h.

Analysis
Samples: StandardsolutionA, StandardsolutionB,Standard

solution C, and Sample solution
Proceed as directed in the chapter, except to develop until

the solvent front hasmoved 10 cm. Removethe plate, and
allow to air-dry until the ammonia disappears completely.
Heat at 50° for 20 min, cool the plate, and place in the
Iodinevapor-saturated chamberuntil the spots are visible.
The R.value for the alpha lipoic acid spot is0.25-0.30 and
for the polymeric lipoic acid spot is O. .

Acceptance criteria: No spot other than the alpha lipoic
acid spot from the Sample solution is more intense than the
spot at RF = 0 from StandardsolutionA.

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 60.0°-62.0°
• OPTICAL ROTATION, Specific Rotation (781S)

Sample solution: 50 mg/mL of Alpha Lipoic Acid, in
dehydrated alcohol

Acceptance criteria: _1.0° to +1.0°
• Loss ON DRYING (731): Dry a sample in vacuum at 40° for

3 h: it losesNMT 0.2% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Alpha Lipoic Acid RS

Alpha Lipoic Acid Capsules

DEFINITION
Alpha Lipoic Acid Capsules contain NLT 90.0% and NMT

115.0% of the labeled amount of CSH1402S2'

IDENTIFICATION
• The retention time of the major peak of the Sample solution

corresponds to that of the Standardsolution, asobtained in
the test for Content of AlphaLipoic Acid.

STRENGTH
• CONTENT OF-ALPHA LIPOIC ACID

Mobile phase: 0.025 M phosphoric acid and acetonitrile
(62:38)

Standard solution: 0.05 mg/mL of USP Alpha Lipoic Acid RS
in acetonitrile and water (1:1) .

Sample solution A (for hard gelatin Capsules): Empty and
mix thoroughly the contents of NLT 20 Capsules. Transfer a
portion of the powder, equivalent to 100 mg of alpha lipoic
acid, to a suitable container. Add 70 mL of a mixture of
acetonitrile and water (1:1), and shake for 45 min by
mechanical means. Transfer to a 1OO-mL volumetric flask,
dilute with the mixture of acetonitrile and water (1:1) to
volume, and filter a portion of this preparation, discarding
the first 5 mL of the filtrate. Transfer 5.0 mL of the
remaining filtrate to a 1OO-mL volumetric flask, and dilute
with acetonitrile and water (1:1) to volume.

Sample solution B (for soft gelatin Capsules): Using a
suitable cutting instrument, open a number of Capsules
equivalent to 500 mg of alpha lipoic acid from a counted
number of opened Capsules.Transfer the contents and the
shells'to a suitable container with stopper, add 500.0 mL
of a mixture of acetonitrile and water (l:1), and shakefor
45 min by mechanical means. Filter a portion of this
preparation, discarding the first 5 mL of the filtrate. Transfer
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5.0 mL of the remaining filtrate to a 1OO-mL volumetric
flask, and dilute with acetonitrile and water (1:1) to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements .:

Column efficiency: NLT 1300 theoretical plates
Tailing factor: NMT 1.2 for alpha lipoic acid
Relative standard deviation: NMT 1.0%

Analysis
Samples: Standardsolution and appropriate Sample

solution
Calculate the percentage of alpha lipoic acid in the portion

of Capsulestaken:

Result=(ru/rs) x (Cs/Cu) x 100

= peak response from Sample solutionA or Sample
solution B .

= peak response from the Standardsolution
=concentration of USP Alpha Lipoic Acid RS in the

Standardsolution (mg/mL) .
=nominal concentration of alpha lipoic acid in

Sample solutionA or Sample solutionB (mg/mL)

Acceptance crlterla: 90;0%-115.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: Water; 900 mL
Apparatus 1 (for hard gelatin Capsules): 100 rpm
Apparatus 2 (for soft gelatin Capsules): 75 rpm
Time: 60 min
Standard solution: 1 mg/mL of USP Alpha Lipoic Acid RS

in a mixture of acetonitrile and water (1:1). Dilute with
water to obtain a concentration of 0.02 mg/mL. I

Sample solution: Withdraw a portion of the solution under
test, and filter, discarding the first portion of the filtrate.
Transfer an aliquot to a volumetric flask, and dilute with
water to volume to obtain a solution having an expected
concentration of 0.02 mg/mL of alpha lipoic acid.

Mobile phase and Chromatographic system: Proceed as
directed in the test for Contentof Alpha Lipoic Acid.

Injection size: 50 ~L

Analysis
Samples: Standardsolution and Sample solution

Calculate the percentage of alpha lipoic acid (CSH'402S2)
dissolved:

Result= (ru/rs) x (V x C x D/L) x 100

ru = peak area from the Sample solution
rs =peak area from the Standardsolution
V =volume of dissolution Medium, 900 mL
C = concentration of USP Alpha Lipoic Acid RS in the

Standardsolution (mg/mL)
D =dilution factor of the sample
L = label clairnof alpha lipoic acid (mg/Capsule)

Tolerances: NLT 70% of the labeled amount of CSH1402S2
is dissolved.
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• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Alpha Lipoic Acid RS

Alpha Lipoic Acid Tablets

DEFINITION
Alpha Lipoic Acid Tablets contain NLT 90.0% and NMT

115.0% of the labeled amount of CaH1402S2'

IDENTIFICATION
• The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, asobtained in
the test for Content of Alpha Lipoic Acid.

STRENGTH
• CONTENT OF ALPHA LIPOIC ACID

Mobile phase: 0.025 M phosphoric acid and acetonitrile
(62:38)

Standard solution: 0.05 mg/mL of USP Alpha Lipoic Acid RS
in acetonitrile and water (1:1)

Sample solution: Transfer the equivalent of 100 mg of
alpha lipoic acid from NLT 20 finely p.owderedTable~ t.oa
suitable container. Add 70 mL of a mixture of acetonitrile
and water (1:1), and shake for 45 min by mechanical
means. Transfer to a 1OO-mL volumetric flask, dilute with
the mixture of acetonitrile and water (1:1) to volume, and
filter a portion of this preparation, discarding the first 5 mL
of the filtrate. Transfer 5.0 mL of the remaining filtrate to a
1OO-mL volumetric flask, and dilute with acetonitrile and
water (1:1) to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 20 ~L

System suitability
Sample: Standard solution
Suitability requirements

Column efficiency: NLT 1300 theoretical plates
Tailing factor: NMT 1.2 for alpha lipoic acid
Relative standard deviation: NMT 1.0%

Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of alpha
lipoic acid '(CaH1402S2) in the portion of Tablets taken:

Result=(ru/rs) x (Cs/Cu) x 100

=peak response from the Sample solution
=peak response from the Standard solution
=concentration of USP Alpha Lipoic Acid RS in the

Standard solution (mg/mL)
=nominal concentration of alpha lipoic acid in the

Sample solution (mg/mL)

Acceptance criteria: 90.00/0-115.0%
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PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard stock solution: 1 mg/mL of USP Alpha Lipoic

Acid RS in a mixture of acetonitrile and water (1:1)
Standard solution: 0.02 mg/mL from the Standard stock

solution in water
Sample solution: Withdraw a portion of the solution under

test, and filter, discarding the first portion of t~e filtra~e.

Transfer an aliquot to a volumetric flask, and dilute with
water to volume to obtain a solution having an expected
concentration of 0.02 mg/mL of alpha lipoic acid.

Mobile phase and Chromatographic sys~err,a: Pr.oceed as
directed in the test for Content of Alpha llpoic ACId.

Injection size: 50 ~L

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alpha lipoic acid (CaH1402S2)

dissolved:

Result= (ru/rs) x (V x C x OIL) x 100

ru = peak area from the Sample solution
rs =peak area from the Standard solution
V = volume of dissolution Medium, 900 mL
C =concentration of USP Alpha Lipoic Acid RS in the

Standard solution (mg/mL)
o =dilution factor of the sample
L = label claim of alpha lipoic acid (mg/Tablet)

Tolerances: NLT 70% of the labeled amount of alpha lipoic
acid (CaH1402S2) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Tablets that are coated are so labeled.
• USP REFERENCE STANDARDS (11)

USP Alpha Lipoic Acid RS

Lutein

C4oHs602 568.87
~-a-Carotene-3,3'-diol(3R,3'R,6'R) [127-40-2].

DEFINITION
Lutein is the purified fraction obtained from saponification of

the oleoresin of Tagetes erecta L. It contains NlT 80.0% of
total carotenoids calculated as lutein (C4oHs602)' It contains
NLT 74.0% of lutein and NMT 8.5% of zeaxanthin, both
calculated as lutein (C4oHs602) on the anhydrous basis.
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IDENTIFICATION

• A.
fill

Waveiengt range: 300-700. nm ..
Sample solution: Prepareasdirected for the Sample solution

in the test for Contentof Total Carotenoids.
Acceptance criteria: It meets the requirements in the

chapter. The absorbance ratio A446/A474 is 1.09-1.14.
• B. The retention time for the major peak of the Sample

solutioncorresponds to that of the Standardsolution, as
obtained in the test for Contentof Lutein.

COMPOSITION
• CONTENT OF TOTAL CAROTENOIDS

[NOTE-Use low-actinic glassware.]
Diluent: Hexanes, acetone, toluene, and dehydrated

alcohol (10:7:7:6)
Sample stock solution: 0.3 mg/mL of Lutein in Diluent
Sample solution: 3.0 ~g/mL of Lutein indehydrated alcohol
from dilutionof Sample stocksolution

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode; UV-Vis
Analytical wavelength: 446 nm
Blank: Dehydrated alcohol

Analysis
Sample: Sample solution
Calculate the percentage of total carotenoids (1) as lutein

(C4oHs602) in the portion of Lutein taken:

Result =AI(F x C)

A =absorbance of the Sample solution
F = coefficient of extinction (E1%) of lutein in alcohol

(100 mL .s' .crrr"), 2550
C = concentration of lutein in the Sample solution(gl

mL)

Acceptance criteria: NLT 80.0%
• CONTENT OF LUTEIN

Mobile phase: Hexaneand ethyl acetate (3.:1) .. . .
Standard solution: 150 ~g/mL of USP Lutein RS In Mobile

phase ' .
Sample solution: Transfer 1 mL of the Sample stock solution
fromthe test for ContentofTotalCarotenoids, and evaporate
under a stream of nitrogen to dryness. Add 1 mL of
Mobilephase, and sonicate to dissolve.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis at 446 nm
Column: 4.6-mm x 25-cmi 5-~m packing L3
Flowrate: 1.5 mL/min
Injection size: 10 ~L

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for lutein and
zeaxanthin are about 1.0 and 1.05, respectively.]

Suitability requirements
Resolution: NLT 1.0 between lutein and zeaxanthin
Tailing factor: NMT 2.0
Relativestandard deviation: NMT 2.0%

Analysis
Sample: Sample solution
Calculate the percentage of the lutein peak as the total

detected area in the portion of Lutein taken:
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Result =(r vir T) x 100

=peak response of lutein
=sum of the responsesof all the peaks

Acceptance criteria: NLT 85%
Calculate the percentage of lutein in the portion of Lutein

taken:

Result =(r vir T) x T

r u =individual peak response
r T = sum of the responses of all the peaks
T =percentage of total carotenoids as determined in

the test for Contentof Total Carotenoids

Acceptance criteria: NLT 74.0% of luteinon the anhydrous
basis

• ZEAXANTHIN AND OTHER RELATED COMPOUNDS
[NOTE.....,Use low-actinic glassware.]

Mobile phase, Standard solution, Sample solution, and
Chromatographic system: Proceedas directed in Content
ofLutein.

Analysis
Sample: Sample solution
Calculate the percentage of zeaxanthin as the total

. detected area in the portion of Lutein taken:

Result = (rulrT) x 100

ru = peak responseof zeaxanthin
r T =sum of the responsesof all the peaks

Acceptance criteria: NMT 9.0%
Calculate the percentage of zeaxanthin in the portion of

Lutein taken:

Result = (r ulrT) x T

r u =peak responseof zeaxanthin
r T =sum of the responsesof all the peaks
T =percentage of total carotenoids as determined in

the test for Contentof Total Carotenoids ,

Calculate the percentageofother relatedcompounds inthe
portion of Lutein taken:

Result =(r vir T) x 100

=individual peak response of any other peak in the
chromatogram (excludingzeaxanthin and
lutein)

=sum of the responses of all the peaks

Acceptance criteria: NMT 8.5% of zeaxanthin: NMT 1.0%
of any other single related compound on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 2.0%
• LEAD (251): NMT 1 ppm

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in hermetically sealed,

Iight- and oxygen-resistant containers.Storeina cool place.
• USP REFERENCE STANDARDS (11)

USP Lutein RS
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Lutein Capsules
DEFINITION
Lutein Capsules contain NLT 95.0% and NMT 130.0% of the

labeled amount of lutein (C4oHs602)' It may contain NMT9% .
of zeaxanthin of the total carotenoid content.

IDENTIFICATION

•A·.~~~~~I~~~~ci~,·
l.J/~ra.vi()/~t"Y;i~iPl~}~ ..... i. '. )

Sample solution: Prepare as directed for the Sample solution
in the test for Contentof Total Carotenoids.

Wavelength range: 300-700 nm
Ratio: A4461At74' 1.09-1.14

• B. The retention time of the major peak of the Sample
solutioncorresponds to that of the Standardsolution, as
obtained in the test for Contentof Lutein and Zeaxanthin.

COMPOSITION
• CONTENT OF TOTAL CAROTENOIDS

Diluent: Hexanes, acetone, toluene, and dehydrated
alcohol (10:7:7:6)

Sample stock solution: Weigh NLT 10 Capsules in a tared
weighing bottle. With a sharp blade or by other appropriate
means, carefully open the Capsules, without loss of the shell
material, and transfer as much as possible of the combined
Capsule contents to a suitable container. Remove any
adhering substance from the emptied Capsules and shell
remains by washing with several small portions of
n-hexane. Discard the washings, and allow the empty
Capsules and shell remains to dry in a current of dry air until
the odor of n-hexane is no longer perceptible. Weigh the
empty Capsules and shell remains in the original tared
weighing bottle, and calculate the average net weight per
Capsule by difference. Dissolve an accurately weighed
portion of the combined Capsule contents in Diluent by
stirring with a magnetic bar for 30 min, and dilute with
Diluent to a designated volume to obtain a solution with a
nominal concentration of 0.2 mg/mL of lutein.

Sample solution: Dilute a portion of the Sample stock
solutionwith dehydrated alcohol to prepare a solution
with a nominal concentration of 2.0 ~g/mL of lutein.

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Analytical wavelength: 446 nm
Cell path: 1 cm
Blank: Dehydrated alcohol

Analysis
Sample: Sample solution
Calculate the content of total carotenoids as lutein

(C4oHs602), (7), in mg/Capsule, in the Capsules taken:

Result = [(A x D x V)I(F x W)] x Aw

A= absorbance of the Sample solution
D = dilution to obtain the Sample solutionfrom Sample

stocksolution
V = volume of the Sample solution (mL)
F = absorptivity of the lutein in alcohol, 255.0

(rnt/rnq- cm)
W = weight of capsule contents to prepare the Sample

stocksolution (mg) .
Aw = average weight of capsule contents (mgl

Capsule)

• CONTENT OF LUTEIN AND ZEAXANTHIN
Mobile phase: Hexane and ethyl acetate (3:1)
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Standard solution: 150 ~g/mL of USP Lutein RS in Mobile
phase

Sample solution: Transfer 1 mL of the Sample stock solution
from the test for Contentof TotalCarotenoids, and evaporate
under a stream of nitrogen to dryness. Add 1 mL of
Mobilephase, and sonicate to dissolve.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis at 446 nm
Column: 4.6-mm x 25-cm; 5-~m packing L3
Flow rate: 1.5 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for lutein and
zeaxanthin are about 1.0 and 1.05, respectively.]

Suitability requirements .
Resolution: NLT1.0 between lutein and zeaxanthin
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis
Sample: Sample solution
Calculate the percentage of the labeled amount of lutein in

the Capsules taken:

Result = [(rulrr) x 7] x (1DOlL)

to =peak response of lutein
rT = sum of the responses of all the peaks
T =content of total carotenoids as determined in the

test for Contentof Total Carotenoids (mgl
Capsule)

L = labeled amount of lutein (mg/Capsule)

Calculate the percentage of zeaxanthin relative to the total
carotenoid content in the Capsules taken:

Result =(rZlrT) x 100

rz = peak response of zeaxanthin
rT =sum of the responses of all the peaks

Acceptance criteria: 95.0%-130.0% of the labeled amount
of lutein; NMT 9.0% of zeaxanthin in the total carotenoid
content

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DinARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: Label it to indicate the amount of lutein and the

amount of zeaxanthin per Capsule.
• USP REFERENCE STANDARDS (11)

USP Lutein RS

Lutein Preparation
DEFINITION
Lutein Preparation isa combination of Lutein with one or more

inert substances. It may be in a solid or a liquid form. It
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V

A
F

D = dilution factor used to prepare the Sample
solution from Sample stock solutions

W = weight of Preparation taken to prepare the
Sample stock solutions (mg)

• CONTENT OF LUTEIN
Diluent: Hexanes, acetone, toluene, and dehydrated

alcohol (10:7:7:6)
Mobile phase: Hexane and ethyl acetate (75:25)
Standard solution: 150 IJg/mL of USP Lutein RS in Mobile

phase
Sample solution: Transfer 1.0 mL of Sample stocksolution

A, or 1.0 mL of Sample stock solutionB, or 2.0 mL of Sample
stock solution C from the test for Contentof Total
Carotenoids into a suitable vial. Evaporatethe solvent to
dryness under a stream of nitrogen. Add 1.0 mL of
Mobilephase, and sonicate to dissolve.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 446 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L3
Flow rate: 1.5 mL/min
Injection size: 10 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for lutein and
zeaxanthin are about 1.0 and 1.05, respectively.]

Suitability requirements
Resolution: NLT 1.0 between lutein and zeaxanthin
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%

Analysis
Sample: Sample solution

Calculate the percentage of lutein relative to total
carotenoids in the Preparation taken:

Result= (ru/rr) x 100

ru =individual peak responseof lutein
rr =sum of the responses of all the peaks

Calculate the percentage of lutein in the Preparation
taken: '

Result= (ru/rr) x T

ru =individual peak responseof lutein in the Sample
solution

rr =sum of the responses of all the peaks
T = percentage of total carotenoids as determined in

the test for Contentof TotalCarotenoids

Acceptance criteria: NLT 85.0% of lutein in the total
carotenoid content, and the Preparation contains 95.0%
130.0% of the labeled amount of lutein, calculated
as C4oHs60Z, on the anhydrous basis.

• ZEAXANTHIN AND OTHER RELATED COMPOUNDS
Solven.t, Mobile phase, Standard solution, Sample

solution, and Chromatographic system: Proceed as
directed in the test for Contentof Lutein.

Analysis
Sample: Sample solution
Injection size: 10 IJL

Calculate the percentage of zeaxanthin relative to total
carotenoids in the Preparation taken:

Result=(ru/rr) x 100

contains NLT 95.0% and NMT 130.0% of the labeled
amount of lutein, calculated as C4oHs60Z on the anhydrous
basis. It contains NLT 85.0% of lutein and NMT 9.0% of
zeaxanthin of the total carotenoid content.

IDENTIFICATION

• A·~;~~~~ij,Cf~
l.llt"9\1iQ!gt~Vi~

Analytical wa",ele~gth:300:"'700~n,
Sample solution: Prepareasdirected for the Sample solution

in the test for Contentof Total Carotenoids.
Ratio: A446/A474, 1.09-1 .14

• B. Th,e retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution as
obtained in the test for Contentof Lutein. '

COMPOSITION
• CONTENT OF TOTAL CAROTENOIDS

Diluent: Hexanes, acetone, toluene, and dehydrated
alcohol (10:7:7:6)

Sample stock solution A (for solid lutein preparations
labeled as containing gelatin): Transfer an amount of
Preparation, equivalent to 3.5 mg of lutein to a 50-mL
centrifuge tube. Add 15 mL of warm wate~ 60 units of
bacterial.alkaline protease preparation, and'l mg of
bromelain. Cap and sonicate for 20 min with occasional
swirling. Cool to room temperature, and add 20.0 mL of
methylene chloride. Shakefor 1 min, and centrifuge for
5 min at 2000 rpm. Remove the upper aqueous phase, and
add 2-3 g of anhydrous sodium sulfate to the remaining
red layer.

Sample stock solution B (for other solid lutein preparations)
: Tran~fer an amount of Preparation, equivalent to 1.5 mg
of lutein, to a 50-mL centrifuge tube. Add 15 rnl, of warm
water, cap, and sonicate for 30 min with occasional
swirling. Cool to room temperature, and add 30.0 mL of
ethyl acetate and 2-3 g of sodium chloride. Shakefor 1 min
and centrifuge for 5 min at 2000 rpm. Usethe upper '
orange-red layer. .

Sample stock solution C (for liquid lutein suspensions in oil)
: Transfer a weighed amount of Preparation equivalent to
2~ mg ,of lutein to a 1OO-mL volumetric flask, and dilute
with Diluent to volume. Add a magnetic bar and stir for
30 min. '

Sample solution: Transfer 1.0 mL of Sample stocksolution
A, or 1.0 n:'Lof ~ample stock solutionB,or 1.0 mL of Sample
stock solution C Into a 1OO-mL volumetric flask and dilute
with dehydrated alcohol to volume. '

Spectrometric conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 446 nm .
Cell path: 1 cm
Blank: Dehydrated alcohol

Analysis
Sample: Sample solution

Calculate the percentage of total carotenoids mas lutein
(C4oHs60z) in the Preparation:

Result= (A x V x D x 100)/(F x W)

= absorbance of the Sample solution
= absorptivity of the lutein in alcohol, 255.0

(rnt/rnq- cm)
= volume of organic solvent (20.0 mL for Sample

stocksolutionA, 30.0 mL for Sample stock solution
~' and 10.0.0mL for Sample stock solutionC) used
In preparrng the Sample stock solutions
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= individual peak response of zeaxanthin
=sum of the responses of all the peaks

Acceptance criteria
Zeaxanthin: NMT 9.0%
Any other single related compound: NMT 1.0%
Total related compounds (including zeaxanthin): NMT

15.0%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 2.0%
• Lead (251): NMT 1 ppm

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly sealed, Iight

and oxygen-resistant containers. Store in a cool place.
• LABELING: The label statesthat this article is not intended

for direct administration to humans or to animals.
• IUSP REFERENCE STANDARDS (11)

USP Lutein RS

Lycopene

C4oHs6 536.88
[502-65-8].

DEFINITION
Lycopene is a mixture of geometrical isomers of Iycopene. It

contains NLT 96.0% and NMT 101.0% of Iycopene
(C4oHs6) , calculated on the dried basis.

IDENTIFICATION

• A.~i~~~~"'~~
Ultraviolet..llisl

Analytical wavelength: 300-700 nm
Sample solution: Prepare asdirected for the Sample solution

in the test for Contentof Lycopene.
Acceptance criteria: Meets the requirements. The

absorbance ratio A47iAs08 is 1.10-1.14.
• B. The retention time of the major peak of the Sample

solution corresponds to that of the Standardsolution, as
obtained in the test for Contentof all-E-Lycopene,
5Z-Lycopene, and Related Compounds.

COMPOSITION
• CONTENT OF LVCOPENE

Sample stock solution: Transfer 25 mg of Lycopene and
25 mg of butylated hydroxy toluene into a 100-mL
volumetric flask. Add 60 mL of methylene chloride, and
sonicate to dissolve. Dilute with methylene chloride to
volume.

Sample solution: Transfer 2.0 mL of the Sample stock
solution into a 200-mL volumetric flask, and dilute with
cyclohexane to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 476 nm
Blank: Cyclohexane

Analysis
Sample: Sample solution

USP 43

Calculate the percentage of Iycopene (C4oHs6) in the
portion of Lycopene taken:

Result = [Au/(a x Cu)] x 100

Au = absorbance of the Sample solution
a =absorptivity of the pure Iycopene in cyclohexane,

331 (mL· mg-1 • cm-1)

Cu =concentration of Iycopene in the Sample solution
(mg/mL)

Acceptance criteria: 96.0%-101.0% on the dried basis

• CONTENT OF ALL-E-LvCOPENE, 5Z-LVCOPENE, AND RELATED
COMPOUNDS

Mobile phase: tert-Butyl methyl ether, methanol, and
tetrahydrofuran (784:665:74)

St~~i~'~i~~,~~li~!!~~'; ..... iI~~n~t~s~m~i!~~'!i~.Q~~.i ..;~uantity of
liM~~P~c~~i~.£~Pffr~!iQr.'!;;B..~12~~l.!~ei~1.;M@2i~j~}equivalent
approximately 5 mg of Iycopene, into a 250-mL volumetric
flask. Add about 60 units of bacterial alkaline protease
preparation or another suitable enzyme, and about
25 mg of butylated hydroxytoluene. Add 2'smL.of
ammonium hydroxide diluted in water (2 in 100), and mix.
Place in an ultrasonic bath at 50° for 10 min, rotate the flask
occasionally to avoid having the material stick to the glass
surface,and continue until the material isdispersedwith no
lumps. Add 5 mL of tetrahydrofuran, 40 mL of
dehydrated alcohol, and mix. Place in an ultrasonic bath for
about 1 min. Cool to room temperature, and dilute with
tert-butyl methyl ether to volume. Shake vigorously, then
allow the precipitate to settle. Filter the supernatant.

Sample stock solution: Transfer 15 mg of Lycopene to a
25-mL volumetric flask, and dissolve in tetrahydrofuran
containing 50 mg/L of butylated hydroxytoluene. Dilute
with the same solvent to volume.

Sample solution: Pipet 2 mL of the Sample stock solution
into a 50-mL volumetric flask, and add 8 mL of
tetrahydrofuran. Dilute with tert-butyl methyl ether to
volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 472 nm
Column: 4.6-mm x 25-cm, 5-lJm packing L62; second

column connected in series, 4.6-mm x 25-cm, 3-lJm
packing L62. [NOTE-New columns may require
conditioning.]

Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for all-E-Iycopene
and 5Z-lycopene are 1.0 and about 1.07,
respectively.]

Suitability requirements
Resolution: NLT 1.0 between all-E-Iycopene and

5Z-lycopene
Tailing factor: 0.8-2.0 for all-E-Iycopene
Relative standard deviation: NMT 2.0% for

all-E-Iycopene
Analysis

Sample: Sample solution
Calculate the percentage of all-E-Iycopene in the portion of

Lycopene taken:
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Result =[Au/(a x Cu)] x 100

Au =absorbance of the Sample solution
a =absorptivity of the pure Iycopene in cyclohexane,

331 (mL· mg-1 • crrr")
Cu = nominalconcentration of Iycopene in the Sample

solution (mg/mL)

Acceptance criteria: 95.0%-120.0% on the anhydrous
basis

Procedure for solid preparations '
Sample stock solution: Transfer a weighed quantity of

solid Preparation, equivalent to approximately 5 mg of
Iycopene, into a 200-mL volumetric flask. Add about 60
unitsof bacterialalkaline protease preparation,or another
suitable enzyme, and about 25 mg of butylated
hydroxytoluene. Add 2.5 mL of ammonium hydroxide
diluted inwater (2 in 100), and mix. Place inan ultrasonic
bath at 50° for 10 min, rotate the flask occasionally to
avoid having the material stickto the glasssurface, and
continue until the material isdispersed with no lumps.
Add 5 mL of tetrahydrofuran and 40 mL of dehydrated
alcohol, and mix. Place in an ultrasonicbath for about
1 min. Cool to room. temperature, and dilute with
tert-butyl methylether to volume. Shakevigorously, then
allowto stand until the solid has settled.

Sample solution: 2.0 mL of the Sample stock solution
diluted with isopropyl alcohol to 25.0 mL

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 472 nm
Blank: Isopropyl alcohol

Analysis
Sample: Sample solution

Analyticalwavelength: nm
Sample solution: Prepareas directedfor the Sample solution

in the test for Content of Lycopene.
Acceptance criteria: Meets the requirements. The

absorbance ratioA476/ ASOB is1.10-1.14 in cyclohexane. The
absorbance ratioA472/As04 is1.09-1.13 in isopropyl alcohol.

COMPOSITION
• CONTENT OF LYCOPENE

Procedure for oily preparations
Sample stock solution: Transfer a weighed quantityof oily

Preparationcontaining 25 mg of Iycopene to a 100-mL
volumetricflask. Add 25 mg of butylated hydroxytoluene
and 60 mL of methylene chloride, and sonicate to
dissolve. Dilute with methylene chlorideto volume.

Sample solution: 2.0 mL of the Sample stock solution
diluted with cyclohexane to 200.0 mL

Instrumental conditions
(See.Ultraviolet- Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 476 nm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Calculatethe percentage of the labeled amount of

Iycopene(C4oHs6) in the portion of Preparation taken:

rE = peak response of the all-E-Iycopene isomer IDENTIFICATION
rr = sum of all the peak responses
T =percentage of totallycopene isomers obtained in

the test for Content of Lycopene

Acceptance criteria: NLT 70.0% of all-E-Iycopene
Calculate the percentage of the 5Z-lycopene isomer in the

portion of Lycopene taken:

Result = (rSZ/rT) x T

rsz = peak response of the 5Z-lycopene isomer
rr = sum of all the peak responses
T =percentage of totallycopene isomers obtained in

the test for Content of Lycopene

Acceptance criteria: NMT 23.0% of the 5Z-lycopene
isomer
Calculate the percentage of related compounds in the

portion of Lycopene taken:

Result =(rslrT) x T

ts = sum of all the peak responsesexcept for
all-E-Iycopene and 5Z-lycopene

rr = sum of all the peak responses
T =percentage of totallycopene isomers obtained in

the test for Content of Lycopene

Acceptance criteria: NMT 9.0% of other related
compounds calculated as Iycopene

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dry over phosphorus pentoxide under vacuum at

40° for 4 h.
Acceptance criteria: NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve intight, light-resistant

containers, under inert gas, and store in a cool place.
• LABELING: Label it to indicatewhether the article isobtained

from naturalsourcesor isprepared synthetically. If obtained
from natural sources, label it to indicatethe naturalsource,
including its Latin binomial.

Lycopene Preparation
DEFINITION
Lycopene Preparation is a combination of Lycopene with one

or more inert substances and suitable antioxidants. It may
be in a solidor oilyliquidform. It contains NLT 95.0% and
NMT 120.0% of the labeled amount of Iycopene (C4oHs6) ,

calculated on the anhydrous basis.
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Au
a

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for all-E-lycopene
and 5Z-lycopene are 1.0 and about 1.07,
respectively.]

Suitability requirements
Resolution: NLT 1.0 between all-E-lycopene and

5Z-lycopene
Tailing factor: 0.8-2.0 for all-E-lycopene
Relative standard deviation: NMT 2.0% for

all-E-Iycopene
Analysis

Sample: RelevantSample solution
Calculate the percentage of all-E-Iycopene in the portion of

Preparation taken:

Result= (rE/rr) x 100

rE = peak responseof the all-E-lycopene isomer
rr =sum of all the peak responses

Acceptance criteria: NLT 65.0% of all-E-Iycopene
Calculate the percentage of the 5Z-lycopene isomer in the

portion of Preparation taken:

Result=(rsz/rr) x 100

rsz =peak responsefor the 5Z-lycopene isomer
rr = sum of all the peak responses

A~ceptance criteria: NMT 23.0% of the 5Z-lycopene
Isomer
Calculate the percentage of related compounds in the

portion of Preparation taken:

Result=(rslrr) x 100

rs = sum of the responses of all peaksexcept the peak
for all-E-Iycopene and the peak for 5Z-lycopene

rr = sum of all the peak responses

Acceptance criteria: NMT14% of other related
compounds calculated as Iycopene

SPECIFIC TESTS
• WATER DETERMINATION (921), Method I: NMT 8.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers under inert gas. Store the oily Preparation in a
cool place and the solid Preparation at controlled room
temperature.

• LABELING: Label it to state the name and content of added
antioxidants and inert substances. Label it to indicate
whether the article is prepared with Iycopene from natural
sources or with synthetic Iycopene. If prepared with
lycopene from natural sources, label it to indicate the
natural source, including its Latin binomial.

=absorbance of the Sample solution
= absorptivity of the pure Iycopene in isopropyl

alcohol, 320 (mL . mg-' . crrr')
= nominal concentration of Iycopene in the Sample

solution (mg/mL) .

Acceptance criteria: 95.0%-120.0% on the anhydrous
basis

Calculate the percentage of the labeled amount of .
lycopene (C4oHs6) in the portion of Preparation taken:

Result=[Au/(a x Cu)] x 100

• CONTENT OF ALL-E-LYCOPENE, 5Z-LYCOPENE, AND RELATED
COMPOUNDS

Mobile phase: tert-Butyl methyl ether, methanol, and
tetrahydrofuran (784:665:74)

St~.~.;~..~.~~/.~gl~~i;~~.: .. !~~r1s!~~;~;~i.!~~.~.g ....quantity of
l..y~gp~I"l~~n~P9~.~.~i;gil"l;;~~!2~;<ti$e!sri~~~t~Q~~jequ ivalent
approximately 5 mg of lycopene, into a 250-mL volumetric
flask. Add about 60 units of bacterial alkaline protease
preparation, or another suitable enzyme, and about.
25 mg of butylated hydroxytoluene. Add 2.5 mLof
ammonium hydroxide diluted in water (2 in 100), and mix.
Place in an ultrasonic bath at 50° for 10 min, rotate the flask
occasionally to avoid having the material stick to the glass
surface, and continue until the material isdispersedwith no
lumps. Add 5 mL of tetrahydrofuran and 40 mL of
dehydrated alcohol, and mix. Place in an ultrasonic bath for
about 1 min. Cool to room temperature, and dilute with
tert-butyl methyl ether to volume. Shake vigorously, then
allow the precipitate to settle. Filter the supernatant.

Sample solution for oily preparations: Transfer a quantity
of oily Preparation, equivalent to 15 mg of Iycopene, to a
25-mL volumetric flask, and dissolve in tetrahydrofuran
containing 50 mg/L of butylated hydroxytoluene. Dilute
with the same solvent to volume. Pipet 2 mL of this solution
into a 50-mL volumetric flask, and add 8 mL of
tetrahydrofuran. Dilute with tert-butyl methyl ether to
volume. .

Sample solution for solid preparations: Transfer a
weighed quantity of solid Preparation, equivalent to
approximately 5 mg of Iycopene, into a 250-mL volumetric
flask. Add about 60 units of bacterial alkaline protease
preparation, or another suitable enzyme, and about
25 mg of butylated hydroxytoluene. Add 2.5 mL of
ammonium hydroxide diluted in water (2 inl 00), and mix.
Placein an ultrasonic bath at 50° for 10 min, rotate the flask
occasionally to avoid having the material stick to the glass
surface, and continue until the material isdispersedwith no
lumps. Add 5 mL of tetrahydrofuran and 40 mL of
dehydrated alcohol, and mix. Place in an ultrasonic bath for
about 1 min. Cool to room temperature, and dilute with
tert-butyl methyl ether to volume. Shake vigorously, then
allow the precipitate to settle. Filter the supernatant

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 472 nm
Column: 4.6-mm x 25-cm, 5-l..Im packing L62; second

column connected in series, 4.6-mm x 25-cm, 3-jJm
packing L62. [NoTE-New columns may require
conditioning.]

Flow rate: 1 mL/min
Injection volume: 10 I..IL

www.webofpharma.com

https://nhathuocngocanh.com/



D

v
w

USP 43

Tomato Extract Containing Lycopene
DEFINITION
Tomato Extract Containing Lycopene is an ethyl acetate

extract of the natural tomato lipids. It is produced from the
pulp of ripe fruits of Lycopersicon esculentum Mill. (Fam.
Solanaceae), after removing the tomato water-soluble
fraction. It contains NLT 95.0% and NMT 105.0% of the
labeled amount oflycopene (C4oHs6)' It contains NLT 4.7%
and NMT 12.0% of Iycopene, NLT 0.8% of the combined
amount of phytofluene (C4oH62)and phytoene (C4oH64),
NLT 0.2% of beta carotene (C4oHs6), and NLT 1.0% of
tocopherols (C2sH4S02) on the anhydrous basis.
Tocopherols may be added as antioxidants.

IDENTIFICATION
o A. PRESENCE OF LVCOPENE, PHVTOFLUENE, AND PHYTOENE
Analysis: Proceed as directed in the test for Contentof Other

Carotenoids and Tocopherols.
Acceptance criteria: The retention times of the Iycopene,

phytofluene, and phytoene peaks of the Sample solution
correspond to those of the Standardsolution.

o B. RATIO OF ALL-E-LVCOPENE AND 5Z-LvCOPENE
Butylated hydroxytoluene stock solution: Prepare as

directed. in the test for Contentof Lycopene.
Mobile phase: 0.05% diisopropylethylamine in n-hexane;

sonicate for 3-4 min.
Sample solution: Prepare as directed in the test for Content

of Lycopene, except dilute with n-hexane (5:100)
Chromatographic system -

(See Chromatography (621), System S(.Iitability.)
Mode: LC
Detector: UV-Vis 472 nm
Column: Two 4.0-mm x 25-cm; 5-~m packing L3 (300-A

pore size), connected in a series
,Column temperature: 22 0

Flow rate: 0.5 mL/min
Injection volume: 10 IJL

[NoTE-The peak for all-E-Iycopene elutes in 30
45 min.]

[NoTE-The relative retention times for all-E-Iycopene
and 5Z-lycopene are 1.00 and in the range of 1.04
1.10, respectively.]

Analysis
Sample: Sample solution
Measure the areas of the 2 major peaks, and calculate their

area ratio:

Result = rUl/rU2

rUI = peak area of 5Z-lycopene
r U2 =peak area of all-E-Iycopene

Acceptance criteria: NMT 0.10 for the area ratio

COMPOSITION
o CONTENT OF LVCOPENE

Butylated hydroxytoluene stock solution: 5 mg/mL of
butylated hydroxytoluene in methylene chloride.
[NOTE-This solution can be stored protected from light for
up to 3 months.]

Mobile phase: Acetonitrile, methylene chloride, n-hexane,
and methanol (850:25:25:100). Add 0.05% of
diisopropylethylamine, mix, and sonicate for 3-4 min.

Diluent: Acetonitrile, methylene chloride, n-hexane,
butylated hydroxytoluene, and methanol (600: 150: 100:
0.5: 150). Add 0.05% of diisopropylethylamine, mix, and
sonicate for 3-4 min. .

Dietary Supplements / Lycopene 51 33

Standard solution: Transfer a weighed quantity of USP
Tomato Extract Containing Lycopene RS, equivalent to
a~out 6 ~g of Iycopene, to a 1OO-mL volumetric flask, and
dissolve In 1 mL of Butylated hydroxytoluene stocksolution
and 9 mL of methylene chloride using a sonicator. Dilute
with Diluent to volume to obtain a solution with a known
concentration of about 0.06 mg/mL of Iycopene.

Sample stock solution: Warm the Tomato Extract
Containing Lycopene to 50 0 in a water bath. Mixwell with a
glass rod or a spatula. Weigh and dissolve a quantity of 1
1.2 g of the sample in 10 mL of Butylated hydroxytoluene
stocksolution and 30 mL of methylene chloride. Sonicate
the solution for 1 min to dissolve the sample completely.
Cool to room temperature, and dilute with methylene
chloride to 100 mL.

Sample solution: Dilute the Sample stock solution with
Diluent (1 in 10).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis 472 nm
Column: 4.6-mm.x 25-cm; 5-lJm packing L7
Column temperature: 39 ± 10

Flow rate: 0.7 mL/min
Injection volume: 10 IJL

System suitability
. Sample: Standardsolution

[NoTE-The retention time for Iycopene is about
6 min.]

Suitability requirements
Relative standard deviation: NMT 2.0% for the

Iycopene peak area
Analysis

Samples: Standardsolutionand Sample solution
Measure the responses of the major Iycopene peaks.
Calculate the percentage of Iycopene in the portion of

Tomato Extract Containing tycopene taken:

Result =(rufrs) x Cs x (V/\IV) x 0 x 100

=peak area of Iycopene from the Sample solution
=peak area of Iycopene from the Standardsolution
=concentration of Iycopene in the Standard

solution (mg/mL)
=volume of the Sample stock solution (mL)
=weight of Tomato Extract Containing Lycopene

taken to prepare the Sample stock solution (mg)
=dilution factor used to prepare the Sample

solution from the Sample stock solution

Acceptance criteria: 95.00/0-105.0% of the labeled amount
of Iycopene; 4.7%-12.0% of Iycopene

o CONTENT OF OTHER CAROTENOIDS AND TOCOPHEROLS
(PHYTOFLUENE, PHVTOENE, BETA CAROTENE, AND
TOCOPHEROLS)

Butylated hydroxytoluene stock solution, Diluent,
Standard solution, and Sample solution: Prepare as
directed in the test for Contentof Lycopene.

Mobile phase: Acetonitrile, methylene chloride, n-hexane,
and methanol (19:1:1 :19). Add 0.05% of
diisopropylethylamine, mix, and sonicate for 3-4 min.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis; 472 nm for Iycopene, 450 nm for beta

carotene, 350 nm for phytofluene, and 288 nm for
phytoene and tocopherol

Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 39 ± 10
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=area of the phytoene peak response at 288 nm
from the Sample solution

=sum of the peak responsesof the Iycopene
isomers at 472 nm from the Standard solution

= concentration of Iycopene in the Standard
solution (mg/ml)

= volume of the Sample stock solution (ml)
= weight of Tomato Extract Containing lycopene

taken to prepare the Sample stock solution (mg)
= dilution factor used to prepare the Sample

solution from the Sample stock solution
= absorptivity ratio of pure Iycopene to pure

phytoene,345/125 .

Calculate the percentage of tocopherols in the portion of
Tomato Extract Containing lycopene taken: .

rS.

v
w

F

o

v
w

F

o

Result = (ru/rs) x Cs x (VIltV) x 0 x F x 100

=sum of the peak responsesof all the tocopherol
peaksat 288 nm from the Sample solution '

=sum of the peak responses of the Iycopene
isomers at 472 nm from the Standard solution

=concentration of Iycopene in the Standard
solution (mg/ml)

= volume of the Sample stock solution (ml)
=weight of Tomato Extract Containing lycopene

taken to prepare the Sample stock solution (mg)
= dilutionfactor used to prepare the Sample

solution from the Sample stock solution
=absorptivity ratioof pure Iycopene to the average

absorptivity of tocopherols, 345/8.5

Acceptance criteria: NlT0.8% of the combined amount of
phytofluene(C4oH62) and phytoene (C4oH64) ; NlT 0.2% of
beta carotene (C4oHs6); and NLT 1.0% of tocopherols
(C2sH4S02) on the anhydrous basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:

NMT 4 ng/g of total aflatoxins Bl, B2, Gl, and G2; NMT
2 ng/g of aflatoxin Bl

Calculate the percentage of phytoene in the portion of
Tomato Extract Containing lycopene taken:

Result = (rulrs) x Cs x (VIltV) x 0 x Fx 100

• MICROBIAL TESTS (2021): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 2 x
102 cfu/g. '

• ABSENCE OF SPECIFIED MIC,ROORGANISMS (2022), Test'
Procedures, Test for Absence of Salmonella Species.Test for
Absence of Escherichia coli, and Test totAbsence of
Staphylococcus aureus: Meets the requirements

SPECIFIC TESTS
• CLARITY OF SOLUTION
Analysis: Warmthe sample to 50° in a water bath. Mix well

with a glass rod or a spatula, and transfer1 g of the Extract
directly into a 1OO-mL volumetric flask. Add 50 mL of
methylene chloride, and sonicate the solutionfor 1 min to
completelydissolve the sample. Bring to room

Result = (rvlrs) x Cs x (V/ltV) x 0 x Fxl 00

=sum of the peak responsesof the phytofluene
isomers at 350 nrn from the Sample solution .

=sum of the peak responsesof the Iycopene
isomers at 472 nm from the Standard solution

=concentration of Iycopene in the Standard
solution (mg/ml)

=volume of the Sample stock solution (ml)
=weight of Tomato Extract Containing lycopene

taken to prepare the Sample stock solution (mg)
=dilutionfactor used to prepare the Sample

solution from the Sample stock solution
=absorptivity ratio of pure Iycopene to pure

phytofluene, 345/135

= sum of the peak responsesof the beta carotene
isomers at 450 nm from the Sample solution

=peak area of Iycopene at 472 nm from the
Standard solution

=concentration of Iycopene in the Standard
solution (mg/ml) .

= volume of the Sample stock solution (ml)
=weight of Tomato Extract Containing lycopene

taken to prepare the Sample stock solution (mg)
=dilution factor used to prepare the Sample

solution from the Sample stock solution
=absorptivity ratio of pure Iycopene to pure beta

carotene, 3451259.2

Calculate the percentage of phytofluene in the portion of
Tomato Extract Containing lycopene taken:

F

v
w

o

v
w

o
F

Flowrate: 0.6 ml/min
Injection volume: 10 IJl

System suitability
Sample: Standard solution

[NoTE-The relative retention times are about 0.6 for
the tocopherol isomers, 1.0 for all-E-Iycopene, 1.5
1.7 for the beta carotene isomers, 1.6-1 .8 for the
phytofluene isomers, and 1.8-2.2 for phytoene.]

Suitability requirements
Relativestandard deviation: NMT 2.0% for

all-E-Iycopene
Chromatogram similarity: The chromatogram of the

Standard solution issimilar to the reference
chromatogram providedwith the lot of USP Tomato
Extract Containing lycopene RS being used.

Analysis
Samples: Standard solution and Sample solution
Identify the locusof the peaksofthe Iycopene isomers, beta

carotene isomers, phytofluene isomers, and phytoene by
comparison with the reference chromatogram provided
with the corresponding lot of USP Tomato Extract
Containing lycopene RS. Measure the sum of the peak
responsesof the Iycopene isomers at 472 nm in the
Standard solution. [NoTE-The Iycopene isomers may be
resolved in more than one peak in this chromatographic
system.] In the Sample solution, measure the sum of the
peak responsesof the beta carotene isomers at 450 nm,
the sum of the peak responsesof the phytoflueneisomers
at 350 nm, the peakresponseof phytoene at 288 nm, and
the sum of the peak responses of all tocopherols at
288 nm. ~

Calculate the percentage of beta carotene in the portion of
Tomato Extract Containing lycopene taken:

Result = (rulrs) x Cs x (VIltV) x D x F x 100
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temperature, and dilute with methylene chloride to
volume.

Acceptance criteria: The solution isclear: no deposit or
turbidity isformed.

• VISCOSITY-ROTATIONAL METHODS (912)
Analysis: Equilibrate the Tomato Extract Containing

Lycopene at 3r in a 30-mL glassvial. Determinethe
viscosity using a rotationalviscometerequipped with a
spindle (No.6) havinga cylinder, 1.47 cm in diameter and
0.16 cm high, attached to a shaft 0.32 cm in diameter,
with a distance of 3.02 cm from the top of the cylinder to
the lowertip of the shaft. The spindle is rotating at the
appropriate speed and immersion depth to obtain a scale
reading of 10%-90% of full scale. .
Calculate the viscosity, in centipoises, by multiplying the

scale reading by the constant for the spindle and
speed used.

Acceptance criteria: NMT 5000 centipoises
• WATER DETERMINATION (921), Method I, Method la: NMT

0.8%
• PARTICLE SIZE DISTRIBUTION

(See OpticalMicroscopy (776).)
Analysis: Transfer 1 drop to a microscope slide, and spread

evenly. Isopropanol may be used as a diluent, if necessary.
Examine the slide under a microscopeequipped with a
calibratecf ocular micrometer, using 450x magnification.
Scanthe slide, and note the sizeof the individual particles.

Acceptance criteria: NLT 98% of the particles are less than
20 urn in length when measured along the longest axis;
NLT 60% of the particles are less than 5 urn:and NLT 40%
of the particles are less than 2 IJm.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store in a cool place.
• LABELING: Label it to state the content of Iycopene as a

percentage and to state that the material should be heated
to 50° and mixed before use. Label it to indicate the Latin
binomial and the part of the plant from which the article is
derived.

• USP REFERENCE STANDARDS (11) .
USP Tomato Extract Containing Lycopene RS

Lysine Acetate-see Lysine Acetate General Monographs

Lysine Hydrochloride-see Lysine Hydrochloride
General Monographs

Lysine Hydrochloride Tablets

DEFINITION
Lysine Hydrochloride Tabletscontain NLT 90.0% and NMT

120.0% of the labeledamount of C6H,4N202 . HCI, as L-Iysine
hydrochloride.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 0.4 mg/mL of USP L-Lysine
Hydrochloride RS in water

Sample solution: Afiltered solution in water, equivalentto
0.4 mg/mL of lysine hydrochloride from powdered Tablets
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Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layerof chromatographic silica gel
Application volume: 10 ~L

Developing solvent system: Isopropyl alcohol and
ammonium hydroxide(70:30)

Spray reagent: 2 mg/mLof ninhydrin ina mixtureof butyl
alcohol and 2 N acetic acid (95:5)

Analysis
Samples: Standardsolutionand Sample solution
Develop the plate, and dry at 100°-105° until the ammonia

disappearscompletely.SpraywithSpray reagent, and heat
at 100°-105° for 15 min. Examine the plate under white
light.

Acceptance criteria: The RFvalueof the principal spot from
the Sample solution corresponds to that from the Standard
solution.

STRENGTH
• PROCEDURE

Sample: A portion of the powder from NLT 20 finely
powdered Tablets,equivalent to 75 mg of lysine
hydrochloride

Blank: Proceed as directed in the Analysis without the
Sample.

Titrimetric system
(See Titrimetry(541).)
Mode: Directtitration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric or visual

Analysis: Dissolve the Sample in5 mL of mercuric acetate TS
with gentle heating. Cool, then add 50 mL of glacial acetic
acid. Add 3 drops of crystal violetTS when needed.
Titratewith Titrant. Perform the Blank determination.
Calculate the percentage of the labeledamount of L-Iysine

hydrochloride (C6H,4N202 . HCI) in the portion of Sample
taken: .

Result ={[(Vs - VB) x N x f]/W} x 100

Vs = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL) ,
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 91.33 mg/mEq
W = nominal amount of L-Iysine hydrochloride in the

Sample taken (mg)

Acceptance criteria: 90.0-120.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Disintegration
Time: 20 min

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• USP REFERENCE STANDARDS (11)

USP L-Lysine Hydrochloride RS

Magnesium Gluconate-see Magnesium Gluconate
General Monographs
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Magnesium Gluconate Tablets-see
Magnesium Gluconate Tablets General Monographs

Magnesium Oxide Capsules-see Magnesium
Oxide Capsules General Monographs

Magnesium Oxide Tablets-see Magnesium
Oxide Tablets General Monographs .

Manganese Gluconate-see Manganese Gluconate
General Monographs

Malabar-Nut-Tree, Leaf

DEFINITION
Malabar-Nut-Tree, Leaf, known in commerce as vasaka,

consists of the dried leaves of fusticiaadhatoda L. [syn.
Adhatoda vasica Nees] (Fam. Acanthaceae). It contains NLT
0.6% of vasicine, calculated on the dried basis.

IDENTIFICATION
• A. Malabar-Nut-Tree, Leaf meets the requirementsin

Specific Tests, BotanicalCharacteristics.
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 0.5 mg/mL of USP Vasicine RS in
methanol. Sonicateto dissolve ifnecessary.

Standard solution B: 50 mg/mL of USP Powdered
Malabar-Nut-Tree,Leaf Extract RS in methanol. Sonicate for
about 15 min, centrifuge, and use the supernatant.

Sample solution: Transfer about 2.0 g of Malabar-Nut-Tree,
Leaf, finely powdered and accurately weighed, to a 250-mL
round-bottom flask fitted with a reflux condenser. Add
50 mL of methanol, reflux for 15 min, cool to room
temperature, and decant the supernatant. Repeatuntil the
extract iscolorless. Combine the extracts,filter, and
concentrate under vacuum. Transfer into a 25-mL
volumetric flask, and adjust to volumewith methanol.
[NoTE-Save the filtrate for use in the test for Contentof
Vasicine.]

Adsorbent: Chromatographic silica gel with an average
particlesizeof 10-15 urn (TLC plates)

Application volume: 10 ~L, as 4-mm bands
Developing solvent system: Ethyl acetate, methanol, and

ammonia (8: 2: 0.2)
Analysis

Samples: StandardsolutionA, Standardsolution8, and
Sample solution .

Apply the Samples as bands. Using a saturated chamber,
develop the chromatograms until the solventfront has
moved up about three-fourths of the length of the plate.
Remove the plate from the chamber, dry, and examine
under UV at 254 nm.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a quenching zone at an RF valueof
approximately0.35 for vasicine, correspondingto a zone
in the chromatogram of StandardsolutionA. The
chromatogram of the Sample solutionalsoexhibits an
additional quenching zone at an RF valueof approximately
0.53 for vasicinone, corresponding to a similar zone in the
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chromatogram of Standard solution8. Other minorzones
may be observed in the Sample solutionand Standard
solution8 chromatograms.

• C. HPLC: The chromatogram of the Sample solutionfrom
the test for Contentof Vasicine shows a main peak at a
retention time corresponding to that of vasicine in the
chromatogram of StandardsolutionA. Identify other peaks
in the Sample solution by comparison with the
chromatogram of Standard solutionBand the reference
chromatogram providedwith the lot of USP Powdered
Malabar-Nut-Tree, Leaf Extract RS being used. The Sample
solutionshows an additional peak corresponding to
vasicinone.

COMPOSITION
• CONTENT OF VASICINE

Buffer solution: Dissolve 1.36 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water. Add 2.0 mL of
phosphoric acid. Dilute with water to 1000 mL, and filter.

Mobile phase: Buffer solution, acetonitrile, and
tetrahydrofuran (92:5:3)

Standard solution A: 0.1 mg/mL of USP Vasklne RS in
methanol. Sonicateto dissolve ifnecessary.

Standard solution B: 5.0 mg/mL of USP Powdered
Malabar-Nut-Tree,Leaf Extract RS in methanol. Sonicatefor
about 15 min. Before injection, pass through amembrane
filter of 0.45-~m or finer pore size.

Sample solution: Dilute the Sample solution, prepared as
directed in Identificationtest 8 (1 :5),with methanol. Before
injection, pass through a membrane filterof 0.45-~m or
finer pore size, and discard the firstfew mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm;5-~m packing L10
Flow rate: 1.0 mL/min
Injection volume: 20 ~L

System suitability
Samples: Standardsolution A and StandardsolutionB

[NOTE-The approximate relative retention timesof the
vasicine and vasicinone peaksare 1.00 and 1.23,
respectively.]

Suitability requirements . '
Chromatogram similarity: The chromatogram of

Standardsolution 8 issimilar to the reference
chromatogram provided with the lot of USP Powdered
Malabar-Nut-Tree, Leaf Extract RS being used.

Resolution: NLT 2.0 between the vasicine and vasicinone
peaks, Standardsolution B

Relative standard deviation: NMT 2.0% determined
from the vasicine peak in repeated injections, Standard
solutionA

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution .
Using the chromatogram of Standard solutionA, Standard

solution 8, and the reference chromatogram provided
with the lot of USP Powdered Malabar-Nut-Tree, Leaf
Extract RSbeing used, identify the retention times of the
peaks corresponding to vasicine and vasicinone.

Calculate the percentage of vasicine in the portion of
Malabar-Nut-Tree, Leaf taken:

Result = (rulrs) x Cs x (VIW) x 100

to =peak area of vasicine from the Sample solution
rs =peak area of vasicine from StandardsolutionA
Cs =concentration of USP Vasicine RS in Standard

solutionA (mg/mL)
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v =volume of the Sample solution (ml)
W =weight of Malabar-Nut-Tree, leaf taken to

prepare the Sample solution (mg)

Acceptance criteria: NlT 0.6% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs du/g, the total
combined moldsand yeastscount does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria do not
exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Leaves, simple, green to dull grayish-brown,
minutelypubescent, lanceolate to ovate-Ianceolate,
tapering base and slightly acuminate apex, 10-20 cm long,
3-10 cm broad, petioles2-8 cm long, and 8-10 pairsof
reticulatelateralveins; characteristic odor, and bitter taste.
Pharmac:opeial article consists of dry, brittle, and
grayish-brown leaves.

Microscopic
Transverse section of leaves: Upperepidermal cells

uniform in sizeand sinuous in outline, while lower
epidermal cells vary in sizeand are lesswavy; 4-6 layers
of collenchymal cells below epidermis in the midrib
region; shows two layers of palisade cells with elongated
cystoliths, which are absent in epidermalcells (a
diagnosticfeature that isnot seen inthe leaves ofAilanthus
excelsa, a potential adulterant); globulesof oil dispersed
in palisadeand spongy layers; numerousstomata diacytic
or anomocytic; glandular and non-glandulartrichomes
are visible on both epidermal layers.

• Loss ON DRVING (731)
Sample: 1.0 g of finely powdered Malabar-Nut-Tree, Leaf
Analysis: Drythe Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF ,BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of finely powdered Malabar-Nut-Tree, Leaf
Acceptance criteria: NMT 21%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT2%

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Powdered Malabar-Nut-Tree, Leaf Extract RS
USP Vasicine RS
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Powdered Malabar-Nut-Tree, Leaf

DEFINITION
Powdered Malabar-Nut-Tree, Leaf is Malabar-Nut-Tree, Leaf

reduced to a powder or veryfine powder. It contains NLT
0.6% of vasicine, calculated on the dried basis.

IDENTIFICATION
• A. Powdered Malabar-Nut-Tree, Leaf meets the

requirements in Specific Tests, Botanical Characteristics.
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 0.5 mg/mL of USP Vasicine RS in
methanol. Sonicateto dissolve ifnecessary.

Standard solution B: 50 mg/mL of USP Powdered
Malabar-Nut-Tree,Leaf Extract RS inmethanol. Sonicate for
about 15 min, centrifuge, and use the supernatant.

Sample solution: Transfer about 2.0 g of Powdered
Malabar-Nut-Tree, Leaf, accuratelyweighed, to a 250-mL
round-bottom flask fitted with a reflux condenser. Add
50 mL of methanol, reflux for 15 min, cool to room
temperature, and decant the supernatant. Repeatuntil the
extract is colorless. Combine the extracts, filter, and
concentrate under vacuum.Transfer into a 25-mL
volumetric flask, and adjust to volumewith methanol.
[Nets-Save the filtrate for use in the test for Contentof
Vasicine.]

Adsorbent: Chromatographic silica gel with an average
particlesizeof 10-15 urn (TLC plates)

Application volume: 10 ~L, as 4-mm bands
Developing solvent system: Ethyl acetate, methanol, and

ammonia (8: 2: 0.2)
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution

Apply the Samples as bands. Using a saturated chamber,
develop the chromatograms until the solventfront has
moved up about three-fourths ofthe length of the plate.
Remove the plate from the chamber, dry, and examine
under UV at 254 nm.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a quenching zone at an RF value of
approximately 0.35 for vasicine, corresponding to a zone
in the chromatogram of StandardsolutionA. The I

chromatogram of the Sample solution also exhibitsan
additionalquenching zone at an RF valueof approximately
0.53 for vasicinone, corresponding to a similar zone in the
chromatogram of Standardsolution B. Other minor zones
may be observed in the Sample solution and Standard
solutionB chromatograms.

• C. HPLC: The chromatogram of the Sample solutionfrom
the test for Contentof Vasicine shows a main peak at a
retention time corresponding to that of vasicine in the
chromatogram of StandardsolutionA. Identify other peaks
in the Sample solution by comparison with the
chromatogram of Standardsolution Band the reference
chromatogram providedwith the lot of USP Powdered
Malabar-Nut-Tree, Leaf Extract RS being used. The Sample
solution shows an additional peak corresponding to
vasicinone.

COMPOSITION
• CONTENT OF VASICINE

Buffer solution: Dissolve 1.36 g of anhydrous potassium
dihydrogen orthophosphate in 900 mL of HPLC grade
water. Add2.0 mL of phosphoric acid. Dilute with water to
1000 mL, and filter.

Mobile phase: Buffer solution, acetonitrile, and
tetrahydrofuran (92:5:3)
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Standard solution A: 0.1 mg/mL of USP Vasicine RS in
methanol. Sonicate to dissolve if necessary.

Standard solution B: 5.0 mg/mL of USP Powdered
Malabar-Nut-Tree, Leaf ExtractRS in methanol. Sonicatefor
about 15 min. Before injection, pass through a membrane
filter of 0,45-l..Im or finer pore size.

Sample solution: Dilutethe Sample solution, prepared as
directed in Identificationtest B(1:5), with methanol. Before
injectlon, pass through a membrane filterof 0:45-l..Im or
finer pore size, and discard the first few mLof the filtrate.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-l..Im packing L10
Flow rate: 1.0 mL/min
Injection volume: 20 I..IL

System suitability
Samples: StandardsolutionA and Standardsolution B

[NoTE-Theapproximate relativeretention times of the
vasicine and vasicinone peaks are 1.00 and 1.23,
respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standardsolution B is similarto the reference
chromatogram provided with the lot of USP Powdered
Malabar-Nut-Tree, Leaf Extract RS being used.

Resolution: NLT2.0 between the vasicine and vasicinone
peaks, Standardsolution B

Relative standard deviation: NMT 2.0% determined
from the vasicine peak in repeated injections, Standard
solutionA .

Analysis
Samples: StandardsolutionA, StandardsolutionB,and

Sample solution
Using the chromatogram of StandardsolutionA, Standard

solution B, and the reference chromatogram provided
with the lot of USP Powdered Malabar-Nut-Tree, Leaf
ExtractRS being used, identify the retention times of the
peaks corresponding to vasicineand vasicinone.

Calculate the percentage of vasicine in the portion of
Powdered Malabar-Nut-Tree, Leaf taken:

Result =(r U/r5) x C5 x (V/W) x 100 .

t» =peak area of vasicinefrom the Sample solution
ts = peak area of vasicinefrom Standardsolution A
C5 =concentration of USP Vasicine RS in Standard

solutionA (mg/mL)
V =volume of the Sample solution (mL)
W = weight of Powdered Malabar-Nut-Tree, Leaf

taken to prepare the Sample solution (mg)

Acceptance criteria: NLT 0.6% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, .Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105cfu/g, the total
combined molds and yeasts count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria do not .
exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli .
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SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Greenish-brown powder; characteristic odor;
and bitter taste

Microscopic: It shows parenchyma cellswith elongated
cystoliths; oil globules; epidermal cellswith numerous
stomata diacytic or anomocytic, glandular and
nonglandular, 1- to 3-celled, thin-walled, warty trichomes.

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Malabar-Nut-Tree, Leaf
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Malabar-Nut-Tree, Leaf
Acceptance criteria: NMT 21.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 2.0% .

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand: following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Powdered Malabar-Nut-Tree, Leaf Extract RS
USP Vasicine RS

Powdered Malabar-Nut-Tree, Leaf
Extract

DEFINITION
Powdered Malabar-Nut-Tree, Leaf Extractis prepared from

Malabar-Nut-Tree, Leaf using suitablesolventssuch as water,
methanol, or a mixture of these solvents.The ratio of plant
material to extract is between 8:1 and 5:1. It contains NLT
90.0% and NMT110.0% ofthe labeled amount of vasicine.
It may contain suitable added substances as carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: ·0.5 mg/mL of USP Vasicine RS in
methanol. Sonicate to dissolveif necessary.

Standard solution B: 50 mg/mL of USP Powdered
Malabar-Nut-Tree, Leaf ExtractRS in methanol. Sonicatefor
about 15 min, centrifuge, and use the supernatant.

Sample solution: 50 mg/mL of Powdered
Malabar-Nut-Tree, Leaf Extract in methanol. Sonicate for
about 15 min, centrifuge, and use the supernatant.

Adsorbent: Chromatographic silicagel with an average
particle size of 10-15 I..Im (TLC plates)

Application volume: 10 I..IL, as 4-mm bands
Developing solvent system: A mixture of ethyl acetate,

methanol, and ammonia (8: 2: 0.2)
Analysis .

Samples: StandardsolutionA, Standardsolution B, and
Sample solution
Applythe Samples as bands to a suitable thin-layer

chromatographic plate (see Chromatography (621),
Thin-Layer Chromatography). Usea saturated chamber.
Develop the chromatograms until the solvent front has
moved up about three-fourths of the plate. Remove the
plate from the chamber, dry, and examine under UV at
254 nm.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a quenching zone at an RF value of
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approximately 0.35 for vasicine, corresponding to a zone
in the chromatogram of Standard solution A. The
chromatogram of the Sample solutionalso exhibits an
additional quenching zone at an RF value of approximately
0.53 for vasicinone, corresponding to a similar zone in the
chromatogram of Standardsolution8. Other minor zones
may be observed in the Sample solutionand Standard
solution 8 chromatograms.

• B. HPLC: The chromatogram of the Sample solutionfrom
the test for Contentof Vasicine shows a main peak at a
retention time corresponding to that of vasicine in the
chromatogram of Standardsolution A. Identify other peaks
in the Sample solution by comparison with the
chromatogram of Standardsolution 8 and the reference
chromatogram provided with the lot of USP Powdered
Malabar-Nut-Tree, Leaf Extract RS being used. The Sample
solutionshows an additional peak corresponding to
vasicinone.

COMPOSITION
• CONTENT OF VASICINE

Buffer solution: Dissolve 1.36 g of anhydrous potassium
dihydrogen phosphate in 900 mL of HPLC grade water.
Add 2.0 rnl, of phosphoric acid. Dilute with water to
1000 mL, and filter.

Mobile phase: Buffer solution, acetonitrile, and
tetrahydrofuran (92:5:3)

Standard solution A: 0.1 mg/mL of USP Vasicine RS in
methanol. Sonicate to dissolve if necessary.

Standard solution B: 5.0 mg/mL of USP Powdered
Malabar-Nut-Tree, LeafExtract RS in methanol. Sonicatefor
about 15 min. Before injection, passthrough a membrane
filter of 0.45-l.Jm or finer pore size.

Sample solution: 5.0 mg/mL of Powdered Extract in
methanol. Sonicate for about 15 min. Before injection, pass
through a membrane filter of 0.45-l.Jm or finer pore size,
and discard the first part of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-l.Jm packing L1 0
Flow rate: 1.0 mL/min
Injection size: 20 I.JL

System suitability
Samples: Standard solutionA and Standard solution B

[NoTE-The approximate relative retention times for
vasicine and vasicinone peaksare 1.00 and 1.23,
respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram from

Standardsolution 8 is similar to the reference
chromatogram provided with the lot of USP Powdered
Malabar-Nut-Tree, Leaf Extract RS being used.

Resolution: NLT 2.0 between the vasicineand vasicinone
peaks, StandardsolutionB

Relative standard deviation: NMT 2.0% determined
from the vasicine peak in repeated injections, Standard
solutionA

Analysis
Samples: StandardsolutionA, Standard solution 8, and

Sample solution
Using the chromatogram of Standard solution A, Standard

solution8, and the reference chromatogram provided
with the lot of USP Powdered Malabar-Nut-Tree, Leaf
Extract RS being used, identify the retention times of the
peaks corresponding to vasicine and vasicinone.

Calculate the percentage of vasicine in the portion of
Powdered Extract taken:
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Result= (r v/r s) x (C siC v) x 100

r u =peak responseof vasicinefrom the Sample solution
r s =peak responseof vasicinefrom Standard solution A
C s =concentration of USP Vasicine RS in Standard

solution A (mg/mL)
C u =concentration of Powdered Malabar-Nut-Tree,

Leaf Extract in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-110.0% of the labeled amount
of vasicine

CONTAMINANTS

.~.
: ~Meets the

• MICROBIAL TESTS (2021): The total aerobic
bacterial count does not exceed 104 du/g, and the total
combined molds and yeastscount does not exceedl 03 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirementsof the tests for absence of Salmonella species
and Escherichia coli .

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 1.0 g of Powdered Extract at

105 0 for 3 h: it losesNMT 5.0% of its weight.
• OTHER REQUIREMENTS: It meets the requirements of the test

for Residual Solvents in Botanical Extracts (565).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label statesthe Latinbtnornte! and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements in
Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Powdered Malabar-Nut-Tree, Leaf Extract RS
USP Vasicine RS

Maritime Pine

DEFINITION
Maritime Pine consists of the bark of stems of Pinus pinaster

Aiton (Pinus maritima Poir.) Fam. Pinaceae. It contains NLT
8.0% and NMT 12.0% of procyanidins, calculated on the
dried basis.
[NOTE-This article is intended to be used in the

preparation of extracts only and is not for direct human
consurnptlon.]

IDENTIFICATION
• A. PRESENCE OF PROCYANIDINS

Sample: Pulverize 1 g of the dried Maritime Pine. Use
10 mg.

Analysis: Add the Sample to 1 mL of methanol, and add
. 6 mL of a mixture of butanol and hydrochloric acid (95:5).

Heat for 2 min in a water bath.
Acceptance criteria: The solution turns red.

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution: 25 mg/mL of USP Maritime Pine

Extract RS in alcohol
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COMPOSITION
• CONTENT OF PROCYANIDINS

Reagent solution A: Butanol and hydrochloric acid (95:5)
[NOTE-Prepare this solution on the day of use.]

Reagent solution B: Dissolve2 g offerric ammonium sulfate
in a mixture of 100 mL of water and 17.5 mL of
hydrochloric acid. [NOTE-Thissolution can be used within
15 days of preparation.]

Standard solution: 95 J.lg/mL of procyanidins from USP
Maritime Pine Extract RS in methanol

Sample stock solution: Dry crushed Maritime Pine at 110°
for 3 h. Place 1.9 g of the crushed material in a20-ml vial,
and add 10 mL of methanol. Crimp the vial, and sonicate
for 2 min. Heat in boiling water for 10 min. Cool to room
temperature, allow the sediment to settle, and transfer the
supernatant to a 1OO-mL volumetric flask, passing it
through a filter having a 0.45-lJm pore size. Wash the
sediment two times with 10 mL of methanol, and transfer
the solution into the same 1OO-mL volumetric flask, again
passing it through a filter having a 0.45-lJm pore size. Dilute
with methanol to volume.

Sample solution: Dilute the Sample stock solutionwith
methanol (1 in 20).

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Wavelength: 551 nm

Analysis
Samples: Standardsolution and Sample solution
Transfer 1.0 mL each of the Standard solution, Sample

solution, and methanol to three separate 1O-mL vials. To
each vial add 6.0 mL of Reagent solution A and 0.25 mLof
Reagent solutionB.Seal the vialswith crimp caps. Mix, and
heat in a water bath for 40 min. Quickly cool to room
temperature in an ice bath. Quantitatively transfer these
solutions, with the aid of Reagent solution A, to three
separate 1O-mL volumetric flasks, and dilute with Reagent
solutionA to volume.

Determine the absorbance of the solutions obtained from
the Standardsolution and the Sample solution, using the
methanol-containing solution as a blank.

Calculate the percentage of total procyanidins in the
portion of Maritime Pine taken:

Result =(Au/As) x Cs x (V/W) x 0 x P

=absorbance of the solution from the Sample
solution

= absorbance of the solution from the Standard
solution

=concentration of the USP Maritime Pine Extract RS
in the Standardsolution (mg/mL)

= volume of the Sample stock solution(mL)
=weight of Maritime Pine taken to prepare the

Sample stocksolution (mg)
= dilution factor to prepare the Sample solution

from Sample stock solution, 20
=percentage of procyanidines in the USP Maritime

Pine Extract RS

Acceptance criteria: 8.0%-12.0% on the dried basis

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Bark pieces are typically 1-3 em thick. The
inner bark is plane to slightly concave, whitish to light
brown, striped longitudinally; shiny andofslightly irregular
surface, only a few millimeters thick. Abrupt change to a
sequence of hard, convex, nearly parallel layers alternating
with smooth, light brown layers. Up to 50 or more layers

[NOTE-Retain a portion of this solution for use in
Identification test C.]

Sample solution: Add 2 g of the powdered dried material
to 20 mL of water. Place in a water bath for 20 min, and
centrifuge. Extract the supernatant with 40 mL of ethyl
acetate. Evaporate the ethyl acetate layer to dryness under a
stream of nitrogen, with gentle heating. Dissolve the
residue so obtained in 0.25 mL of alcohol.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 J.lL
Developing solvent system: Ethyl acetate, formic acid,

and water (50:5:3)
Spray reagent: Alcohol and phosphoric acid (1:1),

containing 1% of vanillin
Analysis

Samples: Standardsolution and Sample solution
Develop the chromatograms, dry the plate with the aid of a

current of air, spray the plate with the Sprayreagent, and
heat at 115° for 15 min.

Acceptance criteria: The chromatogram of the Sample
solution presents three red bands appearing in the middle
third of the chromatogram corresponding to two dimeric
procyanidins and catechin at the same RF of similar bands
in the Standardsolution.The chromatogram of the Sample
solution also exhibits a blue band between the upper band
due to upper dimeric procyanidins and the band due to
catechin, at the same RF of a similar band found in the
chromatogram of the Standardsolution.

• C. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution A: Use the Standardsolution,prepared as

directed for Identification test B.
Standard solution B: 1 mg/mL each of ferulic acid and

protocatechuic acid
Sample solution: Use the Sample solution, prepared as

directed for Identification test B.
Chromatographic system

(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 10 J.lL .
Developing solvent system: Methylene chloride,

methanol, glacial acetic acid, and water (80:15:2:2)
Spray reagent: 5% ferric chloride solution in methanol

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Develop the chromatogram, dry the plate at 110°, and

examine the plate under short-wavelength and
lonq-wavelenqth UV light. The chromatograms of
StandardsolutionA and StandardsolutionBexhibit bands
in the middle third and upper third that correspond to
protocatechuic acid and ferulic acid, respectively. Spray
the plate with the Spray reagent, and heat at 115° for
15 min. The bands due to ferulic acid and
protocatechuic acid turn grayish green. Grayish-green
bands become visible in the chromatogram of Standard
solutionA above and below protocatechuic acid,
indicating the presence of caffeic acid and catechin,
respectively.

Acceptance criteria: The chromatogram of the Sample
solution exhibits bands due to catechin, protocatechuic
acid, caffeic acid, and ferulic acid that correspond in color
and RF values to those in the chromatogram of Standard
solutionA and StandardsolutionB.
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present, depending on the age of the bark. Outer surface
of bark isdark reddish brown composed of irregular scaly
patches, with deep V-shaped fissures. Outer surfacemay
also be gray, gray-green, or green-yellow due to presence
of lichens.

Microscopic(transverse section of bark): Light inner bark
has irregular lateral stripes consistingof 3-5 cell layers of
long, slendersievecells with large pitted horizontal cell
walls and large polygonal parenchyma cells containing
single, irregular, rounded starch grain, 3-15 mm wide.
Lateral stripesare separated from each other by ray
parenchymacells. Ray parenchyma cells are homogeneous
in appearance, 1-4 cell layers thick and 4-20 cell layers
high, each cell containing single, irregular, rounded starch
grain, 3-15 mm wide. Cylindrical parenchyma cells with
thin cell walls arranged invertical rowswithcalcium oxalate
prisms are also present. Outer part of the inner bark
contains plate-shaped cells of undifferentiated periderm
and older periderm with multiple layers of phellogen. The
phellogengrows 3-7 rowsof phellum to the exteriorand
2-4 rows of small cell phellodermto the interior. Theoldest
and outermost part of the bark iscomposed of lignified
sectionsof phellodermand phellumcells, 15-35 mm thick,
separated bycollapsed phellogen. Phelloderm and phellum
cells are up to 100 mm wide, square, rectangular,
polygonal, or irregularly shaped. Thecell walls are colorless.
Phelloderm cells are moderately pitted with a
reddish-brown content. Phellum cells have a thickercell
wall of strongly pitted, undulated contour, and a
yellowish-brown to brownish-red content. Radially
between layers of phelloderrn and phellumare layers of ray
parenchyma cells, 5-8 cellsthick, rounded to radially
stretched, thin walled, strongly pitted with collapsed cells
and dead sievecells.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 5%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
1.5%

• ARTICLES OF BOTANICAL ORIGIN, WaterContent(561): NMT
35.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store at 25°, excursion

permitted between 15° and 30°. Preserve in a well-closed
container, and protect from moisture and excessive heat.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Maritime PineExtract RS

Maritime Pine Extract
DEFINITION
Maritime Pine Extract is prepared from the pulverized

Maritime Pine usingsuitable solvents. It contains NLT 65%
and NMT 75%of procyanidins, calculatedon the dried basis.

IDENTIFICATION
• A. PRESENCE OF PROCYANIDINS

Sampili! solution: Dissolve 50 mg of Extract in 6 mL of a
mixtureof butanol and hydrochloric acid (95:5).

Analysis: Heatfor 2 min in a water bath.
Acceptance criteria: The solution turns red.

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution A: 25 mg/mL of USP Maritime Pine

Extract RS in methanol
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Standard solution B: 1 mg/mLeach of ferulic acid and
protocatechuic acid in methanol

Sample solution: 25 mg/mLof Extract in methanol
Chromatographic system

(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layerof chromatographic silica gel

mixture
Application volume: 5 ~L

Developing solvent system: Methylene chloride,
methanol, glacial acetic acid, and water (80:15:2:2)

Spray reagent: 5% ferric chloridesolution in methanol
Analysis

Samples: Standardsolution A, Standard solution B, and
Sample solution
Develop the chromatogram, dry the plate at 110°, and

examine the plate under short-wavelength and
long-wavelength UV light.The chromatograms of
StandardsolutionA and Standard solution Bexhibitbands
in the middle third and upper third that correspond to
protocatechuic acid and ferulic acid, respectively. Spray
the plate with the Spray reagent, and heat at 115° for
15 min. The bands due to ferulic acid and
protocatechuic acid turn grayish green. Grayish-green
bands become visible in the chromatogram of Standard
solution A above and below protocatechuic acld..
indicatingthe presence of caffeic acid and catechin,
respectively.

Acceptance criteria: The chromatogram of the Sample
solution exhibits bands due to catechin, protocatechuic
acid, caffeic acid, and ferulic acid that correspond in color
and RF valuesto those in the chromatogram of Standard
solutionA and Standardsolution B.

• C. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Standard solution: Use Standard solution A, prepared as

directed for Identificationtest B.
Sample solution: Use the Sample solution, prepared as

directed for Identification test B. .
Chromatographic system

(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 ~L

Developing solvent system: Ethyl acetate, formic acld,
and water (50:5:3)

Spray reagent: Phosphoric acid and alcohol (1:1),
containing 1% of vanillin

Analysis
Samples: Standardsolutionand Sample solution
Proceed as directed in the chapter, except to dry the plate
with the aid of a current of air, spray the plate with the
Spray reagent, and heat at 115° for 15 min. Three red
bands appear in the middle third of the chromatogram
of the Standardsolutioncorresponding to two dimeric
procyanidins and catechin.The chromatogram of the
Standardsolution also exhibits a blue band between the
upper band due to upper dimeric procyanidins and the
band due to catechin.

Acceptance criteria: The chromatogram of the Sample
solutioncontains bands that correspond to those found in
the chromatogram of the Standard solution.

• D. HPLC IDENTIFICATION TEST
Solution A: Methanol
Solution B: 1 mg/mL of phosphoricacid in water
Mobile phase: See Table 1.
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Acceptance criteria: 65%-75% on the dried basis

CONTAMINANTS

=absorbance of the solution from the Sample
solution

=absorbance of the solution from the Standard
solution

=concentration of the USP Maritime Pine Extract RS
in the Standard solution (mg/mL) .

= volume of the Sample stock solution (mL)
=weight of Maritime Pine Extracttaken to

prepare the Sample stock solution (mg)'
=dilution factor to prepare the Sample solution

from Sample stock solution, 20
= percentage of procyanidines in the USP Maritime

Pine Extract RS

V
W

o
p

Transfer 1.0 mL each of the Standard solution, Sample
solution, and methanol to three separate 1O-mL vials. To
each vial add 6.0 mL of Reagent solution A and 0.25 mL of
Reagent solution 8. Seal the vials with crimp caps. Mix, and
heat in a water bath for 40 min. Quickly cool to room
temperature in an ice bath. Quantitatively transfer these
solutions, with the aid of Reagent solution A, to three
separate 1O-mL volumetric flasks, and dilute with Reagent
solution A to volume.

Determine the absorbance of the solutions obtained from
the Standard solution and the Sample solution, using the
methanol-containing solution as a blank.

Calculate the percentage of total procyanidins in the
portion of Extract taken:

Result=(A v/A s) x Cs x (V/W) x 0 x P

: Meets t e requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104 clu/g, and the total
combined molds and yeastscount does not exceed 103 ciis!
g. ,

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 1.0 g of Extract for 3 h at 110°:

it loses NMT 8.0% of its weight.
• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561): NMT

0.7%
• LIMIT OF WATER-INSOLUBLE SUBSTANCES

Analysis: Weigh 0.50 g of Extract, and stir in 50 mL of water
at 20° for 15 min. Pass through a fine sintered glass filter,
previously weighed. Dry the filter at 110° for 3 h, cool to
room temperature, and weigh the filter. Calculate the
amount of water-insoluble material.

Acceptance criteria: NMT 10% of the amount of Extract
taken

ADDITIONAL REQUIREMENTS .
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at 25°, excursion permitted between 15° and 30°.
Protect from light. .....

• LABELING: The label states the Latin binomial and, following
the official name of the article, the part of the plant from
which the article was prepared, in addition to the .
information required for Botanical Extracts (565), Labeling.

Time Solution A Solution B
(min) (0/0) (0/0)

0 8 92

40 34 66

45 2 98

50 2 98

52 8 92

57 8 92

Table 1

Standard solution: 2 mg/mL of USP Maritime Pine
Extract RS in Solution A. Pass through a membrane having a
0.45-lJm or finer pore size.

Sample solution: Add 20 mg of Extract to 10 mL of Solution
A, and sonicate for 10 min to dissolve. Pass through a
membrane having a 0.45-lJm or finer pore size, discarding
the first 4 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 15-cm; base-deactivated packing L7,

having lessthan 5-lJm particle size
Column temperature: 40°
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
Sample: Standard solution
Suitability requirements

Chromatogram similarity: The chromatogram is similar
to the reference chromatogram provided with the lot of
USP Maritime Pine Extract RS being used.

Resolution: NLT 3.0 between taxifolin and ferulic acid
Tailing factor: NMT 2.0 for taxifolin

Analysis
Samples: Standard solution and Sample solution
Identify the peaks for catechin, caffeic acid, taxifolin, and

ferulic acid by comparison of the chromatogram of the
Standard solution with the reference chromatogram.

Acceptance criteria: The chromatogram of the Sample
solution exhibits peaks for catechin, caffeic acid, taxifolin,
and ferulic acid at the retention times corresponding to
those in the chromatogram of the Standard solution.

COMPOSITION
• CONTENT OF PROCY ANIDINS

Reagent solution A: Butanol and hydrochloric acid (95:5)
[NOTE-Prepare this solution on the day of use.]

Reagent solution B: Dissolve 2 g offerric ammonium sulfate
in a mixture of 100 mL of water and 17.5 mL of
hydrochloric acid. [NOTE-This solution can be used within
15 days of preparation.]

Standard solution: 95 IJg/mL of procyanidins from USP
Maritime Pine Extract RS in methanol

Sample stock solution: Transfer 250 mg of Extract to a
1OO-mL volumetric flask. Dissolve with methanol, and
dilute with the same solvent to volume.

Sample solution: Dilute the Sample stock solution with
methanol (1 in 20).

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Wavelength: 551 nm

Analysis
Samples: Standard solution.and Sample solution
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• USP REFERENCE STANDARDS (11)
USP Maritime Pine Extract RS

Melatonin

O~NH)l 1_
H,C ~ ~ ,.9

OCH,

C13H16N202 232.28
N-Acetyl-5-methoxytryptaminei
N-(2-(5-Methoxy-l H-indol-3-yl)ethyl) acetamide [73-31 ~4].

DEFINITION
Melatonin contains NLT 98.5% and NMT 101.5% of

melatonin (C13H16N202), calculated on the dried basis.

IDENTIFICATION

• B.:~••~.~~
lJJtrCJyiq g ..... I~I ...~.

Analytical wavelength: 277 nm
Sample solution: 10 IJg/mL of Melatonin in isopropyl

alcohol
Acceptance criteria: Meets the requirements.

Absorptivities, calculated on the dried basis, do not differ
by more than 3.0%.

• C. HPLC IDENTIFICATION TEST
Analysis: Proceed asdirected in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution corresponds to that of the Standard
solution.

ASSAY
• PROCEDURE

Buffer: 0.5 giL of monobasic potassiumphosphate in water.
Adjust with phosphoric acid to a pH of 3.5, and filter.

Mobile phase: Acetonitrile and Buffer (25:75)
System suitability solution: 0.1 mg/mL of USP

Melatonin RS and 0.02 mg/mL USP Melatonin Related
Compound A RS in Mobilephase

Standard solution: 0.1 mg/mL of USP Melatonin RS in
Mobilephase

Sample solution: 0.1 mg/mL of Melatonin in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 IJL

System suitability
Samples: System suitability solutionand Standard solution

[NoTE-The relative retention times for melatonin
related compound A and melatonin are 0.4 and 1.0,
respectively.] .

Suitability requirements .
Resolution: NLT 4 between melatonin and melatonin

related compound A, System suitabilitysolution .
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Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of melatonin in the portion of

Melatonin taken:

Result = (r vir s) x (C siCv) x 100

=peak response from the Sample solution
= peak response from the Standard solution
=concentration of USP Melatonin RS in the

Standard solution(mg/mL)
= concentration of Melatonin in the Sample solution

(mg/mL)

Acceptance criteria: 98.5-101 .5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221)

Standard: 0.10 mL of 0.020 N hydrochloric acid
Sample: 0.36 9 of Melatonin
Acceptance criteria: NMT 0.02%

• RELATED COMPOUNDS
Solution A: Acetonitrile
~olution B: Use Buffer, prepared asdirected in the Assay.
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 25 75

7 25 75

15 80 20

18 25 75

25 25 75

Diluent: Mixture of Solution A and Solution B(25:75)
System suitability solution: 0.1 mg/mL of USP

Melatonin RS and 0.02 mg/mL of USP Melatonin Related
Compound A RS in Diluent

Standard solution: 5IJg/mL of USP Melatonin RS in Diluent
Sample solution: 1 mg/mL of Melatonin in Diluent
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 IJL

System suitability
Sample: System suitabilitysolution

[NOTE-The relative retention times for melatonin
related compound A and melatonin are 0.4 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 4.0 between melatonin and melatonin

related compound A
Relative standard deviation: NMT 2.0% for the

melatonin peak
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of each individual impurity in the

portion of Melatonin taken:

Result= (r vir s) x (C siCv) x 100
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r u =peak responseof each individual impurity from
the Sample solution

r s =peal< responseof melatonin from the Standard
solution

C s =concentration of USP Melatonin RS in the
Standardsolution (mg/mL)

C u =concentration of Melatonin in the Sample solution
(mg/mL)

Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 1.0%

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry a sample at 80° in a vacuum for 3 h.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light.
• USP REFERENCE STANDARDS (11)

USP Melatonin RS
USP Melatonin Related Compound A RS

2-(5-Methoxy-l H-indol-3-yl)ethanamine.
C11H14NzO 190.24

Melatonin Tablets

DEFINITION
Melatonin Tablets contain NLT 90.0% and NMT 110.0% of

the labeled amount of melatonin (CnH16NzOz)'

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standardsolution, as
obtained in Strength.

STRENGTH
• PROCEDURE

Buffer: 0.5 giL of monobasic potassium phosphate in water.
Adjust with phosphoric acid to a pH of 3.5, and filter.

Mobile phase: Acetonitrile and Buffer (25:75)
System suitability solution: 0.1 mg/mL of USP

Melatonin RS and 0.02 mg/mL of USP Melatonin Related
Compound A RS in Mobilephase

Standard solution: 0.1 mg/mL of USP Melatonin RS in
Mobilephase

Sample solution: Filtered portion of the solution in
Mobilephase, equivalent to 0.1 mg/mL of Melatonin from
NLT 20 finely powdered Tablets

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm x 15-cm; s-um packing L1
Flow rate: 1.0 mL/min
Injection size: 10 ~L

System suitability
Samples: System suitability solutionand Standardsolution

[NoTE-The relative retention times for melatonin
related compound A and melatonin are 0.4 and 1.0,
respectively.]

Sultabllity requirements
Resolution: NLT 4 between melatonin and melatonin

related compound A, System SUitability solution
Relative standard deviation: NMT 2.0%, Standard

solution

USP 43

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

melatonin (CnH16NzOz) in the portion of Tablets taken:

Result =(ru/rs) x (CslCu) x 100

ru =peak response from the Sample solution
rs = peak response from the Standard solution
Cs = concentration of USP Melatonin RS in the

Standardsolution (mg/mL)
Cu =nominal concentration of melatonin in the

Sample solution (mg/mL)

Acceptance criteria: 90.0o/~110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 30 min .
Standard solution: Dissolvea suitable amount of USP

Melatonin RS in water to obtain a concentration similar to
that expected in the Sample solution.

Sample solution: Filtered portion of the solution under test
Analysis: Proceed asdirected in Strength, making any

necessary adjustments.
Calculate the percentage of the labeled amount of

melatonin (CnH16NzOz) dissolved:

Result=(ru/rs) x (Cs x V/L) x 100

to =peak area from the Sample solution
rs = peak area from the Standardsolution
Cs = concentration of USP Melatonin RS in the

Standardsolution (mg/mL)
V =volume of Medium, 500 mL
L =labeled amount of melatonin (mg/Tablet)

Tolerances: NLT 75% of the labeled amount of melatonin
(CnH16NzOz) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

IMPURITIES
• RELATED COMPOUNDS

Solution A: Acetonitrile
Solution B: Use Buffer, prepared asdirected in Strength.
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 25 75

7 25 75

15 80 20

18 25 75

25 25 75

Diluent: Mixture of Solution A and Solution B (25:75)
System suitability solution: 0.1 mg/mL of USP

Melatonin.RS and 0.02 mg/mL of USP Melatonin Related
Compound A RS in Diluent

Standard solution: 5 ~g/mL of USP Melatonin RS in Diluent
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C31H400 Z 444.65
2-Methyl-3-[(2E,6E,1 0E)-3,7, 11,15-tetramethylhexadeca-

2,6,10, 14-tetraen-l-yl]naphthalene-l A-diane;
Menatetrenone [863-61-6].

DEFINITION
Menaquinone-4 contains NlT 98.0% and NMT 102.0% of

menaquinone-4 (C31H400 Z) ' calculated on the anhydrous
basis.

Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the quantity of melatonin in mgl

Tablet.
• USP REFERENCE STANDARDS (11)

USP Melatonin RS
USP Melatonin Related Compound A RS

2-(5-Methoxy-l H-indol-3-yl)ethanamine.
CllH14NzO 190.24

·· .,P...??.,2...S2".

• B. The retention time 0 the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Mobile phase: Methanol
[Nora-Protect the Standard solution and Sample solution

from light and inject immediately after preparation.]
Standard solution: 0.05 mg/mL of USP Menaquinone-4 RS

in isopropyl alcohol
System suitability solution: 0.05 mg/mL of USP

Phytonadione RS in Standard solution
Sample stock solution: Transfer 50 mg of Menaquinone

4 to a 50-ml volumetric flask. Dissolve in isopropyl alcohol
and dilute with the samesolvent to volume.

Sample solution: 0.05 mg/mL of Menaquinone-4 in
isopropyl alcohol prepared from the Sample stock solution

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Column temperature: 40°
Flow rate: 1.0 ml/min
Injection volume: 20 IJL
Run time: NLT 3 times the retention time of

menaquinone-4
System suitability

Sample: System suitability solution
[NOTE-The relative retention times for menaquinone

4 and phytonadione are 1.0 and 1.7, respectively.]
Suitability requirements

Resolution: NLT 4 between menaquinone-4 and
phytonadione

Relative standard deviation: NMT 2.0% for
. menaquinone-4

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of menaquinone-4 (C31H400 Z) in

the portion of Menaquinone-4 taken:

Result=(r virs) x (C siCv) x 100

= peak response of menaquinone-4 from the
Sample solution

=peak responseof menaquinone-4 from the
Standard solution

=concentration of USP Menaquinone-4 RS in the
Standard solution (mg/ml)

=concentration of Menaquinone-4 in the Sample
solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IDENTIFICATION

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• ISOMERIC PURITY

Standard solution: 0.2 mg/mL of USP Menaquinone-4 RS
in hexane

Sample solution: 10 mg/ml of Menaquinone-4 in hexane

CH3

CH3CH, CH,

Sample solution: Filtered solution in Diluent, equivalent to
1 mg/ml of melatonin from NlT 20 finely powdered
Tablets

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.0 ml/min
Injection size: 10 IJl

System suitability
Sample: System suitability solution

[NoTE-The relative retention times for melatonin
related compound A and melatonin are OA and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 4.0 between melatonin and melatonin

related compound A
Relative standard deviation: NMT 2.0% for the

melatonin peak
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the

portion of Tablets taken:

Result=(rulrs) x (CsICv) x 100

to =peak response of each individual impurity from
the Sample solution

ts = peak response of melatonin from the Standard
solution -

Cs = concentration of USP Melatonin RS in the
Standard solution (mg/ml)

Cv =nominal concentration of melatonin in the
Sample solution (mg/ml)

Menaquinone-4
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Chromatographic system
(See Chromatography (621), General Procedures, Thin-Layer

Chromatography.)
Mode: TLC
Adsorbent: 0.2- to 0.3-mm layerofchromatographic silica

gel mixture
Application volume: 10 JJL
Developing solvent system: Hexane and butyl ether

(17:3)
Analysis

Samples: Standardsolution and Sample solution
[NOTE-The relative R Fvalues of cis-menaquinone-4 and

trans-menaquinone-4 are about 1.1 and 1.0,
respectively.]

Proceed as directed in the chapter and develop the
chromatogram until the solvent front has moved about
75% of the length of the plate. Drythe plate in air and
examine under short-wavelength UV light.

Acceptance criteria: NMT2.0%. Anyspot corresponding
to the relative R Fvalue of 1.1 in the Sample solution is
neither larger nor more intense than the principalspot
from the Standardsolution.

• ORGANIC IMPURITIES
Mobile phase, System suitability solution, Sample stock

solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.

Standard solution: 1 IJg/mL of USP Menaquinone-4 RS in
isopropylalcohol

Sample solution: Use the Sample stock solutionfrom the
Assay.

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of each impurity in the portion of

Menaquinone-4 taken:

Result = (r ulr s) x (C siC u) x 100

r u = peak response of any impurity from the Sample
solution

r s =peak response of menaquinone-4 from the
Standardsolution .

Cs = concentration of USP Menaquinone-4 RS in the
Standardsolution (mg/mL)

C u =concentration of Menaquinone-4 in the Sample
solution (mg/mL)

Acceptance criteria
Any individual impurity: NMT 0.1%
Total impurities: NMT1.0%

SPECIFICTESTS
• WATER DETERMINATION (921), Method I, Method la: NMT

0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight container in a

cool place. Protect from light.
• USP REFERENCE STANDARDS (11)

USP Menaquinone-4 RS
USP Phytonadione RS

USP 43

Menaquinone-7

C46H6402 649.00
(all-£)-2-(3,7, 11,15,19,23,27-Heptamethyl-

2,6,10,14, 18,22,26-octacosaheptaenyl)-3-methyl-l ,4
naphthalenedione [2124-57-4].

DEFINITION
Menaquinone-7 contains NLT 96.0% and NMT 101.0% of

menaquinone-7 (C46H6402) and NMT 3% of menaquinone
6 (C41Hs602), calculated on the as-is basis.

IDENTIFICATION

.• B.
lJll
[NOTE-Use I\JYY-"'-~II

Analytical wavelength: nm
Sample solution: 40 IJg/mL of Menaquinone-7 in

dehydrated alcohol
Acceptance criteria: Meets the requirements

• C. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

[NOTE-Protect the Standardsolutionand Sample solution
from light, and inject immediately after preparation.]

Mobile phase: Dehydrated alcohol and water (97:3)
Standard solution: Transfer25 mg of USP Menaquinone-

7 RS into a 50-mLvolumetric flask, add 1 mLof ,
tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Transfer5.0 mLof this solution into a 25-mL
volumetric flask, and dilute with dehydrated alcohol to
volume.

Sample solution: Transfer25 mg of Menaquinone-7 into a
50-mLvolumetric flask, add 1 mLof tetrahydrofuran, and
dilute with dehydrated alcohol to volume. Transfer 5.0 mL
of this solution into a 25-mLvolumetric flask, and dilute
with dehydrated alcohol to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 10-cm; 2.6-lJm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 10 IJL
Run time: NLT 3 times the retention time of

menaquinone-7
System suitability

Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0% from 6
replicate injections

Analysis
Samples: Standardsolution and Sample solution
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[NOTE-The relative retention times for menaquinone-
6 and menaquinone-7 are 0.81 and 1.00, respectively.]

Calculate the percentage of rnenaquinone-Z (C46H6402) in
the portion of Menaquinone-7 taken:

Result= (rullrs) x (Cs/Cu) x 100

Fur = peak response of menaquinone-7 from the
Sample solution

ts =peak response of menaquinone-7 from the
Standard solution

Cs = concentration of USP Menaquinone-7 RS in the
Standard solution (mg/mL)

Cu = concentration of Menaquinone-7 in the Sample
solution (mg/mL)

Calculate the percentage of menaquinone-6 (C41HS602) in
the portion of Menaquinone-7 taken:

Result=(ru6Irs) x (Cs/Cu) x 100

rU6 = peak response of menaquinone-6 from the
Sample solution

ts = peak response of menaquinone-7 from the
Standard solution

Cs =concentration of USP Menaquinone-7RS in the
Standard solution (mg/mL)

Cu = concentration of Menaquinone-7 in the Sample
solution(mg/mL)

Acceptance criteria
Menaquinone-7: 96.00/0-101.0% on the as-is basis
Menaquinone-6: NMT 3% on the as-is basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 lJg/g
Cadmium: NMT 1.0 lJg/g
lead: NMT 3.0 lJg/g
Mercury: NMT 0.1 lJg/g

• ISOMERIC PURITY
Mobile phase: Water, dehydrated alcohol, methanol, and

tetrahydrofuran (1:15:80:1 0)
Sample solution: [NoTE-Protect the solution from light

and inject immediately after preparation.] Transfer 40 mg
of Menaquinone-7 into a 1OO-mL volumetric flask, add
2 mL of tetrahydrofuran, and shaketo dissolve the sample.
Dilute with dehydrated alcohol to volume. Transfer 1!OmL
of this solution into a 1O-mL volumetric flask, and dilute
with dehydrated alcohol to volume. Pass the solution
through a membrane filter of 0.45-lJm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L62
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 20 lJL
Run time: NLT 1.5 times the retention time of

all-trans-menaquinone-7
System suitability

Sample: Sample solution
[NoTE-The relative retention times of

all-trans-menaquinone-7 and cis-menaquinone-7 are
1.0 and 1.1, respectively.]
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Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone

7 and cis-menaquinone-7
Analysis

Sample: Samplesolution
Calculate the percentage of cis-menaquinone-7 in the

portion of Menaquinone-7 taken:

Result= [rc/(rr + rd] x 100

rc = peak response of cis-menaquinone-7 from the
Sample solution

rr =peak response of all-trans-menaquinone-7 from
the Sample solution

Acceptance criteria: NMT 2% of cis-menaquinone-7

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 103 du/g, and the total combined
molds and yeasts count does not exceed 102du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species, Test for
Absence of Staphylococcus aureus, and Test for Absence of
Escherichia coli: Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight container, in a

cool and dry place. Protect from light.
• USP REFERENCE STANDARDS (11)

USP Menaquinone-7 RS

Menaquinone-7 Capsules
DEFINITION
Menaquinone-7 Capsulescontain NLT 90.0% and NMT

110.0% of the labeled amount of menaquinone-7
(C46H640 2) ·

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solutioncorresponds to that of the Standard solution, as
obtained in Method 1 or Method2 of the test for Contentof
Menaquinone-l.

STRENGTH
• CONTENT OF MENAQUINONE-7, Method 1

[NoTE-Menaquinone-7 is extremely light sensitive.
Protect samples from light.]

Diluent: 0.1 mg/mL of butylated hydroxy toluene in hexane
Mobile phase: Methanol and ethyl acetate. See Table 1 for

gradient.

Table 1
Ethyl

Time Flow Rate Methanol Acetate
(min) (mL/min) (%) (%)

a 1.00 94 6

5.5 1.00 94 6

6.5 1.25 80 20

13 1.25 80 20

14 1.25 94 6

15 1.00 94 6

25 1.00 94 6
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Standard stock solution: Transfer 20 mg of USP
Menaquinone-7 RS into a 50-mL volumetric flask, dilute
with hexane to volume, and mixwell. [NoTE-The solution
can be kept in the freezerfor 1 month.]

Standard solution: Transfer 1.0 mL of the Standardstock
solution into a 1O-mL volumetric flask, dilutewith Diluentto
volume, and mixwell.

Sample solution A(for hard shell capsules): Empty and mix
thoroughly the contents of NLT 30 Capsules. Transfer a
portion of the powder, nominally equivalent to about
1.0 mg of menaquinone-7, to a 25-mlvolumetric flask. Add
10 mL of Diluent, and shakefor 2 min. Dilute with Diluent
to volume, mix, and pass through a membrane filter of
0.45-l.Jm pore size.

Sample solution B (for soft shell capsules): Weigh NLT 30
Capsules. Witha sharp blade carefully open the Capsules,
without loss of the shell material, and transferas much as
possible of the combined Capsulecontents to a suitable
container. Remove any adhering substancesfrom the
emptied Capsules and shell remains by washing with
several small portionsof hexane. Discard the washings, and
allowthe empty Capsules and shell remains to dry in a
current of dry air until the odor of hexane is no longer
perceptible. Weigh the empty Capsules and shell remains,
and calculate the average net weight per Capsule by
difference. Transfer accuratelyweighed combined Capsule
contents equivalent to about 1.0 mg of menaquinone-
7 to a 25-mLvolumetric flask, add 10 mL of Diluent, and
mix on a vortex mixerfor 15 s. Dilute with Diluent to
volume, mix, and pass through a membrane filterof
0.45-l.Jm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 25-cm; -t-um packing L87. [NOTE-A

suitable column is Synergy Max-RP from
www.phenomenex.com.]

Column temperature: 35°
Flow rate: See Table 7.
Injection volume: 15 I.JL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0% for six
sequential injections

Retention time: NMT 0.5 min difference between the
first and last injection for a total of six injections

Analysis
Samples: Standardsolution and appropriate Sample

solution
Calculatethe percentage of the labeledamount of

menaquinone-7 (C46H6402) in the portion of Capsules
taken:

Result =(ru/rs) x (CslCu) x 100

t» =peak response of menaquinone-7 from the
Sample solution

ts = peak response of menaquinone-7 from the
Standardsolution

Cs = concentration of USP Menaquinone-7 RS in the
Standardsolution (l.Jg/mL)

Cv = nominalconcentration of menaquinone-7 in the
Sample solution (pq/rnt)

Acceptance criteria: 90.0%-110.0%

USP 43

• CONTENT OF MENAQUINONE-7, Method 2
[NoTE-Menaquinone-7 isextremely light sensitive.

Protect samplesfrom light, and inject immediately
after preparation.]

Mobile phase: Ethanol and water (97:3)
Standard stock solution: Transfer 25 mg of USP

Menaquinone-Z RS into a 50-mL volumetric flask, and add
1 mL of tetrahydrofuran. Dilute with dehydrated alcohol to
volume, and mixwell. [NOTE-The solutioncan be kept in
the freezer for 1 month.]

Standard solution: 10 I.Jg/mL of menaquinone-7 in
dehydrated alcohol from the Standardstock solution

Sample solution: Treat Capsules as directed for Sample
solutionA or Sample solutionB in Method 1. Transfer
accuratelyweighed Capsulecontents equivalent to about
0.25 mg of menaquinone-7 to a 25-mL volumetric flask,
and add 2 mL of tetrahydrofuran. Dilute with dehydrated
alcohol to volume, shakefor 2 min, and pass through a
membrane filter of 0.45-l.Jm pore size.

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 10-cm; 2.6-l.Jm packing L1
Column temperature: 25°
Flowrate: 0.7 mL/min
Injection volume: 10 I.JL

System suitability
Sample: Standardsolution
Suitability requirements

Relativestandard deviation: NMT 3.0%for sixreplicate
injections

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeledamount of

menaquinone-7 (C46H6402) in the portion of Capsules
taken:

Result =(rulrs) x (CslCu) x 100

tu =peak response of menaquinone-7 from the
Sample solution

ts =peak responseof menaquinone-7 from the
Standardsolution '

Cs =concentration of USP Menaquinone-7 RS in the
Standardsolution (l.Jg/mL)

Cv =nominalconcentration of menaquinone-7 in the
Sample solution (l.Jg/mL)

Acceptance criteria: 90.0%-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirementsfor Disintegration
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):

Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/g, and the
total combined moldsand yeasts count does not exceed 3
x 102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirementsof the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in tight, light-resistant

containers, in a cool, dry place.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
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as
For solid Preparation: Transferan accurately weighed

solid Preparation, equivalent to about 0.8 mg of
menaquinone-7, to a 25-mLvolumetricflask, add 2 mLof
tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Shake the suspension for 2 min, and pass
throu h a membrane filterof 0.45-~m pore size.

For iquid Preparation (oil suspension): Transferan
accurately weighed liquid Preparation, equivalent to
about 1.0 mg of menaquinone-7, to a 25-mLvolumetric
flask, add 2 mLof tetrahydrofuran, and dilute with
dehydrated alcohol to volume. Pass this solution
throu h a membrane filterof 0.45-~m ore siz~-.

• CONTENTOF MENAQUINONE-7~~;{Q§~.it{~lf~(}i~}
[NOTE-Use low-actinicglassware.]
Mobile phase: Dehydrated alcohol and water (97:3)

[NoTE-Protect the Standardsolutionand Sample solution
from light, and inject immediately after preparation.]

Standard solution: Transfer20 mg of USP Menaquinone
7 RS into a 50-mL volumetric flask, add 1.0 mLof
tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Transfer 1.0 mLof this solution into a 10-mL
volumetric flask, and dilute with dehydrated alcohol to

11!lli'~~ii~Jli~i~!~;~~t(~g~.ii!~~~2;i6i~) Prepare the appropriate

dissolution. Cool, and store the solution at 00
• Allow the

Spray reagent to come to room temperature before use.
Analysis

Samples: Standardsolutionand Sample solution
Develop the chromatogram in the Developing solvent

system until the solvent front has moved about .
three-fourths the length of the plate. Remove the plate
from the chamber, and air-dry. Examine the plate under
visible light and short-wavelength UV light, and record the
spots. Spray the plate with the Spray reagent, and heat at
1000-1100 for 5 min. Examine the plate under white light,
and record the spots.

Acceptance criteria: Under visible light and
short-wavelength UV light, the spots from the Sample
solution correspond in color (light yellow), shape, and RF

value to those from the Standardsolution. Afterapplying
the Spray reagent, the spots from the Sample solution, under
white light, correspond in color (dark blue), shape, and RF

value to those from the Standardsolution.
• B. The retention time of the major peak of the Sample

solution corresponds to that of the Standardsolution, as
obtained in the test for Contentof Menaquinone-7..

COMPOSITION

10
~~If*
rmi~!H~~~g·.~
!h~.!~~t;".'(lJS~j!2 _ Q1fn

Chromatographic system
(See Chromatography (621), General Procedures, Thin-Layer

Chromatography.)
Mode: HPTLC
Adsorbent: Nano silica gel F254 for HPTLC'
Application volume: 5 ~L

Developing solvent system: Hexane and ethyl acetate
(95:5)

Spray reagent: Transfer 1 g of cerium sulfate and 21 g of
ammonium molybdate into a 500-mL volumetric flask,
dissolvewith 33 mLof 98% (w/w) sulfuric acid, and dilute
with deionized water to volume. Stir to complete

as
For solid Preparation: Transferan amount of Preparation,

equivalent to about 1 mg of menaquinone-7, to a 2-mL
centrifuge tube, and add 1 mLof tetrahydrofuran. Shake,
and allow the mixture to settle (if necessary, centrifuge).
Us.e the ..su.. p.~r,.natant for the test.

•••,...••.• '<.,<,.
.... (I.lSfl.l·i-P!!c.·.2QJ.~)

For liquid Preparation (oil suspension): Transferan
amount of Preparation, equivalent to about 4 mg of
menaquinone-7, to a 1O-mL centrifuge tube, and-add
4 mLof tetrahydrofuran. Shake, and allowthe mixture to
settle necessary, centrifuge). Use the supernatant for

USP 43

c~n'2~!ntl~atEid: :me:na,cfuinc;ne:~~\J6~;ii~~:~~~~a.-eexx1tract with
one or more may a solid or liquid
form. It contains NLT 90% and NMT120% of the labeled
amount of menaquinone-7 calculated on the dried
basis

~d -~krlo-~~~apsLJ.lat~cl{R9W9~fmt~fffl§~rif&i~m~jj

• LABELING: The labelstates the content of menaquinone-7 in
~g/Capsule. It also states the assay method used ifMethod
1 is not used.

• USP REFERENCE STANDARDS (11)
USP Menaquinone-7 RS

Menaquinone-7 Preparation

• A. THIN-LAYER CHROMATOGRAPHY
Standard solution: Transfer 10 mg of USP Menaquinone

7 RS into a 1O-mL volumetric flask, add 1 mLof
and dissolve in and dilute with the same

, Suitablenano silicagel F2S4 on HPTLC platesareavailable from Sigma
Aldrich, Fluka #09916-25EA.

. DEFINITION

www.webofpharma.com

https://nhathuocngocanh.com/



5150 Menaquinone-7 / Dietary Supplements USP 43

[NoTE-The relative retention times for
all-trans-menaquinone-7 and cis-menaquinone-7 are
1.0 and 1.1, respectively.]

SUitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone

7 and cis-menaquinone-7
Analysis

Sample: Sample solution
Calculate the percentage of cis-menaquinone-7 in the

portion of Preparation taken:

Result= [rc/(rr+ rJ] x 100

tc = peak response of cis-menaquinone-7 from the
Sample solution

rr =peak response of all-trans-menaquinone-7 from
the Sample solution

Acceptance criteria: NMT 2.0% of cis-menaquinone-7

Detector: UV 268 nm
Column: 4.6-mm x 10-cm; 2.6-l.Jm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 10 I.JL
Run time: NLT 3 times the retention time of

menaquinone-7
System suitability

Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0% from 6
replicate injections

Analysis
Sa~pl~s::~££:7!!~ard solution and Sample solution

~~/(0SRjFrd~2Z~oj'9) .
Calculate the content of menaquinone-7 (C46H6402), in

ppm, in the portion of Preparation taken:

Result=(rulrs) x (CsIW) x V

t» = peal< response of menaquinone-7 from the
Sample solution

ts = peak response of menaquinone-7 from the
Standardsolution

Cs =concentration of USP Menaquinone-7 RS in the
Standardsolution (l.Jg/mL)

W =weight of Preparation used to prepare the Sample
solution (g)

V = volume of the Sample solution (mL)

IMPURITIES
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 I.Jg/g
Cadmium: NMT 1.0 I.JgIg
Lead: NMT 3.0 I.Jg/g
Mercury: NMT 0.1 I.JgIg

(v

W

V

• ISOMERIC PURITY
Mobile phase: Water, dehydrated alcohol, methanol, and

tetrahydrofuran (1:15:80:1g~
S~mpl~•..~gl~~i~.~.:{Er~pare :~~n~2~~~r:.~-~[I~i~;~~~rmpl~

sql/..lt.i9lJJ~j(lJS~1",fj¢¢$Zql~) as described in Contentof
Menaquinone-l. [NoTE-Protect the solution from light, and
inject immediately after preparation.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 25-cm; s-prn packing L62
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 20 I.JL
Run time: NLT 1.5 times the retention time of

all-trans-menaquinone-7
Syst'em sUitabili~y

Sample: ·SC1rnplejf9tlJfloJ?~·(Use:1+[)~¢:'Zql~)

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 103 cfu/g, and the total combined
molds and yeastscount does not exceed 102cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species, Test for
Absence of Escherichia coli, and Test for Absence of
Staphylococcus aureus: Meets the requirements

• Loss ON DRYING (731) (for solid Preparation)
Analysis: Dry at 110° to a constant weight.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight container, in a

cool and dry place. Protect from light.
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• LABELING: The label states the name and content of any
carriersand antioxidants added to the formulation, and the
content of menaquinone-7.

• USP REFERENCE STANDARDS (11)
USP Menaquinone-7 RS

Menaquinone-7 Tablets
DEFINITION
Menaquinone-7 Tablets contain NLT 90.0% and NMT

110.0% of the labeled amount of menaquinone-7
(C46H6402)'

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standardsolution, as
obtained in Method 1 or Method 2 of the test for Contentof
Menaquinone-l.

STRENGTH
• CONTENT OF MENAQUINONE-7, Method 1

[NoTE-Menaquinone-7 is extremely light sensitive.
Protect samples from light.]

Diluent:.0.1 mg/mL of 2,6-di-tert-butyl-4methyl-phenol
(BHT) in hexane

Mobile phase: Methanol and ethyl acetate. See Table J for
gradient.

Table 1
Ethyl

Time Flow Rate Methanol Acetate
(min) (mL/min) (0/0) (%)

0 1.00 94 6

5.5 1.00 94 6

6.5 1.25 80 20

13 1.25 80 20

14 1.25 94 6

15 1.00 94 6

25 1.00 94 6

Standard stock solution: Transfer 20 mg of USP
Menaquinone-7 RS into a 50-mL volumetric flask, dilute
with hexane to volume, and mix well. [NOTE-The solution
can be kept in the freezer for 1 month.]

Standard solution: Transfer 1.0 mL of the Standardstock
solution into a 1O-mLvolumetric flask, dilute with Diluent to
volume, and mix well.

Sample solution: Transfer a portion from NLT 30 finely
powdered Tablets, nominally equivalent to about 1.0 mg
of menaquinone-7, to a 25-mL volumetric flask, add
10 mL of Diluent, and shake for 2 min. Dilute with Diluent
to volume, mix, and pass through a membrane filter of
0.45-~m pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 25-cm; 4-J,Jm packing L87. [NOTE-A

suitable column is Synergy Max-RPfrom
www.phenomenex.com.]

Column temperature: 35°
Flow rate: See Table 1.
Injection volume: 15 J,JL
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System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0% for six replicate
injections

Retention time: NMT 0.5 min difference between the
first and last injection for a total of six injections

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

menaquinone-7 (C46H6402) in the portion of Tablets
taken:

Result= (ru/rs) x (Cs/Cu) x 100

t» = peak response of menaquinone-7 from the
Sample solution

rs =peak response of menaquinone-7 from the
Standardsolution

Cs = concentration of USP Menaqulnone-Z RS in the
Standardsolution (~g/mL)

Cu = nominal concentration of menaquinone-7. in the
Sample solution (J,Jg/mL)

Acceptance criteria: 90.00/0-110.0%
• CONTENT OF MENAQUINONE-7, Method 2

[NoTE-Menaquinone-7 is extremely light sensitive.
Protect samples from light, inject immediately after
preparation, and inject only once.]

Mobile phase: Ethanol and water (97:3)
Standard stock solution: Transfer 25 mg of USP

Menaquinone-7 RS into a 50-mL volumetric flask, add
0.5 mL of tetrahydrofuran, dilute with dehydrated alcohol
to volume, and mix well. [NoTE-The solution can be kept
in the freezer for 1 month.]

Standard solution: 10 J,Jg/mL of menaquinone-7 in
dehydrated alcohol from the Standardstocksolution

Sample solution: Transfer a portion from NLT 20 finely
powdered Tablets, nominally equivalent to about 0.25 mg
of menaquinone-7, to a 25-mL volumetric flask, add 2 mL
of tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Shakefor 2 min, and passthrough a membrane
filter of 0.45-J,Jm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: UPLC
Detector: UV 268 nm
Column: 4.6-mm x 10-cm; 2.6-J,Jm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 10 ~L

System sultablllty
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0% for six replicate
injections

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

menaquinone-7 (C46H6402) in the portion of Tablets
taken:

Result= (ru/rs) x (Cs/Cu) x 100

ru = peak response of menaquinone-7 from the
Sample solution

ts = peak response of menaquinone-7 from the
Standardsolution
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Cs =concentration of USP Menaquinone-7 RS in the
Standardsolution (J,Jg/mL)

Cu = nominal concentration of menaquinone-7 in the
Sample solution (J,Jg/mL)

Acceptance criteria: 90.00/0-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Disintegration
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 103 cfu/g, and the total
combined molds and yeastscount does not exceed 102cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in tight, light-resistant

containers, in a cool, dry place.
• LABELING: The label states the content of menaquinone-7 in

J,Jg/Tablet. It also states the assay method used if Method 7
is not used.

• USP REFERENCE STANDARDS (11)
USP Menaquinone-7 RS

Bocillus subtllis subsp. subtllis
Menaquinone-7 Extract
DEFINITION
Bacillus subtilissubsp. subtilis Menaquinone-7 Extract is the

product obtained by supercritical carbon dioxide (C02)
extraction of cultures of Bacillus subtilissubsp. subtilisstrains
that are capable of fermenting soybean protein isolate
(soybean peptone) from soybeans to produce natto. The
Extract is a brown oil, consisting mainly of fat (>97%), that
contains NLT 1.5% and NMT 5.0% of rnenaquinone-Z
(C46H6402), and NLT 0.014% and NMT 0.15% of
menaquinbne-6 (C41H5602). It contains no organic solvents.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution: Transfer 10 mg of USP Menaquinone
7 RS to a 1O-mLvolumetric flask, add 1 mL of
tetrahydrofuran, and dissolve and dilute with the same
solvent to volume.

Sample solution: Transfer 1.0 g of Extract to a 10-mL
volumetric flask, and add 8 mL of tetrahydrofuran. Shake
and allow the mixture to settle, centrifuge if necessary, and
use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Nano silica gel F254for HPTLC'
Application volume: 5 J,JL
Developing solvent system: Hexane and ethyl acetate

(95:5)
Spray reagent: Transfer 0.2 g of cerium sulfate and 4.2 g

of ammonium molybdate to a 1OO-mL volumetric flask.

, Suitablenano silicagel F2S4 on HPTLC platesisavailable from Sigma
Aldrich, Fluka #09916-25EA.
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Dissolve with 6.6 mL of 98% (w/w) sulfuric acid, and
dilute with deionized water to volume. Stir to complete
dissolution. Cool, and store the solution at 0°. Allow the
spray reagent to achieve room temperature before use.

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatogram in the Developing solvent

system until the solvent front has moved about
three-fourths the length of the plate. Remove the plate
from the chamber, and air-dry. Examine the plate under
visible light and short-wavelength UV light, and record the
spots. Spray the plate with the Spray reagent, and heat at
100°-110° for 5 min. Examine the plate under white light,
and record the spots.

Acceptance criteria: Under visible light and
short-wavelength UV light, the spots from the Sample
solutioncorrespond in color (light yellow), shape, and RF

value to those from the Standardsolution. After applying
the Spray reagent, under white light, the spots from the
Sample solutioncorrespond in color (dark blue), shape, and
RF value to those from the Standard solution. [NOTE-The
Sample solution should also contain intense spots at lower
RF values due to the brown oil and its components.]

• B. The retention time of the major peak of the Sample
solutioncorresponds to that of the Standard solution, as
obtained in the test for Contentof Menaquinone-l and
Menaquinone-6.

COMPOSITION
• CONTENT OF MENAQUINONE-7 AND MENAQUINONE-6

[NOTE-Use low-actinic glassware.]
Mobile phase: Dehydrated alcohol and water (97:3)
[Nora-Protect the following Standardsolutionand

Sample solution from light, and inject immediately after
preparation.]

Standard solution: Transfer 12.5 mg of USP Menaquinone
7 RS into a 25-mL volumetric flask, add 0.5 mL of
tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Transfer 5.0 mL of this solution into a 25-mL
volumetric flask, and dilute with dehydrated alcohol to
volume.

Sample solution: Transfer 100 mg of Extract, accurately
weighed, to a 25-mL volumetric flask, and add 2 mL of
tetrahydrofuran. Dissolve and dilute with dehydrated
alcohol to volume. Pass this solution through a filter of
0.45-J,Jm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm x 10-cm; 2.6-J,Jm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 10 J,JL
Run time: At least 3 times the retention time of

menaquinone-7
System suitability

Sample: Standardsolution
[NOTE-The relative retention times for menaquinone

6 and menaquinone-7 are 0.81 and 1.00, respectively.]
Suitability requirements

Relative standard deviation: NMT 3.0% for six replicate
injections

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of menaquinone-7 (C46H6402) in

the portion of Extract taken:

Result=(rU1/rS) x (Cs/Cu) x 100
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rU7 =peak response of menaquinone-7 from the
Sample solution

rs = peak response of menaquinone-7 from the
Standardsolution

Cs = concentration of USP Menaquinone-7 RS in the
Standardsolution (mg/mL)

Cu =concentration of Extract in the Sample solution
(mg/mL)

Calculate the percentage of menaquinone-6 (C41HS602) in
the portion of Extract taken:

Result= (rU6/rS) x (Cs/Cu) x 100

rU6 = peak response of menaquinone-6 from the
Sample solution

ts =peak response of menaquinone-7 from the
Standardsolution

Cs = concentration of USP Menaquinone-7 RS in the
Standardsolution (mg/mL)

Cu = concentration of Extract in the Sample solution
(mg/mL)

Acceptance criteria
Menaquinone-7: 1.50/0-5.0%
Menaquinone-6: 0.0140/0-0.15%

IMPURITIES
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 1.0 ~g/g

Lead: NMT 3.0 ~g/g

Mercury: NMT 0.1 ~g/g

• ISOMERIC PURITY
Mobile phase: Methanol, tetrahydrofuran, dehydrated

alcohol, and water (80:10:15:1) .
Sample solution [Nora-Protect the solution from light,

and inject immediately after preparation.] Transfer 100 mg
of Extract into a 25-mL volumetric flask, and add 2 mL of
tetrahydrofuran. Dissolveand dilute with dehydrated
alcohol to volume. Pass through a filter of 0.45-~m
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC ,
Detector: UV 268 nm
Column: 4.6-mm x 25-cm; 5-~m packing L62
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 20 ~L

System suitability
Sample: Sample solution

[NoTE-The relative retention times for
all-trans-menaquinone-7 and cis-menaquinone-7 are
1.0 and 1.1, respectively. The retention time for
all-trans-menaquinone-7 is about 19 min.]

Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone

7 and cis-menaquinone-7
Analysis

Sample: Sample solution
Calculate the percentage of cis-menaquinone-7 in the

portion of Extract taken:

Result=[rc/(rr + rd] x 100

tc =peak responseof cis-menaquinone-7 from the
Sample solution .
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rr =peak responseof all-trans-menaquinone-7 from
the Sample solution

Acceptance criteria: NMT 2.0%

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 103cfu/g, and the total combined
molds and yeastscount does not exceed 102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species, Staphylococcus aureus, and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in a tight container, in a

cool and dry place. Protect from light.
• LABELING: The label statesthe name and content of any

carriers and antioxidants added to the material, and the
content of menaquinone-7. The label also statesthat
menaquinone-7 is a form of vitamin K2•

• USP REFERENCE STANDARDS (11)
USP Menaquinone-7 RS

Methionine-see MethionineGeneral Monographs

Methylcobalamin

C63H91CoN13014P 1344.40
Coa-[a-5,6-dimethyl-l H-benzoimidazol-l-yl]-CoP

methylcobamide [13422-55-4].

DEFINITION
Methylcobalamin contains NLT 98.0% and NMT 102.0% of

methylcobalamin (C63H91CoN13014P), calculated on the
anhydrous basis.

IDENTIFICATION

:';./X,x"<i< ,.">to,, .: .., . . .0)
Sample solution: 50 ~g/mL in phosphate buffer, pH 7.0

[NoTE-Use low-actinic glassware, and keep the
solutions from exposure to light.]

Wavelength range: 200-700 nm
Acceptance criteria: The absorption spectrum exhibits

maxima at 267 ± 2 nm, 342 ± 2 nm, and 522 ± 2 nm.
• B. COBALT

Sample: 1 mg of Methylcobalamin
Analysis: Fuse the Sample with 50 mg of potassium

pyrosulfate in a porcelain or silica crucible. Cool, break up
the masswith a glassrod, add 3 mL of water, and boil until
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dissolved. Add 1 drop of phenolphthalein TS,and add 2.5 N
sodium hydroxide dropwise until a pink color appears. Add
0.5 g of sodium acetate, 0.5 ml of 1 N acetic acid, and
0.5 ml of a 2-mg/ml solution of nitroso Rsalt. Add 0.5 ml
of hydrochloric acid, and boil for 1 min.

Acceptance criteria: A red or orange-red color appears
immediately after the addition of nitroso Rsalt. The red or
orange-red color persists after boiling with the addition of
hydrochloric acid.

• C. The retention time of the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Buffer solution: 3.1 giL of sodium dihydrogen phosphate
dihydrate in water. Adjust with phosphoric acid (1 in 100)
to a pH of 3.5.

Mobile phase: To 200 mL of acetonitrile add 800 mL of
Buffer solution, then add 3.76 g of sodium l-hexane
sulfonate, and mix to dissolve.

[NoTE-Use low-actinic glassware, and keep the following
solutions from exposure to light.]

System suitability solution: 0.05 mg/mL each of
cyanocobalamin and hydroxocobalamin acetate from USP
Cyanocobalamin (Crystalline) RS and USP
Hydroxocobalamin Acetate RS in Mobilephase

Standard solution: 1 mg/ml of USP Methylcobalamin RS in
Mobilephase

Sample solution: 1 mg/mL of Methylcobalamin in Mobile
phase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: uv266 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 40° .
Flow rate: 0.6 mL/min, or adjust to have methylcobalamin

elute at about 12 min.
Injection volume: 10 IJl

System suitability
Samples: System suitabilitysolutionand Standard solution

[NoTE-The relative retention times for
cyanocobalamin and hydroxocobalamin are .0.8 and
1.0, respectively.]

Suitability requirements
Resolution: NlT 3 between the cyanocobalamin and

hydroxocobalamin peaks, System suitabilitysolution
Column efficiency: NlT 6000 theoretical plates,

Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution
. Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of methylcobalamin

(C63H91CoN13014P) in the portion of sample taken:

Result =(r ulr s) x (C siCu) x 100

r u =peak response from the Sample solution
r s = peak response from the Standard solution
Cs =concentration of USP Methylcobalamin RS in the

Standard solution(mg/mL)
C u = concentration of Methylcobalamin in the

Sample solution(mg/ml)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis .
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IMPURITIES
• RELATED COMPOUNDS

Buffer solution, Mobile phase, System suitability solution,
and Chromatographic system: Proceed as directed in the
Assay except for the Run time.

[NOTE-Uselow-actinic glassware, and keep the following
solutions from exposure to light.]

Sample solution: 1 mg/ml of Methylcobalamin in Mobile
phase

Quantitative limit solution: 1 IJg/mL of Methylcobalamin
in Mobilephase, diluted from the Sample solution

Run time: NlT 2.5 times the retention time of
methylcobalamin

System suitability .
Samples: System suitabilitysolutionand Quantitative limit

solution
Suitability requirements

Resolution: NlT 3 between the cyanocobalamin and
hydroxocobalamin peaks, System suitabilitysolution

Signal-to-noise ratio: NlT 5.0 for the major peak,
Quantitativelimit solution

Analysis
Sample: Sample solution
Calculate the percentage of individual impurities in the

portion of Methylcobalamin taken: ...

Result = (r ulr r) x 100

r u =peak response of each impurity from the Sample
solution

r t =sum of all the peak responses from the Sample
solution

Acceptance criteria
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• WATER DETERMINATION (921), MethodI, Method la: NMT

12.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at controlled room temperature.
• USP REFERENCE STANDARDS (11) I

USP Cyanocobalamin (Crystalline) RS
USP Hydroxocobalamin Acetate RS
USP Methylcobalamin RS

Methylcobalamin Tablets

DEFINITION
Methylcobalamin Tablets contain NLT 90.0% and NMT

125.0% of the labeled amount of methylcobalamin
(C63H91CON13014P).

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standard solution, as
obtained in Strength.

STRENGTH
• PROCEDURE

Buffer solution: 3.1 giL of sodium dihydrogen phosphate
dihydrate in water. Adjust with phosphoric acid (1 in 100)
to a pH of 3.5.

Mobile phase: Transfer 200 ml of acetonitrile to a I-L
volumetric flask and dilute with Buffer solution to volume.
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Then add 3.76 g of sodium 1-hexane sulfonate, and mix to
dissolve.
[NoTE-Use low-actinic glassware, and keep the

following solutions from exposure to light.]
System suitability solution: 0.05 mg/mL of

cyanocobalamin from USP Cyanocobalamin (Crystalline)
RS and 0.05 mg/mL of USP Hydroxocobalamin Acetate RS

in Mobilephase
Standard solution: 100 IJg/mL of USP Methylcobalamin RS

in Mobilephase
Sample solution: Finely powder NLT 30 Tablets. Transfer a

portion of the powder, nominally equivalent to 5 mg of
methylcobalamin, to a 50-mL volumetric flask, add a
suitable amount of Mobilephase, swirl gently, and dilute
with Mobilephaseto volume. Shake vigorously for 10 min
and immediately pass through a nylon membrane filter of
0.2-lJm pore size. .

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 266 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 40 0

Flow rate: 0.6 mL/min
Injection volume: 50 IJL

System suitability
Samples: System suitability solution and Standardsolution

[NOTE-The relative retention times for
cyanocobalamin and hydroxocobalamin are 0.8 and
1.0, respectively.]

Suitability requirements
Resolution: NLT 3 between the cyanocobalamin and

hydroxocobalamin peaks, System suitability solution
Column efficiency: NLT 6000 theoretical plates,

Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

methylcobalamin (C63H91CoN13014P) in the portion of
Tablets taken:

Result= (r vir s) x (C siC v) x 100

r u = peak responsefrom the Sample solution
r s = peak responsefrom the Standardsolution
C s =concentration of USP Methylcobalamin RS in the

Standardsolution (lJg/mL)
C u =nominal concentration of methylcobalamin in the

Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103du/g, and the
total combined molds and yeasts count does not exceed 3
x 1ozcfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Escherichia coli: Meet the
requirements
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Cyanocobalamin (Crystalline) RS
USP Hydroxocobalamin Acetate RS
USP Methylcobalamin RS

Methylsulfonylmethane

CzH60zS 94.13
Dimethyl sulfone;
Sulfonylbismethane [67-71-0].

DEFINITION
Methylsulfonylmethane contains NLT 98.0% and NMT

102.0% of methylsulfonylmethane (CzH60zS), calculated on
the anhydrous basis. The chromatographic purity is NLT
99.8%.

IDENTIFICATION

• B:'fhe retention time of the peak of the Sample
solutioncorresponds to that of Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Diluent: Transfer 950 mL of methanol to a 1-L volumetric
flask. Add 0.60 mL of di(ethylene glycol) methyl ether, and
dilute with methanol to volume.

Standard solution: 0.4 mg/mL of USP
Methylsulfonylmethane RS in Diluent. Sonicate at 500 for
1 min, and allow to cool to room temperature.

Sample solution: 0.4 mg/mL of Methylsulfonylmethane in
Diluent.Sonicateat 500 for 1 min, and allow to cool to room
temperature.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary column coated with a

5-lJm phase G2
Temperature

Column: 1200

Injector: 250 0

Detector: 250 0

Carrier gas: Helium
Flow rate: 5 mL/min
Split ratio: 2:1
Injection size: 1 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0% for the peak
response ratio of methylsulfonylmethane to di(ethylene
glycol) methyl ether from replicate injections

Analysis
Samples: Standardsolution and Sample solution

www.webofpharma.com

https://nhathuocngocanh.com/



5156 Methylsulfonylmethane / Dietary Supplements

Calculate the percentage of methylsulfonylmethane
(C2H60 2S) in the portion of Methylsulfonylmethane
taken:

Result=(R viR s) x (C siC v) x 100

Ru =peak responseratio of methylsulfonylmethane to
di(ethylene glycol) methyl ether from the Sample
solution

Rs =peak responseratio of methylsulfonylmethane to
di(ethylene glycol) methyl ether from the
Standard solution

C s =concentration of USP Methylsulfonylmethane RS
in the Standard solution (mg/mL)

Cu =concentration of Methylsulfonylmethane in the
Sample solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• CHROMATOGRAPHIC PURITY AND LIMIT OF DIMETHYL

SULFOXIDE
Standard stock solution: 1.0 mg/mL of USP Dimethyl

Sulfoxide RS in methanol
Sensitivity check solution: 2.0 ~g/mL from the Standard

stock solution in methanol
System suitability solution: 0.1 mg/ml of USP Dimethyl

Sulfoxide RS and 0.4 mg/ml of USP
Methylsulfonylmethane RS in methanol. In a 50-mL
volumetric flask dissolve 20 mg of USP
Methylsulfonylmethane RS in 5 ml of the Standard stock
solution, and dilute with methanol to volume.

Sample solution: 2 mg/ml of Methylsulfonylmethane in
methanol. Sonicate at 50° for 1 min, and allow to cool to
room temperature.

Chromatographic system: Proceed asdirected in the
Assay.

System suitability
Samples: Sensitivity check solution and System suitability

solution
Suitability requirements

Signal-to-noise ratio: NlT 10 for dimethyl sulfoxide
peak, Sensitivity check solution .

Resolution: NlT 2.0 between dimethyl sulfoxide and
methylsulfonylmethane, System suitability solution

Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of

Methylsulfonylmethane taken:

Result= (r vir T) x 100

r u =responseof each impurity in the Sample solution
r T =sum of the responses of all of the peaksother than

the solvent peak

Acceptance criteria .
Individual impurities: NMT 0.1% of dimethyl sulfoxide;

NMT 0.05% of any other individual impurity
Total impurities: NMT 0.2% for all impurities, including

dimethyl sulfoxide

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 108.5°-110.5°
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count is NMT 103 cfu/g or ml, and the total
combined molds and yeasts count is NMT 102 cfu/g or ml.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements for absence of Escherichia coli in 109.
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• WATER DETERMINATION, Method I (921): NMT 0.1%.
[NOTE-500 mg of methylsulfonylmethane may be required
for this analysis.]

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Dimethyl Sulfoxide RS
USP Methylsulfonylmethane RS

Dimethyl sulfone.
C2H602S 94.13

Methylsulfonylmethane Tablets

DEFINITION
Methylsulfonylmethane Tablets contain NLT 90.0% and NMT

110.0% of the labeled amount of methylsulfonylmethane
(C2H602S).

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standard solution, as
obtained in the Procedure for Strength.

STRENGTH
• PROCEDURE

Diluent: Transfer 950 ml of methanol to a l-l volumetric
flask. Add 0.60 ml of diethylene glycol methyl ether, and
dilute with methanol to volume.

Standard solution: 0.4 mg/ml of USP
Methylsulfonylmethane RS in Diluent. Sonicate at 50° for
1 min, and allow to cool to room temperature.

Sample solution: Finely powder NLT 20 Tablets. Dissolve a
portion of the finely powdered material, equivalent to 1
Tablet, in Diluent, and sonicate for 15 min at 50°. Allow to
cool to room temperature, dilute with Diluent to volume,
and mix. Quantitatively dilute with Diluent to obtain a final
concentration of 0.4 mg/ml of methylsulfonylmethane.
Transfer 1 ml of the suspension to a 1.5-ml
microcentrifuge tube, and centrifuge for 20 s. Usethe
supernatant. '

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30~m capillary; 5-~m phase G2

coating
Temperature

Column: 120°
Injector: 250°
Detector: 250°

Carrier gas: Helium
Flow rate: 5 mL/min
Injection size: 1 ~L

Injector type: Split ratio, 2:1
System suitability

Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0% for the peak
response ratio of methylsulfonylmethane to diethylene
glycol methyl ether from replicate injections

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amountof of

methylsulfonylmethane (C2H60 2S) in the portion of
Tablets taken:
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Result = (Ru/Rs) x (CslCu) x 100

=internal standard ratio (peak response of
methylsulfonylmethane to diethylene glycol
methyl ether) from the Sample solution

=internal standard ratio (peak response of
methylsulfonylmethane to diethylene glycol
methyl ether) from the Standard solution

=concentration of USP Methylsulfonylmethane RS
in the Standard solution(mg/mL)

= nominal concentration of
methylsulfonylmethane in the Sample solution
(mg/mL)

Acceptance criteria: 90.00/0-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Disintegration; 30 min
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Methylsulfonylmethane RS
Dimethyl sulfone.
C2H60 2S 94.1 3

Milk Thistle

DEFINITION
Milk Thistle consists of the dried ripe fruit of Silybum marianum

(L.) Gaertn. (Fam. Asteraceae), the pappus having been
removed. It contains NLT 2.0% of silymarin, calculated as
silybin (C2sH220 ,o), on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATIONTEST

Standard solution: 1.0 mg/mL of USPSilydianin RS in
methanol

Sample solution: Use the Sample solution, prepared as
directed in the test for Content of Silymarin.

Chromatographic system
(See Chromatography (621), Thin-Layer Chroma.t09,r?phy.)
Adsorbent: 0.25-mm layer of chromatographic silka gel,

typically 20 cm long (TLC plates)
Application volume: 10 ~L

Developing solvent system: Freshly prepa:ed ~ixture of
chloroform, acetone, and anhydrous formic acid (75:
16.5: 8.5)

Spray reagent A: 1O-mg/mL solution of 2-aminoethyl
diphenylborinate in methanol

Spray reagent B: 50-mg/mL solution of polyethylene
glycol 4000 in alcohol

Analysis
Samples: Standard solutionand Sample solution
Develop the chromatograms until the solvent front has

moved about three-fourths of the plate, and dry it for
30 min in a current of cold air. Spray the plate with Spray
reagent A, allow to dry, and then spray with Spray reagent
B. One hour later examine the plate under long-wave UV
light (365 nm).

Acceptance criteria: The chromatogram of the Sample
solutionexhibits an intense green-blue fluorescent zone at
an RF value of about 0.5 (presence of silybin) and a
gray-blue spot at an RF value of about 0.4, corresponding
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to that observed in the chromatogram of the Standard
solution. The chromatogram of the Sample solutionmay
exhibit other colored zones: an intense green-blue zone at
an RF value of about 0.25 (presence of silychristin) and a
red-orange zone at an RF value of about 0.3 (presence of
taxifolin).

• B. HPLC IDENTIFICATIONTEST
Analysis: Proceed as directed in the test for Content of

Silymarin.
Acceptance criteria: The retention times of the peaks for

silydianin, silychristin, silybin A, silybin B, isosilybin A~ and
isosilybin B in the chromatogram of the Sample solution
correspond to those in the chromatogram of the Milk thistle
standardsolution.

COMPOSITION
• CONTENT OF SILYMARIN

Solution A: Methanol, phosphoric acid, and water (20: 0.5:
80)

Solution B: Methanol, phosphoric acid, and water (80: 0.5:
20)

Mobile phase: See Table 1.

Table 1

Time Solution A SolutlonB
(min) (%) (%)

0 85 15

5 85 15

20 55 45

40 55 45

41 85 15

55 85 15

Milk thistle standard solution: 0.7 mg/mL of USP
Powdered Milk Thistle Extract RS in methanol. Sonicate for
20 min to dissolve. Pass through a membrane filter having a
0.45-~m or finer pore size. Dilute 1:5 with methanol ~o
obtain a solution of 0.14 mg/mL of USP Powdered Milk
Thistle Extract RS.

Silybin standard solutions: 0.20, 0.02, and 0.004 mg~mL

of USP Silybin RS in methanol. Pass through a membrane
filter having a 0.45-~m or finer pore size.

Sample stock solution: Transfer 109 of finely powdered
Milk Thistle to an extraction thimble, and cover with a small
cotton ball. Transfer the thimble to a continuous-extraction
apparatus fitted with a 250-mL round-bottom flask
containing 150 mL of solvent hexane, and heat the flask
on a heating mantle for 4 h. After the extraction, detach the
round-bottom flask from the extraction apparatus, and
discard the solvent hexane. Dry the extraction thimble to
remove residual solvent hexane, and transfer the thimble to
an extraction apparatus suitable for hot extraction and
fitted with a 250-mL round-bottom flask containing 100 mL
of ethyl acetate. [NOTE-Adjust the volume of ethyl acetate,
if necessary, to sustain continuous extraction.] Heat the
flask to achieve gentle reflux. After 8 h, transfer the extract
quantitatively into a 1OO-mL volumetric flask, and dilute
with methanol to volume.

Sample solution: Dilute the Sample stock solution1:25 with
methanol.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm x 15-cm; 5-~m packing L1
Column temperature: 40°
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Flowrate: 1 mL/min
Injection volume: 10 I-IL

System suitability
Sample: Milk thistle standard solution

[NoTE-For the relative retention times, see Table 2.]

Table 2
Relative

Retention
Time

Silychristin 0.68

Silydianin 0.73

Silybin A 1.00

SilybinB 1.05

Dehydrosilybin 1.09

Isosilybin A 1.15

Isosilybin B 1.19

Suitability requirements
Chromatogram similarity: The chromatogram of the

Milk thistle standard solution issimilar to the reference
chromatogram provided with the lot of USP Powdered
Milk Thistle Extract RS being used.

Resolution: NLT 1.0 between silybin Aand silybin B
Tailing factor: 0.8-2.0
Relativestandard deviation: NMT 2.0% for the sum of

peak responsesdue to silybin Aand silybin B
Analysis

Samples: Milk thistle standard solution, Silybin standard
solutions, and Sample solution

Identify the peaksdue to silychristin, silydianin, silybin A,
silybin B, isosilybin A, and isosilybin Bby comparison with
the chromatogram of the Milk thistle standard solution,
and measurethe peakareas of the relevantpeaks. Plotthe
combined peakareas of silybin Aand silybin Bagainst the
concentrations of USP Silybin RS in the corresponding
Silybin standard solutions, and establish a calibration curve
using least-squares regression. .

Separately calculatethe percentage of each relevant
component of silymarin as silybin (C2sH2201O).in the
portion of Milk Thistle taken:

Result = ex (V/W) x 0 x 100

C = concentration of the relevantcomponent in the
Sample solution as interpolated from the
calibration curve (mg/mL)

V = volumeof the Sample stock solution (mL)
W = weight of the portion of Milk Thistle taken (mg)
o = dilution factor to prepare the Sample solution

from Sample stock solution, 25

Calculate the content of silymarin, as a percentage, in the
portion of Milk Thistle taken by adding the individual
percentages.

Acceptance criteria: NLT 2.0% of sllymarln, calculated as
silybin (C2sH22010), on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 102du/g.

USP 43

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The fruits (achenes)are elongated ovoid,
slightly crooked, somewhat flattened, roughly6-7 mm in
length, up to 3 mm inwidth, and 1.5 mm in thickness, and
have a projecting cartilaginous, glossy, yellowish edge on
the upper surfaceand a grooved hilum at the base.Thefruit
coat isglossybrown-black or matte gray-brown with dark
or pale gray streaks; it encloses the straight embryo having
two thick, flattened cotyledons that contain fatty oiland
aleurone granules.

Microscopic: The fruitwall epidermis consists of almost
colorless palisadecells arranged at right angles to the
surface. Theyhavegreatlythickenedouter walls, into which
the lumen continues for some distance in the form of a slit.
Viewed from above under high magnification, the cells
show onlya slit-shaped lumen.Theyhave thickened ridges
that appear as nodular thickenings of the cell wall when
viewed from above. Thesubepidermal layerof the fruitwall
ismade up of unlignified thin-walled parenchymal cells and
constitutes a pigment layer. Colorless cells and groups of
cells alternate with pigment cells, the latter Varying in
number; thisgivesthe fruitwall itsmottledappearance. The
fruit wall tissue isabout 8 cell layers thick, with stippled
parenchymal cells elongated in the longitudinal axisof the
fruit. The cells of the innermost layer of the fruit wall may
be collapsed; they contain largecigar-shaped or monoclinic
calcium oxalate prisms. The seed coat epidermis isformed
from largeyellowpalisade cells. The cells have a narrow
lumen, somewhat expanded at each end of the cell, and
the cell walls show conspicuous lamination. The
subepidermal cells ofthe seed coat consistof peculiar
stippled cells; their lignified cellmembranes have
prominent, close-setridgesor thickenings ("net cells").
Next to them isa single layerof cells having tough,
somewhat swollen walls and lipophilic contents
(endosperm residue). The embryo consists of thin-walled
cells that, in addition to small glands, contain clumps of
crystals and fat droplets.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561)
Sample: 1.0 g of finely powdered Milk Thistle
Acceptance criteria: NMT 8.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Milk Thistle
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 8.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS
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Powdered Milk Thistle

DEFINITION
Powdered Milk Thistle is Milk Thistle reduced to a fine or very
fine powder. Itcontains NLT 2.0% of silymarin, calculated as
silybin (C2SH22010), on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 1.0 mg/mL of USP Silydianin RS in
methanol

Sample solution: Use the Sample solution, prepared as
directed in the test for Contentof Silymarin.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layerof chormatographic silica gel,

typically 20 cm long (TLC plates)
Application volume: 10 ~L

Developing solvent system: Freshly prepared mixtureof
chloroform, acetone, and anhydrous formic acid (75:
16.5: 8.5)

Spray reagent A: 1O-mg/mL solutionof 2-aminoethyl
diphenylborinate in methanol

Spray reagent B: 50-mg/mL solution of polyethylene
glycol 4000 in alcohol

Analysis
Samples: Standardsolution and Sample solution
Develop the chromatograms until the solventfront has

moved about three-fourths of the plate, and dry it for
30 min in a current of cold air. Spraythe plate with Spray
reagent A,allowto dry, and then spraywith Spray reagent
B. One hour later, examine the plate under long-wave UV
light (365 nm).

Acceptance criteria: The chromatogram of the Sample
solutionexhibitsan intense green-blue fluorescent zone at
an RF valueof about 0.5 (presence of silybin) and a
gray-blue spot at an RF value of about 004, corresponding
to that observed in the chromatogram of the Standard
solution. The chromatogram of the Sample solutionmay
exhibitother colored zones: an intense green-bluezone at
an RF valueof about 0.25 (presence of silychristin) and a
red-orange zone at an RF value of about 0.3 (presence of
taxifolin).

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Content of

Silymarin.
Acceptance criteria: The retention times of the peaksfor

silydianin, silychristin, silybin A, silybin B, isosilybin A, and
isosilybin Bin the chromatogram of the Sample solution
correspondto those in the chromatogram of the Milk thistle
standardsolution.

COMPOSITION
• CONTENT OF SILYMARIN

Solution A: Methanol, phosphoric acid, and water (20:0.5:
80)

Solution B: Methanol, phosphoric acid, and water (80:0.5:
20)

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 85 15

5 85 15

20 55 45

40 55 45
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Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

41 85 15

55 85 15

Milk thistle standard solution: 0.7 mg/mL of USP
Powdered Milk Thistle Extract RS in methanol. Sonicatefor
20 min to dissolve. Pass through a membrane filter havinga
OA5-JJm or finer pore size. Dilute 1:5 with methanol to
obtain a solutionof 0.14 mg/mL of USP Powdered Milk
Thistle Extract RS.

Silybinstandard solutions: 0.20,0.02, and 0.004 mg/mL
of USP Silybin RS in methanol. Pass through a membrane
filterhaving a OA5-~m or finer pore size.

Sample stock solution: Transfer 109 of Powdered Milk
Thistle to an extraction thimble, and coverwith a small
cotton ball. Transfer the thimbleto a continuous-extraction
apparatus fitted with a 250-mL round-bottom flask
containing 150 mL of solvent hexane, and heat the flask
on a heating mantlefor4 h. After the extraction,detach the
round-bottom flask from the extraction apparatus, and
discard the solvent hexane. Dry the extraction thimble to
remove residual solventhexane, and transferthe thimbleto
an extraction apparatus suitablefor hot extraction and
fitted witha 250-mL round-bottom flask containing 100 mL
of ethyl acetate. [NOTE-Adjust the volumeof ethylacetate,
ifnecessary, to sustain continuous extraction.] Heat the
flask to achievegentle reflux. After 8 h, transferthe extract
quantitatively into a 1OO-mL volumetric flask, and dilute
with methanol to volume.

Sample solution: Dilute the Sample stock solution1:25 with
methanol.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm x 15-cm; 5-~m packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 ~L

System suitability
Sample: Milk thistlestandardsolution

[NOTE-For the relative retention times, see Table 2.]

Table 2
Relative

Retention
Time

Silychristin 0.68

Silydianin 0.73

Silybin A 1.00

Silybin B 1.05

Dehydrosilybin 1.09

Isosilybin A 1.15

Isosilybin B 1.19

Suitability requirements
Chromatogram similarity: The chromatogram of the

Milk-thistle standardsolution issimilar to the reference
chromatogram providedwith the lot of USP Powdered
Milk Thistle Extract RS being used.

Resolution: NLT 1.0 between silybin Aand silybin B
Tailing factor: 0.8-2.0
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• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• ARTICLES .OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Milk Thistle
Acceptance criteria: NMT 8.0%

• Loss ON DRVING (731)
Sample: 1.0 g of Powdered Milk Thistle
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 8.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant source from which
the article was derived.

• USP REFERENCE STANDARDS (11)
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS

Powdered Milk Thistle Extract
DEFINITION

. Powdered Milk Thistle Extract is prepared from Milk Thistle
fruits or seedsby fat removal and subsequent extraction with
suitable solvents. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of silymarin, calculated as silybin
(C2sH22010), on the dried basis, consisting of NLT 20.0% and
NMT 45.0% for the sum of silydianin and silychristin, NLT
40.0% and NMT 65.0% for the sum of silybin A and silybin
B,and NLT 10.0% and NMT 20.0% for the sum of isosilybin A
and isosilybin B.·

IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 1.0 mg/mL of USP Silydianin RS in
methanol

Sample solution: 10 mg/mL of Powdered Extract in
methanol, and allow to stand for 15 min before use.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatogrdphy.)
Adsorbent: 0.25-mm layer of chromatographic silica gel,

typically 20 cm long
Application volume: 10 IJL
Developing solvent system: Freshly prepared mixture of

chloroform, acetone, and anhydrous formic acid (75:
16.5: 8.5)

Spray reagent A: 1O-mg/mL solution of 2-aminoethyl
diphenylborinate in methanol "

Spray reagent B: 50-mg/mL solution of polyethylene
glycol 4000 in alcohol

Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has

moved about three-fourths of the plate, and dry it for
30 min in a current of cold air. Spray the plate with Spray
reagent A, allow to dry, and then spray with Spray reagent
B. One h later, examine the plate under long-wavelength
UV light.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits an intense green-blue fluorescent zone at
an RFvalue of about 0.5 (presence of silybin) and exhibits a
qray-blue spot at an R F value of about 0.4, corresponding
to a spot observed in the chromatogram of the Standard
solution. The chromatogram of the Sample solutionmay
exhibit other colored zones: an intense green-blue zone at

=concentration of the relevant component in the
Sample solution as interpolated from the
calibration curve (mg/mL)

= volume of the Sample stock solution (mL)
=weight of the portion of Powdered Milk Thistle

taken (mg)
= dilution factor to prepare the Sample solution

from Sample stock solution, 25

Calculate the content of silymarin, as a percentage, in the
portion of Powdered Milk Thistle taken by adding the
individual percentages.

Acceptance criteria: NLT 2.0% of silymarin, calculated as
silybin (C2sH22010), on the dried basis

Relative standard deviation: NMT 2.0% for the sum of
peak responses due to silybin A and silybin B

Analysis
Samples: Milk thistlestandardsolution, Silybin standard

solutions, and Sample solution
Identify the peaks due to silychristin, silydianin, silybin A,

silybin B, isosilybin A,and isosilybin Bby comparison with
the chromatogram of the Milk thistlestandardsolution,
and measure the peak areasof the relevant peaks. Plot the
combined peak areasof silybin A and silybin Bagainst the
concentrations of USP Silybin RS in the corresponding
Silybin standardsolutions, and establish a calibration curve
using least-squares regression.

Separately calculate the percentage of each relevant
component of silymarin as silybin (C2sH2201O) in the
portion of Powdered Milk Thistle taken:

Result =ex (V/lN) x D x 100

CONTAMINANTS
• 'ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 du/g, and the total combined
molds and yeasts count does not exceed ,102du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of ,Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: The powder is characterized

by fragments of colorless cells, up to approximately 75 IJm
in length and 8 IJm in width, from the palisade layer of the
epidermis of the fruit wall, with their adherent pigment
layer (they assume a red color in chloral hydrate
preparations), and by gray pieces, viewed from above, with
the slitlike lumen produced by the pronounced wall
thickening or the nodes on the cell wall formed by the
thickened ridges; fragments of the pigment layer viewed
from above, with red coloration diffusing out of them in
chloral hydrate preparations, pigment cells alternating with
colorless parenchymal cells; conspicuously stippled
colorless cells through which pigment cells are visible when
viewed from above; cigar-shaped or monoclinic calcium
oxalate prisms, lying free or in groups of cells; numerous
fragments of the lemon-yellow palisade cells of the seed
coat, up to roughly 150 IJm in length, having a very narrow
lumen and conspicuously stippled when viewed from
above; pale yellowish fragments from the net cell layer
together with portions of the embryo consisting of
thin-walled cells with small glands and lipophilic
substances. .
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an R Fvalue of about 0.25 (presence of silychristin) and a
red-orange zone at an RF value of about 0.3 (presence of
taxifolin).

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Contentof

Silymarin.
Acceptance criteria: The retention times of the peaksfor

silydianin, silychristin, silybin A, silybin B, isosilybin A, and
isosilybin B in the chromatogram of the Sample solution
correspond to those in the chromatogram of the Milk thistle
standardsolution.

COMPOSITION
• CONTENT OF SILYMARIN

Solution A: Methanol, phosphoric acid, and water (20: 0.5:
80)

Solution B: Methanol, phosphoric acid, and water (80: 0.5:
20)

Mobile phase: See Table 7.

Table 1
Time Solution A
(min) (%) Solution B (%)

0 85 15

5 85 15

20 55 45

40 55 45

41 85 15

55 85 15

Milk thistle standard solution: 0.7 mg/mL of USP
Powdered Milk Thistle Extract RS in methanol. Sonicate for
20 min to dissolve.

Silybin standard solutions: 0.20, 0.02, and 0.004 mg/mL
of USP Silybin RS in methanol. Pass through a membrane
filter having a 0.45-l..Im or finer pore size.

Sample solution: Dissolve a sample of Extract in methanol
to obtain a solution equivalent to 0.4 mg/mL of silymarin.
Sonicate for 20 min, cool to 20°, and passthrough a filter
of 0.45-l..Im or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC .
Detector: UV 288 nm
Column: 4.6-mm x 15-cm; 5-l..Im packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection size: 10 I..IL

System suitability
Sample: Milk thistlestandardsolution

[NOTE-For the relative retention times, see Table 2.]

Table 2
Relative

Retention
Time

Silychristin 0.68

Silydianin 0.73

Silybin A 1.00

Silybin B 1.05

Dehydrosilybin 1.09

Isosilybin A 1.15

Tsosilybin B 1.19
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Suitability requirements
Chromatogram similarity: The chromatogram from the

Milk thistlestandardsolution is similar to the reference
chromatogram provided with the lot of USP Powdered
Milk Thistle Extract RS being used.

Resolution: NLT 1.0 between silybin A and silybin B
Tailing factor: 0.8-2.0
Relative standard deviation: NMT 2.0% for the sum of

peak responses due to silybin A and silybin B
Analysis

Samples: Milk thistlestandardsolution, each of the Silybin
standardsolutions, and Sample solution

Identify the peaks due to silychristin, silydianin, silybin A,
silybin B, isosilybin A, and isolybin Bby comparison with
the chromatogram of the Milk thistle standardsolution,
and measure the peak areas of the relevant peaks. Plot the
areasof the sum of silybin A and silybin Bpeaksversusthe
concentration of USP Silybin RS in the Silybin standard
solutions, and obtain a regression line for calibration.

Separately calculate the percentage of each relevant
component of silymarin assilybin (C2sH2201O) in the
portion of Powdered Extract taken:

Result = ex (VIW) x 100

C = concentration of the relevant component in the
Sample solutionas interpolated from the
calibration graph (mg/mL)

V =volume of the Sample solution (mL)
W =weight of the portion of Powdered Extract taken

(mg)

Calculate the percentage of the labeled amount of silymarin
in the portion of Powdered Extract taken:

Result= LSIL x 100

LS =sum of the percentages of the each relevant
component of silymarin

L =labeled amount of silymarin, as a percentage, in
the Powdered Extract

Acceptance criteria: 90.0%-110.0% of the labeled amount
of silymarin, calculated as silybin (C2sH220,O), on the dr.ied
basis,consisting of: 20.0%-45.0% for the sum of silydianin
and silychristin; 40.00/0-65.0% for the sum of silybin A and
silybin B; and 10.0°/0-20.0% for the sum of isosilybin A and
isosilybin B

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104/g, the total combined molds
and yeasts count does not exceed 103 cfu/g, and the
enterobacterial count does not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
species and Escherichia coli.

• OTHER REQUIREMENTS: It meets the requirements in
Botanical Extracts (565) for the tests in sections Pesticide
Residues and Residual Solvents.

SPECIFIC TESTS
• Loss ON DRYING (731): Dry a sample at 105° for 2 h: it loses

NMT 5.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, in a cool place.
• LABELING: The label statesthe Latin binomial and, following

the official name, the part of the plant from which the
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article was prepared. It meets the requirements for Botanical
Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS

Milk Thistle Capsules

DEFINITION
Milk Thistle Capsules are prepared from Powdered Milk Thistle

Extract. They contain NLT 90.0% and NMT 110.0% of the
labeled amount of silymarin assilybin (C2sH2201O), calculated
as the sum of silydianin, silychristin, silybin A, silybin B,
isosilybin A, and isosilybin B.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATIONTEST

Standard solution: 1.0 mg/mL of USP Silydianin RS in
methanol

Sample solution: Equivalent to 5 mg/mL of silymarin from
powdered Capsule contents (finely powder the contents of
NLT 20 Capsules) in methanol. Shakefor 1 min, and
sonicate for 10 min. Allow to stand for 15 min before use.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel,

typically 20 cm long
Application volume: 10 IJL
Developing solvent system: Freshly prepared mixture of

chloroform, acetone, and anhydrous formic acid (75:
16.5: 8.5)

Spray reagent A: 1O-mg/mL solution of 2:-aminoethyl
diphenylborinate in methanol

Spray reagent B: 50-mg/mL solution of polyethylene
glycol 4000 in alcohol

Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has

moved about three-fourths of the plate, and dry it for
30 min in a current of cold air. Spray the plate with Spray
reagentA, allow to dry, and then spray with Spray reagent
B. One h later, examine the plate under long-wavelength
UV light.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits an intense green-blue fluorescent zone at
an RF value of 0.5 (presence of silybin) and exhibits a
gray-blue spot at an R F value of 0.4, corresponding to a
spot observed in the chromatogram of the Standard
solution. The chromatogram of the Sample solutionmay
exhibit other colored zones: an intense green-blue zone at
an R F value of 0.25 (presence of silychristin) and a
red-orange zone atan RFvalueof 0.3 (presence oftaxifolin).

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed for Content ofSilymarin.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits peaks for silydianin, silychristin, silybin A,
silybin B, isosilybin A, and isosilybin Bat retention times that
correspond to those of the Milk thistle standardsolution.

STRENGTH
• CONTENT OF SILYMARIN

Solution A: Methanol, phosphoric acid, and water (20: 0.5:
80)

Solution B: Methanol, phosphoric acid, and water (80: 0.5:
20)

USP 43

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 85 15

5 85 15

20 55 45

40 55 45

41 85 15

55 85 15

Milk thistle standard solution: 0.7 mg/mL of USP
Powdered Milk Thistle Extract RS in methanol. Sonicate for
20 min to dissolve.

Silybin standard solutions: 0.20, 0.02, and 0.004 mg/mL
of USP Silybin RS in methanol. Pass through a membrane
filter having a 0,45-lJm or finer pore size.

Sample solution: Weigh and finely powder the contents of
NLT 20 Capsules. Transfer an accurately weighed quantity
of the powder equivalent to 100 mg of silymarin to a
1OO-mL volumetric flask, add 90 mL of methanol, and
sonicate for 20 min with occasional shaking. Cool to 20°,
and dilute with methanol to volume. Filter through a
membrane with a 0.45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV288 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
Sample: Milk thistlestandardsolution

[NOTE-For the relative retention times, see Table 2.]

Table 2
Relative

Retention
Name Time

Silychristin 0.68

Silydianin 0.73

Silybin A. 1.00

Silybin B 1.05

Dehydrosilybin 1.09

fsosifybin A 1.15

Isosilybin B 1.19

Suitability requirements
Chromatogram similarity: The chromatogram from the

Milk thistlestandardsolution is similar to the reference
chromatogram provided with the lot of USPPowdered
Milk Thistle Extract RS being used.

Resolution: NLT 1.0 between silybin A and silybin B
Tailing factor: 0.8-2.0
Relative standard deviation: NMT 2.0% for the sum of

peak responses due to silybin A and silybin B
Analysis

Samples: Milk thistlestandardsolution, each of the Silybin
standardsolutions, and Sample solution

Identify the peaks due to silychristin, silydianin, silybin A,
silybin B, isosilybin A, and isosilybin B by comparison of
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the chromatogram of the Milk thistlestandardsolution
with the reference chromatogram, and measure the peak
areasof the relevant peaks. Plot the areasof the sum of
silybin A and silybin B peaks versus the concentration of
USP Silybin RS in the Silybin standardsolutions, and
obtain a regression line for calibration.

Separately calculate the content, in mg, of each relevant
component of silymarin as silybin (C2sH22010) in the
portion of contents of Capsules taken:

Result = C x V

C = concentration of the relevant component in the
Sample solutionas interpolated in the calibration
graph (mg/ml)

V = volume of the Sample solution(ml)

Calculate the content of silymarin, as a percentage, in the
portion of Capsules taken:

Result=C s x (A weiW) x (1001L)

Cs = sum of the contents of each relevant component
of silymarin in the portion of content of Capsules
taken (mg)

A we = average weight of the contents of Capsules (mgl
'Tablet)

W = weight of the portion of content of Capsules
taken (mg)

L =labeled amount of silymarin (mg/Capsule)

Acceptance criteria: 90.00/0-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Dissolution
Buffer: 6.9 gil of monobasic sodium phosphate and 1.52 gl

l of sodium hydroxide in water. Adjust to a pH of 7.5.
Medium: Buffer containing 2% lauryl sulfate; 900 ml
Apparatus 2: 100 rpm
Time: 45 min

Determine the amount of silymarin as silybin. (C2sH200,o)
dissolved by using the method in the test for Content of
Silymarin, making any necessarymodifications. .

Tolerances: NlT 75% of the labeled amount of silymarin as
silybin (C2sH..220lO) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, the total combined molds
and yeasts count does not exceed 103 cfu/g, and the
enterobacterial count does not exceed 102cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for the absence of Salmonella
speciesand Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the Latin binomial and, following

the official name, the article from which the Capsuleswere
prepared. The label also indicates the content of silymarin,
in mq/Capsule.

• USP REFERENCE STANDARDS (11)
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS
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Milk Thistle Tablets

DEFINITION
Milk Thistle Tablets are prepared from Powdered Milk Thistle

Extract. They contain NLT 90.0% and NMT 110.0% of the
labeled amount of silymarin assilybin (C2sH22010), calculated
as the sum of silydianin, silychristin, silybin A, silybin B,
isosilybin A, and isosilybin B.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATIONTEST

Standard solution: 1.0 mg/ml of USP Silydianin RS in
methanol

Sample solution: Equivalent to 5 mg/ml of silymarin from
finely powdered Tablets (NlT 20) in methanol. Shakefor
1 min, and sonicate for 10 min. Allow to stand for 15 min
before use.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TlC
Adsorbent: 0.25-mm layer of chormatographic silica gel,

typically 20 cm long
Application volume: 10 IJl
Developing solvent system: Freshly prepared mixture of

chloroform, acetone, and anhydrous formic acid (75:
16.5: 8.5)

Spray reagent A: 1O-mg/ml solution of 2-aminoethyl
diphenylborinate in methanol

Spray reagent B: 50-mg/ml solution of polyethylene
glycol 4000 in alcohol

Analysis
Samples: Standard solutionand Sample solution
Develop the chromatograms until the solvent front has

moved about three-fourths of the plate, and dry it for
30 min in a current of cold air. Spray the plate with Spray
reagent A, allow to dry, and then spray with Spray reagent
B. One h later, examine the plate under long-wavelength
UV light.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits an intense green-blue fluorescent zone at
an R Fvalue of 0.5 (presence of silybin) and exhibits a
gray-blue spot at R Fvalue of 004, corresponding to a spot
observed in the chromatogram of the Standard sdution.
The chromatogram of the Sample solutionmay exhibit
other colored zones: an intense green-blue zone at an RF

value of 0.25 (presence of silychristin) and a red-orange
zone at an R Fvalue of 0.3 (presence of taxifolin).

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed for Content of Silymarin.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits peaks for silydianin, silychristin, silybin A,
silybin B, isosilybin A, and isosilybin Bat retention times that
correspond to those of the Milk thistlestandard solution.

STRENGTH
• CONTENT OF SILYMARIN

Solution A: Methanol, phosphoric acid, and water (20: 0.5:
80)

Solution B: Methanol, phosphoric acid, and water (80: 0.5:
20)

Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 85 15

5 85 15

www.webofpharma.com

https://nhathuocngocanh.com/



5164 Milk Thistle / DietarySupplements

Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

20 55 45

40 55 45

41 85 15

55 85 15

Milk thistle standard solution: 0.7 mg/mL of USP
Powdered Milk Thistle Extract RS in methanol. Sonicate for
20 min to dissolve.

Silybin standard solutions: 0.20, 0.02, and 0.004 mg/mL
of USP Silybin RS in methanol. Pass through a membrane
filter having a 0.45-J.lm or finer pore size.

Sample solution: .Weigh and finely powder NLT 20 Tablets.
Transfer an accurately weighed quantity of the powder
equivalent to 100 mg of silymarin to a 1OO-mL volumetric
flask, add 90 mL of methanol, and sonicate for 20 min with
occasional shaking. Cool to 20°, and dilute with methanol
to volume. Filter through a membrane with a 0.45-J.lm or
finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm x 15-cm; 5-J.lm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection size: 10 J.lL

System suitability
Sample: Milk thistlestandardsolution

[NoTE-For the relative retention times, see Table 2.]

Table 2
Relative

Retention
Name Time

Silychristin 0.68

Silydlanin 0.73

Silybin A 1.00

Silybin B 1.05

Dehydrosilybin 1.09

Isosilybin A 1.15

Isosilybln B 1.19

Suitability requirements
Chromatogram similarity: The chromatogram from the

Milk thistle standardsolution is similar to the reference
chromatogram provided with the lot of USP Powdered
Milk Thistle Extract RS being used.

Resolution: NLT 1.0 between silybin A and silybin B
Tailing factor: 0.8-2.0 '
Relative standard deviation: NMT 2.0% for the sum of

peak responses due to silybin A and silybin B
Analysis

Samples: Milk thistlestandardsolution, each of the Silybin
standard solutions, and Sample solution

Identify the peaks due to silychristin, silydianin, silybin A,
silybin B, isosilybin A, and isosilybin B by comparison of
the chromatogram of the Milk thistlestandardsolution
with the reference chromatogram,and measure the peak
areas of the relevant peaks. Plot the areas of the sum of
silybin A and silybin B peaks versus the concentration of
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USP Silybin RS in the Silybin standardsolutions, and
obtain a regression line for calibration.

Separately calculate the content, in mg, of each relevant
component of silymarin as silybin (C2sH2201o) in the
portion of Tablets taken:

Result= C x V

C = concentration of the relevant component in the
Sample solution as interpolated in the calibration
graph (mg/mL)

V =volume of the Sample solution (mL)

Calculate the content of silymarin, as a percentage, in the
portion of Tablets taken:

Result= Cs x (A wTIW) x (100IL)

C s =sum of the contents of each relevant component
of silymarin in the portion of Tablets taken (mg)

A WT = average weight of the Tablets (mg/Tablet)
W =weight of the portion of Tablets taken (mg)
L =labeled amount of silymarin (mg/Tablet)

Acceptance criteria: 90.0%-110.0%

PERFORMANCE TESTS
'. DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Dissolution
Buffer: 6.9 giL of monobasic sodium phosphate and 1.52 gl

L of sodium hydroxide in water. Adjust to a pH of 7.5.
Medium: Buffer containing 2% lauryl sulfate; 900 mL
Apparatus 2: 100 rpm
Time: 45 min

Determine the amount of silymarin assilybin (C2sH20010)
dissolved by using the method in the test for Contentof
Silymarin, making any necessary modifications.

Tolerances: NLT 75% of the labeled amount of silymarin as
silybin (C2sH2201o) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, the total combined 'molds
and yeasts count does not exceed 103 du/g, and the
enterobacterial count does not exceed 102du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the Latin binomial and, following

the official name, the article from which the Tablets were
prepared. The label also indicates the content of silymarin,
in mg/Tablet.

• USP REFERENCE STANDARDS (11)
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS

Minerals Capsules
DEFINITION
Minerals Capsulescontain two or more minerals derived from

substances generally recognized assafe, furnishing two or
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more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron,
magnesium, manganese, molybdenum, nickel, phosphorus,
potassium, selenium, tin, vanadium, and zinc. Capsules
contain NLT 90.0% and NMT 125.0% of the labeled
amounts of calcium (Ca), copper (Cu), iron (Fe), magnesium
(Mg), manganese (Mn), phosphorus (P), potassium (K), and
zinc (Zn); and NLT 90.0% and NMT 160.0% of the labeled
amounts of boron (B), chromium (Cr), fluorine (F), iodine (I),
molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and
vanadium 0/). They contain no vitamins. They may contain
other labeled added substances in amounts that are
unobjectionable.

STRENGTH
[NoTE-In the following assays, where more than one

assay method is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method 1 is not used. Commercially
available atomic absorption standard solutions for the
minerals, where applicable, may be used where
preparation of a Standardstock solution is described in
the following assays. Use deionized water where water
is specified. Where atomic absorption
spectrophotometry is specified in the assay, the
concentrations of the Standardsolutions and the Sample
solutions may be modified to fit the linear or working
range of the instrument.]

• CALCIUM, Method J
Lanthanum chloride solutiom 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
. Calcium standard solution: 400 ~g/mL of calcium. Dissolve

1.001 g of calcium carbonate, previously dried at 3000 for
3 h and cooled in a desiccator for 2 h. Dissolve in 25 mL of
1 N hydrochloric acid. Boil to expel carbon dioxide, and
dilute with water to 1000 mL. .

Standard stock solution: 100 ~g/mL of calcium from the
Calcium standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standard stock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 ~g/mL of
calcium. '

Polysorbate 80 solution: Dilute polysorbate 80 with
alcohol (1 in 10)

Sample solution: Transfer 5 Capsulesto a 100-mL
volumetric flask. [NoTE-For hard gelatin Capsules, weigh
NLT 20 Capsules. Open the Capsules, without lossof shell
material, and transfer the contents to a suitable container.
Remove any contents adhering to the empty shells by
washing with several portions of ether. Discard the
washings, and allow the Capsule shells to dry. Weigh the
empty Capsule shells, calculate the net weight of the
Capsule contents, and transfer a portion of the Capsule
contents, equivalent to 5 Capsules, to a 1OO-mL volumetric
flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric acid,
and 1 mL of Polysorbate 80 solution to the flask. Heat on a
hot plate or steam bath, with intermittent swirling, until the
Capsulesare completely disintegrated or the contents are
dissolved. Boil gently for an additional 15 min. Cool, dilute
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid to obtain a concentration of 2 ~g/mL of calcium,
adding 1 mL of Lanthanum chloride solutionper 100 mL of
the final volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
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Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Calcium emission line at

422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanum chloride solution per 100 mL
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in ~g/mL, of calcium, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Capsulestaken:

Result= (C/ Cu) x 100

C =measured concentration of calcium in the Sample
solution(~g/mL) .

Cu = nominal concentration of calcium in the Sample
solution(~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
.of calcium (Ca)

• CHROMIUM, Method J
Chromium standard solution: 1000 ~g/mL of chromium

from potassium dichromate, previously dried at 120 0 for
4 h, in water. Store in a polyethylene bottle.

Standard stock solution: 10 ~g/mL of chromium from the
Chromium standardsolution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standard stock solution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standard stock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 ~g/mL of chromium.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 1 ~g/mL

of chromium and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame:. Air-acetylene
Analytical wavelength: Chromium emission line at

357.9 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of chromium, and
draw the straight line best fitting the four plotted points.
From the graph so obtained, determine the
concentration, C, in ~g/mL, of chromium in the Sample
solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Capsules taken:

Result=(C/Cu) x 100

C = measured concentration of chromium in the
Sample solution (~g/mL)
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Cu = nominal concentration of chromium in the
Sample solution (~g/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr) .

• COPPER, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil

in a minimum volume of a 50% (v/v) solution of nitric acid,
and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 ~g/mL of copper.

Standard stock solution: 100 uq/rn], of copper from the
Copper standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standard stock
solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 ~g/mL of
copper.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain 2 uq/rnt,
of copper and omit the use of the Lanthanum chloride
solution.

Instrumental conditions .
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Copper hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of copper, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Capsules taken:

Result=(C/ Cu) x 100

C = measured concentration of copper in the Sample
solution (~g/mL) '.

Cu = nominal concentration of copper in the Sample
solution (~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of copper (Cu)

• FLUORIDE, Method 1
[Nora-Store all solutions in plastic containers.]

3 M sodium acetate solution: Dissolve 408 g of sodium
acetate in 600 mL of water in a 1OOO-mL volumetric flask.
Allow the solution to equilibrate to room temperature, and
dilute with water to volume. Adjust with a few drops of
acetic acid to a pH of 7.0. .

Sodium citrate solution: Dissolve222 g of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 ~g/mL-of fluoride
from a quantity of sodium fluoride, previously dried at 100°
for 4 h and cooled in a desiccator, in water

Intermediate stock solution A: 100 ~g/mL of fluoride from
Fluoride standard stock solution diluted with water

Intermediate stock solution B: 10 ~g/mL of fluoride from
Fluoride standard stock solution diluted with water

Standard solutions: To five separate 1OO-mL volumetric
flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate stock
solution Band 5.0 and 10.0 mL of Intermediate stock solution
A. To each flask add 10.0 mL of 1 N hydrochloric acid,
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25 mL of 3 M sodium acetate solution, and 25.0 mL of
Sodium citrate solution. Dilute the contents of each flask
with water to volume to obtain concentrations of 0.3, 0.5,
1.0, 5.0, and 10.0 ~g/mL of fluoride.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 ~g of fluoride, to a 100-mL
volumetric flask. Add 10.0 mL of 1 N hydrochloric acid,
25.0 mL of 3 M sodium acetate solution, and 25.0 mL of
Sodium citrate solution. Dilute with water to volume.

Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standard solutions and the Sample solution. Measure the
potentials (seepH(791», in mY, of the Standard solutions
and the Sample solution, with a pH meter capable of a
minimum reproducibility of ±0.2 mVand equipped with a
fluoride-specific ion-indicating electrode and a
calomel-reference electrode. [NoTE-When taking
measurements, immerse the electrodes in the solution, stir
on a magnetic stirrer with an insulated top until
equilibrium is attained (1-2 min), and record the
potential. Rinse and dry the electrodes between
measurements, taking care to avoid damaging the crystal
of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in ~g/mL,
of the Standard solutions versus the potential, in mY.From
the standard responsecurve so obtained and the
measured potential of the Sample solution, determine the
concentration, C, in ~g/mL, of fluoride in the Sample
solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Capsules taken:

Result= (C/Cu) x 100

C =measured concentration of fluoride in the Sample
solution (~g/mL)

Cu =nominal concentration of fluorine in the Sample
solution (~g/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NoTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water

(20:5:175)
Standard stock solution: 220 ~g/mL of USP Sodium

Fluoride RS in water. This solution contains 100 ~g/mL of
fluoride.

Standard solution
[NoTE-Condition the solid-phase extraction column

specified for use in the Standard solution and Sample
solution in the following manner. Using avacuum at a
pressure not exceeding 5 mm of mercury, wash the
column with 1 column volume of methanol followed
by 1 column volume of pH 70.0buffer. Do not allow
the column top to dry. If the top of the column
becomes dry, recondition the column.]

Transfer 10.0 mL of the Standard stock solution to a 100-mL
volumetric flask. Add 75 mL of water, and adjust with
0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with
water to volume. Filter, discarding the first 15 mL of the
filtrate. Transfer 25.0 mL of the filtrate to a 50-rnL
volumetric flask. Add 15.0 mL of water, and adjust with
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0.1 N sodium hydroxide to a pH of 10.0. Dilute with pH
70.0 buffer to volume. Elute a portion of this solution
through a 3-mL solid-phase extraction column containing
L1 packing that is connected through an adaptor to a
second solid-phase extraction column containing
sulfonylpropyl strong cation-exchange packing. Discard
the first 3 mL of the eluate, and collect the rest of the
eluate in a suitable flask for injection into the
chromatograph.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents to a 1OO-mL container.
If necessary, remove any contents adhering to the empty
shellsby washing with severalportions of ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of
fluorine, to a 1OO-mL volumetric flask. Add 15 mL of water,
and shakevigorously. Rinse the sidesof the flaskwith 15 mL
of water, and allow to stand for 10 min. Dilute with water
to 85 mL, adjust with 1 N sodium hydroxide to a pH of 10.4
± 0.1, and dilute with water to 100 mL. Proceed as
directed in Standardsolution, beginning with "Filter,
discarding the first 15 mL of the filtrate."

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.5 mL/min
Injection volume: 100 J,.JL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas of fluoride.
Calculate the percentage of the labeled amount offluorine

(F) in the portion of Capsules taken:

, Result= (ru/rs) x (Cs/Cu) x 100

t» = peak area from the Sample solution
rs = peak area from the Standardsolution
Cs =concentration of fluoride in the Standardsolution

(J,.Jg/mL)
Cu =nominal concentration of fluorine in the Sample

solution (J,.Jg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• IODIDE
Bromine water: To 20 mL of bromine in a glass-stoppered

bottle add 100 mL of water. Insert the stopper into the
bottle, and shake. Allow to stand for 30 min, and use the
supernatant.

Analysis: Remove the contents of Capsules by cutting open
the Capsules. Mix, and determine the weight of the
contents. Transfer a quantity of the contents, equivalent to
3 mg .of iodine, to a nickel crucible. Add 5 g of sodium
carbonate, 5 mL of 50% (w/v) sodium hydroxide solution,
and 10 mL of alcohol, taking care that the entire specimen
is moistened. Heat the crucible 'on a steam bath to
evaporate the alcohol, then dry the crucible at 100° for
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30 min to prevent spattering upon subsequent heating.
Transfer the crucible with its contents to a furnace heated
to 500°, and heat the crucible for 15 min. [NoTE-Heating
at 500° is necessary to carbonize any organic matter
present; a higher temperature may be used, if necessary, to
ensure complete carbonization of all organic matter.] Cool
the crucible, add 25 mL of water, cover the crucible with a
watchglass, and boil gently for -1 0 min. Filter the solution,
and wash the crucible with boiling water, collecting the
filtrate and washings in a beaker. Add phosphoric acid until
the solution is neutral to methyl orange, then add 1 mL
excess of phosphoric acid. Add excess of Bromine water,and
boil the solution gently until colorless and then for 5 min
longer. Add a few crystals of salicylic acid, and cool the
solution to 20°. Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with
0.005 N sodium thiosulfate VS, adding starch TSwhen the
liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine

(I) in the portion of Capsules taken:

Result=V x NA X F x 'me x (Aw/W) x (100/L)

V =volume of sodium thiosulfate consumed (mL)
NA =actual normality of the sodium thiosulfate

solution used (meq/mL)
F =correction factor to convert mg to I-Ig, 1000

I-Ig/mg
' me =milliequivalent of iodine (I), 21.16 mg/mEq
Aw = average weight of the Capsules content
W = weight of the sample of Capsules content taken
L =labeled amount of iodine (I-Ig/Capsule)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of iodine (I)

• IRON, Method 1
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-mL volumetric flask. Dissolvein 25 mL of
6 N hydrochloric acid, dilute with water to volume,
and mix.

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0,4.0, 5.0, 6.0, and 8.0 mL of Ironstandardstock
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and
8.0 I-Ig/mL of iron.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Caklum, Method
7, except prepare the Sample solutionto contain a nominal
concentration of 5 J,.Jg/mL of iron and omit the use of the
Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Iron hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in I-Ig/mL, of iron, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in J,.Jg/
mL, of iron in the Sample solution.

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Capsules taken:
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Result= (C/Cu) x 100

C =measured concentration of iron in the Sample
solution(j.Jg/ml)

Cu =nominal concentration of iron in the Sample
solution (j.Jg/ml)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of iron (Fe)

• MAGNESIUM, Method 7
Lanthanum chloride solution: Prepare as directed in

Calcium, Method 7.
Magnesium standard solution: Transfer 1.0 g of

magnesium ribbon to a 1OOO-mlvolumetric flask, dissolve
in 50 ml of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a concentration
of 1000 j.Jg/ml of magnesium.

Standard stock solution: 20 j.Jg/ml of magnesium from
Magnesium standardsolution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-ml volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 ml of the Standardstock
solution. To each flask add 1.0 ml of Lanthanumchloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 0.4, 0.5, and
0.6 j.Jg/ml of magnesium.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solutionto contain 0.4 j.Jg/ml
of magnesium. .

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Magnesium emission line at

285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 mL
Analysis .

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in j.Jg/mL, of magnesium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in j.Jg/mL, of magnesium in the Sample
solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Capsules taken:

Result= (C/Cu) x 100

C = measured concentration of magnesium in the
Sample solution (uq/rru)

Cu =nominal concentration of magnesium in the
Sample solution (j.Jg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 7
Manganese standard stock solution: Transfer 1.00 g of

manganese, weighed, to a 1OOO-mL volumetric flask.
Dissolve in 20 ml, of nitric acid, dilute with 6 N hydrochloric
acid to volume, and mix to obtain a solution with a
concentration of 1000 j.Jg/mLof manganese.

Standard stock solution: 50 j.Jg/mLof manganese from
Manganese standardstocksolution diluted with 0.125 N
hydrochloric acid
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Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 j.Jg/mLof
manganese.

Polysorbate 80 solution: Prepareas directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solutionto contain 1 j.Jg/mL
of manganese and omit the useof the Lanthanum chloride
solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Manganese emission line at

279.5 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in j.Jg/mL, of manganese, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in j.Jg/ml, of manganese in the Sample
solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Capsules taken:

Result=(C/Cu) x 100

C = measured concentration of manganese in the
Sample solution (j.Jg/mL)

Cu =nominal concentration' of manganese in the
Sample solution (j.Jg/ml)

Acceptance criteria: 90.00/0-125.0%of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 7
Diluent: 20 mg/ml of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of '

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute
with water to volume, and mix to obtain a solution with a
concentration of 1000 j.Jg/ml of molybdenum.

Standard stock solution: 100 j.Jg/ml of molybdenum from
Molybdenum standard solutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 10.0, and 25.0 mL of the Standardstock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solution in each flask for 15 min. Cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrations of 5.0, 10.0, and 25.0 uq/rn], of
molybdenum.

Polysorbate 80 solution: Prepareasdirected in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
7,except take a number of Capsules or a portion of Capsule
contents, equivalent to a nominal amount of 1000 j.Jg of
molybdenum, and make appropriate dilutions to obtain a
final concentration of 10 j.Jg/mL of molybdenum, omitting
the addition of the Lanthanumchloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
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Flame: Nitrous oxide-acetylene
Analytical wavelength: Molybdenum emission line at

313.3 nm
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J,lg/mL, of molybdenum, and
draw the straight line best fitting the three plotted points.
From the graph so obtained, determine the
concentration, C, in J,lg/mL,of molybdenum in the Sample
solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result=(C/Cu) x 100

C = measured concentration of molybdenum in the
Sample solution (J,lg/mL)

Cu = nominal concentration of molybdenum in the
Sample solution (J,lg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of molybdenum (Mo)

• MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 mL of water to 109 of

sodium fluoride, stir until the solution is saturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in
water

Potassium thiocyanate solution: 200 mg/mL of potassium
thiocyanate in water

20% Stannous chloride solution: Transfer40 g of stannous
chloride to a beaker, add 20 mL of 6.5 N hydrochloric acid,
and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 mL.

Diluted stannous chloride solution: 20% Stannous chloride
solution diluted with water (1 in 25). Preparethis solution
fresh at the time of use.

Standard solution: 20 J,lg/mLof molybdenum from
ammonium molybdate, in water .

Sample: Remove the contents of a counted number of
Capsules by cutting open the Capsules. Mix, and determine
the weight of the contents. Use a quantity of Capsule
contents, equivalent to a nominal amount of 40 J,lg of
molybdenum.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol

Analysis
Samples: Standardsolution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to

separate200-mL beakers.Add 20 mL of nitric acid to each
beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 mL of perchloric acid, cover the
beakerswith a watchglass, and continue the heating until
digestion is complete, as indicated when the liquid
becomes colorless or pale yellow. Evaporatethe solutions
in the beakers to dryness. Rinse the sidesof the beakers
and the watchglasses with water, and add more water to
each beaker to complete 50 mL in each beaker. Gently
boil the water solutions for a few min. Cool to room
temperature. Add 2 drops of methyl orange TS,and
neutralize with ammonium hydroxide. Add 8.2 mL of

DietarySupplements / Minerals 5169

hydrochloric acid. Quantitatively transfer the contents of
the beakersto separate1OO-mL volumetric flasks, rinsethe
beakerswith water, transfer the rinsings to the
corresponding volumetric flasks, and dilute with water to
volume. Transfer 50.0 mL of each solution to separatory
funnels. To each separatory funnel add 1.0 mL of Sodium
fluoride solution, 0.5 mL of Ferrous sulfate solution,
4.0 mL of Potassium thiocyanate solution, 1.5 mL of 20%
Stannous chloride solution, and 15.0 mL of amyl alcohol,
and shakethe separatory funnel for 1 min. Allow the layers
to separate, and discard the aqueous layers.Add 25 mL of
Dilutedstannous chloride solutionto each separatory
funnel, and shakegently for 15 s. Allow the layers to
separate, and discard the aqueous layers.Transfer the
organic layersfrom each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine
the absorbances of the organic phases from the Standard
solutionand the Sample, and correct with the Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result=(Au/As) x [(Vx Cs)/Cu] x 100

Au =absorbance of the solution from the Sample
As = absorbance of the solution from the Standard

solution
.v =volume of the Standard solutionanalyzed, 2.0 mL
Cs =concentration of molybdenum in the Standard

solution (J,lg/mL)
Cu =nominal concentration of molybdenum in the

Sample (J,lg/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of molybdenum (Mo)

• PHOSPHORUS, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix. .
Ammonium molybdate solution: 50 mg/mL of

ammonium molybdate in Sulfuric acidsolutionand water
(2:3). [NOTE-Dissolve in waterfirst, then dilute with Sulfuric
acidsolution to volume.]

Hydroquinone solution: 5 mg/mL of hydroquinone in
water. Add 1 drop of sulfuric acid per 100 mL of solution.

Sodium bisulfite solution: 200 mg/mL of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 g of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolvein water, add 6 mL of sulfuric acid
as a preservative, dilute with water to volume, and mix to
obtain a solution with a concentration of 1000 J,lg/mL of
phosphorus.

Standard solution: 20 J,lg/mL of phosphorus from
Phosphorus standardstock solutiondiluted with water

Sample solution: Remove the contents of Capsulesby
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfera quantity of the Capsulecontents,
equivalent to a nominal amount of 100 mg of phosphorus,
to 25 mL of nitric acid, and digest on a hot plate for 30 min.
Add 15 mL of hydrochloric acid, and continue the digestion
to the cessation of brown fumes. Cool, and transfer the
contents of the flask to a 500-mL volumetric flask with the
aid of small portions of water. Dilute with water to volume.
Transfer 10.0 mL of this solution to a 1OO-mL volumetric
flask, and dilute with water to volume.

Instrumental conditions
(See Ultraviofet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
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Analytical wavelength: 650 nm
Analysis

Samples: Standard solutionand Sample solution
To three separate 25-mLvolumetric flasks transfer5.0 mL

each of the Standard solution, the Sample solution, and
water to providethe blank. Toeach ofthe three flasks add
1.0 mL each of Ammonium molybdate solution,
Hydroquinone solution, and Sodium bisulfite solution, and
swirl to mix. Dilute the contents of each flask with water
to volume, and allowthe flasks to stand for 30 min.
Determinethe absorbances of the solutions, against the
blank.

Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Capsules taken:

Result =(AulAs) x (CsICu) x 100

=absorbance of the Sample solution
=absorbance of the Standard solution
=concentration of phosphorus in the Standard

solution(uq/rnt.)
=nominal concentration of phosphorus in the

Sample solution(J.lg/mL)

Acceptance criteria: 90.0%-125.0% ofthe labeledamount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 J.lg/mL of potassium
from potassium chloride, previously dried at 105°for 2 h,
in water

Standard stock solution: TO J.lg/mL of potassium from
Potassium standardsolution dilutedwith 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mL of the Standardstock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volumeto obtain solutions
containing0.5, 1.0, 1.5, 2.0, and 2.5 J.lg/mL of potassium.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 1 J.lg/mL
of potassium and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Potassium emission lineat

766.5 nm
Blank: Water

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plotthe absorbances of the Standard solutions
versus the concentration, in J.lg/mL, of potassium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in J.lg/mL, of potassium in the Sample
solution.

Calculate the percentage of the labeled amount of
potassium (K) in the portion of Capsules taken:

Result =(CICu) x 100

C

Cu

= measured concentration of potassium in the
Sample solution(J.lg/mL) .

= nominal concentration of potassium in the
Sample solution(J.lg/mL)

Acceptance criteria: 90.0%-125.0% ofthe labeledamount
of potassium (K)

• SELENIUM, Method 1
Diluent: Prepareas directed in Molybdenum, Method 1.
Selenium standard solution: [CAUTION-Selenium istoxic;

handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness. Add
2 mL of water, and evaporate to dryness. Repeatthe
addition of water and the evaporation to dryness three
times. Dissolve the residuein 3 N hydrochloric acid, transfer
to a 1OOO-mL volumetric flask, and dilute with 3 N
hydrochloric acid to volume, to obtain a concentration of
1000 J.lg/mL of selenium.

Standard stock solution: 100 J.lg/mL of selenium from
Selenium standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer5.0, 10.0, and 25.0 mL of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gentlyboil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volumeto
obtain solutions containing 5.0, 10.0, and 25.0 J.lg/mL of
selenium. .

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsulecontent,
equivalent to a nominal amount of 1000 J.lg of selenium,
to a suitableflask, and add 12 mL of nitric acid. [NOTE-The
volume of nitric acid may be varied to ensure that the
powder is uniformly dispersed.]Carefully swirl the flask to
dispersethe sample specimen. Sonicatefor 10 min or until
the sample specimen iscompletelydissolved. Gently boil
the solutionfor 15 min, and cool to room temperature.
Carefully add 8 mL of perchloric acid to the flask, heat the
flask until perchloric acid fumes appear, and swirl the flask
to dissipate the fumes.Repeatthe heating and swirling until
the fumes appear again. Cool to room temperature.
Transfer the contents ofthe flask to a 50-mL volumetric flask
with the aid of the Diluent, and dilute with Diluent to
volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Selenium emission lineat

196.0 nm
Blank: Diluentand perchloric acid (20:1)

Analysis
Samples: Standard solutions and Sample solution
Determinethe absorbances of the solutions

against the Blank. Plotthe absorbances of the Standard
solutions versus the concentration, in J.lg/mL, ofselenium,
and draw the straight line best fitting the three plotted
points. From the graph so obtained, determine the
concentration, C, in J.lg/mL, of selenium in the Sample
solution.

Calculate the percentage of the labeledamount ofselenium
(Se) in the portion of Capsules taken:

Result =(C/Cu) x 100

C =measured concentration of selenium in the
Sample solution(J.lg/mL)

Cu = nominalconcentration of seleniumin the Sample
solution(J.lg/mL)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of selenium (Se)
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V

Au

Cu

Result=«(/Cu) x 100

separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
viqorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000. rpm for 1 min to remove any remaining water,
Determine the absorbances of the solutions from the
Samples against the solution from the Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Capsules taken:

Result=(Au/As) x [(Vx Cs)/Cu] x 100

C =measured concentration of zinc in the Sample
solution (lJg/mL)

Cu =nominal concentration of zinc in the Sample
solution (lJg/mL)

=absorbances of the cyclohexane layer from the
Sample solution

=absorbances of the cyclohexane layer from the
Standardsolution

=volume of the Standard stock solution used to
prepare the Standard solution, 10 mL

= concentration of selenium in the Standardstock
solution (lJg/mL)

= nominal amount of selenium in the Sample
solution (lJg)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of selenium (Se)

• ZINC, Method ,
.Zinc standard solution: 1000 IJg/mL of zinc from zinc oxide

dissolved in 5 M hydrochloric acid (3.89 mg/mL), and
diluted with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then
dilute to final volume.]

Standard stock solution: 50 IJg/mL of zinc from Zinc
standardsolution diluted with 0.125 N hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standardstock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain
concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of zinc.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain a nominal
concentration of 2 IJg/mL of zinc and omit the use of the
Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in IJg/
mL, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Capsules taken:

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with

water (1 in 10)
50% Ammonium hydroxide solution: Ammonium

hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of

hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, add
hydroxylamine hydrochloride, then dilute with water to
volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatory funnel, and add 200 mL of 0.1 N
hydrochloric acid. Wash the solution with three 40-mL
portions of cyclohexane, and discard the cyclohexane layer.
Filter the solution into a brown bottle, and cover the
solution with a l-cm layer of cyclohexane. This solution is
stable for 1 week if stored in a refrigerator.

Standard stock solution: [CAuTION-Selenium is toxic;
handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness, add
2 mL of water, and evaporate to dryness. Repeat the
addition of water and evaporation to dryness three times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a solution with a concentration of
1000 IJg/mL of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 IJg/mL of selenium.

Standard solution: Transfer 10.0 mL of the Standard stock
solutionto a glass-stoppered flask. Add 1 mL of perchloric
acid and 1 mL of Hydrochloric acidsolution, and dilute with
water to 20 mL.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsulecontents,
equivalent to a nominal amount of 20 IJgof selenium, to a
suitable flask. Add 10 mL of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid
reaction has subsided, then add 3 mL of perchloric acid.
[CAUTION-Exercise care at this stage becausethe perchloric
acid reaction becomes vigorous.] Continue.heating on the
hot plate until the appearance of white fumes of perchloric
acid or until the digest begins to darken. Add 0.5 mL of
nitric acid and resume heating, adding additional amounts
of nitric acid if further darkening occurs. Digest for 10 min
after the first appearance of perchloric acid fumes or until
the digest becomes colorless. Cool the flask. Add 2.5 mL of
Hydrochloric acidsolution, and return the flask to the hot
plate to expel residual nitric acid. Heat the mixture for 3 min
after it begins to boil. Cool the flask to room temperature,
and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL
Analysis

Samples: Standard solutionand Sample solution
Treat the Sample solution, Standard solution, and Blank as

follows. Add 5 mL of Reagent A to each flask, and swirl
gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add
5 ~L of Reagent B to each flask, and swirl gently to mix.
Placethe flasks in a water bath maintained at 50°, and
equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
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Acceptance criteria: 90.00/0-125.0% of the labeled amount
of zinc (Zn)

• BORON, N.lCKEL, TIN, and VANADIUM, Method J; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NoTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aqua regiasolution and
water (1 :9) by adding 1 volume of Stock aquaregiasolution
to 2 volumes of water. Dilute with additional water to
volume, and mix well.

System suitability solution: Prepare a mixture of 1000 mg/
L of yttrium in 5% (v/v) nitric acid solution and
1000 mg/L of scandium in 5% (v/v) nitric acid solution with
Diluent (1:1 :198), and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn)
: [NOTE-It is only necessary to include the minerals of
interest in the solution.] Using commercially available
elemen.t standard (single- or multi-element) solutions in 5%
(v/v) nitric acid solution, pipet the appropriate amount of
element standard solution into a volumetric flask, and dilute
with 5% (v/v) nitric acid solution to obtain a solution with
final concentrations of about 1000 mg/L of calcium, .
100'mg/L of copper, 250 mg/L of iron, 500 mg/L of
magnesium, 100 mg/L of manganese, 800 mg/L of
phosphorus, and 250 mg/L of zinc. .

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It is only necessary to include the minerals of interest
in the solution.] Using commercially available element
standard (sing/e- or multi-element) solutions in 20% (v/v)
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% (v/v) hydrochloric acid solution to obtain a
solution with final concentrations of about 200 mg/L of
boron, and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standardstock
. solution 1 and Standardstock solution2, as required, in

Diluent to prepare a six-point calibration curve to bracket
the concentration range of each mineral of interest. .

Sample solution: Weigh, then transfer 5 Capsules to a
250-mL volumetric flask, and heat gently on a hot plate
until the contents begin to release. Cautiously add 25 mL
of Stock aqua regiasolution in 5-mL increments, and swirl.
Heat, continue to swirl until the Capsules dissolve into the
acid, immediately remove from the heat source, and add
150 mL of water. Cool, and dilute with water to volume.
Filter about 30 mL into a centrifuge tube using a nylon
syringe filter of 5-~m pore size. If necessary, make any
further adjustments using the Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry using a

spectrometer set to measure the emission of each mineral
of interest at about the corresponding wavelength.
[NOTE-The operating conditions may be developed and
optimized based on the manufacturer's recommendation.
The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]

System suitability
[Nora-Analyze the System suitabilitysolution, and

obtain the response as directed in Analysis.]
Suitability requirements

Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standardsolutions and Sample solution
Determine the emission of each mineral of interest in the

Standardsolutions and Samplesolutionwith an inductively
coupled plasma system using the Diluentasthe blank. Plot
the emission of the Standardsolutions versus the
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph so obtained, determine the concentration, C,
in mg/L, for each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral taken:

Result = Cx (V/W) x Fx (Tw/L) x 100

C = measured concentration of the relevant element
in the Sample solution (mg/L)

V = volume of the Sample solution (L)
W =sample weight (mg)
F = dilution factor of the Sample solution
Tw = average Capsule weight (mg)
L = labeled amount of the relevant element (mg/

Capsule)

Acceptance criteria: 900/0-125% of the labeled amount of
calcium (Ca), copper (Cu), iron (Fe), magnesium '(Mq),
manganese (Mn), phosphorus (P), and zinc (Zn); 900/0
160% of the labeled amount of boron (B), chromium (Cr),
molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and
vanadium (V)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 10 3 cfu/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and for absence of Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states that the product is Minerals

Capsules. The label also states the salt form of the mineral
used as the source of each element. Where more than one
assay method is given for a particular mineral, the labeling
states the assay method used only if Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USP Sodium Fluoride RS

Minerals Tablets
DEFINITION
Minerals Tablets contain two or more minerals derived from

substances generally recognized as safe, furnishing two or
more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron,
magnesium, manganese, molybdenum, nickel, phosphorus,
potassium, selenium, tin, vanadium, and zinc. Tablets
contain NLT 90.0% and NMT 125.0% of the labeled
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amounts of calcium (Ca), copper (Cu), iron (Fe), magnesium
(Mg), manganese (Mn), phosphorus (P), potassium (K), and
zinc (Zn); and NLT 90.0% and NMT 160.0% of the labeled
amounts of boron (B), chromium (Cr), fluorine (F), iodine (I),
molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and
vanadium (Y). They contain no vitamins. They may contain
other labeled added substances in amounts that are
unobjectionable.

STRENGTH
[NoTE-In the following assays, where more than one

assay method is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method 7 is not used. Commercially
available atomic absorption standard solutions for the
minerals, where applicable, may be used where
preparation of a Standardstock solution is described in
the following assays. Use deionized water where water
is specified. Where atomic absorption
spectrophotometry is specified in the assay, the
concentrations of the Standardsolutions and the Sample
solution may be modified to fit the linear or working
range of the instrument.]

• CALCIUM, Method 1
lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
Calcium standard solution: 400 jJg/mL of calcium. Dissolve

1.001 g of calcium carbonate, previously dried at 3000 for
3 h and cooled in a desiccator for 2 h. Dissolvein 25 ml of
1 N hydrochloric acid. Boil to expel carbon dioxide, and
dilute with water to 1000 ml.

Standard stock solution: 100 jJg/mL of calcium from the
Calcium standardsolution diluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 jJg/mL of
calcium.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 5 Tablets, to a
porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 0 for 6-12 h, and cool. Add 60 mL of
hydrochloric acid, and boil gently on a hot plate or steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 6 N hydrochloric acid. Cool, and
quantitatively transfer the contents of the crucible to a
1OO-mL volumetric flask. Rinse the crucible with small
portions of 6 N hydrochloric acid, and add the rinsings to
the flask. Dilute with water to volume, and filter, discarding
the first 5 mL of the filtrate. Dilute this solution
quantitatively with 0.125 N hydrochloric acid to obtain a
nominal concentration of 2 IJg/mL of calcium, adding
1 mL of Lanthanumchloride solutionper 100 mL of the final
volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene .
Analytical wavelength: Calcium emission line at

422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lan'thanum chloridesolution per 100 mL
Analysis

Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
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versusthe concentration, in IJg/mL, of calcium, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in IJg/mL, of calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Tablets taken:

Result= (C/ Cu) x 100

C = measured concentration of calcium in the Sample
solution (jJg/mL)

Cu =nominal concentration of calcium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of calcium (Ca)

• CHROMIUM, Method 1
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 1200 for
4 h, in water. Store in a polyethylene bottle.

Standard stock solution: 10 jJg/mL of chromium from the
Chromium standardsolution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstocksolution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standardstock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 IJg/mL of chromium.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain 1 jJg/mL
of chromium and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Chromium emission line at

357.9 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in jJg/mL, of chromium, and
draw the straight line best fitting the four plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of chromium in the Sample
solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of chromium in the
Sample solution (lJg/mL)

Cu =nominal concentration of chromium in the
Sample solution (uq/rnl)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

• COPPER, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil

in a minimum volume of a 50% (v/v) solution of nitric acid,
and dilute with a 1% (v/v) solution of nitric acid to 1000 ml.
This solution contains 1000 IJg/mL of copper.

www.webofpharma.com

https://nhathuocngocanh.com/



5174 Minerals / Dietary Supplements

Standard stock solution: 100 f.Ig/mL of copper from the
Copper standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standardstock
solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 f.Ig/mL of
copper.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 2 f.Ig/mL
of copper and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(See AtomicAbsorptionSpectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in f.Ig/mL, of copper, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in f.Ig/mL, of copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of copper in the Sample
solution (uq/rnt)

Cu =nominal concentration of copper in the Sample
solution (f.Ig/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of copper (Cu)

• FLUORIDE, Method 1
[NOTE-Store all solutions in plastic contalners.]

3 M sodium acetate solution: Dissolve408 g of sodium
acetate in 600 mL of water in a 1OOO-mL volumetric flask.
Allow the solution to equilibrate to room temperature, and
dilute with water to volume. Adjust with a few drops of
acetic acid to a pH of 7.0.

Sodium citrate solution: Dissolve222 g of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 f.Ig/mL of fluoride
from a quantity of sodium fluoride, previously dried at 100°
for 4 h and cooled in a desiccator, in water

Intermediate stock solution A: 100 f.Ig/mL of fluoride from
the Fluoride standard stocksolution diluted with water

Intermediate stock solution B: 10 f.Ig/mL of fluoride from
the Fluoride standard stocksolution diluted with water

Standard solutions: To five separate 1OO-mL volumetric
flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate stock
solutionBand 5.0 and 10.0 mL of Intermediate stocksolution
A. To each flask add 10.0 mL of 1 N hydrochloric acid,
25 mL of 3 M sodium acetatesolution, and 25.0 mL of
Sodium citrate solution. Dilute the contents of each flask
with water to volume to obtain concentrations of 0.3, 0.5,
1.0, 5.0, and 10.0 f.Ig/mL of fluoride.

Sample solution: Transfer a quantity of the finely powdered
Tablets, equivalent to a nominal amount of 200 f.Ig of
fluoride, to a 1OO-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetatesolution,
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and 25.0 mL of Sodium citrate solution, and dilute with
water to 100 mL.

Analysis
Samples: Standardsolutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standardsolutions and the Sample solution. Measure the
potentials (seepH (791», in mY, of the Standardsolutions
and the Sample solution, with a pH meter capable of a
minimum reproducibility of ±0.2 mV and equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NoTE-When taking measurements,
immerse the electrodes in the solution, stir on a magnetic
stirrer with an insulated top until equilibrium is attained
(1-2 min), and record the potential. Rinse and dry the
electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in f.Ig/mL,
of the Standardsolutions versus the potential, in mY. From
the standard responsecurve so obtained and the
measured potential of the Sample solution, determine the
concentration, C, in f.Ig/mL, of fluoride in the Sample
solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of fluoride in the Sample
solution (f.Ig/mL)

Cu = nominal concentration of fluorine in the Sample
solution (f.Ig/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NoTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water

(20:5:175)
Standard stock solution: 220 f.Ig/mL of USP Sodium

Fluoride RS in water. This solution contains 100 f.Ig/mL of
fluoride.

Standard solution
[NoTE-Condition the solid-phase extraction column

specified for use in the Standardsolution and the
Sample solution in the following manner. Using a
vacuum at a pressurenot exceeding 5 mm of
mercury, wash the column with 1 column volume of
methanol followed by 1 column volume of pH 10.0
buffer. Do not allow the column top to dry. If the top
of the column becomes dry, recondition the column.]

Transfer 10.0 mL of the Standardstocksolution to a 100-mL
volumetric flask. Add 75 mL of water, and adjust with
0.1 N sodium hydroxide to apH of 10.4 ± 0.1. Dilute with
water to volume. Filter, discarding the first 15 mL of the
filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask. Add 15.0 mL of water, and adjust with
0.1 N sodium hydroxide to a pH of 10.0. Dilute with pH
10.0 buffer to volume. Elute a portion of this solution
through a 3-mL solid-phase extraction column containing
L1 packing that is connected through an adaptor to a
second solid-phase extraction column containing
sulfonylpropyl strong cation-exchange packing. Discard
the first 3 mL of the eluate, and collect the rest of the
eluate in a suitable flask for injection into the
chromatograph.
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Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of powdered Tablets, equivalent to a nominal
amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sidesof the flask with 15 mL of water,
and allow to stand for 10 min. Dilute with water to 85 mL,
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1,
and dilute with water to 100 mL. Proceed as directed in
Standard solution, beginning with "Filter, discarding the
first 15 mL of the filtrate."

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.5 mL/min
Injection volume: 100 ~L

System sUitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the peak areasof fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Tablets taken:

Result=(rulrs) x (CsICu) x 100

ru =peak area from the Sample solution
ts = peak area from the Standard solution
Cs =concentration of fluoride in the Standard solution

(~g/mL)
Cu =nominal concentration of fluorine in the Sample

solution (~g/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

• IODIDE
Bromine water: To 20 mL of bromine in a glass-stoppered

bottle add 100 mL of water. Insert the stopper into the
bottle, and shake. Allow to stand for 30 min, and use the
supernatant.

Analysis
Sample: Tablets
Transfer a portion of finely powdered Tablets, equivalent

to a nominal amount of 3 mg of iodide, to a nickel
crucible. Add 5 g of sodium carbonate, 5 mL of 50%
(w/v) sodium hydroxide solution, and 10 mL of alcohol,
taking care that the entire specimen is moistened. Heat
the crucible on a steam bath to evaporate the alcohol,
then dry the crucible at 100° for 30 min to prevent
spattering upon subsequent heating. Transfer the crucible
with its contents to a furnace heated to 500°, and heat the
crucible for 15 min. [NoTE-Heating at 500° is necessary
to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure
complete carbonization of all organic matter.] Cool the
crucible, add 25 mL of water, cover the crucible with a
watchglass, and boil gently for 10 min. Filter the solution,
and wash the crucible with boiling water, collecting the
filtrate and washings in a beaker. Add phosphoric acid
until the solution is neutral to methyl orange, then add
1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless
and then for 5 min longer. Add a few crystals of salicylic
acid, and cool the solution to 20°. Add 1 mL of phosphoric
acid and 0.5 g of potassium iodide, and titrate the
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liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TSwhen the liberated iodine color has
nearly disappeared.

Calculate the percentage of the labeled amount of iodine
(I) in the portion of Tablets taken:

Result= V x NA X F x 'me X (AwlW) x (1001L)

V =volume of sodium thiosulfate consumed (mL)
NA =actual normality of the sodium thiosulfate

solution used (meq/mL)
F =correction factor to convert mg to ~g, 1000

~g/mg
'me =milliequivalent of I, 21.16 mg/mEq
Aw =average weight of the Tablets
W =weight of the portion of Tablets taken
L = labeled amount of iodine (~g/Tablet)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of iodine (I)

• IRON, Method 1
Iron standard stock solution: Transfer 100 mg of-iron

powder to a 1OOO-mL volumetric flask. Dissolvein 25 mL of
6 N hydrochloric acid, dilute with water to volume,
and mix.

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0,4.0, 5.0, 6.0, and 8.0 mL of Ironstandardstock
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and
8.0 ~g/mL of iron.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solutionto contain a nominal
concentration of 5 ~g/mL of iron and omit the use of the
Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution .
Determine the absorbancesof the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in ~g/mL, of iron, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in ~gl

mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe)

in the portion of Tablets taken:

Result=(CICu) x 100

C =measured concentration of iron in the Sample
solution(~g/mL)

Cu = nominal concentration of iron in the Sample
solution(~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of iron (Fe)

• MAGNESIUM, Method 1
Lanthanum chloride solution: Prepare as directed in

Calcium, Method 7.
Magnesium standard solution: Transfer 1.0 g of

magnesium ribbon to a 1OOO-mL volumetric flask, dissolve
in 50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a concentration
of 1000 uq/rn], of magnesium.
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Standard stock solution: 20 J..Ig/mL of magnesium from the
Magnesium standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of Standard stock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 0.4, 0.5, and
0.6 J..Ig/mL of magnesium.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain a nominal
concentration of 0.4 J..Ig/mL of magnesium.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Magnesium emission line at

285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanum chloride solution per 100 mL
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in J..Ig/mL, of magnesium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in J..Ig/mL, of magnesium in the Sample
solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of magnesium in the
Sample solution (J..Ig/mL)

Cu =nominal concentration of magnesium in the
Sample solution (J..Ig/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of magnesium (Mg) ,

• MANGANESE, Method 1
Manganese standard stock solution: Transfer l.OO g of

manganese, weighed, to a 1OOO-mL volumetric flask.
Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric
acid to volume, and mix to obtain a solution with a
concentration of 1000 J..Ig/mL of manganese.

Standard stock solution: 50 J..Ig/mL of manganese from the
Manganese standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Standard stock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 J..Ig/mL of
manganese.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 1 J..Ig/mL
of manganese and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(S~e Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Manganese emission line at

279.5 nm
Blank: 0.125 N hydrochloric acid
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J..Ig/mL, of manganese, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in J..Ig/ml, of manganese in the Sample
solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Tablets taken:

Result= (C/Cu) x 100

= measured concentration of manganese in the
Sample solution (J..Ig/mL)

=nominal concentration of manganese in the
Sample solution (J..Ig/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 1 ,
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute
with water to volume, and mix to obtain a solution with a
concentration of 1000 J..Ig/mL of molybdenum.

Standard stock solution: 100 J..Ig/mL of molybdenum from
the Molybdenum standard solution diluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 10.0, and 25.0 mL of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solution in each flask for 15 min. Cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrations of 5.0, 10.0, and 25.0 J..Ig/mL of
molybdenum.

Sample solution: Transfer a portion of the powder,
equivalent to a nominal amount of 1000 J..Ig of
molybdenum, to a suitable flask, and add 12 mL of nitric
acid. [NoTE-The volume of nitric acid may be varied to
ensure that the powder is uniformly dispersed.] Carefully
swirl the flask to disperse the test specimen. Sonicate for
10 min, or until the test specimen is completely diss'olved.
Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid, heat
until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature.
Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with
Diluent to volume.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Molybdenum emission line at

313.3 nm
Blank: Diluent and perchloric acid (20: 1)

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J..Ig/mL, of molybdenum, and
draw the straight line best fitting the three plotted points.
From the 'graph so obtained, determine the
concentration, C, in J..Ig/mL, of molybdenum in the Sample
solution.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion ofTablets taken:

Result = (CICu) x 100

C =measured concentration of molybdenum in the
Sample solution(~g/ml)

Cu =nominal concentration of molybdenum in the
Sample solution(~g/ml)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of molybdenum (Mo)

• MOLYBDENUM, Method Z
Sodium fluoride solution: Add 200 ml of water to 109 of

sodium fluoride, stir until the solution issaturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/ml of ferrous sulfatein
water

Potassium thiocyanate solution: 200 mg/ml of potassium
thiocyanate in water

20% Stannous chloride solution: Transfer 40 9 ofstannous
chlorideto a beaker, add 20 ml of 6.5 N hydrochloric acid,
and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 ml.

Diluted stannous chloride solution: 20% Stannous chloride
solutioqdiluted with water (1 in 25). Prepare this solution
fresh afthe time of use.

Standard solution: 20 ~g/ml of molybdenum from
ammonium molybdate, in water

Sample: A portion of finely powdered Tablets, equivalent
to a nominal amount of 40 pg of molybdenum

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol

Analysis
Samples: Standard solutionand Sample
Transfer the Sample and 2.0 ml of the Standardsolutionto

separate 200-ml beakers. Add20 ml of nitricacidto each
beaker. Covereach beakerwith a watchqlass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 ml of perchloric acid, cover the
beakerswith a watchglass, and continue the heating until
digestion-is complete, as indicatedwhen the liquid
becomes colorless or pale yellow. Evaporate the solutions
in the beakers to dryness. Rinse the sides of the beakers
and the watchglasses with water, and add more water to
complete 50 ml in each beaker.Gentlyboil the water
solution for a few min. Cool to room temperature. Add 2
drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 ml of hydrochloric acid.
Quantitatively transfer the contents of the beakersto
separate 1OO-ml volumetric flasks, rinsethe beakerswith
water, transfer the rinsings to the corresponding
volumetric flasks, and dilute with water to volume.
Transfer 50.0 ml of each solution to separatory funnels.
To each separatory funnel add 1.0 ml of Sodium fluoride
solution, 0.5 ml of Ferrous sulfate solution, 4.0 ml of
Potassium thiocyanate solution, 1.5 ml of 20% Stannous
chloride solution, and 15.0 ml of amyl alcohol, and shake
the separatory funnel for 1 min. Allow the layers to
separate, and discard the aqueous layers. Add 25 ml of
Dilutedstannous chloride solutionto each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers. Transfer the
organic layers from each separatoryfunnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine
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the absorbances of the organic phasesfrom the Standard
solutionand the Sample, and correct with the Blank.

Calculatethe percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result =(AulAs) x [(V x Cs)/Mu] x 100

Au =absorbance of the solutionfrom the Sample
As = absorbance of the solutionfrom the Standard

solution
V =volumeof the Standard solutionanalyzed, 2.0 ml
Cs =concentration of molybdenum in the Standard

solution(~g/ml)

Mu = nominal amount of molybdenum in the Sample
(~g)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of molybdenum (Mo)

• PHOSPHORUS, Method J
Sulfuricacid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/ml of .

ammonium molybdate in Sulfuric acidsolutionand water
(2:3). [NOTE-Dissolve inwaterfirst, then dilutewith Sulfuric
acidsolution to volume.]

Hydroquinone solution: 5 mg/ml of hydroqulnone in
water. Add 1 drop of sulfuric acid per 100 ml of solution.

Sodium bisulfite solution: 200 mg/ml of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh4.395 9 of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored ina desiccator, and transferto a 1000-ml
volumetric flask. Dissolve inwater, add 6 ml of sulfuric acid
as a preservative, dilute with water to volume, and mixto
obtain a solution with a concentration of 100 ~g/ml of
phosphorus.

Standard solution: 20 ~g/ml of phosphorus from
Phosphorus standardstock solutiondiluted with water

Sample solution: [NOTE-Finely powder and weigh a
counted number of Tablets.] Transfer a portion of the
powder, equivalent to a nominalamount of 100 mg of
phosphorus, to 25 ml of nitric acid, and digest on a hot
plate for 30 min. Add 15 ml of hydrochloric acid, and
continue the digestion to the cessation of brown fumes.
Cool, and transfer the contents of the flask to a 500-ml
volumetric flask with the aid of small portions of water.
Dilute with water to volume.Transfer 10.0 ml of this
solutionto a 1OO-ml volumetric flask, and dilutewithwater
to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm

Analysis
Samples: Standard solutionand Sample solution
To three separate 25-ml volumetric flasks transfer 5.0 ml

each of the Standard solution, the Sample solution, and
water to providethe blank. Toeach of the three flasks add
1.0 ml each of Ammonium molybdate solution,
Hydroquinone solution, and Sodium bisulfite solution, and
swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min.
Determine the absorbances of the solutions against the
blank.

Calculatethe percentage of the labeledamount of
phosphorus (P) in the portion of Tablets taken:

Result =(AulAs) x (CsICu) x 100
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C

C

Cu

solution, and add 5.0 mL of perchloric acid to each flask.
Gentlyboil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volume to
obtain solutionswith concentrationsof 5.0, 10.0, and 25.0
IJg/mL of selenium.

Sample solution: Transfer a portion of the powder,
equivalent to a nominalamount of 1000 IJg of selenium,
to a suitableflask, and add 12 mL of nitric acid. [NoTE-The
volume of nitric acid may be varied to ensure that the
powder is uniformly dispersed.] Carefully swirl the flask to
dispersethe sample specimen.Sonicate for 10 min or until
the sample specimen iscompletely dissolved. Gentlyboil
the solutionfor 15 min, and cool to room temperature.
Carefully add 8 mL of perchloric acid to the flask, heat the
flask until perchloric acid fumes appear, and swirl the flask
to dissipatethe fumes. Repeatthe heatingand swirling until
the fumes appear again. Cool to room temperature.
Transfer the contents ofthe flask to a 50-mL volumetric flask
with the aid of the Diluent, and dilutewith Diluent to
volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).) .
Mode: Atomicabsorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Analyticalwavelength: Selenium emission lineat

196.0 nm
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, ofselenium, and draw
the straight linebest fittingthe three plotted points. From
the graph so obtained, determine the concentration, C,
in IJg/mL, of seleniumin the Sample solution.

Calculate the percentage ofthe labeled amount ofselenium
(Se) in the portion of Tablets taken:

Result =(C/Cu) x 100

=measured concentration of selenium in the
Sample solution (lJg/mL)

=nominal concentration ofselenium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of selenium (Se)

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with
water (1 in 10)

50% Ammonium hydroxide solution: Ammonium
hydroxidediluted with water (1 in 2)

Reagent A: 9 mg/mLofedetate disodium and 25 mg/mLof
hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, add
hydroxylamine hydrochloride, and then dilute with water
to volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatory funnel, and add 200 mL of 0.1 N
hydrochloric acid. Wash the solution with three 40-niL
portionsofcyclohexane, and discard the cyclohexane layer.
Filter the solution into a brown bottle, and cover the
solutionwith a 1-cm layerof cyclohexane. This solution is
stable for 1 week ifstored in a refrigerator.

Standard stock solution: [CAUTIoN-Selenium is toxic;
handle it with care.] Dissolve 1 9 of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness, add
2 mL of water, and evaporate to dryness. Repeatthe

Au =absorbance of the Sample solution
As =absorbance of the Standardsolution
Cs =concentration of phosphorus in the Standard

solution (lJg/mL)
Cu =nominal concentration of phosphorus in the

Sample solution (uq/ml.)

Acceptance criteria: 90.0%-125.0% of the labeledamount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 IJg/mL of potassium
from potassium chloride, previously dried at 105° for 2 h,
in water

Standard stock solution: 10 IJg/mL of potassium from the
Potassium standardsolution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mL of the Standardstocksolution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5,2.0, and 2.5 IJg/mL of potassium.

Sample solution: Proceedas directed in Calcium, Method
7, except prepare the Sample solutionto contain a nominal
concentration of 1 IJg/mL of potassium and omit the use
of the Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Analyticalwavelength: Potassium emission lineat

766.5 nm
Blank: Water

Analysis
Samples: Standardsolutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plotthe absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of potassium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of potassium in the Sample
solution.

Calculate the percentage of the labeledamount of
potassium (K) in the portion of Tablets taken: .

Result =(C/Cu) x 100

=measured concentration of potassium in the
Sample solution (lJg/mL)

=nominalconcentration of potassium in the
Sample solution (lJg/mL) .

Acceptance criteria: 90.0%-125.0% ofthe labeledamount
of potassium (K)

• SELENIUM, Method 7
Diluent: Prepareas directed in Molybdenum, Method 7.
Selenium standard solution: [CAUTION-Selenium istoxic;

handle it with care.] Dissolve 1 9 of metallic selenium in a
minimum volume of nitricacid. Evaporate to dryness. Add
2 mL of water, and evaporate to dryness. Repeatthe
addition of water and the evaporation to dryness three
times. Dissolve the residuein 3 Nhydrochloric acid,transfer
to a 1OOO-mL volumetric flask, and dilute with 3 N
hydrochloric acid to volume, to obtain a concentration of
1000 IJg/mL of selenium.

Standard stock solution: 100 IJg/mL of selenium from the
Selenium standardsolution diluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standardstock
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addition of water and evaporation to dryness three times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a solution with a concentration of
1000 J,Jg/mL of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 J,Jg/mL of selenium.

Standard solution: Transfer 10.0 mL of the Standard stock
solution to a glass-stoppered flask. Add 1 mL ofperchloric
acid and 1 mL of Hydrochloric acidsolution, and dilute with
water to 20 mL.

Sample solution: Transfer a portion of finely powdered
Tablets, equivalent to a nominal amount of 20 J,Jg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and
warm gently on a hot plate. Continue heating until the
initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid. [CAUTIoN-Exercise care at this stage
because the perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of
white fumes of perchloric acid or until the digest begins to
darken. Add 0.5 mL of nitric acid, and resume heating,
adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of
perchloric acid fumes or until the digest becomes colorless.
Cool the flask, add 2.5 mL of Hydrochloric acidsolution, and
return the flask to the hot plate to expel residual nitric acid.
Heat the mixture for 3 min after it begins to boil. Cool the
flask to room temperature, and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Cell: 1 em
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL
Analysis

Samples: Standardsolution and Sample solution
Treat the Sample solution, Standard solution, and Blank as

follows. Add 5 mL of Reagent A to each flask, and swirl
gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1..1 ± 0.1. Add
5 mL of Reagent B to each flask, and swirl gently to mix.
Placethe flasks in a water bath maintained at 50°, and
equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the
Samples against the solution from the Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result=(Au/As) x [(V x Cs)/Mu] x 100

Au = absorbance of the cyclohexane layer from the
Sample solution

As = absorbance of the cyclohexane layer from the
Standard solution

V =volume of the Standard stock solutionused to
prepare the Standardsolution, 10 mL

Cs = concentration of selenium in the Standard stock
solution (J,Jg/mL)

Mu = nominal amount of selenium in the Sample
solution (J,Jg)
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Acceptance criteria: 90.0%-160.0% of the labeled amount
of selenium (Se)

• ZINC, Method J
Zinc standard stock solution: 1000 J,Jg/mL of zinc from zinc

oxide dissolved in 5 M hydrochloric acid (3.89 mg/mL),
diluted with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then
dilute to final volume.]

Standard stock solution: 50 J,Jg/mL of zinc from the Zinc
standardstock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard stock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain
concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 J,Jg/mL of zinc.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solutionto contain a nominal
concentration of 2 J,Jg/mL of zinc and omit the use of the
Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Zinc hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J,Jg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in J,Jg/
mL, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Tablets taken: .

Result=(C/Cu) x 100

C = measured concentration of zinc in the Sample
solution (J,Jg/mL)

Cu =nominal concentration of zinc in the Sample
solution (J,Jg/mL) ,

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, and VANADIUM, Method J; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NOTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aqua regia solutionand
water (1:9) by adding 1 volume of Stock aquaregia solution
to 2 volumes of water. Dilute with additional water to
volume, and mix well.

System suitability solution: Preparea mixture of 1000 mg/
L of yttrium in 5% (v/v) nitric acid solution and
1000 mg/L of scandium in 5% (v/v) nitric acid solution with
Diluent (1:1 :198), and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P,and Zn)
: [NOTE-It is only necessary to include the minerals of
interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
(v/v) nitric acid solution, pipet the appropriate amount of
element standard solution into a volumetric flask, and dilute
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with 5% (v/v) nitric acid solution to obtain a solution with
final concentrations of about 1000 mg/L of calcium,
100 mg/L of copper, 250 mg/L of iron, 500 mg/L of
magnesium, 100 mg/L of manganese, 800 mg/L of
phosphorus, and 250 mg/mL of zinc.

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It isonly necessaryto include the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v)
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% (v/v) hydrochloric acid solution to obtain a
solution with final concentrations of about 200 mg/L of
boron, and 100 mg/L of chromium, molybdenum, nickel,
selenium, tin, and vanadium each.

Standard solutions: Prepare a mixture of Standard stock
solution 7 and Standard stock solution 2, as required, in
Diluent to prepare a six-point calibration curve to bracket
the concentration range of each mineral of interest.

Sample solution 1 (for Tablets containing minerals found in
Standardstocksolution 7 and Standardstocksolution 2):
Weigh and finely powder NLT 20 Tablets. Transfer a
portion, equal to 3.5 times the average Tablet weight, to a
250-mL volumetric flask. Siowly.add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing.
[NOTE-If the sample contains a carbonate, bubbling will
occur. Wait until bubbling ends to proceed.] Bring the
solution to a boil on a hot plate. Continue to heat gently
until fumes cease(about 1 h). [NOTE-If the sample contains
selenium, digest for NMT 15 min.] Remove from heat, cool,
and dilute with water to volume. Filter about 30 mL into a
centrifuge tube using a 5-lJm pore size nylon syringe filter.
If necessary, make any further dilutions using the Diluent.

Sample solution 2 (for Tablets containing minerals found
only in Standardstocksolution 2): Weigh and finely
powder NLT 20 Tablets. Transfer a portion, equal to 3.5
times the average Tablet weight, to a 250-mL volumetric
flask. Slowly add 25 mL of Stock aquaregia solution in 5-mL
increments, followed by mixing. [NOTE-If the sample
contains a carbonate, bubbling will occur. Wait until
bubbling ends to proceed.] Bring the solution to a boil on a
hot plate. Continue to heat gently until fumes cease(about
1 h). [NOTE-If the sample contains selenium, digest for
NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube
using a 5':lJm pore size nylon syringe filter. If necessary,
make any further dilutions using the Diluent.

Sample solution 3 (for Tablets containing minerals found
only in Standardstocksolution 7): Weigh and finely
powder NLT 20 Tablets. Transfer a weighed portion; equal
to the average Tablet weight, to a 250-ri1L volumetric flask.
Slowly add 25 mL of Stock aquaregia solution in 5-mL
increments, followed by mixing. [NOTE-If the sample
contains a carbonate, bubbling will occur. Wait until
bubbling ends to proceed.] Bring the solution to a boil on a
hot plate. Continue to heat gently (about 1 h) until fumes
cease. Remove from heat, cool, and dilute with water to
volume. Filter about 30 mL into a centrifuge tube using a
5-lJm pore size nylon syringe filter. If necessary, make any
further dilutions using the Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry using a

spectrometer set to measure the emission of each mineral
of interest at about the corresponding wavelength.
[NOTE-The operating conditions may be developed and
optimized based on the manufacturer's recommendation.
The wavelengths selected should be demonstrated
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experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]

System suitability
[Nets-Analyze the System suitability solution, and

obtain the response as directed for Analysis.]
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the

Standard solutions and Sample solution with an inductively
coupled plasma system using the Diluent asthe blank. Plot
the emission of the Standard solutions versus the
concentration, in mg/L, of the minerals of interest, and

.draw the straight line best fitting the plotted points. From
the graph so obtained, determine the concentration, C,
in mg/L, for each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral taken:

Result = C x (V/W) x F x (Tw/L) x 100

C =measured concentration of the relevant element
in the Sample solution (mg/L)

V =volume of the Sample solution (L)
W = sample weight (mg)
F =dilution factor of the Sample solution
Tw =average Tablet weight (mg)
L = labeled amount of the relevant element (mgl

Tablet)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), and zinc (Zn); 90.00/0
160.0% of the labeled amount of boron (B), chromium
(Cr), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn),
and vanadium (V)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 du/g, and the
combined molds and yeasts count does not exceed 3 x
102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states that the product is Minerals

Tablets. The label also states the salt form of the mineral
used as the source of each element. Where more than one
assaymethod is given for a particular mineral, the labeling
states the assaymethod used only if Method 7 is not used.

• USP REFERENCE STANDARDS (11)
USP Sodium Fluoride RS

MSM-see Methylsu/fonylmethane in DietarySupplements
section
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Nettle, Stinging-see Stinging Nettle

Niacin-see NiacinGeneral Monographs

Niacin Tablets-see NiacinTablets General Monographs

Niacinamide-see Niacinamide General Monographs

Niacinamide Tablets-see Niacinamide Tablets
General Monographs

Oleovitamin A and D-see Oleovitamin A and 0
General Monographs

Oleovitamin A and D Capsules-see
Oleovitamin A and 0 Capsules General Monographs

Olive Leaf

DEFINITION
Olive Leaf consists of the dried leafof Olea europaea L. (Fam.

Oleaceae). It contains NLT 6.0% of oleuropeln (C2sH32013),
calculatedon the dried basis.

IDENTIFICATION
• A. HPTLC FORARTICLES OF BOTANICAL ORIGIN (203)

Flavonoids·
Standard solution A: 1 mg/mLof USP Rutin RS and 2 mg/

mL each of USP Verbascoside RS, USP Oleuropein RS, and
USP Oleanolic Acid RS in methanol

Standard solution B: 25 mg/mL of USP Olive Leaf Dry
Extract RS in methanol. Sonicatefor 10 min, centrifuge,
and use the supernatant.

Sample solution: Suspend about 500 mg of Olive Leaf,
finely powdered, in 5 mL of methanol, and sonicatefor
10 min. Centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 IJm (HPTLC plate)' .
Application volume: 2 IJL each of Standard soiutlon A,

Standard solution B, and Sample solutionas 8-mm bands
Relativehumidity: Condition the plate to a relative

humidityof 33%.
Temperature: Ambient temperature, not to exce.ed 3~0

Developing solvent system: Ethyl formate, formic acid,
toluene, and water (60:8:3:6)

Developing distance: 6 em

, Suitablecommercially availableplates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Derivatization reagent A: 5 mg/mLof 2-aminoethyl
diphenylborinate in ethyl acetate

Analysis
Samples: Standard solution A, Standard solutionB, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry inair. Heatat 100°for 3 min.
While the plate isstill warm, treat with Derivatization
reagent A, and examine under long-wave UV light
(365 nm).

[NoTE-Immediately after examination, use the same
developed and derivatized plate for Identification B.]

System suitability: Under long-wave UV (365 nm), the
derivatized chromatogram of Standard solution Bdisplays,
in its lower third, three yellowish bands: the firstcloseto
the application line; the second located just above, or
coincidentwith, the rutin band in Standard solutionA; the
third, due to luteolin-7-0-glucoside, positionedabovethe
light-blueband corresponding to verbascoside in
Standard solution A. There is a bluish-green band just
above the band due to rutin. Afaint light-blueband may
appear just belowthe verbascoside band. The bands due
to verbascoside and luteolin-7-0-glucoside are clearly
separated. Above the yellow band due to luteolin-
7-O-glucoside, there isa faint blue zone and a faint
yellowband.

Acceptance criteria: Under long-wave UV light (365 nm),
the chromatogram of the Sample solutiondisplays the
bands similar in position and color to those seen in
Standard solutionB. Additional faint bands may be
observed.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Secoiridoids and Triterpenoids

[NOTE-Apply Derivatization reagent Bto the plate used
earlierin Identification A. Perform the second
derivatization within20 min of the firstone.]

Chromatographic system .
Derivatization reagent B: 85 mL of ice-cold methanol

combined with 10 mL of glacial acetic acid,S mL of
sulfuric acid, and 0.5 mL of p-anisaldehyde

Analysis
Samples: Standard solution A, Standard solutionB, and

Sample solution ,
Treat the plate with Derivatization reagent B, dry in air,

heat for 3 min at 100°, and immediately examine under
white light.

System suitability: Underwhite light, the derivatized
chromatogram of Standard solution Bexhibits, in its lower
third, a number of faint grayish-brown bands. In the
middle of the chromatogram, an intense gray-brown
band corresponding to oleuropein in Standard solution A
appears. An intense violetband, corresponding to the
oleanolic acid band in Standard solution A, isseen near the
solventfront, and a weakerblue band due to maslinic acid
just below it.

Acceptance criteria: Underwhite light, the
chromatogram of the Sample solutiondisplays the bands
similar in positionand color to those seen in Standard
solution B. Additional bands may be observed.

COMPOSITION
• CONTENT OF OLEUROPEIN

Mobile phase: 0.1% phosphoric acid in water and
acetonitrile(80:20)

Standard solution: 0.2 mg/mL of USP Oleuropein RS in
Mobilephase

Sample solution: Transfer about 1.0 g of Olive Leaf, finely
powdered and accurately weighed, to a 50-mLcentrifuge
tube, add 15 mL of Mobilephase, cap tightly, and sonicate
for 20 min. Centrifuge, and transfer the supernatant to a
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50-mL volumetric flask. Repeat with two additional 15-mL
aliquots of Mobilephase, and combine all supernatants into
the same volumetric flask. Dilute with Mobile phase to
volume, and mix well. Dilute the resulting solution
1O-fold with Mobile phase. Pass through a PTFE filter of
0.45-l..lm or finer pore size, discarding the initial few
milliliters of the filtrate.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: HPLC
Detector: UV 230 nm
Column: 4.6-mm x 25-cm; 5-l..lm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 20 I..lL

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the oleuropein peak
Relative standard deviation: NMT 2.0% determined for

the oleuropein peak in replicate injections
Analysis

Samples: Standardsolution and Sample solution
Using the chromatogram of the Standardsolution, identify

the retention time of the peak corresponding to
oleuropein in the Sample solution.

Calculate the percentage of oleuropein (CZSH320 13) in the
portion of Olive Leaf taken:

Result=(rufrs) x Cs x (V/W) x 0 x 100

'u = peak area of oleuropein from the Sample solution
ts = peak area of oleuropein from the Standard

solution
Cs = concentration of USP Oleuropein RS in the

Standard solution (mg/mL)
V =volume of the Sample solution (mL)
W = weight of Olive Leaf taken to prepare the Sample

solution (mg)
D = dilution factor, 10

Acceptance criteria: NLT 6.0% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limitsof Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 du/g, the total
combined molds and yeastscount does not exceed 105 du/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 10z du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The leaf is simple, subsessile, thick,
coriaceous, lanceolate to obovate, 3-8 em long, 0.5-2 em
broad; base cuneate; apex apiculate to mucronulate. The
margins are entire and slightly revolute. Nervation of the
leaf is reticular. The upper surface is grayish green to dark
green, glabrous and shiny; the lower surface silvery (or
reddish in Asian material of subsp. cuspidata), and
tomentous (densely pilous), densely covered with a layer of
peltate scales but without filamentous hairs.

Microscopic: The leaf has iso-bilateral structure. Both the
adaxial epidermis and the abaxial epidermis are simple,

USP43

with thick cuticle. The anticlinal walls of both adaxial and
abaxial epidermal cells are straight. The adaxial epidermis
has sporadic, and the abaxial epidermis numerous densely
distributed, nonglandular, very large scutiform trichomes.
The leaves are hypostomatic and their numerous stomata
possess highly cutinized guard cells. The mesophyll is
constituted of three layers of condensed long palisade cells
located under the adaxial epidermis and one or two layers
of short palisade cells on the abaxial epidermis. The central
part of the leaf contains tiny cells of spongy parenchyma
with large intercellulars. Present in the mesophyll are
filiform sclereids, which are long, fiber-like, and sometimes
branched. Microscopically, the olive leaf can be clearly
identified by fragments of epidermis with long filiform
sclereids and characteristic very large scutiform trichomes.
Presence of fragments of epidermis with crypts may
indicate adulteration with oleander leaves, while presence
of numerous anomocytic stomata and large cluster crystals
suggests adulteration with pittosporum.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter: NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of Olive Leaf, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0% .

• ARTICLES OF BOTANICAL ORIGIN (561), Methodsof Analysis,
Total Ash

Sample: 1.0 g of Olive Leaf, finely powdered
Acceptance criteria: NMT 9.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the official name of the article
and the corresponding Latin binomial.

• USP REFERENCE STANDARDS (11).
USP Oleanolic Acid RS
USP Oleuropein RS
USP Olive Leaf Dry Extract RS
USP Rutin RS
USP Verbascoside RS

Olive Leaf Dry Extract

DEFINITION
Olive Leaf Dry Extract is prepared from the dried leaf of Olea

europaea L. (Farn, Oleaceae) by extraction with
hydroalcoholic mixtures, ethyl acetate, or other suitable
solvents. It contains NLT 90% and NMT 110% of the labeled
amount of oleuropein (CZSH3Z013), calculated on the dried
basis.The ratio of starting plant material to extract isbetween
5:1 and 60:1. It may contain suitable added substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Flavonoids
Standard solution A: 1 mg/mL of USP Rutin RS and 2 mg/

mL each of USP Verbascoside RS, USP Oleuropein RS, and
USP Oleanolic Acid RS in methanol

Standard solution B: 25 mg/mL of USP Olive Leaf Dry
Extract RS in methanol. Sonicate for 10 min, centrifuge,
and use the supernatant. .

Sample solution: Suspend about 125 mg of Olive LeafDry
Extract in 5 mL of methanol, and sonicate for 10 min.
Centrifuge, and use the supernatant.
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Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 IJm (HPTlC plate)'
Application volume: 2 IJl each of Standard solutionA

Standard solutionB, and Sample solutionas 8-mm ba~ds
Relative humidity: Conditionthe plate to a relative

humidityof 33%.
Temperature: Ambienttemperature, not to exceed 30°
Developing solvent system: Ethyl formate, formicacid,
toluene, and water (60:8:3:6)

Developing distance: 6 cm
Derivatization reagent A: 5 mg/ml of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: Standard solution A, Standard solutionBand
Sample solution '
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry in air. Heat at 100° for
3 min. While the plate is still warm, treat with
Derivatization reagent A, and examineunder long-wave
UV light (365 nm).

[NoTE-Immediately after examination, use the same
developed and derivatized plate for Identification B.]

Syst~m ~uitability: Under long-waveUV (365 nm), the
?e~lvatlzed ch~omatogram of Standard solutionBdisplays,
In Its Jower third, three yellowish bands: the firstclose to
the application line; the second located just above, or
coincidentwith, the rutin band in Standard solutionA' the
~hird, due to luteolin-7-0-glucoside, positionedabov~ the
light-blueband corresponding to verbascoside in
Standard solutionA. There isa bluish-green band just
above the band due to rutin. Afaint light-blueband may
appear just below the verbascoside band. The bands due
to verbascoside and luteolin-7-0-glucoside are clearly
separated. Above the yellowband due to luteolin-
7-O-glucoside, there isa faint blue zone and a faint
yellow band.

Acceptance criteria: Underlong-wave UV light (365 nm),
the chromatogram of the Sample solutiondisplays the
bands similar in position and color to those seen in
Standard solution B. Additional faint bands may be
observed.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Secoiridoids and Triterpenoids .

[NOTE-Apply Derivatization reagent Bto the plate used
earlier in Identification A. Perform the second
derivatization within 20 min of the firstone.]

Chromatographic system
Derivatization reagent B: 85 ml of ice-cold methanol

combined with 10 ml of glacial acetic acid,S ml of
sulfuric acid, and 0.5 ml of p-anisaldehyde

Analysis
Samples: Standard solution A, Standard solutionB, and

Sample solution
Treat the plate with Derivatization reagent B, dry in air,

heat for 3 min at 100°, and immediately examine under
white light.

System suitability: Underwhite light, the derivatized
chromatogram of Standard solutionBexhibits, in its lower
third, a number of faint grayish-brown bands. In the
middle of the chromatogram, an intense gray-brown
band corresponding to oleuropein in Standardsolution A
appears. An intense violetband, corresponding to the
oleanolic acid band in Standard solutionA, isseen near the
solventfront, and a weakerblue band due to maslinic acid
just below it.

, Suitablecommerciallyavailable plates are HPTlC Silica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).

DietarySupplements / Olive Leaf 5183

Acceptance criteria: Underwhite light, the
c.hr?m~togra~ of the Sample solution displays the bands
similar In position and color to those seen in Standard
solution B; however, the bands due to oleanolic and
maslinic acids may be faint or absent. Additional bands
may be observed.

COMPOSITION
• CONTENT OF OLEUROPEIN

Mobile phase: 0.1% phosphoricacid in water and
acetonitrile (80:20)

Standard solution: 0.2 mg/ml of USP Oleuropein RS in
Mobilephase

Sample solution: Accurately weigh the amount of Olive
~eaf DryExtract calcul~ted to contain 20 mg of oleuropein
Into a 5~-ml volum~trJc !'ask, a?d 25 ml of Mobilephase,
and s0!1lcate for 5 min. Dilute with Mobilephaseto volume,
and mixwell. Pass through a PTFE filter of 0.45-lJm or finer
pore size, discarding the initial few milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPlC
Detector: UV 230 nm
Column: 4.6-mm x 25-cm; 5-lJm packing II
Column temperature: 25°
Flow rate: 1.5 ml/min
Injection volume: 20 IJl

System suitability
Sample: Standardsolution
Suitability requirements
Taili~g factor: NMT 2:0 !or the oleuropein peak
Relativestandard deviation: NMT 2.0% determined for

the oleuropein peak in replicate injections
Analysis
Sa~ples: Standardsolutionand Sample solution
USing the c~ro~atogram of the Standard solution, identify

the retention time of the peak correspondingto
oleuropein in the Sample solution.

Calculatethe percentage of oleuropein (C2sH32013) in the
portion of Olive leaf Dry Extract taken:

P= (rulrs) x Cs x (VIW) x 100

t» = peak area of oleuropeinfrom the Sample solution
rs =peak area of oleuropeinfrom the Standard

solution
Cs =concentration of USP Oleuropein RS in the

Standardsolution(mg/ml)
V = volume of the Sample solution (ml)
W =weight of Olive leaf Dry Extract taken to

prepare the Sample solution(mg)

Calculatethe percentage of the labeled amount of
oleuropein (C2sH32013) in the portion of Olive leaf Dry
Extract taken:

Result =(PIL) x 100

P =oleuropein content as determined above
L = labeled amount of oleuropein

Acceptance criteria: 90.0%-110.0% on the dried basis

CONTAMINANTS

www.webofpharma.com

https://nhathuocngocanh.com/



5184 Olive Leaf / Dietary Supplements

• BOTANICAL EXTRACTS (565), General Pharmacopeial
Requirements, Residual Solvents: Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 103du/g, and the total
combined moldsand yeasts count does not exceed 102du/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS·(2022), Test
Procedures, Test forAbsence of Salmonella Species and Test for
Absence of Escherichia coli: Meets the requirements .

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1 g of Olive leaf Dry Extract
Analysis: Drythe Sample at 10SO for 2 h.
Acceptance criteria: NMT 8.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the official name of the article
and the corresponding latin binomial. The label also
indicates the content of oleuropein, the extraction solvent
used in preparation, and the ratioof the starting crude plant
material to DryExtract. It meets the labeling requirements
of Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP OleanolicAcid RS
USP Oleuropein RS
USP Olive leaf DryExtractRS
USP Rutin RS
USP Verbascoside RS

Olive Leaf Powder
DEFINITION
Olive leaf Powder consists of the dried leafof Oleaeuropaea
l. (Fam. Oleaceae) reduced to fine or veryfine powder. It
contains NlT 6.0% of oleuropein (C2sH32013), calculated on
the dried basis. .

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Flavonolds
Standard solution A: 1 mg/mlof USP Rutin RS and 2 mg/

ml each of USP Verbascoside RS, USP Oleuropein RS, and
USP OleanolicAcid RS in methanol

Standard solution B: 25 mg/ml of USP Olive leaf Dry
ExtractRS in methanol. Sonicatefor 10 min, centrifuge,
and use the supernatant.

Sample solution: Suspend about 500 mg of Olive leaf
Powder in 5 ml of methanol, and sonicate for 10 min.
Centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTlC plate)'
Application volume: 2 IJl each of StandardsolutionA,

StandardsolutionB, and Sample solutionas 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient temperature, not to exceed 30°
Developing solvent system: Ethyl formate, formic acid,

toluene, and water (60:8:3:6)
Developing distance: 6 em

, Suitable commercially available plates are HPTLCSilica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).

USP 43

Derivatization reagent A: 5 mg/ml of 2-aminoethyl
diphenylborinate in ethyl acetate

Analysis
Samples: Standardsolution A, StandardsolutionB, and

Sample solution
Apply the Samples as bands and dry in air. Developin a

saturated chamber and dry inair. Heat at 100°for 3 min.
Whilethe plate isstill warm, treat with Derivatization
reagentA, and examine under long-wave UV light
(365 nm).

[NOTE-Immediately after examination, use the same
developed and derivatized plate for Identification B.]

System suitability: Under long-wave UV (365 nm), the
derivatizedchromatogram of StandardsolutionBdisplays,
in its lower third, three yellowish bands: the first close to
the application line; the second located just above, or
coincident with, the rutin band in StandardsolutionA; the
third, due to luteolin-7-0-glucoside,positionedabove the
light-blue band corresponding to verbascoside in
StandardsolutionA. There isa bluish-green band just
above the band due to rutin. Afaint light-blue band may
appear just below the verbascoside band. The.bands due
to verbascoside and luteolin-7-0-glucosideare clearly
separated. Abovethe yellowband due to luteolin-
7-O-glucoside, there isa faint blue zone and a faint
yellow band. .

Acceptance criteria: Under long-wave UV light (365 nm),
the chromatogram of the Sample solution displays the
bands similarin positionand color to those seen in
StandardsolutionB.Additional faint bands may be
observed.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Secoiridoids and Triterpenoids

[NOTE-Apply Derivatization reagent Bto the plate used
earlier in Identification A. Perform the second
derivatizationwithin 20 min of the first one.]

Chromatographic system
Derivatization reagent B: 85 ml of ice-cold methanol

combined with 10 ml of glacial acetic acid, 5 ml of
sulfuric acid, and 0.5 ml of p-anisaldehyde

Analysis
Samples: Standardsolution A, StandardsolutionB, and

Sample solution
Treat the plate with Derivatization reagentB, dry in'air,

heat for 3 min at 100°, and immediatelyexamine under
white light.

System suitability: Under white light, the derivatized
chromatogram of Standard solutionBexhibits, in its lower
third, a number of faint grayish-brown bands. In the
middle of the chromatogram, an intense gray-brown
band corresponding to oleuropein in StandardsolutionA
appears. An intense violetband, corresponding to the
oleanolicacid band in StandardsolutionA, isseen near the
solvent front, and a weakerblue band due to maslinic acid
just below it.

Acceptance criteria: Under white light, the
chromatogram of the Sample solution displays the bands
similarin position and color to those seen in Standard
solution B.Additional bands may be observed.

COMPOSITION
• CONTENT OF OLEUROPEIN

Mobile phase: 0.1% phosphoric acid in water and
acetonitrile (80:20)

Standard solution: 0.2 mg/ml of USPOleuropein RS in
Mobilephase

Sample solution: Transfer about 1.0 g of Olive leaf Powder,
accurately weighed, to a 50-ml centrifuge tube, add
15 ml of Mobilephase, cap tightly,and sonicatefor 20 min.
Centrifuge, and transfer the supernatant to a 50-ml
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Acceptance criteria: NLT 6.0% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

lmputities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 du/g, the total
combined molds and yeastscount does not exceed 105dul
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 102du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: The powder is yellowish green. .
Microscopic: The powder shows fragments of abaxl~1

epidermis with small anomocytic stomata and ~daxlal
epidermis with thick-walled polygonal cells, palisade
composed of three layers of cells, and spongy parenchyma
composed of small cells. Fragments of the lamina show
thick cuticle. Long filiform sclereids and very large
characteristic scutiform trichomes are abundant. Presence
of fragments of epidermis with crypts may indicate
adulteration with oleander leaves,while presence of

volumetric flask. Repeat with two additional 15-mL
aliquots of Mobilephase, and combine all supernatants into
the same volumetric flask. Dilute with Mobilephase to
volume, and mix well. Dilute the resulting solution
1O-fold with Mobilephase. Pass through a PTFE filter of
OA5-l..Im or finer pore size, discarding the initial few
milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: UV 230 nm
Column: 4.6-mm x 25-cm; 5-l..Im packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 20 I..IL

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for the oleuropein peak
Relative standard deviation: NMT 2.0% determined for

the oleuropein peak in replicate injections
Analysis

Samples: Standard solutionand Sample solutio~. .
Using the chromatogram of the Standard solution, Identify

the retention time of the peak corresponding to
oleuropein in the Sample solution.

Calculate the percentage of oleuropein (C2sH320n) in the
portion of Olive Leaf Powder taken:

Result=(rulrs) x C;s x (VIW) x 0 x 100

v
W

D

= peak area of oleuropein from the Sample solution
= peak area of oleuropein from the Standard

solution
= concentration of USP Oleuropein RS in the

Standard solution(mg/mL)
=volume of the Sample solution (rnt)
=weight of Olive Leaf Powder taken to prepare the

Sample solution (mg)
=dilution factor, 10

numerous anomocytic stomata and large cluster crystals
suggests adulteration with pittosporum.

• Loss ON DRYING (731)
Sample: 1.0 g of Olive Leaf Powder
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 1.0 g of Olive Leaf Powder
Acceptance criteria: NMT 9.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the official name of the article
and the corresponding Latin binomial.

• USP REFERENCESTANDARDS (11)
USP Oleanolic Acid RS
USP Oleuropein RS
USP Olive Leaf Dry Extract RS
USP Rutin RS
USP Verbascoside RS

Omega-3 Acid Triglycerides
DEFINITION
Omega-3 Acid Triglycerides is a mixture of mono-, dl-, and

triesters of omega-3 acids with glycerol containing mainly
triesters and obtained either by esterification of concentrated
and purified omega-3 acids with glycerol or by
transesterification of the omega-3 acid ethyl esterswith
glycerol. The omega-3 acids are from the body oil of fish of
the families Engraulidae, Carangidae, Clupeidae, Osmeridae,
Salmonidae, and Scombridae and are defined as the
following: alpha-linolenic acid (C18:3 n-3), moroctic acid
(C18:4 n-3), eicosatetraenoic acid (C20:4 n-3),
eicosapentaenoic acid (EPA) (C20:5 n-3),
heneicosapentaenoic acid (C21:5 n-3), docosapentaenoic
acid (C22:5 n-3), and docosahexaenoic acid (DHA) (C22:6 n
-3). It contains NLT 58.0% of total omega-3 acids expressed
astriglycerides and NLT the labeled amount of EPA and DHA,
expressed as the free fatty acids. Suitable antioxidants in
appropriate concentrations may be added.

IDENTIFICATION
• A. The retention times of the peaksfor eicosapentaenoic

acid methyl ester and docosahexaenoic acid methyl ester
of the Sample solution in the tests for Contentof EPA
and DHAand Contentof TotalOmega-3 Acids correspond to
those for the respective compounds of the Standard
solutions. If either EPA or DHA isnot claimed on the labeling,
the peak corresponding to that omega-3 acid does not
exceed 15.0% of the total detected area of the Sample
solution in the test for Contentof EPA and DHA and Content
of Total Omega-3 Acids.

• B. The retention time of the peak corresponding to the
triglycerides of the Sample solutioncorresponds to the
triglycerides peak of the System suitabilitysolutionin the test
for Contentof Oligomers and PartialGlycerides.

COMPOSITION
• CONTENT OF EPA AND DHA

Analysis: Proceed as directed in Fats and Fixed Oils(401),
Omega-3 FattyAcids Determination and Profile.

Acceptance criteria: NLT the labeled amount, expressed as
free acids
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• CONTENT OF TOTALOMEGA-3 ACIDS
Analysis: Proceed as directed in Fats and Fixed Oils(401),

Omega-3 FattyAcids Determination and Profile..
Acceptance criteria: NLT 58.0% of total omega-3acids,

expressed as triglycerides
• CONTENT OF OUGOMERS AND PARTIAL GLYCERIDES

Mobile phase: Use tetrahydrofuran.
Sample solution: 1.00 mg/mL of Omega-3 Acid

Triglycerides in Mobilephase
System suitability solution: 0.5 mg/mL of

monodocosahexaenoin, 0.3 mg/mL of didocosahexaenoin,
and 0.2 mg/mL of tridocosahexaenoin in Mobilephase.
[NOTE-Suitable grades of monodocosahexaenoin,
didocosahexaenoin, and tridocosahexaenoin may be
obtained from Nu-Chek Prep.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three 7.8-mm x 30-cm; connected in series;

packing L21, Z-um. Two columns are 50 nm in pore size,
and the other is 10 nm, arranged so that the 50-nm pore
size columns are closer to the injector.

Flow rate: 0.8 mL/min
Injection size: 40 I..lL

System suitability
Sample: System suitability solution
Suitability requirements

Elution order: Tridocosahexaenoin, didocosahexaenoin,
and monodocosahexaenoin

Resolution: NLT 2.0 between monodocosahexaenoin
and didocosahexaenoin and NLT 1.0 between
didocosahexaenoin and tridocosahexaenoin

Analysis
Sample: Sample solution
Measure the areasof the major peaks.
Calculate the percentage of oligomers in the portion of

Omega-3 Acid Triglycerides taken:

Result= (r vir r) x 100

ru =sum of the areas of the peakswith a retention time
less than that of the triglyceride peak _

r T =sum of the areas of all peaksin the chromatogram

Calculate the percentage of partial glycerides (mono- and
diglycerides) in the portion of Omega-3 Acid Triqlycerides
taken:

Result= (r vir r) x 100

r u =sum of the areasof the peaks corresponding to
diglycerides and monoglycerides

r T =sum of the areasof all peaksin the chromatogram

Acceptance criteria: NMT 3.0% of oligomers and NMT
50.0% of partial glycerides

CONTAMINANTS
• LIMIT OF ARSENIC

[NOTE-For the preparation of all aqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin. Select all reagents to have as Iowa content of

. arsenic as practicable, and store all reagent solutions
in containers of borosilicate glass. Cleanse glass,
polytef, and plastic vessels before use by soaking in
warm 8 N nitric acid for 30 min and by rinsing with
deionized water.]

USP 43

Solution A: Transfer 1 g of ultrapure palladium metal into a
Teflon beaker. Add 20 mL of water and 10 mL of nitric acid,
and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL
volumetric flask, and dilute with deionized water to volume.

Solution B: Transfer 1.g of ultrapure magnesium nitrate
into a Teflon beaker. Add 40 mL of water and 1 mL of nitric
acid, and warm on a hot plate to dissolve the solids. Allow
the solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid
(3:2:5). A volume of 5 I..lL provides 0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Standard

Arsenic Solution, prepared as directed in Arsenic (211), to a
1OO-mL volumetric flask. Add 40 mL of water and 5 mL of
nitric acid, and dilute with water to volume. This solution
contains 0.10 I..lg/mL of arsenic.

Standard solutions: Dilute the Standard stock solution with
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 I..lg/mL of arsenic.

Sample solution: For preparation of the Sample solution,
use a microwave oven with a magnetron frequency of
2455 MHz and a selectable output power of 0-950 watts
in 1% increments, equipped with advanced composite
vessels with 1OO-mL polytef liners. Userupture membranes
to vent vessels should the pressure exceed 125 psi. The
vessels fit into a turntable, and each vessel can be vented
into an overflow container. Equip the microwave oven with
an exhaust tube to ventilate fumes. [CAuTION-Wear proper
eye protection and protective clothing and gloves.]
Transfer approximately 500 mg of Omega-3 Acid
Triglycerides, weighed to the nearest 0.1 mg, into a Teflon
digestion vessel liner. Prepare samples in duplicate. Add
15 mL of nitric acid, and swirl gently. Cover the vessels with
lids, leaving the vent fitting off. Predigest overnight under a
hood. Placethe rupture membrane in the vent fitting, and
tighten the lid. Placeall vessels on the microwave oven
turntable. Connect the vent tubes to the vent trap, and
connect the pressure-sensing line to the appropriate vessel.
Initiate a two-stage digestion procedure by heating the
microwave at 15% power for 15 min, followed by 25%
power for 45 min. Remove the turntable of vessels from the
oven, and allow the vessels to cool to room temperature.
[NOTE-A cool water bath may be used to speed the cooling
process.] Vent the vessels when they reach room
temperature. Remove the lids, and slowly add 2 mL of 30%
hydrogen peroxide to each. Allow the reactions to subside,
and seal the vessels. Return the vessels on the turntable to
the microwave oven, and heat for an additional 15 min at
30% power. Remove the vessels from the oven, and allow
them to cool to room temperature. Transfer the cooled
digests into 25-mL volumetric flasks, and dilute with water
to volume.

Analysis: Program the graphite furnace as follows. Dry at
115°, using a l-s ramp, a 65-s hold, and an argon flow of
300 mL/min; char the sample at 1000°, using a l-s ramp, a
20-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 mL/min; atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a
5-s hold .
Separately inject equal volumes (20 I..lL) of the Standard

solutions, the Sample solution, and the Blank, followed by
an injection of 5 I..lL of Solution C for each of the samples,
into the graphite tube of a suitable graphite furnace
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atomic absorption spectrometer equipped with a
hollow-cathode lampfor arsenic. Determine the peakarea
at the arsenicemission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standard solutions versus their contents of arsenic, in
~g/mL, and calculatethe regression line best fitting the
points. Determinethe concentration, C, in ~g/mL, of
arsenic in each mL of the Sample solution by interpolation
from the regression line.

Calculate the content of arsenic in the portion of Omega
3 Acid Triglycerides taken:

Result =(C x V)/W

C =concentration of arsenic,as obtained above, in
the Sample solution (~g/mL)

V =final volume of the Sample solution (mL)
W =weight of Omega-3 Acid Triglycerides taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF LEAD
[NoTE--For the preparationofallaqueoussolutions and

for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin. Selectall reagents to have as Iowa content of
lead as practicable, and store all reagent solutions in
containersof borosilicate glass. Cleanse glass, polytef,
and plastic vessels before use bysoaking inwarm 8 N
nitric acid for 30 min and by rinsing with deionized
water.]

Solution A: 109 of ultrapure monobasicammonium
phosphate in 1 mLof nitric acid and 40 mL of water to
dissolve the phosphate. Dilutewith deionizedwater to
100 mL.

Solution B: 1 g of ultrapure magnesium nitrate to a Teflon
beaker.Add 40 mL of water and 1 mL of nitric acid, and
warm on a hot plate to dissolve the solids. Allow the
solutionto cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionizedwater
to volume. .

Solution C: Solution A, Solution B, and 2% nitric acid
(2:1 :2). Avolume of 5 ~L provides0.2 mg of phosphate
plus0.01 mg of magnesium nitrate. .

Blank: Nitric acid and water (1 :19)
Standard stock solution: Transfer 10.0 mL of lead nitrate

stocksolutionTS to a 1OO-mL volumetric flask. Add40 mL
of water and 5 mL of nitricacid, and dilutewith water to
volume.Transfer 1.0 mL of thissolutionto a second 100-mL
volumetric flask, add 50 mLof water and 1 mL of nitric acid,
and dilutewithwater to volume.This solutioncontains0.10
~g/mL of lead.

Standard solutions: Dilute the Standard stock solution with
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 ~g/mL of lead.

Sample solution: Prepareas directed for Sample solution in
the test for Limit ofArsenic.

Analysis: Programthe graphite furnace as follows. Dry at
120°, using a l-s ramp, a 55-s hold, and an argon flowof
300 mL/min; char the sample at 850°, using a l-s ramp, a
30-s hold, and an airflow of 300 mL/min;cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 mL/min; atomizeat
2100°, usinga O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a l-s ramp and a
5-s hold.
Separately injectequal volumes (20 ~L) of the Standard

solutions, the Sample solution, and the Blank, followed by
an injection of 5 fJL of Solution Cfor each of the samples,
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into the graphite tube of a suitablegraphite furnace
atomic absorption spectrometer equipped with a
hollow-cathode lampfor lead. Determine the peakareaat
the lead emission lineat 283.3 nm, corrected for
background absorption. Plotthe corrected peak areasof
the Standard solutions versus their contents of lead, in ~g/

mL, and calculatethe regression line best fitting the
points. Determinethe concentration, C, in~g/mL, of lead
in each mL of the Sample solution by interpolationfrom
the regression line.

Calculate the content of lead in the portion of Omega
3 Acid Triglycerides taken:

Result =(C x V)/W

C =concentration of lead, as obtained above, in the
Sample solution (~g/mL)

V =final volume of the Sample solution (mL)
W = weight of Omega-3 Acid Triglycerides taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF CADMIUM
[NOTE-For the preparationofall aqueoussolutions and
for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin. Selectall reagents to have as Iowa content of
cadmium as practicable, and store all reagent
solutionsin containersof borosilicate glass. Cleanse
glass, polytef, and plastic vessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionizedwater.]

Solution A: 109 of ultrapure monobasicammonium
phosphate in 40 mL of water and 1 mL of nitric acid to
dissolve the phosphate. Dilute with deionizedwater to
100 mL. .

Solution B: Transfer 1 g of ultrapuremagnesiumnitrateto a
Teflon beaker. Add40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetricflask, and dilute with deionizedwater
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid to
volume (2:1 :2). Avolume of 5 ~L provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1 :19)
Standard stock solution A: 0.1372 mg/mLof cadmium

nitrate
Standard stock solution B: Standard stock solution A, nitric

acid, and water (2:1 :97).This solution contains0.10 ~g/mL

of cadmium. [NoTE-Before make up to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions: Dilute Standard stock solution Bwith
the Blank to obtain concentrationsof 0.002, 0.005, 0.010,
0.025, and 0.050 ~g/mL of cadmium.

Sample solution: Prepareas directed for Sample solution in
the test for Limit ofArsenic.

Analysis: Programthe graphite furnace as follows. Dry at
120°, using a l-s ramp, a 55-s hold, and an argon flow of
300 mL/min; char the sample at 850°, using a l-s ramp, a
30-shold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 mL/min; atomizeat
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a
5-s hold.
Separately injectequal volumes (20 ~L) of the Standard

solutions, the Sample solution, and the Blank, followed by
an injection of 5 ~L of Solution Cfor each of the samples,
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IDENTIFICATioN
~ A., The retention times of the peaksof EPAmethyl ester and

DHA ster of the Sample'solution ond to
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into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a

~~~o;:-t~a~~~~~li~~e~rs~~~~i~~~t~~~~m~~~ ~~~r~~:~fCJIt1~ga~3iFree'Fatt)t'1lcids
for background absorption. Plot the corrected peak areas
of the Standardsolutionsversus their contents of
cadmium, in ~g/mL, and calculate the regression line best
fitting the points. Determine the concentration, C, in ~g/

ml, of cadmium in each mL of the Sample solution by
interpolation from the regression line.

Calculate the content of cadmium in the Omega-3 Acid
Triglycerides taken:

Result=(C x V)/W

c

V
W

= concentration of cadmium, as obtained above,
in the Sample solution (~g/mL)

=final volume of the Sample solution (mL)
=weight of Omega-3 Acid Triglycerides taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF MERCURY: Proceed as directed in Mercury(261),
Method lIa, except use a StandardMercury Solutionhaving
the equivalent of 0.1 ~g/mL of mercury.

Sample solution: Prepareasdirected for the Sample solution
in the test for Limit of Arsenic, combining the two duplicate
cooled digests into 1.0 mL of Potassium Permanganate
Solution.

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED
BIPHENYLS (PCBs)

Analysis: Determine the content of polychlorinated
dibenzo-para-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) by Method No. 1613, Revision B, of
the Environmental Protection Agency. Determine the
content of polychlorinated biphenyls (PCBs) by Method
No. 1668, Revision A, of the Environmental Protection
Agency.

Acceptance criteria: The sum of PCDDs and PCDFs is NMT
2.0 pg/g of World Health Organization (WHO) toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs (polychlorinated biphenyls, nonortho IUPAC
congeners PCB-77,PCB-81, PCB-126, and PCB-169,and
mono-ortho IUPACcongeners PCB-l05, PCB-114, PCB
118, PCB-123, PCB-156, PCB-157,PCB-167, and PCB-189)
is NMT 10.0 pg/g of WHO toxic equivalents.

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 3
• FATS AND FIXED OILS, Anisidine Value (401): NMT 30.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

2.0%
• ABSORBANCE

Sample solution: 0.24 mg/ml in isooctane
Acceptance criteria: The absorbance is NMT 0.73,

determined at 233 nm.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at controlled room temperature. It
may be bottled or otherwise packaged in containers from
which air has been expelled by production of a vacuum or
by an inert gas.

• LABELING: The label states the average content of DHA and
EPA asfree acids, in mg/g, and the total content of omega
3 acids as free acids, in mg/g. It also states the name and
concentration of any added antioxidant.
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Panthenol-see Panthenol General Monographs

Phenylalanine-see Phenylalanine General Monographs

Phyllanthus amarus
DEFINITION
Phyllanthus amarusconsists of the dried aerial parts of

Phyllanthus amarusSchumach. (Fam. Euphorbiaceae). It
contains NLT 0.25% of Iignans, calculated as the sum of
phyllanthin and hypophyllanthin on the dried basis.

IDENTIFICATION
• A. Phyllanthus amarusmeets the requirements in

Specific Tests for Botanical Characteristics.
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution A:'0.1 mg/mLof USP Phyllanthin RS in

methanol
Standard solution B: 10 mg/mL of USP Powdered

Phyllanthus amarus Extract RS in.rnethanol. Sonicatefor
about 10 min, centrifuge, and use the supernatant.

Sample solution: Sonicateabout 0.5 g of Phyllanthus
amarus, finely powdered, in 5 mL of methanol for 10 min,
centrifuge, and use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particlesize of 10-15 IJm (TLC plates)or 5 IJm (HPTLC
plates) ,

Application volume: 10 IJL (TLC plates)or 4 IJL (HPTLC
plates)

Developing solvent system: Hexane and ethylacetate
(2:1)

Derivatization reagent: Asolutionof 10% sulfuric acid in
methanol. [NOTE-Prepare fresh.]

Analysis
Samples: StandardsolutionA, Standard solution B, and

Sample solution
Apply the Samples as bands. Use a saturated chamber.

Develop until the solvent front has moved up about
three-fourths of the plate. Remove the plate from the
chamber, dry in air, treat with the Derivatization reagent,
heat for 3 min at 120°, and examine under white light.

Acceptance criteria: The chromatogram of the Sample
solutionexhibits a blue band in the lowerthird of the plate
due to phyllanthin,corresponding in colorand RF to that in
the chromatogram of Standard solution Ai a violetband due
to hypophyllanthin at an RF higher than that of
phyllanthin; a blue band at an RF higher than that of
hypophyllanthin; and a violetband in the upper third ofthe
plate. Bandsdetected in the chromatogram of the Sample
solutioncorrespond in positionand color to bands in the
chromatogram of Standard solution B. Other minor bands
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may be observed in the chromatograms of the Sample ...
solutionand Standard solution B.

• C. HPLC: The chromatogram of the Sample solution
obtained in the test for Content of Lignans showsa peakat a
retention time corresponding to that of phyllanthin in the
chromatogram of Standard solutionA. Identify other lignan
peaks in the chromatogram of the Sample solution by
comparisonwith the chromatogram of Standard solution B
and the reference chromatogram providedwith the lot of
USP Powdered Phyllanthus amarusExtract RS being used.
The chromatogram of the Sample solutionshows an
additional peak corresponding to hypophyllanthin.

COMPOSITION
• CONTENT OF LIGNANS

Solution A: Dissolve 0.14 g of potassium dihydrogen .
phosphate in 900 mL of water, add 0.5 mL of phosphoflc
acid, dilutewith water to 1000 mL, mix, filter, and degas.

Mobile phase: Acetonitrile and Solution A (4:6)
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in

methanol .
Standard solution B: Sonicatea portion of USP Powdered

Phyllanthus amarusExtract RS in methanol to obtain a
solution havinga concentration of about 5.0 mg/mL.
Before injection, pass through a membrane filterof
0,45-J.lm or finer pore size, discarding the firstfew mL of
the filtrate.

Sample solution: Transfer about 3.0 g of Phyllanthus
amarus, finely powdered and accuratelyweighed, to a
250-mL flask fitted with a reflux condenser. Add 50 mL of
methanol, reflux for about.20 min, allowto settle, and
decant the supernatant. Repeatuntilthe extract iscolorless.
Combine the extracts, concentrate under vacuum, transfer
quantitatively into a 1OO-mL volumetric flask, and adjustto
volumewith methanol. Before injection, pass through a
membrane filterof 0,45-J.lm or finer pore size, discarding
the firstfew mL of the filtrate.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L1
Flowrate: 1.5 mL/min
Injection volume: 10 J.lL

System suitability
Sarnples.. Standard solutionA and Standard solution B
Suitability requirements - .

Chromatogram similarity: The chromatogram of
Standard solutionB is similar to the reference
chromatogram provided with the lot of USP Powdered
Phyllanthus amarusExtract RS being used.

Resolution: NLT 1.5 between the phyllanthin and
hypophyllanthin peaks, Standard solution B

Tailing factor: NMT 1.5 for the phyllanthin peak,
Standard solutionA

Relativestandard deviation: NMT 2.0% determined
from the phyllanthin peak in replicateinjections,
Standard solutionA

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution. [NoTE-Standardsolution A, Standard
solution B, and the Sample solutionare stable for 48 h at
room temperature.]

Using the chromatograms of Standard solution A, Standard
solution B, and the referencechromatogram provided
with the lot of USP Powdered Phyllanthus amarus
Extract RS being used, identify the retention timesof the
peakscorrespondingto phyllanthin and hypophyllanthin.

USP 43

Separately calculatethe percentages of phyllanthin and
hypophyllanthin in the portion of Phyllanthus amarus
taken:

Result = (ru/rs) x Cs x (V/W) x F x 100

= peakarea of the relevant analytefrom the Sample
solution

=peakarea of phyllanthin from Standard solutionA
=concentration of USP Phyllanthin RS in Standard

solutionA (mg/mL)
=volume of the Sample solution(mL)
= weight of Phyllanthus amarus taken to prepare the

Sample solution(mg)
= conversion factor: 1.00 for phyllanthin; 0.75 for

hypophyllanthin

Acceptance criteria: Addthe percentages of phyllanthin
and hypophyllanthin: NLT 0.25% isfound on the dried
basis.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meetsthe requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined moldsand yeastscount does not exceed 103 du/
g, and the bile-tolerantGram-negative bacterial count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Erect annual herb, 10- to 60-cm high;slender
stem, leaves on mainstem are reduced to scales; secondary
branchlets, short, extend at right angles,each carrying 15
30 leaves; leaves have a green upper surfacewith raised
midriband a pale green lowersurfacewith prominent
midriband secondary veins, simple, alternate, 3-11 mm
long, 1.5-6 mm wide, short petiolate, elliptical-oblong to
obovate, apex obtuse and often with small pointed tip,
margin entire, base often slightly asymmetric; flowers
minute, yellowish, greenish, or whitish, unisexual, axillary
on secondarybranchlets,1-2 and sometimes3 per axil, first
1-2 internodesofeach branchletbear 1-2 maleflowers, the
rest have male and femaleflowers; fruits are flattened
spherical capsules, straw color, 3-loculed, about 2 mm in
diameter; seeds usually 2 per locule, light brown, about
0.9 mm long, triangularwith 6-710ngi~udinal ribsa!1d
many transverse striations on the back. Pharrnacopeial
article isgreen to yellowish-green masses composed mostly
of leaves, branchlets, and stem fragments; taste bitter.

Microscopic
Transverse section of stems: Epidermal layer; about 15

layers of cortex cells, thickwalled, contain chloroplasts,
some contain calcium oxalate crystals, inner 7-10 layers
are made of thick-walled cells interrupted at regular
interval by parenchyma cells; a layerof parenchymacells
containing starch grains; phloem 7-10 layers of
thin-walled cells; groups of xylem vessels; pith, multilayer
of thin-walled cells, few contain calcium oxalate crystals.

Transverse section of branch lets: The transverse section
is round; 6-8 layers of cortex, thick-walled cells, most
contain chloroplasts and a few calcium oxalate crystals,
after 3"'-4 layers there isa layerof cells containing starch
grains,followed by 2-3 layers of fiber cells interrupted by
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cortex parenchyma; phloem 5-7 layers of thin-walled
cells; groups of xylem vessels; pith, multilayer of
thin-walled cells, containing chloroplasts.

Transverse section of leaves: Upper and lower
epidermis; a single layerof palisadecells, which occupy
nearlyhalfof the space between each epidermis; 3-5
layers of parenchyma cells, a few contain crystals of
calcium oxalate;vascular bundles are also present.

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Phyllanthus amarus
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)
Sample: 1.0 g of finely powdered Phyllanthus amarus
Acceptance criteria: NMT 8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 1.0 g of finely powdered Phyllanthus amarus
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Phyllanthin RS
USP Powdered Phyllanthus amarusExtract RS

Powdered Phyllanthus amarus

DEfiNITION
Powdered Phyllanthus amarus is Phyllanthus amarusreduced

to a powder or veryfine powder. It contains NLT 0.25% of
Iignans, calculated as the sum of phyllanthin and
hypophyllanthin, on the dried basis. .

IDENTIfiCATION
• A. PowderedPhyllanthus amarusmeets the requirementsin

Specific Tests for Botanical Characteristics.
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in

methanol
Standard solution B: 10 mg/mL of USP Powdered

Phyllanthus amarusExtract RS in methanol. Sonicatefor
about 10 min, centrifuge, and use the supernatant.

Sample solution: Sonicateabout 0.5 g of Powdered
Phyllanthus amarusin 5 mL of methanol for 10 min,
centrifuge, and use the supernatant.

Adsorbent: Chromatographic silica gel with an average
particle sizeof 10-15 urn (TLC plates) or 5 urn (HPTLC
plates)

Application volume: 10 ~L (TLC plates)or 4 ~L (HPTLC
plates)

Developing solvent system: Hexaneand ethyl acetate
(2:1 )

Derivatization reagent: Asolutionof 10% sulfuric acid in
methanol. [NOTE-Prepare fresh.]

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the Samples as bands. Use a saturated chamber.

Develop until the solventfront has moved up about
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three-fourthsof the plate. Remove the plate from the
chamber, dry in air, treat with the Derivatization reagent,
heat for 3 min at 120°, and examine under white light.

Acceptance criteria: The chromatogram of the Sample
solutionexhibitsa blue band in the lowerthird of the plate
due to phyllanthin, corresponding incolorand RF to that in
the chromatogram of Standard solution A;a violetband due
to hypophyllanthin at an RF higher than that of
phyllanthin; a blue band at an RF higher than that of
hypophyllanthin; and a violetband inthe upper third ofthe
plate. Bands detected in the chromatogram of the Sample
solutioncorrespond in position and color to bands in the
chromatogram of Standard solution B. Other minor bands
may be observed in the chromatograms of the Sample
solutionand Standardsolution B.

• C. HPLC: The chromatogram of the Sample solution
obtained in the test for Content of Lignans showsa peakat a
retention time corresponding to that of phyllanthin in the
chromatogram of Standard solution A. Identify other Iignan
peaks in the chromatogram of the Sample solution by
comparisonwith the chromatogram of Standard solution B
and the reference chromatogram provided with the lot of
USP Powdered Phyllanthus amarusExtract RS being used.
The chromatogram of the Sample solutionshows an
additional peak corresponding to hypophyllanthin.

COMPOSITION
• CONTENT OF LIGNANS

Solution A: Dissolve 0.14 g of potassium dihydrogen
phosphate in 900 mL of water, add 0.5 mL of phosphoric
acid, dilute with water to 1000 mL, mix, filter, and degas.

Mobile phase: Acetonitrile and Solution A (4:6)
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in

methanol
Standard solution B: Sonicatea portion of USP Powdered

Phyllanthus amarusExtract RS in methanol to obtain a
solution having a concentration of about 5.0 mg/mL.
Before injection, pass through a membrane filter of
0.45-~m or finer pore size, discarding the first few mL of
the filtrate.

Sample solution: Transfer about 3.0 g of Powdered
Phyllanthus amarus, accuratelyweighed, to a 250-mL flask
fitted with a reflux condenser. Add50 mL of methanol,
reflux for about 20 min, allow to settle, and decant the
supernatant. Repeat until the extract iscolorless. Combine
the extracts, concentrate under vacuum, transfer
quantitatively into a 1OO-ml volumetric flask, and adjust to
volumewith methanol. Before injection, pass through a
membrane filterof 0.45-~m or finer pore size, discarding
the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Flowrate: 1.5 mL/min
Injection volume: 10 ~L

System suitability
Samples: Standardsolution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution B issimilar to the reference
chromatogram providedwith the lot of USP Powdered
Phyllanthus amarusExtractRS being used.

Resolution: NLT 1.5 between the phyllanthin and
hypophyllanthin peaks, Standard solution B

Tailing factor: NMT 1.5 for the phyllanthin peak,
Standard solutionA
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Relative standard deviation: NMT 2.0% determined
from the phyllanthin peak in replicate injections,
StandardsolutionA

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution. [NoTE-Standard solutionA, Standard
solution B, and the Sample solution are stable for 48 h at
room temperature.]

Using the chromatograms of StandardsolutionA, Standard
solution B, and the reference chromatogram provided
with the lot of USP Powdered Phyllanthus amarus
ExtractRS being used, identifythe retention times of the
peakscorresponding to phyllanthin and hypophyllanthin.

Separately calculate the percentages of phyllanthin and
hypophyllanthin in the portion of Powdered Phyllanthus
amarustaken:

Result =(rulrs) x C, x (VIW) x F x 100

ru = peak area of the relevant analyte from the Sample
solution

rs =peak area of phyllanthin from StandardsolutionA
Cs =concentration of USP Phyllanthin RS in Standard

solutionA (mg/mL)
V = volume of the Sample solution (mL)
W =weight of Powdered Phyllanthus amarustaken to

prepare the Sample solution (mg)
F = conversion factor: 1.00 for phyllanthin; 0.75 for

hypophyllanthin

Acceptance criteria: Add the percentages of phyllanthin
and hypophyllanthin: NLT 0.25% isfound on the dried
basis.

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements "
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined molds and yeasts count does not exceed 103 cful
g, and the bile-tolerantGram-negative bacterialcount does
not exceed 103 cfu/g. "

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Greenish to greenish-brown in color;"taste
bitter

Microscopic: Fragmentsof epidermal cellsof the leaveswith
wavy walls, showing anisocytic and paracytic stomata;
parenchyma cells,some showing clustersofcalciumoxalate
crystals; narrow fibers from the stem; pitted vessels of the
stem; fragments of the epicarp of the fruits showing
anomocytic stomata

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Phyllanthus amarus
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Phyllanthus amarus
Acceptance criteria: NMT 8.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 1.0 g of Powdered Phyllanthus amarus
Acceptance criteria: NMT 5.0%

USP 43

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature. "

• LABELING: The labelstates the Latin binomialand, following
the official name, the parts of the plant contained in the
article.

• "SP REFERENCE STANDARDS (11)
USP Phyllanthin RS
USP Powdered Phyllanthus amarus Extract RS

Phytonadione-see Phytonadione General Monographs

Phytonadione TabletS-see Phytonadione Tablets
General Monographs

Plant Stanol Esters

DEFINITION
Plant Stanol Esters consists mainlyof the fatty acid esters of

plant sitostanol (24-ethylcholestan-3~-01) and plant
campestanol (24-methylcholestan-3~-01). The sum of
campestanol and sitostanol is NLT 56% (w/w). It isproduced
from esterificationof plant stanols with fatty acids from
rapeseed oil, sunflower oil, corn oil, soybean oil, and their
blends. It can be a liquid or solid depending on the
temperature and on the fatty acids with which plant stanols
are esterified. Asuitable antioxidant may be added.

IDENTIFICATION
• A. It meets the acceptance criteriafor the Contentof Total

Stanols and Contentof Unesterified Stanols tests.
• B. The retention times of the campestanol trimethylsilyl

(TMS) and sitostanol TMS peaks from the Derivatized
sample solution in the test for Contentof TotalStanols
correspond to the campestanol TMS and sltostanol-Tlvti
peaks from the Derivatized standardsolution.

COMPOSITION
• CONTENT OF TOTAL STANOLS

Silylation reagent: Bis(trimethylsilyl)-trifluoracetamid
(BSTFA) with 1% trimethylchlorosilane (TMCS)l

Saponification solution: 2 M potassium hydroxide solution
in ethanol (11.22 g of potassium hydroxide dissolved in
100 mLof ethanol)

Internal standard solution: 0.6 mg/mL of USP
Epicoprostanol RS in n-propanol '

Derivatized internal standard solution: Transfer500 IJL of
the Internal standardsolution into a 12-mLscrew-cap test
tube and evaporate to dryness in a vacuum oven or under
nitrogen flow. Add 200 IJL of Silylation reagentand 100 IJL
of pyridine to the test tube, mix well, and heat for 15 min
at 70°. Cool the solution to room temperature before
injecting into the gas chromatograph.

Standard solution: Melt a portion of USP Plant Stanol
Esters RS in an oven or microwave oven to obtain a clear
and homogenous liquid. Transfer 40-70 mg of the melted
USP Plant Stanol Esters RS, accuratelyweighed, to a 25-mL
volumetric flask and dissolve in tetrahydrofuran. Sonicate

1 BSTFA + TMCS (99:1) is available from Sigma-Aldrich, Product# 33148;
www.sigmaaldrich.com/catalog/product/supelco/3 3148.
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2 DSC-NH2 SPE tube isavailablecommercially from Sigma-Aldrich or other
suppliers.

=peak response of campestanol or sitostanol from
the Derivatized sample solution

=peak response of epicoprostanol from the
Derivatized sample solution

= concentration of USP Epicoprostanol RS in the
Derivatized sample solution (mg/mL)

=concentration of Plant Stanol Esters in the
Derivatized sample solution(mg/mL)

=purity factor of USP Epicoprostanol RS (obtained
from the RS label)

F

Analysis
Sample: Derivatized sample solution

[NOTE-The response factor of epicoprostanol is
equivalent to that of carnpestanol or sitostanol.]

Separately calculate the percentage (w/w) of campestanol
and sitostanol in the portion of Plant Stanol Esters taken:

Result = (rufrs) x (Cs/Cu) x OF x 100

Acceptance criteria
Sum of campestanol and sitostanol: NLT 56% (w/w) of

total stanols [sum of percentaqes (w/w) of campestanol
and sitostanol]. The percentage of campestanol and
sitostanol in total stanols is NMT 32% and NLT 68%,
respectively.

• CONTENT OF UNESTERIFIED STANOLS
Silylation reagent, Internal standard solution,

Derivatized internal standard solution, and
Chromatographic system: Proceed as directed in the test
for Contentof TotalStanols.

Sample solution: Transfer 400 IJL of the Internalstandard
solution to a 12-mL screw-cap test tube and evaporate to
dryness either under moderate nitrogen flow or in a
vacuum oven (temperature not higher than 80°). Melt a
portion of Plant Stanol Estersin an oven or microwave oven
to obtain a clear and homogenous liquid. Transfer 30-
70 mg of the melted Plant Stanol Esters, accurately
weighed, to the test tube containing the evaporated
internal standard. Transfer 1 mL of a mixture of petroleum
ether and diethyl ether (90:10) into the test tube and mix
to dissolve (if necessary, use a vortex mixer and/or heat to
help dissolve the sample).

Fractionation by solid phase extraction (SPE): Activate an
SPE tube (NH2 phase, 3-mL volume, 500-mg sorbent-) by
rinsing it twice with 3 mL of a mixture of petroleum ether
and diethyl ether (90:10). Allowthe solvent to flow under
gravity through the tube. After activation, transfer the
Sample solution into the SPE tube. Wash stanol esters out of
the SPE tube with 2 x 3 mLof a mixture of petroleum ether
and diethyl ether (90:1 0). Elutethe unesterified stanols and
sterols from the SPE tube with 2 x 3 mL of acetone and
collect the eluate into a test tube. Evaporate the free stanol/

Relative
Retention

Name Time

Epicoprostanol 1.00

Cholestanol 1.17

Campesterol 1.34

Campestanol 1.37

Sitosterol 1.54

Sitostanol 1.57

the solution using an ultrasonic bath for about 15 min. After
sonication, allow the flask to cool to ambient temperature
(for about 1 h) before filling up to the mark with
tetrahydrofuran, and mix well.

Derivatized standard solution: Transfer 500 IJL each of the
Internalstandardsolutionand the well-mixed Standard
solution to a 12-mL screw-cap test tube. Evaporate the
sample to dryness either under moderate nitrogen flow or
in a vacuum oven (temperature not higher than 80°). Add
2.5 mL of Saponification solution to the residue, close the
test tube cap tightly, mix well on a vortex mixer, and reflux
in an ultrasonic bath with a heater at a temperature of 65°
75° for 1 h. Add 2 mL of deionized water and 3 mL of
n-heptane to the mixture, mix on a vortex mixer for 1-min,
and wait until the layers separate. If necessary, centrifuge
the test tubes to separate the layers. Transfer the n-heptane
fraction to another test tube and repeat the extraction of
the aqueous phase with 3 mL of n-heptane. Collect the
n-heptane fractions containing plant stanols and plant
sterols in the same test tube and evaporate to dryness under
moderate nitrogen flow. During the evaporation, test tubes
can be warmed (approximately up to 70°). Transfer 200
IJL of Silylation reagentand 100 IJL of pyridine to the test
tube, mix well, and heat for 15 min at 70°. Cool the solution
to room temperature before injecting into the gas
chromatograph.

Sample solution: Prepare as directed for the Standard
solutionexcept replace the USP Plant Stanol Esters RS with
Plant Stanol Esters.

Derivatized sample solution: Prepare as directed for the
Derivatized standardsotutionexcept replace the Standard
solutionwith Sample solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica capillary; bonded

with a 0.25-lJm film of phase G27
Temperatures

Injection port: 310°
Detector: 310°
Column: 300°

Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 IJL
Injection type: Split ratio, 50: 1

System suitability
Samples: Derivatized internal standardsolutionand

Derivatized standardsolution
Suitability requirements

[NOTE-Locatethe epicoprostanol (internal standard)
peak in the chromatogram of the Derivatized
standardsolution by comparing its retention time
with that of the epicoprostanol peak in the
chromatogram of the Derivatized internal standard
solution.The relative retention times of the
components in the Derivatized standardsolutionare
shown in Table 1.]

Resolution: NLT 1.0 between sitosterol and sitostanol,
Derivatized standardsolution

Relative standard deviation: NMT 2.0% for the
epicoprostanol peak, Derivatized internal standard
solution

Chromatogram similarity: The chromatogram obtained
from the Derivatized standardsolution is similar to the
reference chromatogram provided with the lot of USP
Plant Stanol Esters RS being used.

USP 43
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sterol fraction to drynessunder nitrogen flow. [NOTE-Do
not allowthe SPE tube to dry during the whole procedure.]

Derivatized sample solution: Transfer 200 IJL of Silylation
reagent and 100 IJL of pyridineto the test tube containing
free stanol/sterol obtained from the fractionation step
above, mixwell, and heat at 70°for 15 min. Cool the
solutionto room temperature before injecting into the gas
chromatograph.

System suitability
Samples: Derivatized internal standardsolution and

Derivatizedsample solution
Suitability requirements

[NOTE-Locate the epicoprostanol peak in the
chromatogram of the Derivatized sample solution by
comparing its retention time with that of the
epicoprostanol peak in the chromatogram of the
Derivatizedinternal standard solution. The relative
retention times of the components in the
Derivatizedsample solution are shown in Table 2.]

Table 2

Relative
Retention

Name Time

Epicoprostanol 1.00

Campestanol 1.37

Sitostanol 1.57

USP 43

on the fatty acid composition of plant stanol
esters.

Acceptance criteria: NLT 91% (w/w) of plant stanol esters

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 IJg/g
Lead: NMT 1.0 IJg/g

SPECIFIC TESTS .
• WATER DETERMINATION (921), Method I: NMT 0.1%
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 10.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, light

resistantcontainers. Store in a refrigerator.
• USP REFERENCE STANDARDS (11)

USP Epicoprostanol RS
(3a,5~)-Cholestan-3-ol.

C27H4SO 388.67
USP PlantStanol Esters RS

.Potassium Citrate-see Potassium Citrate General
Monographs

Analysis
Sample: Derivatizedsamplesolution

[NoTE-The responsefactor of epicoprostanol is
equivalent to that of campestanol or sitostanol.]

Separately calculatethe percentage (w/w) of unesterified
campestanol and unesterified sitostanol in the portion of
PlantStanol Esters taken:

Result = (rvlrs) x (CslCv) x Fx 100

rv =peak response of campestanol or sitostanol from
the Derivatized samplesolution .

rs =peak response of epicoprostanol from the
Derivatizedsamplesolution .

Cs =concentration of USP Epicoprostanol RS in the
Derivatized samplesolution (mg/mL)

Cv =concentration of PlantStanol Esters in the
Derivatized samplesolution (mg/mL)

F =purity factor of USP Epicoprostanol RS (obtained
from the RS label)

Acceptance criteria: NMT 3% (w/w) of unesterified stanols
(unesterified campestanol + unesterified sitostanol)

• CONTENT OF PLANTSTANOL ESTERS
Calculate the percentage of plant stanolesters in the portion

of Plant Stanol Esters taken:

Result =(Sr - Sv) x Fw

Su

Fw

=sum of campestanol and sitostanol from the test
for Contentof TotalStanols (%)

=sum of unesterified campestanoland unesterified
sitostanolfrom the test for ContentofUnesterified
Stanols (%)

= 1.63, molecular weight proportion of plant
stanols from an average plant stanol fatty acid
ester molecule for plant stanol ester esterified
with fatty acids derivedfrom main vegetable oil
such as rapeseed oil; sunflower oil, corn oil,
soybean oil,and their blends.Thefactor depends

Potassium Citrate Tablets
DEFINITION
Potassium Citrate Tablets contain NLT 90.0% and NMT

110.0% of the labeled amount ofpotassium (K).

IDENTIFICATION
• A. The Sample solutionfor Strengthproduces lineemissions

or absorptions at the characteristic wavelengthsfor
potassium.

• B. IDENTIFICATION TESTS-GENERAL, Citrate (191)
Analysis: Grind a Tablet to a fine powder in a mortar:

Transfer the powder to a centrifugetube, add 2-5 mL of
water, sonicate for 1 min, shake, and centrifuge.

Acceptance criteria: The supernatant meets the
requirements for the test.

STRENGTH
• CONTENT OF POTASSIUM, PROCEDURE 1

[NOTE-A standard stocksolutioniscommercially available at
differentpotassiumconcentrations,which may be used
for preparation of the Standardstocksolution. Necessary
volumetric adjustment can be made in the Standard
solution. Concentrationsof the Standardsolution and the
Sample solution may be modified to fit the linearor
working range of the instrument.]

Standard stock solution: Solution of potassiumchloride,
previously dried at 105°for 2 h, in water containing
1000 mg/L of potassium.

Standard solution: To a 50-mL volumetric flask add 20 mL
of water and 1 mL of nitric acid, and mixthoroughly. Pipet
10.0 mL of the Standardstocksolution into a volumetric
flask, and dilute with waterto volumeto obtain a solution
having a known concentration of about 200 IJg/mL of
potassium..

Sample solution: Weighand finely powder NLT 20 Tablets.
Transfer an accuratelyweighed portion of the powdered
Tablets,equivalentto about 0.1 g of potassium, to a 50-mL
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flask. Add 10 mL of nitric acid, and heat the solution to a
gentle boil, during which fuming evolves. Boil the solution
for an additional 30 min with constant swirling, during
which time no furnlnq should be observed. Cool the
solution to room temperature. Quantitatively transfer all of
the solution to a 500-mL volurnetrkftask, dilute with water
to volume, mix, and filter.

Inductively coupled plasma system
(See Plasma Spectrochemistry (730).)
Mode: Atomic emission spectroscopy
Analytical wavelength: 766.49 nm. [NoTE-The operating

conditions may be developed and optimized basedon the
manufacturer's recommendation. A typical setting
includes radio frequency (RF)power of about 1300 watts,
argon torch flow of about 15 L/min, argon auxiliary flow
of about 0.2 L/min, and a nebulizer flow rate of about
0.8 L/min.]

Blank: 2% nitric acid solution
Analysis

Samples: Standardsolution, Sample solution, and Blank
Calculate the percentage of the labeled amount of

potassium (K) in the portion of Tablets taken:

Result= (rulrs) x (CsICu) x 100

ru = response from the Sample solution
rs = response from the Standard solution
Cs = concentration of potassium in the Standard

solution (lJg/mL)
Cu = nominal concentration of potassium in the

Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-110.0% of the labeled amount
of potassium

•. CONTENT OF POTASSIUM, PROCEDURE 2
Standard stock solution A: 100 IJg/mL of potassium

chloride, previously dried at 1050 for 2 h, in water
Standard stock solution B: 10 IJg/mL of potassium from

Standard stock solutionA in 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and

25.0 mL of Standardstock solutionB to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of potassium.

Sample solution: Finely powder NLT 20 Tablets. Transfer an
equivalent to 5 Tablets to a porcelain crucible. Heat the
crucible in a muffle furnace maintained at 5500 for 6-12 h,
and cool. Add 60 mL of hydrochloric add.and boil gently
on a hot plate or steam bath for 30 min, intermittently
rinsing the inner surface of the crucible with 6 N 
hydrochloric acid. Cool, and quantitatively transfer the
contents of the crucible to a 1OO-mL volumetric flask. Rinse
the crucible with small portions of 6 N hydrochloric acid,
and add the rinsings to the flask. Dilute with water to
volume, and filter, discarding the first 5 mL of the filtrate.
Dilute this solution quantitatively with 0.125 N
hydrochloric acid to obtain a nominal concentration of 2
IJg/mL of potassium.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 766.5 nm
Lamp: Potassium hollow-catode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions, using the

Blank. Plot the absorbances of the Standard solutions

DietarySupplements / Potassium 5197

versusconcentration, in IJg/mL, and draw the straight line
best fitting the five plotted points. From the graph so
obtained, determine the concentration, C, in IJg/mL of
potassium in the Sample solution.

Calculate the percentage of the labeled amount of
potassium (K) in the portion of Tablets taken:

Result= (C/Cu) x 100

C = determined concentration of potassium in the
Sample solution interpolated from the graph (lJgI
mL)

Cu = nominal concentration of potassium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-110.0% of the label claim

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 103 cfu/g, and the total
combined yeast and mold count does not exceed 102

cfu/g.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the

requirement of the test for absence of Escherichia coli

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040)
Medlurn: Water; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Proceed as directed in Contentof Potassium,

Procedure 1 or Procedure 2, for Strength, making any
necessary volumetric adjustments.
Sample solution: If Contentof Potassium, Procedure 1 is

used, pipet 10.0 mL of the filtered pooled solution under
test to a 50-mL volumetric flask, and dilute with 2% nitric
acid solution to 50 mL. If Contentof Potassium, Procedure
2 is used, dilutethe filtered pooled solution under test
with 0.125 N hydrochloric acid to a concentration falling
within the range of the Standard solutions.

Calculate the percentage of the labeled amount of
potassium (K) dissolved:

Result=(Cx Ox V/L) x 100

C = measured concentration of potassium in the
Sample solution (mg/mL)

o = dilution factor for the Sample solution
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)

Tolerances: NLT 75% of the labeled amount of K is
dissolved. .

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: The label states the quantity of potassium in

terms of mg/Tablet.

Potassium Gluconate-see Potassium Gluconate
General Monographs
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Potassium Gluconate Oral Solution-see
Potassium Gluconate Oral Solution General Monographs

Potassium Gluconate Tablets-see Potassium
Gluconate Tablets General Monographs

Proline-see Proline General Monographs

Pygeum
DEFINITION
Pygeum consistsof the bark of Prunus africana (Hook f.)

Kalkman (pygeumafricanum Hook f.) (Fam. Rosaceae). It
contains NLT 9.0% of extractable matter.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 10 mg/mL of USP Pygeum Extract RS
in chloroform

Standard solution B: 1 mg/mL of USP ~-Sitosterol RS in
chloroform

Sample solution: Transfer 109 of the powdered plant
material to a Soxhletapparatus. Extract with 150 mL of
methylene chloridefor 4 h. Evaporate the extract under
vacuum to dryness. Dissolve the residue with 10 mL of
methylene chloride. ~

Chromatographic system
(SeeChromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layerof chromatographicsilica gel

(TLC plates)
Application volume: 10 IJL
Developing solvent system: Methylene chloride
Derivatization reagent: Sulfuric acid and water (1:1)

~~yili .
Samples: StandardsolutionA, Standard solutionB,and

Sample solution .
Develop ina saturated chamber for NLT15 em, and drythe

plate in a stream of air. Treat with Derivatization reagent,
heat the plate at 1000 for 10 min, and examine under
white light.

Acceptance criteria: The chromatogram of the Sample
solutionshows one red-violet zone turning to
grayish-brown near the originthat correspondsincolorand
RF value to that in the chromatogram of Standardsolution
A; one red-violet zone turning to grayish-brown at an RF

about 0.08, corresponding in color and RF value to that in
the chromatogram of Standardsolution B;further upward,a
grayish-brown zone may be present, corresponding in
colorand RFvalueto that in the chromatogram of Standard
solutionA. Other colored zones of varying intensities may
be observed in the chromatogram of the Sample solution.

COMPOSITION
• EXTRACTABLE MAITER
Analysis: Extract 2.00 g of the powdered material in a

Soxhlet apparatus with 150 mL ofalcohol for6 h. Evaporate
the solution to dryness under vacuum, and dry the residue
at l05° for 24 h.

Acceptance criteria: NLT 9.0% of extractable matter

USP 43

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limitsof Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Bark piecesconsistof long fragments of
variable dimensions, from onlya fewem to 1 m longwith a
thickness varying from a few mm to 1-2 ern. The color is
brown, more or lessdark on the externalsurface; light
brown to red-brown on the internal surface. The external
face of the barkpresents a verydarkand fissured rhytidome
that in the samples of old trees isfragmented in more or
less square plaques of about 1-5 em. The thickness varies
from 1 mm in young plants or branches to 5-8 mm in old
plants.The outer surfacemay also be coveredwith whitish
lichens or thin filamentous moss.The internal face of the
bark, under the rhytidome, is clearerand has a reddish
coloration,with a long fibrous break,from reddish to light
brown or dark brown in color, often presentingconcentric
stratification cracks. The internal surface presents small
wrinkles.

Microscopic: The transverse section of the bark presents a
suberized bed of variable thickness depending on the age
of the plant, consisting of multiple layers of small, square
cells with the walls of moderate thickness. It presents a
cortical parenchyma of more or less round cells, with a few
apparent formationsof verythin-walled sclereids, definitely
sharp. Often, in the parenchyma, there are groups of cells
containing oxalate druses; a few bigger cells with highly
thickened walls can also be observed. It showsa liberwith
phloem zones and medullary rays. The phloemical portions
contain groups of fibrous cells with highlythickened walls,
as well as phloernlcaland parenchymal elements,
sometimescontaining drusesofoxalate.Themedullary rays
are of conical shape, largeron the externalsurfaceand
thinner on the internalside; they can alsocontaindruses of
oxalate.

• ARTICLES OF BO.TANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 5.0%

• Loss ON DRYING (731): Dry at 600 for 15 h; it loses NMT
10.0% of itsweight.

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Pygeum Extract RS
USP ~-Sitosterol RS

Pygeum Extract
DEFINITION
Pygeum Extract is prepared from pulverized Pygeum, using

suitablesolvents. Itcontains NLT 90% and NMT 110% of the
labeled amount of docosyl ferulate and NLT 90% and NMT
110% of the labeled amount of total sterolsas ~-sitosterol,

calculatedon the dried basis.

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution A: 15 mg/mL of USP Pygeum Extract RS
in chloroform

Standard solution B: 2 mg/mL of USP ~-Sitosterol RS in
chloroform

Sample solution: Dissolve 150 mg of Extract in 10 mL of
chloroform.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 J.IL
Developing solvent system: Methylene chloride in a

saturated chamber
Spray reagent: Sulfuric acid and water (1:1)

Analysis
Samples: StandardsolutionA, Standard solutionB, and

Sample solution
Develop the chromatograms to a length of NLT 15 em,

and dry the plate in a current of air. Spray the plate with
Spray reagent, and heat the plate at 1000 for 10 min.
Examine the plate under white light.

Acceptance criteria: The chromatogram from the Sample
solutionshows one red-violet zone turning to
grayish-brown near the origin that corresponds in color and
RF value to that of StandardsolutionA, and one red-violet
zone turning to grayish-brown at an R F of 0.08
corresponding in color and R Fvalue to that in the
chromatogram of Standard solution B; above these spots a
grayish-brown zone may be present, corresponding in
color and RFvalue to that of StandardsolutionA; and other
colored zones of varying intensities may be observed in the
Sample solution.

• B. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Contentof

Docosyl Ferulate.
Acceptance criteria: The chromatogram of the Sample

solutionpresents a peak for docosyl ferulate that
corresponds in retention time to the principal peak in the
chromatogram of the Standard solution.

COMPOSITION
• CONTENT OF STEROLS

Derivatizing solution: Bis(trimethylsilyl)acetamide and
trimethylchlorosilane (9:1)

Internal standard solution: 2 mg/mL of 5a.-cholestane in
chloroform

System suitability stock solution: 2 mg/mL each of
campesterol, stigmasterol, and USP ~-Sitosterol RS

System suitability solution: Mix 2.0 mL of the System
suitabilitystock solutionand 2.0 mL of the Internalstandard
solution, and dilute with chloroform to 10 mL. Evaporate
500 J.IL of this solution to dryness using a stream of
nitrogen. Dissolve the residue in 80 J.IL of Derivatizing
solutionand 20 J.IL of pyridine. Allow to stand for NLT
10 min at room temperature.

Standard stock solution: 2.0 mg/mL of USP ~-Sitosterol RS
in chloroform

Standard solution: Mix 2.0 mL of the Standard stock
solutionand 2.0 mL of the Internalstandardsolution, and
dilute with chloroform to 10 mL. Evaporate 500 J.IL of this
solution to dryness using a stream of nitrogen. Dissolvethe
residue in 80 J.IL of Derivatizing solutionand 20 J.IL of
pyridine. Allow to stand for NLT 10 min at room
temperature.

Sample solution: Transfer 100 mg of Extract into a 100-mL
round-bottom flask. Add 2.0 mL of Internalstandard
solutionand 20 mL of diluted hydrochloric acid. Attach a
condenser, and reflux in a bath at 1000 for 30 min. Cool the
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solution to room temperature, and adjust by the addition
of about 5 mL of 10 N sodium hydroxide to a pH of 8.
Extract twice using 50 mL of ether each time, wash the
collected organic phases with 50 mL of water, and
evaporate the organic phase to dryness under vacuum.
Dissolve the residue with 4 mL of chloroform, and transfer
to a cartridge containing 500 mg of packing L8' that has
been conditioned with a 2-column volume of n-hexane.
Collect the eluate. Elute twice with a 1-column volume of a
mixture of chloroform and isopropanol (2:1). Combine the
eluates, and evaporate to dryness. Dissolve the residue in
10 mL of chloroform. Evaporate 500 J.IL of this solution to
dryness under a stream of nitrogen. Dissolve the residue
with 80 J.IL of Derivatizing solutionand 20 J.IL of pyridine.
Allow to stand for NLT 10 min at room temperature.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC .
Detector: Flame ionization
Column: 0.32-mm x 30-m capillary; G27 phasecoating of

0.25-J.Im thickness
Temperature

Injector: 285 0

Detector: 285 0

Column: See Table 7.

Table 1

Hold Time at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
e) e/min) (0) (min)

250 0 250 5

250 5 320 0

Carrier gas: Helium. [NOTE-The carrier gas flow rate .
should be adjusted to obtain a retention time of about
19 min for ~-sitosterol.]

Makeup gas: Helium
Injection size: 2 J.IL
Injection type: Split injection system
Split ratio: 1:50

System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention times for 5a.-cholestane,
campesterol, stigmasterol, and ~-sitosterol are about
0.66, 0.94, 0.96, and 1.00, respectively.]

Suitability requirements
Resolution: NLT 2 between campesterol and

stigmasterol
Column efficiency: NLT 150,000 theoretical plates for

the 5a.-cholestane peak
Tailing factor: NMT 2.0 for each relevant peak

Analysis
Samples: Standard solutionand Sample solution
Identify the signals corresponding to the relevant analytes

by comparison with the chromatograms obtained with
the System suitabilitysolution.

Separately calculate the individual percentages of
campesterol, stigmasterol, and ~-sitosterol, asB-sttosterol,
respectively, in the portion of Pygeum Extract taken:

C i = (RviR s) x C s x (VIW) x 100

Ru =ratio of the appropriate sterol peak to the internal
standard from the Sample solution

1 Asuitablecartridge is Chromabond NH2, manufactured by Macheray
Nagel,or equivalent.
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Rs =ratio of the ~-sitosterol peak to the 5a-cholestane
internal standard from the Standardsolution

Cs =concentration of ~-sitosterol in the Standardstock
solution (mg/mL)

V =volume of the Standardstock solution taken to
prepare the Standardsolution(mL)

W = weight of Pygeum Extracttaken to prepare the
Sample solution (mg)

Calculate the percentage of the labeled amount of total
sterols as ~-sitosterol:

Result =(kC / L) x 100

Ci =individual percentage of each sterol as
calculated above

L = labeled amount of total sterols in the Pygeum
Extracttaken

Acceptance criteria: 900/0-110% of the labeled amount of
total sterols as ~-sitosterol on the dried basis

• CONTENT OF DOCOSYL FERULATE
Solution A: Methanol and water (95:5)
Solution B: Acetonitrile
Mobile phase: Solution A and Solution 8 (17:3)
Standard solution: Dissolve a quantity of USP Docosyl

Ferulate RS in chloroform, and dilute with acetonitrile to
obtain a concentration of 0.02 mg/mL. Passthrough a filter
of 0.45-J,Jm or finer pore size.

Sample solution: To 250 mg of Extractadd 5 mLof
chloroform, and dilute with acetonitrile to 25 mL. Pass
through a filterof 0.45-lJm or finer pore size,discarding the
first4 mLof filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 323 nm
Column: 4-mm x 25-cm; packing L7
Column temperature: 25°
Flow rate: 1 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements .

Column efficiency: NLT 1700 theoretical plates for the
docosyl ferulate peak

Tailing factor: NMT 2.0 for docosyl ferulate
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of docosyl ferulate (P) in the

portion of Extracttaken:

P= (r vir s) x C s x (V/W) x 100

r u =peak area for docosyl ferulate from the Sample
solution

r s =peak area for docosyl ferulate from the Standard
solution

C s = concentration of USP Docosyl Ferulate RS in the
Standardsolution (mg/mL)

V = volume of the Sample solution (mL)
W =weight of Extracttaken to prepare the Sample

solution (mg)

Calculate the percentage of the labeled amount of docosyl
ferulate:

Result =(P/L) x 100

USP 43

P =percent of docosyl ferulate in the portion of
Extracttaken

L =labeled amount of docosylferulate in the Pygeum
Extract(%)

Acceptance criteria: 900/0-11 0% of the labeled amount of
docosyl ferulate on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):

NMT 4 IJg/kg of total aflatoxins Bl, B2, Gl, and G2; NMT
2 J,Jg/kg of aflatoxin Bl

Meets the requirement
• BOTANICAL EXTRACTS, Preparations (565): Meets the

requirements in General Pharmacopeial Requirements,
Residual Solvents

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 104 du/g, and the total
combined molds and yeasts count does not exceed 103 cfu/
g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• Loss ON DRYING (731): Dry1.0 g of Extract for 3 h at 110°:

it loses NMT10% of its weight.
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in tight containers,

protected from light.
• LABELING: The label states the Latin binomialand, followlnq

the official name, the part of the plant from which the
article was prepared. Label the content as a percentage of
total sterols as ~-sitosterol and the content as a percentage
of docosyl ferulate. It also meets the requirements.in
Botanical Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Docosyl Ferulate RS
USP Pygeum Extract RS
USP ~-Sitosterol RS

Pygeum Capsules
DEFINITION
Pygeum Capsules contain Pygeum Extract. Capsules contain

NLT 90.0% and NMT110.0% of the labeled amount of
Extract, calculated as sterols and docosyl ferulate.

IDENTIFICATION
• A. The retention times of the peaks for campesterol,

stigmasterol, and ~-sitosterol, of the Sample solution,
correspond to those of the Standardsolution, as obtained
in the test for Contentof Sterols.

• B. The retention time of the peak for docosylferulate in the
Sample solution corresponds to that in the Standard
solution, as obtained in the test for Contentof Docosyl
Ferulate.

J
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Injection size: 2 IJL
Injection type: Split injection system
Split ratio: 1:50

System suitability
Sample: System SUitability solution

[NoTE-The relative retention times for Sa.-cholestane,
campesterol, stigmasterol, and p-sitosterol are about
0.66, 0.94, 0.96, and 1.00, respectively.]

Suitability requirements
Resolution: NLT 2 between campesterol and

stigmasterol
Column efficiency: NLT 150,000 theoretical plates for

the Sa.-cholestane peak
Tailing factor: NMT 2.0 for each relevant peak

Analysis
Samples: Standard solution and Sample solution

Identify the signalscorresponding to the relevant analytes
by comparison with the chromatograms obtained with
the System suitabilitysolution.

Calculate the percentages of the labeled amount of
Extract as sterols in the portion of the Capsulestaken:

Result=(!:Ru/Rs) x (Cs x V/W) x (Aw x 100/LE) x 100/L

=ratio of the sum of peak responses for
campesterol, stigmasterol, and p-sitosterol
relative to the internal standard from the Sample
solution

=ratio of the p-sitosterol peak relative to the
internal standard from the Standard solution

=concentration of p-sitosterol in the Standard stock
solution (mg/mL)

=volume of the Standard stock solutionused to
prepare the Standard solution(2.0 mL)

=weight of the sample of Capsules taken to
prepare the Sample solution (mg)

=average weight of the Capsules contents (mg)
=content of sterols in 100 mg of the Extract used

to prepare the Capsules (mg)
=labeled amount of Extract per Capsule (mg/

Capsule)

Acceptance criteria: 90%-11 0% of the labeled amount of
Extract, calculated assterols

• CONTENT OF DOCOSYL FERULATE
Solution A: Methanol and water (95:5)
Solution B: Acetonitrile
Mobile phase: Solution A and Solution B(17:3)
Standard solution: Dissolvea quantity of USP Docosyl

Ferulate RS in chloroform, and dilute stepwise if necessary,
with acetonitrile to obtain a concentration of 0.01 mg/mL.
Pass through a membrane filter of O,4S-lJm or finer
pore size.

Sample solution: Weigh the contents of NLT 20 Capsules
and transfer a quantity of the material, equivalent to 0.2 mg
of docosyl ferulate, to a SO-mL beaker. Add 5 mL of
chloroform and dissolve in an ultrasonic bath. Transfer to a
20-mL volumetric flask with the aid of NMT 2 mL of
chloroform. Dilute with acetonitrile to volume and mix.
Pass through a membrane filter of O,4S~lJm or finer
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 323 nm
Column: 4-mm x 2S-cm; packing L7
Column temperature: 250

Flow rate: 1 mL/min
Injection size: 320 IJL

Carrier gas: Helium. [NoTE-The carrier gas flow rate
should be adjusted to obtain a retention time of 19 min
for p-sitosterol.]

Makeup gas: Helium

STRENGTH
• CONTENT OF STEROLS

Derivatizing solution: Bis(trimethylsilyl)acetamide and
trimethylchlorosilane (9:1)

Internal standard solution: 2 mg/mL of Sa.-cholestane in
chloroform

System suitability stock solution: 2 mg/mL each of
campesterol, stigmasterol, and USP P-Sitosterol RS

System suitability solution: Mix 2.0 mL of the System
suitabilitystock solutionand 2.0 mL of the Internalstandard
solution, and dilute with chloroform to 10 mL. Evaporate
500 IJL of this solution to dryness using a stream of
nitrogen. Dissolve the residue in 80 IJL of Derivatizing
solution and 20 IJLof pyridine. Allow to stand for NLT
10 min at room temperature.

Standard stock solution: 2.0 mg/mL of USP P-Sitosterol RS
in chloroform

Standard solution: Mix 2.0 mL of the Standard stock
solution and 2.0 mL of the Internalstandardsolution, and
dilute with chloroform to 10 mL. Evaporate 500 IJL of this
solution to dryness using a stream of nitrogen. Dissolvethe
residue in 80 IJLof Derivatizing solutionand 20 IJLof
pyridine. Allow to stand for NLT 10 min at room
temperature.

Sample solution: Transfer a quantity of Capsules,
equivalent to 100 mg of the labeled amount of Extract,
into a 100-mL round-bottomed flask. Add 2.0 mL of the
Internalstandardsolutionand 20 mL of diluted hydrochloric
acid. Attach a condenser, and reflux in a bath at 1000 for
30 min. Cool the solution to room temperature, and adjust
by the addition of about 5 mL of 10 N sodium hydroxide
to a pH of 8. Extract twice using 50 mL of ether each time,
wash the collected organic phaseswith 50 mL of water, and
evaporate the organic phase to dryness under vacuum.
Dissolvethe residue with 4 mL of chloroform, and transfer
to a cartridge containing 500 mg of packing L8 that has
been conditioned with a 2-column volume of n-hexane.
[NOTE-A suitable cartridge is Chromabond NH2,
manufactured by Macheray Nagel, or equivalent.] Collect
the eluate. Elute twice with a 1-column volume of a mixture
of chloroform and isopropanol (2:1). Combine the eluates,
and evaporate to dryness. Dissolve the residue in 10 mL of
chloroform. Evaporate 500 IJLof this solution to dryness
under a stream of nitrogen. Dissolve the residue with 80
IJL of Derivatizing solutionand 20 IJLof pyridine. Allow to
stand for NlT 10 min at room temperature.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m capillary column coated with a

G27 phase of 0.2S-lJm thickness
Temperature

Detector: 285 0

Injector: 285 0

Column: Seethe temperature program table below.

Hold TIme at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) (Ojmin) e) (min)

250 0 250 5

2.50 5 320 as needed
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• 2H,oOH
HO

OH

Pyridoxine Hydrochloride Tablets-see
Pyridoxine Hydrochloride Tablets General Monographs

Quercetin

• A.
S

[NoTE-The substance isa dihydrate.]

C15H,007 302.2
2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-4H-l-benzopyran-

4-one;
Quercetindihydrate 338.2
[6151-25-3].

DEFINITION
Ouercetincontains NLT98.0% and NMT 102.0% ofquercetin

(C'SH'007), calculatedon the anhydrous basis.

IDENTIFICATION

• B.
. 1.!J

Wavelength range: nm
Sample solution: 10 IJg/mL of Quercetinin methanol. Filter

ifnecessary. .
Acceptance criteria: The spectrum exhibits two absorption

maxima at 255 nm and 371 nm. The absorptivity at the
maximum at 371 nm !s 75.5-80.0, calculatedon the
anhydrous basis. .

• C. HPLC IDENTIFICATION TEST
Analysis: Proceedas directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution corresponds to that of the Standard
, solution; as obtained in the Assay.

• ASSAY
• PROCEDURE

Mobile phase: Methanol, water, and phosphoricacid
(100:100:1 )

System suitability solution: 0.02 mg/mL each of USP
Quercetin RS, USP Kaempferol RS, and USP Isorhamnetin RS
in methanol

Standard solution: Transfer 10 mg of USP QuercetinRS to a
50-mL volumetric flask, and add 20 I11L of methanol to
dissolve. Add 20 mL of water, mix, and dilute with
methanol to volume.

Sample solution: Transfer 10 mg of Ouercetin to a 50-mL
volumetric flask, and add 20 mL of methanol to dissolve.
Add20 mL of water, mix, and dilute with methanol to

, volume.
Chromatographic system
. (SeeChromatography (621), System Suitability.)

Mode: LC
Detector: UV 370 nm
Column: 4.6-mm x 25-cm; packingL1

. Flowrate: 1.0 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Column efficiency: NLT 1700 theoretical platesfor the
docosylferulate peak

Tailing factor: NMT 2.0 for docosyl ferulate
Analysis

Samples: Standardsolution and Sample solution
Measurethe areas of the analyte peaks.
Calculate the percentage of the labeled amount of Extract

as docosylferulate in the portion of the Capsules
taken:

Result =(ru/rs) x (Cs x V/W) x (Aw x 100/LJ x 100/L

ru =peak responsefor docosyl ferulatefrom the
Sample solution

rs = peak responsefor docosyl ferulatefrom the
Standardsolution

Cs = concentration of USP Docosyl Ferulate RS in the
Standardsolution (mg/mL)

V =final volume of Sample solution (20.0 mL)
W = weight of the sample of Capsules taken to

prepare the Sample solution(mg)
Aw =average weight of the Capsules contents (mg)
LE =content of docosyl ferulate in 100 mg of the

Extract used to prepare the Capsules (mg)
L = labeled amount of Extract per Capsule(mgl

Capsule)

Acceptance criteria: 900/0---11 0% of the labeled amount of
Extract, calculated as docosyl ferulateand sterols (from
Contentof Sterols)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirementsfor Rupture
Test for SoftShellCapsules .

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS'
• MICROBIAL ENUMERATION TESTS (2021): the total bacterial

count does not exceed 1000 du/g. The total combined
molds and yeasts count does not exceed 1000 du/g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): The Capsules meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve intight containers,and

store at controlled room temperature.
It LABELING: The labelstates the Latin binomial and, following

the official. name, the articlefrom which the Capsules were
prepared. The labelalso indicates the quantity of Extract, in
mg/Capsule. Label the Capsules to indicate'the quantity of
sterolsand docesyl ferulate in percentage of the Extract
contained in the Capsules.

• USP REFERENCE STANDARDS (11)
USP Docosyl Ferulate RS
USP Pygeum Extract RS
USP f3-Sitosterol ,RS

Pyridoxine Hydrochloride-see Pyridoxine
Hydrochloride General Monographs
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System suitability
Samples: System suitability solution and Standardsolution

[NoTE-The relative retention times for quercetin,
kaempferolare, and isorhamnetinare 1.0, 1.8, and
2.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between kaempferol and

isorhamnetin, System suitability solution
Column efficiency: NLT 2000 theoretical plates
Relativestandard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of Quercetin in the portion of

Sampletaken:

Result = (r ulr s) x (C siC u) x 100

= peak response from the Sample solution
= peak response from the Standardsolution
=concentration of USP Quercetin RS in the

Standardsolution (mg/mL)
=concentration of Quercetin in the Sample solution

(mg/mL)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• KAEMPFEROL AND OTHER RELATED COMPOUNDS

Mobile phase, System suitability solution, Standard
solution, Sample solution, and System suitability:
Proceedas directed in the Assay.

Chromatographic system: Proceedas directed in the Assay
but use UV detection at 270 nm.

Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the

portion of the Sample taken:

Result =(r ulr T) x 100

= peak response of each individual impurity from
the Sample solution

= sum of the responses of all the peaksfrom the
Sample solution

Acceptance criteria
Kaempferol: NMT 0.5%
Individual impurities: NMT 0.1%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• WATER DETERMINATION, Method la (921)

Sample: 100 mg
Acceptance criteria: NMT 12.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight,

light-resistant containers.
• USP REFERENCE STANDARDS (11)

USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS

Dietary Supplements / Red Clover 5203

Red Clover
DEFINITION
Red Cloverconsistsof the aerial parts of Trifolium pratense L.

(Fam. Fabaceae). It contains NLT 0.5% of isoflavones,
calculated on the dried basis, as the sum of daidzein,
genistein, formononetin, and biochaninA.

IDENTIFICATION
• A. Red Clovermeets the requirements under Specific Tests,

BotanicCharacteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Presence of biochanin A and formononetin
Solvent A: Methanol and water (7:3)
Solvent B: Methanol and water (6:4)
Standard solution A: 0.5 mg/mL of USP Biochanin ARS in

methanol
Standard solution B: 0.5 mg/mL of USP Formononetin RS

in methanol
Standard solution C: 10 mg/mL of USP Powdered Red

CloverExtract RS in Solvent A. Shake to disperse, heat in a
water bath at 60°-80° for 10 min, cool, centrifuge, and
use the supernatant.

Sample solution: Transfer 0.5 g of finely pulverized Red
Cloverto a centrifuge tube, add 5 mL of Solvent B,shake
to disperse, heat in a water bath at 60°-80° for 10 min,
cool, centrifuge, and use the supernatant.
[Nets-Reserve a portion of the supernatant for
Identification test C.]

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof 5 IJm (HPTLC plates)
Application volume: 4 IJL each of Standard solutionA,

Standardsolution B, and Sample solution, and 3 IJL of
Standardsolution C, as 8-mm bands

Relative humidity: Conditionthe plate to a relative
humidity of about 33% using a suitabledevice.

Developing solvent system: A mixtureof ethyl acetate,
toluene, and formic acid (30:70:1)

Developing distance: 6 cm .
Derivatization reagent: 5 mg/mL of 2-amlnoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA, Standardsolution B,
Standardsolution C, and Sample solution

Apply the Samples as bands to a suitable high
performance thin-layer chromatographic plate, and dry
in air. Develop the chromatograms in a saturated
chamber. Remove the plate from the chamber, heat at
100° for 5 min, derivatize the plate while still warm
with the Derivatizationreagent, dry in air, and examine
under UV light at 365 nm.

System suitability: StandardsolutionCexhibits, at about
the middle of the chromatogram, a greenish band
corresponding to the band due to biochanin Ain the
chromatogram of StandardsolutionA, and a bluish band,
at about one third of the chromatogram, corresponding
to formononetin in the chromatogram of Standard
solution B. Below the band due to formononetin, the
Standardsolution Cchromatogram exhibits a red band
in the lower third section of the chromatogram.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the following main bands similar in
positionsand colorsto the corresponding bands in the
chromatogram of Standardsolution C: two greenish
bands at about the middle of the chromatogram
(distinctionfrom white clover, soy, and alfalfa), one of

www.webofpharma.com

https://nhathuocngocanh.com/



5204 Red Clover / Dietary Supplements

these greenish bands corresponds to the band due to
biochaninAin the chromatogram of Standardsolution
A; and a bluish band at about one third of the
chromatogram, corresponding to the band due to
formononetin in the chromatogram of Standardsolution
B; below the band due to formononetin, the Sample
solution chromatogram exhibitsa red band in the lower
third section of the chromatogram.

• C. THIN-LAYER CHROMATOGRAPHY
Presence of flavone glycosides

Solvent A: Methanol and water (7:3)
Solvent B: Methanol and water (6:4)
Standard solution A: 0.1 mg/mL of USP Hyperoside RS in

methanol .
Standard solution B: 25 mg/mL of USP Powdered Red

Clover Extract RS in Solvent A. Shaketo disperse, heat in a
water bath at 60°_80° for 10 min, cool, centrifuge, and
use the supernatant.

Sample solution: Use the solution as prepared in
Identification test B.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof 5 IJm (HPTLC plates)
Application volume: 4 IJL of StandardsolutionA, 8 IJL of

StandardsolutionB,and 2 IJL of Sample solution,as8-mm
bands

Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Developing solvent system: A mixtureof ethyl acetate,
formicacid, glacial acetic acid, and water
(100:11 :11:27)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl
diphenylborinate in ethyl acetate

Analysis .
Samples: Standardsolution A, StandardsolutionB, and

Sample solution
Apply the Samples as bands to a suitable high

performance thin-layer chromatographic plate, and dry
in air. Develop the chromatograms in asaturated
chamber. Remove the plate from the chamber, heat at
100°for 5 min, derivatize the plate whilestill warm with
Derivatizationreagent, dry in air, and examine under UV
light at 365 nm.

System suitability: Standardsolution Bexhibits, at about
the middleof the chromatogram, two yellow bands, the
lowerband corresponds in color and RF to the band due
to hyperosidein the chromatogram of Standardsolution
A, the upper yellow band isdue to isoquercitrin; two
green bands, or a broad green band, above the yellow
bands; and a blue band in the upper third sectionof the
chromatogram. Theyellowbands due to hyperoside and
isoquercitrin are clearly separated.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the following bands similar in positions
and colorsto the corresponding bands in the
chromatogram of the StandardsolutionB:a yellow band
at about the middle of the chromatogram
corresponding to the band due to hyperoside in the
chromatogram of StandardsolutionA; another yellow
band, at an RF slightly higher than that of hyperoside;
two green bands, or a broad green band, above the
yellowbands; and a blue band in the upper third section
of the chromatogram.

• D. HPLC IDENTIFICATION TEST
Analysis: Proceedas directed for Contentof Isoflavones.

USP 43

Using the values obtained in the test for Contentof
Isoflavones, calculatethe ratioof5,7-dihydroxyisoflavones
to 7-hydroxyisoflavones:

Result = (B + G)/(D + F)

B =percentage of biochanin A
G =percentage of genistein
o = percentage of daidzein
F =percentage of formononetin

Acceptance criteria: The chromatogram of the Sample
solution exhibitspeaksfor daidzein, genistein,
formononetin, and biochanin Aat retention times that
correspond to those in the chromatogram of Standard
solutionA, and the ratio of 5,7-dihydroxyisoflavones to
7-hydroxyisoflavones is between 0.1 and 10.

COMPOSITION
• CONTENT OF ISOFLAVONES

Solution A: Acetonitrile and water (1 :3) containing 0.05%
trifluoroacetic acid

Solution B: Acetonitrile containing 0.05%
trifluoroacetic acid

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 100 0

2 100 0

2.5 87 13

7.5 80 20

7.8 73 27

8.0 55 45

11.0 50 50

13.0 40 60

15.0 26 74

16.0 0 100

18.1 100 0

23.0 100 0

Solvent: Alcohol and water (1 :1)
Standard stock solution A: Transfer a quantity of USP

Powdered Red Clover Extract RS, equivalentto 30 mg of
the labeled content of isoflavones, to a 250-mL volumetric
flask. Add 15 mL of dehydrated alcohol, sonicate until
dissolved, and dilute with Solvent to volume.

Standard solution A: Evaporate 50 mL of Standardstock
solutionA to dryness under vacuum. Add 15 mL of 2 N
hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid
of 15 mL of alcohol, to a 50-mL volumetric flask, and
dilutewith Solvent to volume.Centrifuge, orfilterthrough a
membrane of 0.45-lJm or finer pore size.

Standard solution B: 0.1 mg/mLof USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mLof USP
Daidzein RS, and 0.1 mg/mLof USP Biochanin A RS in a
mixture of n-propanol and water (1 :1). Sonicate, and filter
through a membrane of 0.45-lJm or finer pore size.

Sample stock solution: Transfer about 2.5 g of ground Red
Clover, accuratelyweighed, into a 120-mL flask with a
stopper. Addexactly100 mL of Solvent, closethe flask, and
shake on an orbital or wrist-action shakerfor NLT 12 h.
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Sample solution: Evaporate 50 mL of the Sample stock
solutionto dryness under vacuum at 40°.Add15 mL of 2 N
hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer this solution,with the aid of 15 mL
of alcohol, to a 50-mLvolumetric flask, and dilute with
Solvent to volume. Filter through a membrane of 0.45-lJm
or finer pore size,discarding the first4 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; end-capped 5-lJm packing L1
Column temperature: 45°
Flowrate: 1 mL/min
Injection volume: 10 IJL

System suitability
Samples: StandardsolutionA and Standard solutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solutionA issimilar to the reference
chromatogram provided with the lot of USP Powdered
Red CloverExtract RS being used.

Tailing factor: NMT 2.0 for the formononetin peak,
Standard solutionB

Relative standard deviation: NMT 2.0%, determined
from the formononetin peak in repeated injections,
Standard solution B

Analysis
Samples: StandardsolutionA, Standard solution B, and

Sample solution
Identify the peakscorresponding to daidzein, genistein,
formononetin, and biochaninAin the Sample solution
chromatogram by comparison with the chromatogram
obtained from StandardsolutionA and the reference
chromatogram. Measurethe areas of the analyte peaks.

Separately calculatethe percentages of daidzein, genistein,
formononetin, and biochaninAin the portion of Red
Clover taken:

Result =(rulrs) x Cs x (V/W') x D x 100

ru =peak response for each relevant lsoflavone from
the Sample solution

rs = peak response for daidzein, genistein, .
formononetin, or biochaninAfrom Standard
solutionB

Cs = concentration of daidzein, genistein,
formononetin, or biochaninAin Standard
solutionB (mg/mL)

V = volume of the Sample stock solution (mL)
W =weight of Red Clover used to prepare the Sample

solution (mg)
o = dilution factor to prepare the Sample solution

from the Sample stock solution, 1

Acceptance criteria: Add the percentages of daidzein,
genistein, formononetin, and biochaninA. NLT 0.5% of
isoflavones on the dried basis.

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 IJg/g
Cadmium: NMT 0.5 IJg/g
Lead: NMT 5.0 IJg/g
Mercury: NMT 1.0 IJg/g
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• ,~~i!I~~~~';'~F.~~~~~ICAt91l1~1~;;Wl'est/~/Cll~rRg~!Cllrg·,4(iqlysis
(~6J-).A(¢Nl~Ml1Y.20H~): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 106~U/g, the total
combined moldsand yeast count does not exceed 104 cfu/
g, and the enterobacterial count is NMT 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirementsof the tests for absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Red Clover inflorescences are ovoidwith a
rounded summit, mostly12-34 mm in length and width,
usually on a veryshort stalk, shriveled, purplish, and more
or less brown from drying, consistingof many
papilionaceous flowers, crowded together and clothed at
the base with broad, pointed, pale green ciliate stipules
with darkerveins. The flowers are up to 15 mm in length
and have the following: five green, hairy, subulate calyx
teeth, one longer than the other four; petals united into a
more or less campanulate tube, somewhatrecurved, and
colorless with pinkish purple veins; diadelphousstamens;
slender style; a faintly aromatic, somewhat tea-like odor;
and a sweet, then slightly bitter taste. Leaves trifoliolate,
petiolate, stipulate, with stipules fused to petiole; leaflets
petiolulate, obovate to oblong-obovate or broadly
elliptical.

Microscopic
Flower: Epidermis of calyx composed of polygonal cells
with faintly striated cuticle and occasional anomocytic
stomata on the outer epidermis only;covering trichomes
abundant, uniseriate, with two small thin-walled basal
cells, and a thick-walled tapering end cell, up to 1 mm in
length with a warty cuticle; qlandular trichomespresent,
particularly on the lowerepidermis, each with a one- or
two-celled stalkand a head composed of several cells
arranged in two rows; epidermal cells of the corolla,
papillose at the tip, elongated with slightly wavywalls
and a stronglystriated cuticle; vascular strands of corolla
and calyx are surrounded by a crystal sheath containing
prismatic crystals of calciumoxalate; fibrous layer of
anthers;subspherical pollengrains,20-48 IJm indiameter
with smooth exine, three distinct pores, and three
furrows.

Transverse section of leaf: Dorsiventral; one to three rows
of pallisade cells under the upper epidermis; mesophyll
made of spongy parenchyma cells; lowerepidermis;
covering trichomes on both epidermis,and are similar to
those found on the flowers; glandular trichomes, more
closeto the veinson the lower epidermis, and are similar
to those found on the flowers; collateral vascular bundles,
surrounded by a crystal sheath containing prismatic
crystals of calcium oxalate.

Transverse section of stem: It shows ridgesalong the
surface, with groups of collenchymacells under the
epidermallayerof the ridges;epidermisfollowed bya few
layers of parenchyma cells; a wide central
parenchymatous pith, surrounded by groups of vascular
bundles that are separated by thick-wall, lignified
parenchyma cells.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method2 (561): NLT 15.0%

• Loss ON DRYING (731)
Analysis: Dry 1 g at 105° for 2 h.
Acceptance criteria: NMT 12.0%
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• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
10.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a well-closed,

light-resistant container, protected from moisture.
• LABELING: The label statesthe Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Biochanin A RS
USP Daidzein RS
USP Formononetin RS
USP Genistein RS
USP Hyperoside RS
USP Powdered Red Clover Extract RS

Red Clover Aerial Parts Isoflavone
Aglycones Dry Extract
DEFINITION
Red Clover Aerial Parts Isoflavone Aglycones Dry Extract is

prepared from dried aerial parts of Trifolium pratensel. (Fam.
Fabaceae) by extraction with hydroalcoholic mixtures or
other suitable solvents. It contains NLT 36.0% and NMT
44.0% of isoflavones, predominantly asaglycones,
calculated on the dried basisas the sum of daidzein,
genistein, formononetin, and biochanin A. It contains NMT
1.0% of daidzein and NMT 1.0% of genistein, both on the
dried basis. The ratio of 5,7-dihydroxyisoflavones to
7-hydroxyisoflavones is between 0.9 and 1.7. It may contain
suitable excipients.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Presence of biochanin A and formononetin
Solvent: Methanol and water (7:3)
Standard solution A: 1 mg/mL eachof USP Biochanin A RS

and USP Formononetin RS in methanol
Standard solution B: 10 mg/mL of USP Red Clover Aerial

PartsIsoflavone Aglycones Dry Extract RS in Solvent. Shake
to disperse, heat on a water bath at 60°-80° for 10 min,
centrifuge, and use the supernatant.

Sample solution: 10 mg/mL of RedClover Aerial Parts
Isoflavone Aglycones Dry Extract in Solvent. Shake to
disperse, heat on a water bath at 60°-80° for 10 min,
centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 IJm (HPTLCplate)'
Application volume: 2 IJLeach of StandardsolutionA,

Standardsolution 8, and Sample solution,as8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, toluene, and

formic acid (30:70:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate

1 A suitable commercially available plate is HPTLCSilica Gel 60 Fl S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Analysis
Samples: StandardsolutionA, Standardsolution 8/ and

Sample solution
Apply the Samples and dry in air. Develop in a saturated

chamber. Remove the plate from the chamber, heat at
100° for 5 min, derivatize while warm with the
Derivatization reagent, dry in air, and examine under UV
light at 365 nm. .

System suitability: StandardsolutionA exhibits a bluish
band at about one-third of the chromatogram due to
formononetin, and a greenish band due to biochanin A at
about the middle of the chromatogram. Standardsolution
8 exhibits prominent bands of similar color and position
to those of formononetin and biochanin A in Standard
solution A. A red band appears below the formononetin
band in Standardsolution 8.

Acceptance criteria: The Sample solution exhibits the
following prominent bands similar in position and color
to those in Standardsolution 8: two greenish bands at
about the middle of the chromatogram (a distinction from
white clover, soy, and alfalfa), one of them corresponding
to biochanin A in StandardsolutionAi a bluish band at
about one-third of the chromatogram, corresponding to
the formononetin band in Standardsolution B; and a red
band below that due to formononetin.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Isoflavones.
Using the values obtained in the test for Contentof

Isoflavones, calculate the ratio of 5,7-dihydroxyisoflavones
to 7-hydroxyisoflavones:

Result=(8 + G)/(D + F)

8 = percentage of biochanin A
G = percentage of genistein
o = percentage of daidzein
F = percentage of formononetin

Acceptance criteria: The Sample solution exhibits peaksfor
daidzein, genistein, formononetin, and biochanin A at
retention times corresponding to those in Standardsolution
A and Standardsolution 8. The ratio of
5,7-dihydroxyisoflavones to 7-hydroxyisoflavones is,
between 0.9 and 1.7.

COMPOSITION
• CONTENT OF ISOFLAVONES2

Solution A: Acetonitrile and water (1:3) containing 0.05%
trifluoroacetic acid

Solution B: Acetonitrile containing 0.05%
trifluoroacetic acid

Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 100 0

2 100 0

2.5 87 13

7.5 80 20

7.8 73 27

8.0 55 45

2 Limits specified for the content of daidzein and genistein facilitate
detection of material derived from other isoflavone-rich sources,
notably, soy.
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=volume of the Sample solution (mL)
= weight of the Dry Extract taken to prepare the

Sample solution (mg)

Acceptance criteria: 36.00/0-44.0% of isoflavones as the
sum of daidzein, genistein, formononetin, and biochanin A
on the dried basis; NMT 1.0% of daidzein and NMT 1.0%
of genistein, both on the dried basis

CONTAMINANTS

Dietary Supplements / Red Clover 5207

Meets the requirements
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count is NMT 1()4 cfu/g, and the total combined
molds and yeasts count is NMT 103 cfu/g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1.0 g of Dry Extract
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 3.0%

• RESIDUE ON IGNITION (281)
Analysis: Ignite 1.0 g of Dry Extract.
Acceptance criteria: NMT 4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, protected from moisture, in a cool place.
• LABELING: The label states the official name of the article

and the corresponding Latin binominal. The label also
indicates the content of isoflavones, their status as
aglycones, the extraction solvent used for preparation, and
the ratio of the starting crude plant material to the Dry
Extract. It meets the requirements of Botanical Extracts
(565), Preparations, General Pharmacopeial Requirements,
Labeling.

• USP REFERENCE STANDARDS (11)
USP Biochanin A RS
USP Daidzein RS
USP Formononetin RS
USPGenistein RS
USP Red Clover Aerial Parts Isoflavone Aglycones Dry

Extract RS

Powdered Re~ Clover
DEFINITION
Powdered Red Clover is Red Clover reduced to a powder or

very fine powder. It contains NLT 0.5% of isoflavones,
calculated on the dried basisas the sum of daidzein,
genistein, formononetin, and biochanin A.

IDENTIFICATION
• A. Powdered Red Clover meets the requirements under

Specific Tests.Botank: Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Presence of biochanin A and formononetin
Solvent A: Methanol and water (7:3)

Table 1 (continued)

Result=(rulrs) x Cs x (VIW) x 100

= peak areaof a relevant isoflavone from the Sample
solution

. = peak area of the corresponding isoflavone from
Standard solutionB

=concentration of the corresponding isoflavone in
Standard solution8 (mg/mL)

Diluent: Alcohol and water (1:1)
Standard solution A: Prepare a 0.10-0.15-mg/mL solution

of USP Red Clover Aerial Parts Isoflavone Aglycones Dry
Extract RS in Diluent,sonicate briefly, and filter through a
membrane of 0,45-lJm or finer pore size.

Standard solution B: 0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP
Daidzein RS, and 0.1 mg/mL of USP Biochanin A RS in a
mixture of n-propanol and water (1:1)

Sample solution: Accurately weigh a quantity of RedClover
Aerial Parts Isoflavone Aglycones Dry Extract, equivalent to
12 mg of the labeled content of isoflavones, and transfer
to a 1OO..mL volumetric flask. Add 50 mL of Diluent, sonicate
to disperse, and dilute with Diluent to volum~. Before .
injection, passthrough a filter of 0,45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; end-capped 5-lJm packing L1
Column temperature: 45°
Flow rate: 1.0 mL/min
Injection volume: 10 IJL

System suitability
Samples: StandardsolutionA and Standard solution B
Suitability requirements

Tailing factor: NMT 2.0 for the formononetin peak,
Standard solutionB .

Relative standard deviation: NMT 2.0%, determined
from the formononetin peak in replicate injecti<?ns,
Standard solutionB

Chromatogram similarity: The chromatogram of
StandardsolutionA is similar to the reference
chromatogram provided with the lot of USP Red Clover
Aerial Parts Isoflavone Aglycones Dry Extract RS
being used.

Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution .... .
Identify the peaks corresponding to daldzein, genlst~ln,

formononetin, and biochanin A in the Sample solutionby
comparison with the chromatograms obtained from
Standard solution A, Standard solutionB, and the reference
chromatogram supplied.

Calculate the percentage of each isoflavone in the portion
of RedClover Aerial PartsIsoflavone Aglycones Dry Extract
taken:

USP 43

Time Solution A SolutionB
(min) (%) (%)

11.0 50 50

13.0 40 60

15.0 26 74

16.0 0 100

18.1 100 0

23.0 100 0
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Solvent B: Methanol and water (6:4)
Standard solution A: 0.5 mg/mL of USP Biochanin ARS in

methanol .
Standard solution B: 0.5 mg/mL of USP Formononetin RS

in methanol
Standard solution C: 10 mg/mL of USP Powdered Red

CloverExtractRS in Solvent A. Shaketo disperse, heat in a
water bath at 60°-80° for 10 min, cool, centrifuge, and
use the supernatant.

Sample solution: Transfer0.5 g of Powdered Red Clover
to a centrifuge tube, and add 5 mLof Solvent ~. Shaketo
disperse, heat in a water bath at 60°780°for 10 min, cool,
centrifuge, and use.the supernatant. [NoTE-Reserve a
portion of the supernatant for Identification test C.]

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particlesize of 5 J..Im (HPTLC plates)
Application volume: 4 J..IL each of StandardsolutionA,

StandardsolutionB, and Sample solution, and 3 J..IL of
StandardsolutionC, as 8..mm bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
toluene, and formic acid (30:70:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Analysis

Samples: StandardsolutionA, StandardsolutionB,
Standardsolution C, and Sample solution

Apply the Samples as bands to a suitable HPTLC plate, and
dry in air. Developthe chromatograms in a saturated
chamber. Remove the plate from the chamber, heat at
100° for 5 min, derivatizethe plate while stillwarm with
Derivatization reagent, dry in air, and examine under UV
light at 365 nm.

System suitability: StandardsolutionCexhibits,at about
the middle of the chromatogram, a greenish band
corresponding to the band due to blochanln Ain the
chromatogram of StandardsolutionA, and a bluishband,
at about one third of the chromatogram, corresponding
to formononetin in the chromatogram of Standard
solutionB. Below the band due to formononetin, the
Standardsolution C chromatogram exhibits a red band
in the lower third section of the chromatogram.

Acceptance criteria: The chromatogram of the Sample
, solution exhibits the following main bands similar in
positions and colors to the corresponding bands in the
chromatogram of Standardsolution C: two greenish
bands at about the middle of the chromatogram
(distinctionfrom white clover, soy, and alfalfa), one of
these greenish bands corresponds to the band due to
biochanin A in the chromatogram of Standardsolution
A; and a bluish band at about one third of the
chromatogram, corresponding to the band due to
formononetin in the chromatogram of Standardsolution
B; below the band due to formononetin, the Sample
solutionchromatogram exhibits ared band in the lower
third section of the chromatogram.

• C. THIN-LAYER CHROMATOGRAPHY
Presence of flavone glycosides

Solvent A: Methanol and water (7:3)
Solvent B: Methanol and water (6:4)
Standard solution A: 0.1 mg/mL of USP Hyperoside RS in

methanol
Standard solution B: 25 mg/mL of USP Powdered Red

CloverExtract RS in Solvent A. Shaketo disperse, heat in a

USP43

water bath at 60°-80° for 10 min, cool, centrifuge, and
use the supernatant.

Sample solution: Usethe solution as prepared in
Identification test B.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 J..Im (HPTLC plates)
Application volume: 4 J..IL of StandardsolutionA, 8 J..IL of

StandardsolutionB,and 2 J..IL of Sample solution,as 8-mm
bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
formic acid, glacialacetic acid, and water
(100:11:11:27)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl

diphenylborinate, in ethyl acetate
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution

Applythe Samples as bands to a suitable HPTLC plate, and
dry in air.Develop the chromatograms in a saturated
chamber. Remove the plate from the chamber, heat at
100° for 5 min, derivatizethe plate whilestill warm with
Derivatization reagent, dry in air, and examine under UV
light at 365 nm.

System suitability: StandardsolutionBexhibits, at about
the middleof the chromatogram, two yellowbands. The
lower band corresponds in colorand RF to the band due
to hyperoside in the chromatogram of Standardsolution
A and the upper yellowband isdue to isoquercitrin. The
solution also exhibits two green bands, or a broad green
band, above the yellow bands, and a blue band in the
upper third section of the chromatogram. The yellow
bands due to hyperoside and isoquercitrin are clearly
separated.

Acceptance criteria: The chromatogram of the Sample
solution exhibits the following bands similarin positions
and colors to the corresponding bands in the
chromatogram of StandardsolutionB: a yellow band at
about the middle of the chromatogram corresponding
to the band due to hyperoside in the chromatogram of
StandardsolutionA; another yellowband, at an RFslightly
higher than that of hyperoside; two green bands, or a
broad green band, above the yellow bands; and a blue
band in the upper third section of the chromatogram.

• D. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed for the Contentof Isoflavones.

Using the valuesobtained in the test for Contentof
Isoflavones, calculatethe ratioof5,7-dihydroxyisoflavones
to 7-hydroxyisoflavones:

Result =(B + G)/(D + F)

B =percentage of biochanin A
G = percentage of genistein
o = percentage of daidzein
F =:= percentage of formononetin

Acceptance criteria: The chromatogram of the Sample
solution exhibits peaks for daidzein, genistein,
formononetin, and biochanin Aat retention times that
correspond to those in the chromatogram of Standard
solutionA; and the ratio of 5,7-dihydroxyisoflavones to
7-hydroxyisoflavones is between 0.1 and 10;
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COMPOSITION
• CONTENT OF ISOFLAVONES

Solution A: Acetonitrile and water (1:3) containing 0.05%
trifluoroacetic acid

Solution B: Acetonitrile containing 0.05%
trifluoroacetic acid

Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (%) (%)

a 100 a
2 100 a

2.5 87 13

7.5 80 20

7.8 73 27

8.0 55 45

11.0 50 50

13.0 40 60

15.0 26 74

16.0 a 100

18:1 100 0 --
23.0 100 a

Solvent: Alcohol and water (1:1)
Standard stock solution A: Transfer a quantity of USP

Powdered Red Clover Extract RS, equivalent to 30 mg of
the labeled content of isoflavones, to a 250-mL volumetric
flask. Add 15 mL of dehydrated alcohol, sonicate until
dissolved, and dilute with Solvent to volume.

Standard solution A: Evaporate 50 mL of Standard stock
solution A to dryness under vacuum. Add 15 mL of 2 N
hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid
of 15 mL of alcohol, to a 50-mL volumetric. flask, and
dilute with Solvent to volume. Centrifuge, or filter through a
membrane of 0.45-~m or finer pore size..

Standard solution B: 0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP
Daidzein RS, and 0.1 mg/mL of USP Biochanin A RS in a
mixture of n-propanol and water (1:1). Sonicate, and filter
through a membrane of 0.45-~m or finer pore size.

Sample stock solution: Transfer about 2.5 g of Powdered
Red Clover, accurately weighed, into a 120-mL flask with a
stopper. Add exactly 100 mL of Solvent, close the flask, and
shakeon an orbital or wrist-action shaker for NLT 12 h.

Sample solution: Evaporate 50 mL of the Sample stock
solution to dryness under vacuum at 40°. Add 15 mL of 2 N
hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer this solution, with the aid of 15 mL
of alcohol, to a 50-mL volumetric flask, and dilute with .
Solvent to volume. Filter through a membrane of 0.45-~m
or finer pore size, discarding the first 4 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; end-capped 5-~m packing L1
Column temperature: 45°
Flow rate: 1.0 mL/min
Injection volume: 10 J,.JL

System suitability .
Samples: Standard solution Aand Standard solution B

DietarySupplements / Red Clover 5209

Suitability requirements
Chromatogram similarity: The chromatogram from

Standard solution A is similar to the reference
chromatogram provided with the lot of USP Powdered
Red Clover Extract RS being used.

Tailing factor: NMT 2.0 for the formbnonetin peak,
Standard solution B

Relative standard deviation: NMT 2.0%, determined
from the formononetin peak in repeated injections,
Standard solution B

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Identify the peaks corresponding to daidzein, genistein,

formononetin, and biochanin A in the Sample solution
chromatogram by comparison with the chromatogram
from Standard solution A and the reference
chromatogram. Measure the areas of the analyte peaks.

Separatelycalculate the percentages of daidzein, genistein,
formononetin, and biochanin A in the portion of
Powdered Red Clover taken:

Result= (ru/rs) x Cs x (V/W) x 0 x 100

ru =peak response for each relevant isoflavone from
the Sample solution

rs = peak response for daidzein, genistein,
formononetin, or biochanin A from Standard
solution B

Cs =concentration of daidzein, genistein,
formononetin, or biochanin A in Standard
solution 8 (mg/mL)

V =volume of the Sample stock solution (mL)
W = weight of Powdered Red Clover used to prepare

the Sample solution (mg)
o =dilution factor to prepare the Sample solution

from the Sample stock solution, 1

Acceptance criteria: Add the percentages of daidzein,
genistein, formononetin, and biochanin A. NLT 0.5% of
isoflavones on the dried basis.

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 J,.Jg/g
Cadmium: NMT 0.5 J,.Jg/g
Lead: NMT 5.0 J,.Jg/g
Mercury: NMT 1.0 J,.Jg/g

.~gajIGINlit{g~tlqiqg~g§iqY~;~nt:J1Ysis
.: F .9: Meets the requirements - .

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 106 cfu/g, the total
combined molds and yeast count does not exceed 104 cfu/
g, and the enterobacterial count is NMT 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS: Fragments of epidermis of

calyx composed of polygonal cells with faintly striated
cuticle and occasional anomocytic stomata; epidermal cells
of the corolla, papillose at the tip, elongated with slightly
wavy walls and a strongly striated cuticle; upper epidermal
cells of leaflets with sinuous and slightly beaded anticlinal
walls; lower epidermal cells of leafletswith sinuous to wavy
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walls; both epidermal cells show anomocyticstomata,
covering trichomes, and glandular trichomes; covering
trichomes,uniseriate, with two small thin-walled basal cells,
and a thick-walled tapering end cell, up to 1 mm in length
with a warty cuticle; glandular trichomes, each with a one
or two-celled stalkand a head composed of several cells
arranged in two rows; pollen grains, smooth, nearly
spheroidal, from 20 to 48 urn in diameter; sclerenchyma
fibers with adherent crystal sheath containing prisms of
calcium oxalate.

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives,
Method 2 (561): NLT 15.0%

• Loss ON DRYING (731)
Sample: 1 g
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
10.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers, protected from moisture.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant from which the
articlewas derived.

• USP REFERENCE STANDARDS (11)
USP Biochanin A RS
USP Daidzein RS
USP Formononetin RS
USP Genistein RS
USP Hyperoside RS
USP Powdered Red Clover Extract RS

Powdered Red Clover Extract

DEFINITION
Powdered Red CloverExtract is prepared from Red Clover by

extraction with hydroalcoholic mixtures or other suitable
solvents. It contains NLT 90.0% and NMT 110.0% of the
labeledamount of isoflavones, calculated on the dried basis
as the sum of daidzein, genistein, formononetin, and
biochaninA. It may contain suitableadded substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Presence of biochanin A and formononetin
Solvent A: Methanol and water (7:3)
Solvent B: Methanol and water (6:4)
Standard solution A: 0.5 mg/mLof USP Biochanin ARS in

methanol
Standard solution B: 0.5 mg/mLof USP Formononetin RS

in methanol
Standard solution C: 10 mg/mL of USP Powdered Red

Clover Extract RS in Solvent A. Shake to disperse, heat on a
water bath at 60°-80° for 10 min, cool, centrifuge, and
use the supernatant.

Sample solution: 10 mg/mL of Powdered Extract in
Solvent A. Shaketo disperse, heat on a water bath at 60°
80°for 10 min, cool, centrifuge,and use the supernatant.
[NOTE-Reserve a portion of the supernatant for
Identification test B.]

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesize of 5 urn (HPTLC plates)

USP43

Application volume: 4 ~L each of Standard solutionA,
StandardsolutionB,and the Sample solution, and 3 ~L of
Standardsolution C, as 8-mm bands

Relativehumidity: Conditionthe plate to a relative
humidityof about 33% using a suitabledevice.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, toluene, and
formic acid (30:70:1)

Developing distance: 6 cm
Derivatization reagent: 5 mg/mLof 2-aminoethyl

diphenylborinatein ethyl acetate
Analysis

Samples: StandardsolutionA, Standard solution B,
Standardsolution C, and Sample solution

Apply the Samples as bands and dry in air. Develop in a
saturated chamber. Remove the platefromthe chamber,
heat at 100° for 5 min, treat while still warm with
Derivatization reagent, dry in air,and examineunder UV
light at 365 nm.

System suitability: Standardsolution C exhibits, at about
the middle of the chromatogram, a greenish band
correspondingto biochaninAinStandardsolutionA, and a
bluish band, at about one-third of the chromatogram,
corresponding to formononetin in Standard solutionB.
Below the band due to formononetin, StandardsolutionC
exhibits a red band.

Acceptance criteria: The Sample solutionexhibits the
following bands similar in positionand color to the
corresponding bands in the chromatogram of Standard
solutionC: two greenish bands at about the middleof the
chromatogram (a distinction from white clover, soy, and
alfalfa), one of these greenish bands correspondingto
biochanin Ain StandardsolutionA; a bluish band at about
one-third of the chromatogram, correspondingto the
formononetin band in StandardsolutionB. Below the
formononetin band, the Sample solutionexhibits a
red band.

• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Presence of flavone glycosides

Solvent A: Methanol and water (7:3)
Solvent B: Methanol and water (6:4)
Standard solution A: 0.1 mg/mLof USP Hyperoside RS in

methanol
Standard solution B: 25 mg/mL of USP Powdered Red

Clover Extract RS in Solvent A. Shake to disperse, heat on a
water bath at 60°-80° for 10 min, cool, centrifuge, and
use the supernatant.

Sample solution: Use the solution prepared in
Identification test A.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 urn (HPTLC plates)
Application volume: 4 IJL of StandardsolutionA, 8 ~L of

Standardsolution B,and 2 IJL of the Sample solution, as
8-mm bands

Relativehumidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, formic acid,

glacial acetic acid, and water (100:11 :11 :27)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mLof 2-aminoethyl

diphenylborinatein ethyl acetate
Analysis

Samples: StandardsolutionA, Standard solution B, and
Sample solution

Apply the Samples as bands and dry in air. Develop in a
saturated chamber. Remove the platefromthe chamber,
heat at 100° for 5 min, treat whilestill warm with
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Derivatization reagent, dry in air, and examine under UV
light at 365 nm.

System suitability: Standardsolution 8 exhibits, at about
the middle of the chromatogram, two yellow bands. The
lower band corresponds in color and RF to hyperoside in
Standard solution A. The upper yellow band is due to
isoquercitrin. The solution also exhibits two green bands
or a broad green band, above the yellow bands, and a
blue band in the upper third section of the
chromatogram. The yellow bands due to hyperoside and
isoquercitrin are clearly separated.

Acceptance criteria: The Sample solution exhibits the
following bands similar in position and color to the
corresponding bands in Standardsolution8: ayellow band
in about the middle of the chromatogram corresponding
to hyperoside in Standardsolution Ai another yellow
band, at an RF slightly higher than that of hyperoslde: two
green bands or a broad green band above the yellow
bands; and a blue band in the upper third section of the
chromatogram.

• C. HPLC
Analysis: Proceed as directed in the test for Contentof

Isoflavones.
Using the values obtained in the test for Contentof

Isoflavones, calculate the ratio of 5,7-dihydroxyisoflavones
to 7-hydroxyisoflavones:

Result =(8 + G)/(D + F)

B =percentage of biochanin A
G =percentage of genistein
o =percentage of daidzein
F =percentage of formononetin

Acceptance criteria: The Sample solution exhibits peaksfor
daidzein, genistein, formononetin, and biochanin A at
retention times that correspond to those in Standard
solution A. The ratio of 5,7-dihydroxyisoflavones to
7-hydroxyisoflavones is between 0.1 and 10.0.

COMPOSITION
• CONTENT OF ISOFLAVONES

Solution A: Acetonitrile and water (1 :3) containing 0.05%
trifluoroacetic acid

Solution B: Acetonitrile containing 0.05%
trifluoroacetic acid

Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 100 0

2 100 0

2.5 87 13

7.5 80 20

7.8 73 27

8.0 55 45

11.0 50 50

13.0 40 60

15.0 26 74

, 16.0 0 100

18.1 100 0

23.0 100 0
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Solvent: Alcohol and water (1 :1)
Standard solution A: Suspend 10-15 mg of USPPowdered

Red Clover Extract RS in 15 mL of 2 N hydrochloric acid,
sonicate to disperse, and heat on a water bath for 30 min.
Add 15 mL of alcohol and mix well. Centrifuge or filter
through a membrane of 0.45-lJm or finer pore size.

Standard solution B: 0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP
Daidzein RS, and 0.1 mg/mL of USP Biochanin A RS in a
mixture of n-propanol and water (1:1)

Sample solution: Accurately transfer a quantity of
Powdered Extract, equivalent to 6 mg of the labeled
amount of isoflavones, to a 50-mL volumetric flask. Add
15 mL of 2 N hydrochloric acid, sonicate to disperse, and
heat on a water bath for 30 min. Allow to cool, add 15 mL
of alcohol, and dilute with Solvent to volume. Centrifuge or
pass through a filter of 0,45-lJm or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cmi end-capped 5-lJm packing L1
Column temperature: 45°,
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Samples: Standardsolution A and Standardsolution B
Suitability requirements

Tailing factor: NMT 2.0 for the formononetin peak,
Standardsolution B

Relative standard deviation: NMT 2.0%, determined
from the formononetin peak in replicate injections,
Standardsolution B

Chromatogram similarity: The chromatogram of
Standardsolution A is similar to the reference
chromatogram provided with the lot of USP Powdered
Red Clover Extract RS being used.

Analysis
Samples: Standardsolution A, Standardsolution 8, and

Sample solution
Identify the peaks corresponding to daidzein, genistein,

formononetin, and biochanin A in the Sample solution by
comparison with the chromatogram from Standard
solutionA and the reference chromatogram. Measure the
areas of the analyte peaks.

Calculate the percentage of each isoflavone in the portion
of Powdered Extract taken:

Result =(rulrs) x Cs x (VIW) x 100

to =peak area of a relevant isoflavone from the Sample
solution

rs =peak area of a corresponding isoflavone from
Standardsolution B

Cs = concentration of a relevant isoflavone in Standard
solution 8 (mg/mL)

V =volume of the Sample solution (mL)
W = weight of Powdered Extract used to prepare the

Sample solution (mg)

Calculate the percentage of the labeled amount of
isoflavones in the portion of Powdered Extract taken:

Result= (IP;!L) x 100

IPj = total combined content of isoflavones as
determined above

L = labeled amount of isoflavones
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Table 1

Acceptance criteria: The chromatogram of the Sample
solution exhibits peaks for daidzein, genistein,
formononetin, and biochanin A at retention times that
correspond to those in the chromatogram of Standard
solutionA, and the ratio of 5,7-dihydroxyisoflavones to
7-hydroxyisoflavones is between 0.1 and 10.

STRENGTH
• CONTENT OF ISOFLAVONES

Solution A: Acetonitrile and water (1:3) containing 0.05%
trifluoroacetic acid

Solution B: Acetonitrile containing 0.05%
trifluoroacetic acid

Mobile phase: See Table 1.

Time Solution A Solution B
(min) (%) (%)

0 100 0

2 100 0

2.5 87 13

7.5 80 20

7.8 73 27

8.0 55 45

11.0 50 50

13.0 40 60

15.0 26 74

16.0 0 100

18.1 100 0

23.0 100 0

= percentage of daidzein
=percentage of formononetin

D
F

Solvent: Alcohol and water (1:1)
Standard stock solution: Transfer a quantity of USP

Powdered Red Clover Extract RS, equivalent to 30 mg of
the labeled content of isoflavones, to a 250-mL volumetric
flask. Add 15 mL of dehydrated alcohol, sonicate until
dissolved, and dilute with Solvent to volume.

Standard solution A: Evaporate 50 mL of the Standard stock
solution to dryness under vacuum. Add 15 mL of 2 N
hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid
of 15 mL of alcohol, to a 50-mL volumetric flask, and
dilute with Solvent to volume. Centrifuge, or filter through a
membrane of 0.45-J,Jm or finer pore size.

Standard solution B: 0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP
Daidzein RS, and 0.1 mg/mL of USP Biochanin A RS in a
mixture of n-propanol and water (1:1). Sonicate, and filter
through a membrane of 0.45-J,Jm or finer pore size.

Sample stock solution: Weigh NLT 20 Tablets, and
pulverize. Transfer the equivalent of 40 mg of the labeled
amount of isoflavones to a 250-mL volumetric flask. Add
15 mL of water, shake to disperse the powder, add 15 mL
of dehydrated alcohol and 200 mL of Solvent, and sonicate
for 30 min: If dark particles are present in the bottom of the
flask, sonicate again for an additional 10 min or until they
disappear. Cool to room temperature, dilute with Solvent
to volume-and filter.

Sample solution: Transfer 50.0 mL of the resulting solution
to a round-bottom flask, and evaporate to dryness under
vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a

Red Clover Tablets

Acceptance criteria: 90.00/0-110.0% of the labeled amount
of isoflavones as the sum of daidzein, genistein,
formononetin, and biochanin A, on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 J,Jg/g
Cadmium: NMT 0.5 J,Jg/g
lead: NMT 5.0 J,Jg/g
Mercury: NMT 1.0 J,Jg/g

• BOTANICAL EXTRACTS (565), Preparations, General
Pharmacopeial Requirements, Pesticide Residues: Meets the
requirements

• BOTANICAL EXTRACTS (565), Preparations, General
Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 104 cfu/g and the total
combined molds and yeastscount does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1 g
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 5.0%'

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, in a cool place.
• LABELING: The label states the latin binomial and, following

the official name, the part of the plant from which the
article was prepared. The label also indicates the content of
isoflavones, the extracting solvent used for preparation,
and the ratio of the starting crude plantmaterial to
Powdered Extract. It meets the requirements in Botanical
Extracts (565), Preparations, General Pharmacopeial
Requirements, Labeling.

• USP REFERENCE STANDARDS (11)
USP Biochanin A RS
USP Daidzein RS
USP Formononetin RS
USP Genistein RS
USP Hyperoside RS
USP Powdered Red Clover Extract RS

DEFINITION
Red Clover Tablets contain Powdered Red Clover Extract.

Tablets contain NlT 90.0% and NMT 110.0% of the labeled
amount of Powdered Extract, calculated as isoflavones.

IDENTIFICATION
• A. HPLC IDENTIFICATION TEST

Analysis: Proceed as directed for the Contentof Isoflavones.
Using the values obtained in the test for Contentof

Isoflavones, calculate the ratio of 5,7-dihydroxyisoflavones
to 7-hydroxyisoflavones:

Result=(B + G)/(D + F)

B =percentage of biochanin A
G =percentage of genistein
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water bath for 30 min. Quantitatively transfer this solution,
with the aid of 15 ml of alcohol, to a 50-ml volumetric
flask, and dilute with Solvent to volume. Pass 5 ml of the
solution through a filter of 0,45-l..lm pore size, discarding
the first 4 ml of the filtrate. Collect the remaining 1 ml of
filtrate for testing.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; end-capped 5-l..lm packing II
Column temperature: 45°
Flow rate: 1 ml/min
Injection volume: 10 I..ll

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram from
StandardsolutionA is similar to the reference
chromatogram provided with the lot of USP Powdered
Red Clover Extract RS being used.

Tailing factor: NMT 2.0 for the formononetin peak,
StandardsolutionB

Relative standard deviation: NMT 2.0%, determined
from the formononetin peak in repeated injections,
Standardsolution B

Analysis
Samples: StandardsolutionA, Standardsolution B,and

Sample solution
Identify the peaks corresponding to daidzein, genistein,

formononetin, and biochanin A in the Sample solution
chromatogram by comparison with the chromatogram
obtained from StandardsolutionA and the reference
chromatogram. Measure the areas of the analyte peaks.

Calculate the content of each isoflavone, in mg, in the
portion of Tablets taken:

Result=(rulrs) x Cs x V x D

ru =peak response for each relevant isoflavone from
the Sample solution

rs =peak response for daidzein, genistein,
formononetin, or biochanin Afrom Standard
solution B

Cs = concentration of daidzein, genistein,
formononetin, or biochanin A in Standard
solution B(mg/ml)

V = volume of Sample stocksolution (ml)
D = dilution factor to prepare the Sample solution

from the Sample stocksolution, 1

Calculate the percentage of the labeled amount of
Powdered Red Clover Extract taken:

Result=C/ x (Awrlw) x (1001LE) x (1001L)

C/ =sum of the content of isoflavones in the portion
of Tablets taken (mg)

Awr = average weight of Tablets (mg)
W =weight of the powdered Tablets taken (mg)
LE = labeled percentage of isoflavones in the

Powdered Extract used to prepare the Tablets
L =label claim of Powdered Extract (mg/Tablet)

Acceptance criteria: 90.00/0-110.0% as isoflavones

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for disintegration in Botanical Dosage Forms
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• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 104du/g, the total
combined molds and yeasts count does not exceed 103 ciu!
g, and the enterobacterial count is NMT 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the latin binomial and, following

the official name, the article from which Tablets were
prepared. The label also indicates the quantity, in mg, of
Powdered Extract per Tablet. label Tablets to indicate the
content, in mg, of isoflavones per 100 mg of Powdered
Extract.

• USP REFERENCE STANDARDS (11)
. USP Biochanin A RS

USP Daidzein RS
USP Formononetin RS
USP Genistein RS
USP Powdered Red Clover Extract RS

Riboflavin-see Riboflavin General Monographs

Riboflavin Tablets-see Riboflavin Tablets General
Monographs

Riboflavin S'-Phosphate Sodium-see
Riboflavin 5'-Phosphate Sodium General Monographs

Rhodlola crenulata Root and Rhizome

DEFINITION
Rhodiola crenulata Root and Rhizome consists of the dried

roots and rhizomes of Rhodiola crenulata (Hook.f. &
Thomson) H.Ohba (alt. name Sedum crenulatumHook.f. &
Thomson) (Fam. Crassulaceae), collected after the scape
withers in autumn. It contains NlT 1.0% of total
phenylethanoids calculated as the sum of salidroside
(C14H2007) and tyrosol (CSH1002)on the dried basis, and NlT
0.6% of salidroside on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 2.0 mg/ml of USP Salidroside RS and
1.0 mg/ml of USP Rosavin RS in methanol

Sample solution: 500 mg of Rhodiola crenulataRoot and
Rhizome, finely powdered, in 5 ml of methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.

Chromatographic system
Absorbent: Chromatographic silica gel with an average

particle size of about 5 urn
Application volume: 5 I..ll, as 8-mm bands
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0.45-J.Jm or finer pore size and discard the first portion of
the filtrate.

Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm x 25-cm; 5-J.Jm packing L1
Column temperature: 25 0

Flow rate: 1.0 mL/min
Injection volume: 10 J.JL

System suitability
Samples: Standardsolutionand Sample solution
Suitability requirements

Resolution: NLT 1.5 between salidroside and tyrosol,
Sample solution

Tailing factor: NMT1.5 for salidroside, Standardsolution
Relative standard deviation: NMT2.0% for salidroside

in repeated injections, Standard solution
Analysis

Samples: Standardsolutionand Sample solution
Using the chromatogram of the Standardsolution and the

relative retention times, identify the peaks corresponding
to gallic acid, salidroside, and tyrosol in the Sample
solution.

[NOTE-Theapproximate relative retention times for the
peaks of gallic acid, salidroside, and tyrosol are 0.48/
1.00, and 1.05, respectively.]

Separately calculate the percentages of salidroside and
tyrosol in the portion of Rhodiola crenulata Root and
Rhizome taken:

Result = (ru/rs) x Cs x (V/W) x Fx 100

=peak area of the relevant analyte from the Sample
solution '

= peak area of salidroside from the Standardsolution
= concentration of USP Salldroside RS in the

Standardsolution (mg/mL)
= volume of the Sample solution (mL)
=weight of Rhodiola crenulataRoot and Rhizome

taken to prepare the Sample solution (mg)
= conversion factors for the analytes: 1.00 for

salidroside, 0.43 for tyrosol

Calculate the content of total phenylethanoids as the sum
of the percentages of salidroside and tyrosol.

Acceptance criteria
Salidroside: NLT 0.6% on the dried basis
Total phenylethanoids: NLT 1.0% on the dried basis

CONTAMINANTS
~ ARTICLES OF BOTANICAL' ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs du/g, the total
combined molds and yeasts count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test forAbsence ofSalmonella Species and Test for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Rhizome cylindrical, stout, slightly curved,
few branched, 5-20 cm long, 3-5 cm in diameter.. '
Externallybrown or chocolate brown, coarse with wrinkles;
under the outer epidermis, a layer of yellow membranous

Solvent: Methanol and water (6:4)
Standard solution: 0.30 mg/mL of USP Salidroside RS in

methanol
Sample solution: Accurately transfer about 500 mg offinely

powdered Rhodiola crenulata Root and Rhizome to a
suitable flask, accurately-add 15.0 mLof Solvent, and tightly
close. Weigh the filledflaskwith a precisionof to.l mg and
sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent if needed. Before
injection, pass throuqh a suitable membrane filter of

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Developing solvent system: Ethylacetate, methanol,
water, and formic acid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 g of diphenylamine

in 40 mL of acetone, add 1 mL of aniline, and mix.
Carefully add 7.5 mL of phosphoric acid, and mix.

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat with Derivatization reagent, heat at
120 0 for 5 min, and examine under white light.

System suitability: The Standardsolution shows two bands
in the lower half of the chromatogram. The band with a
higher RF is due to salidroside, and the band with a lower
RF is due to rosavin.

Acceptance criteria: The Sample solutionexhibits a band
corresponding in RFand color to salidroside in the Standard
solution. In the Sample solution, no band corresponding in
RF and color to rosavin is observed (a distinction from
Rhodiola rosea). The Sample solution exhibits additional
bands, including two bands below salidroside but above
the position corresponding to rosavin, two yellow bands in
the upper half of the chromatogram, and a couple of bands
close to the starting position.

• B. HPLC
Analysis: Proceed as dlrectedln the test for Contentof

Phenylethanoids.
Acceptance criteria: The Sample solutionexhibits a peak

with a retention time corresponding to salidroside in the
Standardsolution,a peak due to tyrosol with lower intensity
than salidroside, and a peak due to gallic acid. The content
ratio of salidroside to tyrosol is NLT 2.

COMPOSITION
• CONTENT OF PHENYLETHANOIDS

Solution A: 0.02% phosphoric acid in water
Solution B: Methanol and acetonitrile (9:1)
Mobile phase: .. See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 95 5

10 95 5

15 83 17

28 83 17

28.1 10 90

43 10 90

43.1 95 5

53 95 5
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epidermiswith pinkdecorative pattern appears; some old
scape persistwith triangularor ovate membranous scales at
the base; internode irregular, fracture pinkto purplish red
with a ring; texture lightand lax. Taproot cylindrical, stout,
about 20 cm long, and about 1.5 cm in diameter at the
upper part. Lateral root 10-30 cm long,fractureorange-red
or purplish red, sometimes with cracks.

Microscopic
Transverse section of root: Corkconsists of 5-8 layers of

cells, phelloderm cells are elliptic or sub-rounded. Stele is
broad with numerous vascular bundles in 2-4 rings,
peripheralvascularbundles of collateral type are relatively
large, interior2-3 ringsof amphivasal-type vascular
bundles are graduallysmallertoward the inside.

Transverse section of rhizome: The old rhizomes contain
2-3 bands of cork.The young rhizomes do not contain a
cork layer. Corkconsists of several layers of cells and
phelloderm is indistinct. Stelecollateral vascular bundles
are radially arranged in a ring. The outer and inner
vascular tissuesof each bundle are well-developed,
parenchymatous cells in the middle, phloem and xylem
are almostequalwithobviouscambium.Medulla isbroad,
consists of parenchymatouscells withamphivasal vascular
bundles randomly.The parenchymatouscells contain
brown secretion.

• Loss 0fiDRYING (731)
Sample: Finely powdered
Analysis: Drythe Sample at 1050 for 5 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Foreign OrganicMatter. NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Alcohol-Soluble Extractives, Method 7: NLT 25.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
TotalAsh: NMT 6.0%

• ARTICLES OF B()TANICAl ORIGIN (561), Methods ofAnalysis,
Acid-Insoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture,and store at
controlled room temperature. .

• LABELING: The labelstates the Latin binomial following the
official name of the plant contained in the article.

• USP REFERENCE STANDARDS (11 )
USP Rosavin RS
USP Salidroside RS

Rhodlola crenulata Root and Rhizome
Dry Extract
DEFINITION
Rhodiola crenulata Rootand Rhizome Dry Extract is prepared
from the dried roots and rhizomes of Rhodiola crenulata
(Hook.f. & Thomson) H.Ohba (alt. name Sedum crenulatum
Hook.f. & Thomson) (Fam. Crassulaceae), collectedafter the
scape withers in autumn, by extractionwith alcoholor a
hydroalcoholic mixture. It contains NLT 90.0% and NMT
110.0% of the labeled amount of total phenylethanoids,
calculated as the sum of salidroside (C14Hzo07) and tyrosol
(CSH 100Z) on the dried basis, and NLT2.0% of salidroside on
the dried basis. It may contain suitableadded substances as
carriers.
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IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 2.0 mg/mL of USP Salidroside RS and
1.0 mg/mL of USP Rosavin RS in methanol

Sample solution: Sonicate50 mg/mL of Rhodiola crenulata
Rootand Rhizome Dry Extract in methanol for 10 min,
centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographicsilica gel with an average

particlesizeof about 5 urn
Application volume: 5 J.lL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitable device.
Developing solvent system: Ethyl acetate, methanol,
water, and formic acid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 g of diphenylamine

in 40 mL of acetone, add 1 mL of aniline, and mix.
Carefully add 7.5 mL of phosphoric acid, and mix.

Analysis
Samples: Standard solutionand Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air.Treat with Derivatization reagent, heat at
1200 for 5 min, and examine under white light.

System suitability: The Standard solutionshows two bands
. in the lowerhalfof the chromatogram. The band with a

higher RF isdue to salidroside, and the band with a lower
RF isdue to rosavin.

Acceptance criteria: The Sample solutionexhibits a band
corresponding in RF and color to salidroside in the Standard
solution. In the Sample solution, no band corresponding in
RF and color to rosavin isobserved (a distinction from
Rhodiola rosea). The Sample solutionexhibits additional
bands, including two bands below salidroside but above
the positioncorresponding to rosavin, some yellow bands
in the upper halfof the chromatogram, and a couple of
bands closeto the starting position.

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Phenylethanoids.
Acceptance criteria: The Sample solutionexhibits a peak

with a retention time corresponding to salidroside in the
Standard solution, a peakdue to tyrosol with lowerintensity
than salidroside, and a peak due to gallic acid.

COMPOSITION
• CONTENT OF PHENYlETHANOIDS

Solution A: 0.02% phosphoric acid in water
Solution B: Methanol and acetonitrile (9:1)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

10 95 5

15 83 17

28 83 17

28.1 10 90

43 10 90

43.1 95 5

53 95 5

Solvent: Methanoland water (6:4)
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Standard solution: 0.30 mg/mL of USP Salidroside RS in
methanol

Sample solution: Accurately transferabout 250 mg of
Rhodiola crenulata Root and Rhizome Dry Extract to a
suitableflask, accuratelyadd 15.0 mL ofSolvent, and tightly
close.Weighthe filled flask with a precision of ±0.1 mg and
sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent ifneeded. Before
injection, pass through a suitable membrane filterof
0.45-~m or finer pore sizeand discardthe first portion of
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 25°
Flowrate: 1.0 mL/min
Injection volume: 10 ~L

System suitability
Samples: Standardsolution and Sample solution
Suitability requirements

Resolution: NLT 1.5 between salidroside and tyrosol,
Sample solution

Tailingfactor: NMT 1.5 for salidroside, Standardsolution
Relativestandard deviation: NMT 2.0% for salidroside

in repeated injections, Standardsolution
Analysis

Samples: Standardsolution and Sample solution
Using the chromatogram of the Standardsolution and the

relative retention times, identify the peakscorresponding
to gallic acid, salidroside, and tyrosol in the Sample
solution.

[NOTE-The approximate relative retention times for the
peaksof gallicacid, salidroside, and tyrosol are 0.48,
1.00, and 1.05, respectively.]

Separately calculatethe percentages of salidroside and
tyrosol in the portion of Rhodiola crenulataRootand
Rhizome Dry Extract taken:

Result = (ru/rs) x Csx (VIW) x Fx.l00

tu = peakarea of the relevantanalytefrom the Sample
solution

rs = peakarea ofsalidroside fromthe Standardsolution
Cs =concentration of USP Salidroside RS in the

Standardsolution (mg/mL)
V =volume of the Sample solution (mL)
W =weight of Rhodiola crenulataRootand Rhizome

DryExtract taken to prepare the Sample solution
(mg)

F =conversion factors for the analytes: 1.00 for
salidroside, 0.43 for tyrosol

Calculate the content of total phenylethanoidsas the sum
of the percentages of salidroside and tyrosol.

Calculate the percentage of the labeledamount of total
phenylethanoidsin the portion of Rhodiola crenulataRoot
and Rhizome DryExtract taken:

Result =(PIL) x 100

P = content of total phenylethanoidsas determined
above (%)

L =labeled amount of total phenylethanoids(%)

Acceptance criteria
Salidroside: NLT 2.0% on the dried basis
Total phenylethanoids: NLT 90.0% and NMT 110.0% on

the dried basis

USP 43

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 0.5 ~g/g

lead: NMT 5.0 ~g/g

Mercury: NMT 0.2 ~g/g

• BOTANICAL EXTRACTS (565), Prepatatlons, General
Pharmacopeial Requirements, Pesticide Residues: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104du/g, the total
combined moldsand yeastscount does not exceed 103 du/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dryat 105° for 5 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
controlled room temperature.

• ·LABELlNG: The labelstates the Latin binomial following the
official name of the plant contained in the article. It meets
other labeling requirements in Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Rosavin RS
USP Salidroside RS

Rhodio/a crenulata Root and Rhizome
Powder
DEFINITION
Rhodiola crenulata Rootand Rhizome Powderconsists of the

dried roots and rhizomes ofRhodiola crenulata(Hook.f. &
Thomson) H.Ohba (alt. name Sedum crenulatumHook.f, &
Thomson) (Fam. Crassulaceae), collectedafter the scape
withers in autumn, reduced to a fineor veryfine powder. It
contains NLT 1.0% oftotal phenylethanoids calculated as the
sum of salidroside (C14H2007) and tyrosol (CSH1002) on the
dried basis, and NLT 0.6% of salidroside on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 2.0 mg/mL of USP Salidroside RS and
1.0 mg/mL of USP Rosavin RS in methanol

Sample solution: 500 mg of Rhodiola crenulataRootand
Rhizome Powderin 5 mL of methanol. Sonicate for 10 min,
centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particlesizeof about 5 urn
Application volume: 5 ~L, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitabledevice.
Developing solvent system: Ethyl acetate, methanol,
water, and formic acid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 9 of diphenylamine

in 40 mL of acetone, add 1 mL of aniline, and mix.
Carefully add 7.5 mL of phosphoricacid, and mix.

www.webofpharma.com

https://nhathuocngocanh.com/



F

v
w

USP 43

Analysis
Samples: Standardsolutionand Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat with Derivatization reagent, heat at
120 0 for 5 min, and examine under white light.

System suitability: The Standard solutionshows two bands
in the lower half of the chromatogram. The band with a
higher RF is due to salidroside, and the band with a lower
RF is due to rosavin.

Acceptance criteria: The Sample solutionexhibits a band
corresponding in RF and color to salidroside in the Standard
solution. In the Sample solution, no band corresponding in
RFand color to rosavin is observed (a distinction from
Rhodiola rosea). The Sample solutionexhibits additional
bands, including two bands below salidroside but above
the position corresponding to rosavin, two yellow bands in
the upper half of the chromatogram, and a couple of bands
close to the starting position.

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Phenylethanoids.
Acceptance criteria: The Sample solutionexhibits a peak

with a retention time corresponding to salidroside in the
Standard solution, a peak due to tyrosol with lower intensity
than salidroside, and a peak due to gallic acid. The content
ratio of salidroside to tyrosol is NLT 2.

COMPOSITION
• CONTENT OF PHENYLETHANOIDS

Solution A: 0.02% phosphoric acid in water
Solution B: Methanol and acetonitrile (9:1)
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 95 5

10 95 5

15 83 17

28 83 17

28.1 10 90

43 10 90

43.1 95 5

53 95 5

Solvent: Methanol and water (6:4)
Standard solution: 0.30 mg/mL of USP Salidroside RS in

methanol
Sample solution: Accurately transfer about 500 mg of

Rhodiola crenulataRoot and Rhizome Powder to a suitable
flask, accurately add 15.0 mL of Solvent, and tightly close.
Weigh the filled flask with a precision of ±0.1 mg and
sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent if needed. Before
injection, pass through a suitable membrane filter of
0.45-l.lm or finer pore size and discard the first portion of
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm x 25-cm; s-um packing L1
Column temperature: 25 0

Flow rate: 1.0 mL/min
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Injection volume: 10 I.lL
System suitability

Samples: Standardsolutionand Sample solution
Suitability requirements

Resolution: NLT 1.5 between salidroside and tyrosol,
Sample solution

Tailing factor: NMT 1.5 for salidroside, Standard solution
Relative standard deviation: NMT 2.0% for salidroside

in repeated injections, Standard solution
Analysis

Samples: Standard solutionand Sample solution
Using the chromatogram of the Standard solutionand the

relative retention times, identify the peaks corresponding
to gallic acid, salidroside, and tyrosol in the Sample
solution.

[NoTE-The approximate relative retention times for the
peaks of gallic acid, salidroside, and tyrosol are 0.48,
1.00, and 1.05, respectively.]

Separately calculate the percentages of salidroside and
tyrosol in the portion of Rhodiola crenulata Root and
Rhizome Powder taken:

Result=(rulrs) x Cs x (V/W) x F x 100

=peak area of the relevant analyte from the Sample
solution

=peak area of salidroside from the Standard solution
=concentration of USP Salidroside RS in the

Standardsolution (mg/mL) .
=volume of the Sample solution (mL)
=weight of Rhodiola crenulata Root and Rhizome

Powder taken to prepare the Sample solution
(mg)

=conversion factors for the analytes: 1.00 for
salidroside, 0.43 for tyrosol

Calculate the content of total phenylethanoids as the sum
of the percentages of salidroside and tyrosol.

Acceptance criteria
Salidroside: NLT 0.6% on the dried basis
Total phenylethanoids: NLT 1.0% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs du/g, the total
combined molds and yeasts count does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 du/g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test forAbsence ofSalmonella Species and Test for
Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Pinkish-brown or light reddish-brown
powder

Microscopic: Cork cell fragments subrectangular or
polygonal, containing yellowish-brown pigments, 10-:150
urn in diameter. Spiral vessels are 6-58 urn in diameter.
Fibers mostly in bundles, long fusiform with oblique or
blunt-round ends and striations, 10-60 urn in diameter.
Parenchymatous cells are square or irregular, 2-20 urn in
diameter, containing calcium oxalate prism crystals.
Abundant simple starch grains rounded with indistinct
hilum and striation, 2-10 urn in diameter.
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• Loss ON DRYING (731)
Analysis: Dry at 1050 for 5 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Alcohol-Soluble Extractives, Method 1: NLT 25.0% '

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 6.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis
Acid-Insoluble Ash: NMT 1.0% '

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The labelstates the Latin binomial following the
official name of the plant contained in the article.

• USP REFERENCE STANDARDS (11)
USP Rosavin RS
USP Salidroside RS

Rhodiola rosea

DEFINITION
Rhodiola rosea consists of the dried roots and rhizomes of

Rhodiola rosea L. (Fam. Crassulaceae). It contains NLT 0.3%
of phenylpropenoid glycosides calculatedas the sum of
rosarin, rosavin, and rosin; and NLT 0.08% salldroslde: both
calculatedon the dried basis. '

IDENTIFICATION
• A. Rhodiola rosea meets the requirements under Specific

Tests, Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mLof USP Rosavin RS in
methanol .

Standard solution B: 50 mg/mLof USP Rhodiola rosea Root
and Rhizome Dry Extract RS in methanol. Sonicate for
10 min, centrifuge, and use the supernatant.

Sample solution: Sonicatefor 10 min about 0.5 g of
Rhodiola rosea, finely powdered, in 5 mL of methanol
centrifuge, and use the supernatant. '

Chromatographic system .
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particlesizeof 5 urn (HPTLC plates)
Application volume: 3 J.lL of Standard solution A, 5 J.lL

each of Standard solution8 and Sample solution; as 8-mm
bands

Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice

Developing solvent system: Amixtureof ethyl acetate,
methanol, water, and formicacid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 g of diphenylamine in
40 mL of acetone, add 1 mL of aniline, and mix. Carefully
add 7.5 mL of phosphoric acid, and mix. .

Analysis
Samples: Standard solutionA, Standard solution 8, and

Sample solution
Apply the samplesas bands to a suitable high performance

thin-layer chromatographic plate, and dry in air. Develop
the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the
plate with Derivatization reagent, heat at 1200 for 5 min,
and examine under visible light.

System suitability: The chromatogram of Standard solution
8 exhibits, in the lower half, three gray bands and two
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brownish bands, one above and the other belowthe gray
bands; the most intense band in the chromatogram is the
brownish band with an RF belowthe gray bands; the most
intensegray band isthe lowerband at an RFcorresponding
to the band due to rosavin in the chromatogram of
Standard Solution A; the upper gray band due to rosarin is
less intense.

Acceptance criteria: The chromatogram of the Sample
solutionexhibitsa gray band correspondingto the band
due to rosavin in the chromatogram of Standard Solution
~, and the following bands correspondingto similar bands
Inthe chromatogram of Standard solution 8: two additional
gray bands and two brownish bands, one above and the
other below the gray bands; the most intense band in the
chromatogram is the brownish band with an RF belowthe
gray bands; the most intense gray band isthe lower band
due to rosavin.

• C. HPLC
Analysis: Proceed as directed in the test for Content of

Phenylpropenoid Glycosides and Salidroside.
Acceptance criteria: The chromatogram of the Sample

solutionexhibitspeaksat the retention timescorresponding
to the peaks due to salidroside, tyrosol, rosarin, rosavin,
rosin! and rosiridi~ in the chromatogram of Standard
solution C. The ratio of the content of phenylpropenoid
glycosides: rosarin, rosavin, and rosin, to the content of
salidroside isabout 3:1.

COMPOSITION
• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND

SALIDROSIDE
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
Time Solution A . Solution B
(min) (%) (%)

0 94 6

6 83 17

7 80.3 19.7

9 80.3 19.7

10 0 100

12 94 6

17 94 6

Solvent: 75% methanol in water
Standard solution A: 1.0 mg/mLof USP Rosavin RS in

methanol
Standard solution B: 0.3 mg/mLof USP Salidroside RS in

methanol
Standard solution C: 4.0 mg/mLof USP Rhodiola rosea Root

and Rhizome Dry Extract RS in methanol. Sonicate to
dissolve, if necessary. Before injection, pass through a
membrane filterof 0,45-J.lm or finer pore size.

Sample solution: Transfer about 5.0 g of Rhodiola rosea,
finely powdered and accurately weighed, to a 25-mLflask.
Add 7 mL of Solvent, sonicate for 15 min, and filter into a
1O-mL volumetric flask. Wash the residueon the filterpaper
twice, using 1 mL of Solvent each; add the washings to the
volumetric flask; adjust the volumeusing Solvent; and mix.
Before injection, pass through a membrane filter of
0,45-J.lm or finer pore size, discarding the first few mLof
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
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Mode: LC
Detector: UV, 205 nm
Column: 3.0-mm x 1O-cm; 2.5-~m packing L1
Column temperature: 40 ± 10

Flowrate: 1.0 mL/min
Injection volume: 1 ~L

System suitability
Samples: Standard solution Aand Standard solution C
Suitability requirements

Chromatogram similarity: Thechromatogramobtained
from Standard solution C issimilar to the reference
chromatogram providedwith the lot of USP
Rhodiola rosea Rootand Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standard solution C

Relative standard deviation: NMT 2% determinedfrom
the rosavin peak in repeated injections, Standard
solution A

Analysis
Samples: Standard solution A, Standardsolution B, Standard

solution C, and Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, Standard solution C, and the reference
chromatogram providedwith the lot of USP
Rhodiola rosea Root and Rhizome Dry Extract RS being
used, identify the retention time of the peaks
corresponding to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the Sample solution.

Separately calculatethe percentagesof rosarin, rosavin, and
rosin as rosavin in the portion of Rhodiola rosea taken:

Result = (rufrs) x Cs x (VIW) x 100

=peak area of the relevantanalyte in the Sample
solution

= peak area of rosavin in Standard solution A
= concentration of rosavin in Standard solution A

(mg/mL)
=volume of Sample solution(mL)
= weight of Rhodiola rosea taken to prepare the

Sample solution (mg)

Calculate the percentage of phenylproperioid glycosides as
the sum of the percentages of rosarin, rosavin, and rosin.

Calculate the percentage of salidroside in the portion of
Rhodiola rosea taken:

Result =(rulrs) x Cs x (VIW) x 100

to = peak area of salidroside from the Sample solution
rs = peak area of salidroside from Standard solution B
Cs = concentration of salidroside in Standard solution

B(mg/mL)
V = volume of the Sample solution(mL)
W = weight of Rhodiola rosea taken to prepare the

Sample solution (g)

Acceptance criteria: NLT 0.3% of phenylpropenoid
glycosides and NLT 0.08% salidroside; both calculated on
the dried basis.

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 1.0 ~g/g

lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g
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Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed lOs cfu/g, the total
combined moldsand yeastscount does not exceed103 cful
g, and the bile-tolerant Gram-negative bacteriacount does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species
and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meetsthe requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Undergroundparts consistof numerous
rhizomes united at their base into a long taproot. Both the
rhizomeand root exhibitsecondarygrowth. Pharmacopeial
article consists ofdrypiecesof rhizomes and rootsofvarious
shapes. Pieces of rhizomes are thick, wrinkly, with remains
of stems and scales, and piecesof roots branching offthe
rhizome. The surface of the rhizomeand the roots isshiny,
grayish-brown; after peelingoffthe cork, a golden-yellow
layeris revealed; fracture, pinkish-brown or light brown.

Microscopic
Transverse section of rhizome: Cork, narrowto broad,

depending on the sample;corkcells may be dark brown,
greenish, or nearly colorless; cortex, large, loosely
arranged parenchymatouscells, with slightly thickened
walls; secondaryphloem, parenchymatous, no sclereides;
small narrow vascular bundles occur in a ring
surrounding a broad parenchymatouspith; pith includes
scattered vascular bundles;parenchymaof the rhizome is
filled with starch granules, simple, round or oval-shaped,
5-20 um in diameter; hilum, ifpresent, appears as a
small dot.

Transverse section of root: Cork, narrow to broad,
depending on the sample;cortex, large, parenchymatous
cells, may contain orange-brown tannin ducts; tannin
ducts are alsofound embedded in the corkof old roots;
secondary phloem, parenchymatous, no sclereides; small
narrowvascular bundles occur in a ring surrounding 'a
narrow parenchymatouspith; starch granules, simple,
round or oval-shaped, 5-20 urn in diameter; hilum, if
present, appears as a small dot.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Rhodiola rosea
Analysis: Dry at 1050 for 2 h.
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 2 g of finely powdered Rhodiola rosea
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 2-4 g of finely powdered Rhodiola rosea
Acceptance criteria: NMT 3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Rhodiola rosea Rootand Rhizome Dry Extract RS
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USP Rosavin RS
USP Salidroside RS

Powdered Rhodiola rosea
DEFINITION
Powdered Rhodiola rosea is Rhodiola rosea L. reduced to a

powder or fine powder. It contains NLT 0.3% of.
phenylpropanoid glycosides, calculatedas the sum of
rosarin, rosavin, and rosin, andNl,T 0.08% of salidroside,
both calculated on the dried basis.

IDENTIFICATION
• A. Powdered Rhodiola rosea meets the requirements under

Specific Tests, Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mL of USP Rosavin RS in
methanol

Standard solution B: 50 mg/mLof USP Rhodiola rosea Root
and Rhizome DryExtract RS in methanol. Sonicatefor
10 min, centrifuge, and use the supernatant.

Sample solution: Sonicatefor 10 min about 0.5 g of
Powdered Rhodiola rosea in 5 mL of methanol, centrifuge,
and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 urn (HPTLC plates)
Application volume: 3 ~L of StandardsolutionA and 5 ~L

each of Standardsolution8 and Sample solution; as 8.:mm
bands

Relativehumidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Developing solvent system: Amixture of ethyl acetate,
methanol, water, and formic acid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 g of diphenylamine in
40 mL of acetone, add 1 mL of aniline, and mix.Carefully
add 7.5 mLof phosphoric acid, and mix.'

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution .
Apply the samplesas bands to a suitablehigh performance

thin-layer chromatographic plate, and dry in air. Develop
the chromatograms in a saturated chamber, removethe
plate from the chamber, and dry in air. Derivatize the
plate with Derivatization reagent, heat at 1200 for 5 min,
and examine under visible light.

System suitability: The chromatogram of Standardsolution
8 exhibits, in the lowerhalf, three gray bands and two
brownish bands, one above and the other below the gray
bands; the most intense band in the chromatogram is the
brownish band with an RF below the gray bands; the most
intensegray band isthe lowerband at an RFcorresponding .
to the band due to rosavin in the chromatogram of
StandardsolutionA; the upper gray band due to rosarin is
less intense.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a gray band corresponding to the band
due to rosavin in the chromatogram of Standardsolution
A, and the following bands corresponding to similar bands
in the chromatogram of Standardsolution8: two additional
gray bands and two brownish bands, one above and the
other below the gray bands; the most intense band in the
chromatogram isthe brownish band with an RF belowthe
gray bands; the most intense gray band is the lower band
due to rosavin.

USP 43

• C. HPLC
Analysis: Proceed as directed in the test for Contentof

Phenylpropenoid Glycosides and Salidroside.
Acceptance criteria: The chromatogram of the Sample

solution exhibitspeaksat the retentiontimescorresponding
to the peaks due to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the chromatogram of Standard
solutionC.The ratioof the content of the phenylpropenoid
glycosides, rosarin, rosavin, and rosin, to the content of
salidroside isabout 3:1.

COMPOSITION
• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND

SALIDROSIDE
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1
TIme Solution A Solution B
(min) (%) (%)

0 94 6

6 . 83 17

7 80.3 19.7

9 80.3 19.7

10 0 100

12 94 6

17 94 6

Solvent: 75% methanol in water
Standard solution A: 1.0 mg/mL of USP Rosavin RS in

methanol
Standard solution B: 0.3 mg/mL of USP Salidroside RS in

methanol .
Standard solution C: 4.0 mg/mLof USP Rhodiola rosea Root

and Rhizome DryExtract RS in methanol. Sonicate to
dissolve, ifnecessary. Before injection, pass through a
membrane filterof 0.45-~m or finer pore size.

Sample solution: Transfer about 5.0 g of Powdered
Rhodiola rosea, accuratelyweighed, to a 25-mL flask..Add
7 mL of Solvent, sonicatefor 15 min,and filter into a 10-mL
volumetric flask. Wash the residueon the filter paper twice
using 1 mL of Solvent each, add the washings to the
volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter of
0.45-~m or finer pore size, discarding the first few mL of
filtrate.

Chromatographic system
. (See Chromatography (621), System Suitability.)

Mode: LC ..
Detector: UV 205 nm
Column: 3.0-mm x 10-cm; 2.5-J..Im packing L1
Column temperature: 40 ± 10

Flowrate: 1.0 mL/min
Injection volume: 1 J..IL

System suitability
Samples: StandardsolutionA and Standard solution C
Suitability requirements

Chromatogram similarity: Thechromatogramobtained
from Standardsolution C issimilar to the reference
chromatogram 'providedwith the lot ofUSP
Rhodiola rosea Root and Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standardsolution C
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Relative standard deviation: NMT 2% determined from
the rosavin peak in repeated injections, Standard
solution A

Analysis
Samples: Standardsolution A, Standardsolution 8, Standard

solution C, and Sample solution
Using the chromatograms of Standard solution A, Standard

solution 8, Standardsolution C, and the reference
chromatogram provided with the lot of USP
Rhodiola rosea Rootand Rhizome Dry Extract RS being
used, identify the retention time of the peaks
corresponding to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin from the Sample solution.

Separately calculatethe percentages of rosarin, rosavin, and
rosin as rosavin in the portion of Powdered Rhodiola rosea
taken:

Result = (ru/rs) x Cs x (VIW) x 100

tu = peak area of the relevantanalytefrom the Sample
solution

ts =peak area of rosavin from Standard solution A
Cs = concentration of rosavin in Standard solution A

(mg/mL)
V == volume of Sample solution (mL)
W =weight of Powdered Rhodiola rosea taken to

prepare the Sample solution (mg)

Calculate the percentage of phenylpropenoidglycosides as
the sum of the percentages of rosarin, rosavin, and rosin.

Calculate the percentage ofsalidroside in the portion of
Powdered Rhodiola rosea taken:

Result =(rulrs) x Cs x (VIW) x 100

t» = peak area of salidroside in the Sample solution
rs = peak area of salidroside in Standardsolution B
Cs =concentration of salidroside in Standard solution

8 (mg/mL)
V = volume of the Sample solution (mL)
W =weight of Powdered Rhodiola rosea taken to

prepare the Sample solution (g)

Acceptance criteria: NLT 0.3% of phenylpropenoid
glycosides and NLT 0.08% of salidroside, both calculated
on the dried basis

CONTAMINANTS ,
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 1.0 ~g/g

Lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g

i~jFl;;.{~~J01~~{ig~tl~lfLg"{~I~lillg
An(;jly.sis:0~"(2~1"ji61 Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 1Os cfu/g, the total
combined moldsand yeastscount does not exceed 103 cful
g, and the bile-tolerantGram-negative bacteriacount does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species
and Escherichia coli

• ARTICLES OF BOTANICAL ORIGI"" Test for Aflatoxins (561):
Meets the requirements
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SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Pinkish-brown or light brown in color
Microscopic It showsfragments of corkcells,
subrectangular or polygonal, containing yellowish-brown
pigments, 10-150 urn in diameter; parenchymatous cells
of cortex, subsquare or polygonal, containing
reddish-brown pigments; stone cells, subrounded,
subtriangular, subrectangularor irregular shape, some
elongated, mostly14-70 urn in diameter, up to 270 urn in
length; fibers mostlyin bundles, long fusiform in shape,
ends oblique-sharpor blunt-round, with oblique or
criss-cross striations, 10-60 urn in diameter; and reticulate
and pitted vessels, up to 120 urn in diameter.

• Loss ON DRYING (731) .
Sample: 1.0 g of Powdered Rhodiola rosea
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 2 g of Powdered Rhodiola rosea
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561)
Sample: 2-4 g of Powdered Rhodiola rosea
Acceptance criteria: NMT 3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the parts of the plant from which the
articlewas obtained.

• USP REFERENCE STANDARDS (11)
USP Rhodiola rosea Root and Rhizome Dry Extract RS
USP Rosavin RS
USP Salidroside RS

Powdered Rhodio/a roseo Extract
DEFINITION
Powdered Rhodiola rosea Extract is prepared from ,

Rhodiola rosea by extractionwith hydroalcoholic mixtures.
The ratio of plant material to extract is between 1.5:1 and
5:1. It contains NLT 90.0% and NMT 110.0% of the labeled
amount of phenylpropenoidglycosides calculatedas the sum
of rosarin, rosavin, and rosin, and NLT 90.0% and NMT
110.0% of the labeledamount ofsalidroside, both calculated
on the dried basis. It maycontain suitable added substances
as carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mL of USP Rosavin RS in
methanol

Standard solution B: 50 mg/mLof USP Rhodiola rosea Root
and Rhizome Dry Extract RS in methanol. Sonicatefor
10 min, centrifuge, and use the supernatant.

Sample solution: 50 mg/mLof Powdered Rhodiola rosea
Extract in methanol. Sonicate for 10 min, centrifuge, and
use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographicsilica gel with an average

particlesizeof 5 urn (HPTLC plates)
Application volume: 3 ~L of Standard solutionAand 5 ~L

each of Standard solution 8 and the Sample solution; as
8-mm bands
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Relativehumidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Developing solvent system: A mixtureof ethyl acetate,
methanol, water, and formicacid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 g of diphenylamine in
40 mL of acetone, add 1 mL of aniline, and mix.Carefully
add 7.5 mL of phosphoric acid, and mix.

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Apply the samplesas bands to a suitablehigh performance

thin-layer chromatographic plate, and dry in air. Develop
the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the
plate with Derivatization reagent, heat at 1200 for 5 min,
and examine under visible light.

System suitability: The chromatogram of Standardsolution
Bexhibits, in the lowerhalf, three gray bands and two
brownish bands, one above and the other below the gray
bands; the most intense band in the chromatogram is the
brownish band with an RF below the gray bands; the most
intense gray band isthe lowerband at an RFcorresponding
to the band due to rosavin in the chromatogram of
StandardsolutionA; the upper gray band due to rosarin is
less intense.

Acceptance criteria: The chromatogram of the Sample
solution exhibitsa gray band corresponding to the band
due to rosavin in the chromatogram of Standardsolution
A, and the following bands corresponding to similar bands
in the chromatogram of StandardsolutionB: two additional
gray ban'ds and two brownish bands, one above and the
other belowthe gray bands; the most intense band in the
chromatogram is the brownish band with an RF belowthe
gray bands; the most intense gray band is the lower band
due to rosavin.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Phenylpropenoid Glycosides and Salidroside.
Acceptance criteria: The chromatogram of the Sample

solutionexhibitspeaksat the retentiontimescorresponding
to the peaksdue to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the chromatogram of Standard
solutionC.The ratioof the contents of rosarin, rosavin, and
rosin isabout 2.5:6.0:1.5, respectively.

COMPOSITION
• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND

SALIDROSIDE
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 94 6

6 83 17

7 80.3 19.7

9 80.3 19.7

10 0 100

12 94 6

17 94 6

Standard solution A: 1.0 mq/m], of USP Rosavin RS in
methanol
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Standard solution B: 0.3 mg/mL of USP Salidroside RS in
methanol

Standard solution C: 4.0 mg/mL of USP Rhodiola rosea Root
and Rhizome Dry Extract RS in methanol. Sonicate to
dissolve, ifnecessary. Before injection, pass through a
membrane filter of 0,45-l..Im or finer pore size.

Sample solution: 4.0 mg/mL of Powdered Rhodiola rosea
Extract in methanol. Sonicateto dissolve, ifnecessary.
Before injection, pass through a membrane filter of
0,45-l..Im or finer pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.0-mm x 10-cm; 2.5-l..Im packing L1
Column temperature: 40 ± 10

Flowrate: 1.0 mL/min
Injection volume: 1 I..IL

System suitability
Samples: StandardsolutionAand StandardsolutionC
Suitability requirements

Chromatogram similarity: Thechromatogram obtained
from Standardsolution Cissimilar to the reference
chromatogram provided with the lot of USP
Rhodiola rosea Rootand Rhizome DryExtract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standardsolution C

Relativestandard deviation: NMT 2% determined from
the rosavin peak in repeated injections, Standard
solution A

Analysis
Samples: StandardsolutionA, StandardsolutionB, Standard

solution C, and Sample solution
Using the chromatograms of StandardsolutionA, Standard

solution8, Standardsolution C, and the reference
chromatogram providedwith the lot of USP
Rhodiola rosea Rootand Rhizome DryExtract RS being
used, identify the retention time of the peaks
correspondingto salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin from the Sample solution.

Separately calculatethe percentage of rosarin, rosavin, and
rosin as rosavin in the portion of Powdered Rhodiola rosea
Extract taken: .

PI =(rulrs) x (Cs/Cu) x 100

ru = peakarea of the relevantanalytefrom the Sample
solution

r, = peak area of rosavin from StandardsolutionA
Cs =concentration of rosavin in StandardsolutionA

(mg/mL)
Cu = concentration of PowderedRhodiola rosea Extract

in the Sample solution (mg/mL)

Calculate the percentage of phenylpropenoidglycosides as
the sum of the percentages of rosarin, rosavin, and rosin.

Calculate the percentage of salidroside in the portion of
Powdered Rhodiola rosea Extract taken:

P2 = (rulrs) x (CsICu) x 100

= peak area of salidroside from the Sample solution
=peak area of salidroside from StandardsolutionB
= concentration of salidroside in Standardsolution

8 (mg/mL) .:
= concentration of PowderedRhodiola rosea Extract

in the Sample solution (mg/mL)
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Calculate the percentage of the labeledamount of
phenylpropenoid glycosides in the portion of Powdered
Rhodiola rosea Extract taken:

Result = (PdL) x 100

= content of phenylpropenoid glycosides, as
determined above (%)

=labeled amount of phenylpropenoidglycosides
(%)

Calculate the percentage of the labeled amount of
salidroside in the portion of Powdered Rhodiola rosea
Extract taken:

Result = (PiL) x 100

Pz = content of salidroside, as determined above (%)
L = labeled amount of salidroside (%)

Acceptance criteria: NLT 90.0% and NMT 110.0% of the
labeledamount of phenylpropenoid glycosides, and NLT
90.0% and NMT 110.0% of the labeled amount of
salidroside, both calculated on the dried basis.

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 ~g/g

Cadmium: NMT 1.0 I-Ig/g
Lead: NMT 5.0 I-Ig/g
Mercury: NMT 1.0 I-Ig/g

: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 cfu/g, and the total
combined moldsand yeastscount does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species
and Escherichia coli .

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 2.0 g of Powdered Rhodiola rosea Extract
Analysis: Dry at 10SO for 2 h.
Acceptance criteria: NMT 5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant from which the
articlewas derived. It meets other labeling requirements
under Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Rhodiola rosea Rootand Rhizome Dry Extract RS
USP Rosavin RS
USP Salidroside RS
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Rhodiola rosea Tincture
DEFINITION
Rhodiola rosea Tincture is prepared as follows.

Rhodiola rosea 1 part (9)

A mixture of Alcohol and Water (40:60), a suffl-
cient quantity to make 5 parts (mL)

Prepare the Tinctur~ as directed for Botanical Extracts (565),
Tinctures, Maceration Process. Itcontains NLT 0.06% (w/v)of
phenylpropenoidglycosides calculated as the sum of rosarin,
rosavin, and rosin; and NLT 0.016% of salidroside.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

(See Chromatography (621), Thin-Layer Chromatography.)
Standard solution A: 1.0 mg/mLof USP Rosavin RS in

methanol
Standard solution B: 50 mg/mLof USP Rhodiola rosea Root

and Rhizome Dry Extract RS in methanol. Sonicatefor
10 min, centrifuge, and use the supernatant.

Sample solution: Centrifuge a portion of Tincture, and use
the supernatant.

Chromatographic system
Adsorbent: Chromatographicsilica gel with an average

particlesizeof 5 I-Im (HPTLC plates)
Application volume: 3 ~L of Standard solution A, 5 I-IL of

Standardsolution 8, and 10 I-IL of Sample solution; as 8-mm
bands

Relative humidity: Conditionthe plate to a relative
humidity of about 33% usinga suitable device.

Developing solvent system: Amixture of ethyl acetate,
methanol, water, and formic acid (77:13:10:2)

Developing distance: 6 cm
Derivatization reagent: Dissolve 1 g of diphenylaminein

40 mL of acetone, add 1 mL of aniline, and mix.Carefully
add 7.5 mL of phosphoricacid, and mix.

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
ApRly the samplesas bands to a suitablehigh performance

thin-layerchromatographic plate, and dry in air. Develop
the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the
plate with Derivatization reagent, heat at 1200 for 5 min,
and examine under visible light.

System suitability: The chromatogram of Standard solution
8 exhibits, in the lowerhalf, three gray bands and two
brownish bands, one above and the other belowthe gray
bands; the most intense band in the chromatogram isthe
brownish band with an RF below the gray bands; the most
intense gray band isthe lowerband at an RF corresponding
to the band due to rosavin in the chromatogram of
Standard solutionA; the upper gray band due to rosarin is
lessintense.

Acceptance criteria: The chromatogram of the Sample
solution exhibitsa gray band corresponding to the band
due to rosavin in the chromatogram of Standard solution
A, and the following bands corresponding to similar bands
in the chromatogram of Standard solution8: two additional
gray bands and two brownish bands, one above and the
other below the gray bands; the most intense band in the
chromatogram is the brownish band with an RF belowthe
gray bands; the most intense gray band is the lower band
due to rosavin.
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• B. HPLC
Analysis: Proceedas directed in the test for Contentof

Phenylpropenoid Glycosides and Salidroside.
Acceptance criteria: The chromatogram of the Sample

solutionexhibitspeaksat the retentiontimescorresponding
to the peaks due to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the chromatogram of Standard
solution C.
The ratio of the contents of rosarin, rosavin, and rosin is

about 2.5:6.0:1.5.

COMPOSITION
• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND

SALIDROSIDE
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 94 6

6 83 17

7 80.3 19.7

9 80.3 19.7

10 0 100

12 94 6

17 94 6

Standard solution A: 1.0 mg/mL of USP Rosavin RS in
methanol

Standard solution B: 0.3 mg/mL of USP Salidroside RS in
methanol

Standard solution C: 4.0 mg/mLof USP Rhodiola rosea Root
and Rhizome Dry Extract RS in methanol. Sonicateto
dissolve, if necessary. Before injection, pass through a
membrane filterof 0.45-~m or finer pore size.

Sample solution: Before injecting the Tincture, pass
through a membrane filterof 0.45-~m or finer pore size.
[NoTE-The sample can be weighed and converted to
volume using the density of the Tincture.]

Chromatqgraphic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.0-mm x 1O-cm; 2.5-~m packing L1
Column temperature: 40 ± 10

Flow rate: 1.0 mL/min
Injection volume: 1 ~L

System suitability
Samples: StandardsolutionA and StandardsolutionC
Suitability requirements

Chromatogram similarity: Thechromatogram obtained
from Standardsolution C issimilar to the reference
chromatogram provided with the lot of USP
Rhodiola rosea Rootand Rhizome DryExtract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standardsolution C

Relativestandard deviation: NMT 2% determined from
the rosavin peak in repeated injections, Standard
.solution A

Analysis
Samples: StandardsolutionA, StandardsolutionB,Standard

solution C, and Sample solution

USP 43

Using the chromatograms of StandardsolutionA, Standard
solutionB, Standardsolution C, and the reference
chromatogram providedwith the lot of USP
Rhodiola rosea Root and Rhizome Dry Extract RS being
used, identify the retention time of the peaks
corresponding to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the Sample solution.

Separately calculatethe percentagesof rosarin, rosavin, and
rosin as rosavin in the portion of Tincture taken:

Result =(ru/rs) x Cs x 100

ru =peakarea of the relevantanalytefromthe Sample
solution

rs = peak area of rosavin from Standardsolution A
Cs =concentrationof rosavin inStandardsolution A (gl

mL)

Calculate the percentage of phenylpropenoid glycosides as
the sum of the percentages of rosarin, rosavin, and rosin.

Calculate the percentage of salidroside in the portion of
Tincture taken:

Result =(rulrs) x Cs x 100

ru =peak area of salidroside from the Sample solution
ts =peak area of salidroside from Standard solutionB
Cs = concentration of salidroside in Standard solution

B (g/mL)

Acceptance criteria: NLT 0.06% (w/v) of phenylpropenoid
glycosides; and NLT 0.016% of salidroside

OTHER COMPONENTS

and NMT 110.0% of
the labeledamount of ethanol (C2S

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The label states the official name of the article,

the Latin binomial, and the part ofthe plantfromwhichthe
article was prepared. Label it to indicatethe content of
phenylpropenoid glycosides and salidroside, the solvent
mixture used for extraction, and the ratio of the starting
crude plant material to Tincture.

• USP REFERENCe STANDARDS (11)
USP Rhodiola rosea Root and Rhizome Dry Extract RS
USP Rosavin RS
USP Salidroside RS

Rhodiola rosea Capsules
DEFINITION
Rhodiola rosea Capsules contain Powdered Rhodiola rosea

Extract. Theycontain NLT 95.0% of the labeled amount of
phenylpropenoidglycosides, calculated as the sum of
rosarin (C2oH2S010), rosavin (C2oH2S01O), and rosin
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(C,sH2006) ; and NLT 95.0% of the labeled amount of
salidroside (C14H2007)'

IDENTIFICATION

• '~IJ~~(O~~(;+M~y;i6i'§) HPLC
Analysis: Proceed as directed in the test for Contentof

Phenylpropenoid G/ycosides and Salidroside, Method 7 or
Method2.

Acceptance criteria: The Sample solution exhibits peaks at
retention times corresponding to the peaks due to
salidroside, rosarin, rosavin, and rosin in Standard solution
B in Method 7 or Standard solution C in Method 2.

DietarySupplements / Rhodiola rosea 5225

STRENGTH
[NoTE-The strength requirement may be met by

following either one of the specified methods; the
method used should be stated on the label only if
Method 7 is not used.]

• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND
SALIDROSIDE, Method 7

Extraction solvent: Methanol and water (2:8)
Solution A: 0.2% o-phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (0/0) (0/0)

0 94 6

10 94 6

11 85 15

21 77 23

22 10 90

24 10 90

25 94 6

35 94 6

Standard solution A: 0.04 mg/mL of USP Rosavin RS and
0.02 mg/mL of USPSalidroside RS in Extraction solvent.
Sonicate to dissolve, if necessary.

Standard solution B: 2.0 mg/mL of USP Rhodiola rosea Root
and Rhizome Dry Extract RS in Extraction solvent. Sonicate
to dissolve, if necessary. Before injection, pass through a
PVDF membrane filter of 0.45-J.lm or finer pore size.

Sample solution: Determine the total weight of 20
Capsules. Open the Capsules and combine their contents
in an appropriate container. Weigh the empty Capsule
shells and calculate the average fill weight per Capsule.
Transfer a portion of the Capsule contents, nominally
equivalent to 3 mg of phenylpropenoid glycosides (sum of
rosarin, rosavin, and rosin) into a 50-mL volumetric flask.
Add 40 mL of Extraction solvent and sonicate for 30 min.
Cool to room temperature, dilute with Extraction solvent to
volume, mix well, and passthrough a PVDF membrane filter
of 0.45-J.lm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 221 nm for 0-15 min and UV 251 nm for 15-

35 min
Column: 4.6-mm x 15-cm; 3-J.lm packing L1
Column temperature: 40°
Flow rate: 1.25 mL/min
Injection volume: 20 J.lL

System suitability
Samples: StandardsolutionA and Standard solutionB
Suitability requirements

Chromatogram similarity: The chromatogram obtained
with StandardsolutionB is similar to the reference
chromatogram provided with the lot of USP
Rhodiola rosea Root and Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standardsolution8

Relative standard deviation: NMT 2.0% for the rosavin
and salidroside peaks in replicate injections, Standard
solution A
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Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the referencechromatogram provided
with the lot of USP Rhodiola rosea Rootand Rhizome Dry
Extract RS being used, identify the peakscorresponding
to salidroside, rosarin, rosavin, and rosin in the Sample
solution.

Calculate the percentage of the labeledamount of
phenylpropenoid glycosides calculated as the sum of
rosarin, rosavin, and rosin in the portion of Capsules
taken:

Result =(rsum/rs) x (Cs x V/W) x (WaiL) X 100

rsum = sum ofthe peakareasof rosarin, rosavin, and rosin
from the Sample solution

rs = peak area of rosavin from Standard solution A
Cs = concentration of rosavin in Standard solution A

(mg/mL)
V = volumeof the solventtakenfor preparationof the

Sample solution (mL)
W =weight of the sample taken for preparationof the

Sample solution(mg)
Wav =average Capsulefill weight (mg)
L = labeled amount of phenylpropenoidglycosides

(mg/Capsule)

Calculate the percentage of the labeledamount of
salidroside in the portion of Capsules taken:

Result =(ru/rs) x (Cs x V/W) x (WaiL) X 100

ru =peak area of salidroside from the Sample solution
ts =peak area of salidroside from Standard solution A
Cs = concentration of salidroside in Standard solution

A (mg/mL)
V = volumeof the solventtakenfor preparationof the

Sample solution (mL)
W = weight of the sample taken for preparation of the

Sample solution(mg)
Wav = average Capsulefill weight (mg)
L =labeled amount of salidroside (rnq/Capsule)

Acceptance criteria: NLT 95.0% of the labeled amount of
phenylpropenoid glycosides as the sum of rosarin, rosavin,
and rosin; and NLT 95.0% of the labeledamount of
salidroside

• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND
SALIDROSIDE, Method2

Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 2.

Table 2

Time Solution A Solution B
(min) (0/0) (0/0)

0 94 6

6 83 17

7 80.3 19.7

9 80.3 19.7

10 0 100

12 94 6

17 94 6

USP43

Standard solution A: 0.1 mg/mLof USP Rosavin RS in
methanol

Standard solution B: 0.04 mg/mLof USP Salidroside RS in
methanol

Standard solution C: 4.0 mg/mLof USP Rhodiola rosea Root
and Rhizome Dry Extract RS in methanol. Sonicateto
dissolve, ifnecessary. Before injection, passthrough a PVDF
membrane filterof 0.45-J..Im pore size.

Sample solution: Determine the total weight of 20
Capsules. Open the Capsules and combine their contents
in an appropriate container.Weighthe empty Capsule
shells and calculatethe averagefill weight per Capsule.
Transfer a portion of the Capsulecontents, equivalent to
6 mg of phenylpropenoidglycosides (sum of rosarin,
rosavin, and rosin) intoa 50-mL volumetric flask. Add40 mL
of methanol and sonicatefor 30 min. Cool to room
temperature, dilute with methanol to volume, mixwell,
and pass through a PVDF membrane filter of 0.45-J..Im
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.0-mm x 10-cm; 2.5-J..Im packing L1
Column temperature: 40°
Flowrate: 1.0 mL/min
Injection volume: 1 J..IL

System suitability
Samples: Standard solution A, Standard solution B, and

Standard solutionC
Suitability requirements

Chromatogram similarity: Thechromatogram obtained
with Standardsolution C issimilar to the reference
chromatogram providedwith the lot of USP
Rhodiola rosea Root and Rhizome DryExtract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standardsolution C

Relative standard deviation: NMT 2.0% for the rosavin
and salidroside peaksin replicateinjections, Standard
solution A and Standard solution 8

Analysis
Samples: Standardsolution A, StandardsolutionB, Standard

solution C, and Sample solution .
Using the chromatograms of Standard solution A, Standard

solution B, Standard solution C, and the reference
chromatogram providedwith the lot of USP
Rhodiola rosea Rootand Rhizome DryExtract RS being
used, identify the peakscorresponding tosalidroside,
rosarin, rosavin, rosin, and rosiridin in the Sample solution.

Calculate the percentage of the labeledamount of
phenylpropenoid glycosides calculatedas the sum of
rosarin, rosavin, and rosin in the portion of Capsules
taken:

Result = (rsum/rs) x (Cs x V/W) x (WavlL) x 100

rsum = sum ofthe peakareasof rosarin, rosavin, and rosin
from the Sample solution

ts = peak area of rosavin from Standard solution A
Cs = concentration of rosavin in Standard solutionA

(mg/mL)
V =volumeofthe solventtakenfor preparationof the

Sample solution(mL)
W = weight of the sampletaken for preparation of the

Sample solution(mg)
Wav =average Capsule fill weight (mg)
L = labeled amount of phenylpropenoidglycosides

(mg/Capsule)
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Calculate the percentage of the labeled amount of
salidroside in the portion of Capsules taken:

Result =(rulrs) x (Cs x VIW) x (WavlL) x 100

ru = peak area of salidroside from the Sample solution
ts = peak area of salidroside from StandardsolutionB
Cs = concentration of salidroside in Standardsolution

B(mg/ml)
V = volumeof the solventtaken for preparationof the

Sample solution (ml)
W = weight of the sample taken for preparationof the

Sample solution (mg)
Way = average Capsulefill weight (mg)
L = labeled amount of salidroside (mg/Capsule)

Acceptance criteria: NlT 95.0% of the labeledamount of
phenylpropenoidglycosides as the sum of rosarin, rosavin,
and rosin; and NlT 95.0% of the labeled amount of
salidroside

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104clu/g, and the total
combined moldsand yeastscount does not exceed 103 clul
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirementsof the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the latin binomial and, following
the official name, the part of the plant from which the
article was derived. The labelstates the amount of
phenylpropenoidglycosides, as the sum of rosarin, rosavin,
and rosin; the amount of salidroside; and the amount of
Powdered Rhodiola rosea Extract in mg/Capsule. It-also
states the assaymethod used ifdifferentfrom Method 7.

• USP REFERENCE STANDARDS (11)
USP Rhodiola rosea Rootand Rhizome Dry Extract RS
USP Rosavin RS
USP Salidroside RS

Rhodlo/a rosea Tablets
DEFINITION
Rhodiola rosea Tablets contain Powdered Rhodiola rosea

Extract. Theycontain NlT 95.0% of the labeledamount of
phenylpropenoid glycosides, calculatedas the sum of
rosarin (C2oH2801O), rosavin (C2oH280,O), and rosin
(C,sH 2006)i and NlT 95.0% of the labeled amount of
salidroside (C'4H2007).

IDENTIFICATION

DietarySupplements / Rhodiola rosea 5227

HPLC
as directed in the test for Contentof

Phenylpropenoid Glycosides and Saliaroside, Method 7 or
Method 2.

Acceptance criteria: The Sample solution exhibits peaksat
retention times corresponding to the peaksdue to
salidroside, rosarin, rosavin, and rosin in Standard solution
B in Method 7 or Standardsolution Cin Method2. .

STRENGTH
[NoTE-The strength requirement may be met by
following either one of the specified methods; the
method used should be stated on the labelonly if
Method 7 is not used.]

• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND
SALIDROSIDE, Method 7

Extraction solvent: Methanol and water (2:8)
Solution A: 0.2% o-phosphoric acid in water
Solution B: Acetonitrile
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v
W

Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (0/0) (0/0)

0 94 6

10 94 6

11 85 15

21 77 23

22 10 90

24 10 90

25 94 6

35 94 6

Result=(rsumlrs) x (Cs x VIW) x (WavIL) x 100

=sum of the peak areasof rosarin, rosavin, and rosin
from the Sample solution

= peak area of rosavin from Standard solution A
= concentration of rosavin in Standard solution A

(mg/mL)
=volume of the solvent taken for preparation of the

Sample solution (mL)
= weight of the sample taken for preparation of the

Sample solution (mg)
= average Tablet weight (mg)
= labeled amount of phenylpropenoid glycosides

(mg/Tablet)

Calculate the percentage of the labeled amount of
salidroside in the portion of Tablets taken:

Table 2

Acceptance criteria: NLT 95.0% of the labeled amount of
phenylpropenoid glycosides as the sum of rosarin, rosavin,
and rosin; and NLT 95.0% of the labeled amount of
salidroside

• CONTENT OF PHENYLPROPENOID GLYCOSIDES AND
SALIDROSIDE, Method 2

Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 2.

Time Solution A Solution B
(min) (0/0) (0/0)

0 94 6

6 83 17

7 80.3 19.7

9 80.3 19.7

10 0 100

12 94 6

17 94 6

Result=(rulrs) x (Cs x VIW) x (WaiL) X 100

= peak area of salidroside from the Sample solution
= peak area of salidroside from Standard solution A
= concentration of salidroside in Standard solution

A (mg/mL)
= volume of the solvent taken for preparation of the

Sample solution (mL)
=weight of the sample taken for preparation of the

Sample solution (mg)
=average Tablet weight (mg)
= labeled amount of salidroside (mg/Tablet)

v
W

Standard solution A: 0.1 mg/mL of USP Rosavin RS in
methanol

Standard solution B: 0.04 mg/mL of USP Salidroside RS in
methanol

Standard solution C: 4.0 mg/mL of USP Rhodiola rosea Root
and Rhizome Dry Extract RS in methanol. Sonicate to
dissolve, if necessary.Before injection, passthrough a PVDF
membrane filter of 0,45-J.lm pore size.

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion of finely powdered Tablets, equivalent to.6 mg of
phenylpropenoid glycosides (sum of rosarin, rosavin, and
rosin) into a 50-mL volumetric flask. Add 40 mL of methanol

Standard solution A: 0.04 mg/mL of USP Rosavin RS and
0.02 mg/mL of USP Salidroside RS in Extraction solvent.
Sonicate to dissolve, if necessary.

Standard solution B: 2.0 mg/mL of USP Rhodiola rosea Root
and Rhizome Dry Extract RS in Extraction solvent. Sonicate
to dissolve, if necessary. Before injection, pass through a
PVDF membrane filter of 0,45-J.lm or finer pore size.

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion of finely powdered Tablets, nominally equivalent to
3 mg of phenylpropenoid glycosides (sum of rosarin,
rosavin, and rosin) into a 50-mL volumetric flask. Add
40 mL of Extraction solvent and sonicate for 30 min. Cool to
room temperature, dilute with Extraction solvent to volume,
mix well, and pass through a PVDF membrane filter of
0.45-J.lm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC .
Detector: UV 221 nm for 0-15 min and 251 nm for 15-

35 min
Column: 4.6-mm x 15-cm; 3-J.lm packing L1
Column temperature: 40° .
Flow rate: 1.25 mL/min
Injection volume: 20 J.lL

System suitability
Samples: Standard solution A and Standard solution 8
Suitabilify requirements

Chromatogram similarity: The chromatogram obtained
with Standard solution 8 is similar to the reference
chromatogram provided with the lot of USP
Rhodiola rosea Root and Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standard solution B

Relative standard deviation: NMT 2.0% for the rosavin
and salidroside peaks in replicate injections, Standard
solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Rhodiola rosea Root and Rhizome Dry
Extract RS being used, identify the peaks corresponding
to salidroside, rosarin, rosavin, and rosin in the Sample
solution.

Calculate the percentage of the labeled amount of
phenylpropenoid glycosides calculated as the sum of.
rosarin, rosavin, and rosin in the portion of Tablets
taken:
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v
W

CSHlOOS 150.13
(2S,3R,4S,5R)-5-(Hydroxymethyl)oxolane-2,3,4-triolj
D-Ribose [50-69-1].

DEFINITION
Ribose contains NLT 98.0% and NMT 102.0% of D-ribose

(CSHlOOS)' calculated on the dried basis.

IDENTIFICATION

Ribose

Acceptance criteria: NLT 95.0% of the labeled amount of
phenylpropenoid glycosides as the sum of rosarin, rosavin,
and rosin: and NLT 95.0% of the labeled amount of
salidroside

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 du/g, and the total
combined molds and yeasts count does not exceed 103 dul
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. The label states the amount of
phenylpropenoid glycosides, as the sum of rosarin, rosavin,
and rosin; the amount of salidroside; and the amount of
Powdered Rhodiola rosea Extract in mg/Tablet. It also states
the assay method used if different from Method 7.

• USP REFERENCE STANDARDS (11)
USP Rhodiola rosea Root and Rhizome Dry Extract RS
USP Rosavin RS
USP Salidroside RS

~
meets the requirements in Specific Tests for Optical

Rotation (781 S), Specific Rotation.
• C. The retention time of the major peak of the Sample

solutioncorresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Mobile phase: Degassed water
System suitability solution: 20 mg/mL of USP Ribose RS

and 0.2 mg/mL of USP Arabinose RS in Mobilephase
Standard solution: 20 mg/mL of USP Ribose RS in Mobile

phase
Sample solution: 20 mg/mL of Ribose in Mobilephase

=sum of the peak areas of rosarin, rosavin, and rosin
from the Sample solution

=peak area of rosavin from StandardsolutionA
=concentration of rosavin in StandardsolutionA

(mg/mL)
=volume of the solvent taken for preparation of the

Sample solution (mL)
=weight of the sample taken for preparation of the

Sample solution (mg)
=average Tablet weight (mg)
= labeled amount of phenylpropenoid glycosides

(mg/Tablet)

Calculate the percentage of the labeled amount of
salidroside in the portion of Tablets taken:

and sonicate for 30 min. Cool to room temperature, dilute
with methanol to volume, mix well, and pass through a
PVDF membrane filter of 0,45-lJm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.0-mm x 10-cm; 2.5-lJm packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 1 IJL

System suitability
Samples: StandardsolutionA, Standardsolution 8, and

Standardsolution C
Suitability requirements

Chromatogram similarity: The chromatogram obtained
with Standardsolution C is similar to the reference
chromatogram provided with the lot of USP
Rhodiola rosea Root and Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the rosarin and rosavin
peaks, Standardsolution C

Relative standard deviation: NMT 2.0% for the rosavin
and salidroside peaks in replicate injections, Standard
solutionA and Standardsolution 8

Analysis
Samples: StandardsolutionA,Standardsolution8, Standard

solutionC, and Sample solution
Using the chromatograms of StandardsolutionA, Standard

solution8, Standardsolution C, and the reference
chromatogram provided with the lot of USP
Rhodiola rosea Root and Rhizome Dry Extract RS being
used, identify the peaks corresponding to salidroside,
rosarin, rosavin, rosin, and rosiridin in the Sample solution.

Calculate the percentage of the labeled amount of
phenylpropenoid glycosides calculated as the sum of
rosarin, rosavin, and rosin in the portion of Tablets
taken:

Result= (rsum/rs) x (Cs x V/W) x (WavlL) x 100

Result=(rufrs) x (Cs x VIW) x (WavlL) x 100

t» =peak area of salidroside from the Sample solution
rs =peak area of salidroside from Standardsolution8
Cs =concentration of salidroside in Standardsolution

8 (mg/mL)
V =volume of the solvent taken for preparation of the

Sample solution (mL)
W '=weight of the sample taken for preparation of the

Sample solution (mg)
Wav =average Tablet weight (mg)
L =labeled amount of salidroside (mg/Tablet)
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 8.0-mm x 30-cm; e-urn packing L22
Temperatures

Detector: 40°
Column: 80°

Flow rate: 1.0 mL/min
Injection volume: 10 I..IL

System suitability
Samples: System suitability solution and Standard solution

[NoTE-The relative retention times for arabinose and
ribose are 0.9 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.2 between ribose and arabinose,

System suitability solution
Tailing factor: NMT 1.5, Standardsolution
Column efficiency: NLT 2500 theoretical plates for the

ribose peak, Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of D-ribose in the portion of

Ribose taken:

Result =(rulrs) x (CsICu) x 100

t» = peak response from the Sample solution
rs =peak response from the Standard solution
Cs =concentration of USP Ribose RS in the Standard

solution (mg/mL)
Cu = concentration of Ribose in the Sample solution

(mg/mL)

Acceptance criteria: 98.0-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• CHLORIDE AND SULFATE, Chloride(221)

Standard: 0.10 mL of 0.020 N hydrochloric acid
Sample: 3.6 g of Ribose
Acceptance criteria: NMT 0.002%

• CHLORIDE AND SULFATE, Sulfate (221)
Standard; 0.10 mL of 0.020 N sulfuric acid
Sample: 3.3 g of Ribose
Acceptance criteria: NMT 0.003%

• RELATED COMPOUNDS
Mobile phase, System suitability solution, Sample

solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.

Standard solution: 0.02 mg/mL of USP Arabinose RS in
Mobilephase

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of arabinose in the portion of

Ribose taken:

Result =(ru/rs) x (CslCu) x 100

ru = peak response of arabinose from the Sample
solution

rs =peak response of arabinose from the Standard
solution

Cs . =concentration of USP Arabinose RS in the
Standardsolution (mg/ml)

Cu =concentration of Ribose in the Sample solution
(mg/mL) .
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Calculate the percentage of any unspecified impurity in the
portion of Ribose taken:

Result = (rUlrT) x 100

t» =peak response of any unspecified impurity from
the Sample solution

rT =sum of all the peak responses from the Sample
solution

Acceptance criteria
Arabinose: NMT 1.0%
Unspecified impurity: NMT 0.1 %
Total unspecified impurities: NMT 1.0%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 20 mg/mL in water
Acceptance criteria: -18.0° to -22.0°

• COLOR OF SOLUTION
Sample solution: Dissolve5.0 g of Ribose in 50 mLof water.

Centrifuge or filter, if necessary, to obtain a clear solution.
Blank solution: Water
Analysis: Absorbance at 430 nm in a 1-cm cell
Acceptance criteria: NMT 0.2 AU

• Loss ON DRYING (731)
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Arabinose RS
USP Ribose RS

Rosemary
DEFINITION
Rosemary consists of the dried leaf of Rosmarinus officinalis L.

(Fam. Lamiaceae). It contains NLT 2.0% of phenolic
diterpenes, calculated as the sum of carnosic acid and
carnosol, and NLT 1.2% (v/w) of volatile oil, both calculated
on the dried basis.

IDENTIFICATION
• A. Rosemary meets the requirements for Specific Tests,

Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mL of USP RosmarinicAcid RS
in methanol

Standard solution B: 100 mg/mL of USP Powdered
Rosemary Hydrophilic Extract RS in methanol

Sample solution: Sonicate for 10 min about 1 g of
Rosemary, finely powdered, in 10 mL of methanol.
Centrifuge, and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 I..Im (HPTLC plates)
Application volume: 2 I..IL of StandardsolutionA, 4 I..IL of

StandardsolutionB, and 8 I..IL of the Sample solutionas
8-mm bands .

Relative humidity: Condition the plate to a relative
humidity. of about 33% using a suitable device.

Developing solvent system: A mixture of ethyl acetate,
formic acid, and water (15:1:1)

Developing distance: 6 cm
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Derivatization reagent A: 5-mg/mLsolutionof
2-aminoethyl diphenylborinatein ethyl acetate

Derivatization reagent B: 50-mg/mLsolutionof
polyethylene glycol 400 in dichloromethane

Analysis
Samples: Standard solution A, Standard solution8, and

Sample solution.Apply the samplesas bands to a suitable
high performance thin-layer chromatographic plate.
Develop the chromatograms in a saturated chamber,
remove the plate from the chamber, heat for 3 min at
100°, derivatize the plate whilestill warm with
Derivatization reagent A, dry in air, then derivatize with
Derivatization reagent 8, dry in air,and examine under UV
light at 366 nm.

System suitability: The chromatogram of Standard solution
8 exhibits, in the upper-third section, a blue fluorescent
band corresponding to the band due to rosmarinic acid in
the chromatogram of Standard solution A, and a less intense
band, right above the band due to rosmarinic acid,
corresponding to caffeic acid.The bands due to rosmarinic
acid and caffeic acid are clearly separated.

Acceptance criteria: The chromatogram of the Sample
solutionexhibitsthe following main bands similar in
positionsand colorsto the corresponding bands in the
chromatogram of Standard solution8: a blue fluorescent
band at an RF corresponding to the rosmarinic acid band in
Standard solutionA; a band at an RFcorresponding to the
caffeic acid; a green band at about the middle of the
chromatogram and an intense orange band in the lower
third section of the chromatogram; below the green
band, the Sample solutionchromatogram exhibitsa pattern
of characteristically colored bands of low intensity
(distinction from sage leaf, thyme leaf, holy basil leaf, basil
leaf, and oregano leaf).
The Sample solutionchromatogram does not show a pairof

major orange bands in the lower-third section of the
chromatogram (distinction from sage leafand thyme
leaf), a light blue band at an RF of about one-third of the
chromatogram (distinction from holy basil leaf), an
orange band in the lower-third section of the
chromatogram and a light blue band at about two-thirds
of the chromatogram (distinction from basil leaf), or a red
band right above the band due to caffeic acid in the
upper-third section of the chromatogram (distinction
from thyme leafand oregano leaf). [NOTE-This red band
isdifferentfromthe red band, at the solventfront, present
in Rosemary and other leaves due to chlorophyll.]

• C. HPLC
Analysis: Proceed as directed in the test for Contentof

Phenolic Diterpenes.
Acceptance criteria: The chromatogram of the Sample

solution exhibitsthe major peak at the retention time
corresponding to the carnosicacid peak in the
chromatogram of Standard solution A and an additional
peak corresponding to carnosolat a relative retention time
of about 0.64 compared to that of the carnosicacid peak.

COMPOSITION
• CONTENT OF PHENOLIC DITERPENES

Mobile phase: A mixtureof acetonitrile and a solutionof
0.5% phosphoric acid in water (65:35)
[NOTE-Proceed under subdued light.]

Solvent: 0.5% phosphoric acid in methanol
Standard solution A: [NOTE-Use clearglassware.] 0.2 mg/

mL of USP Carnosic Acid RS in Solvent. Sonicateto dissolve
if necessary. .

Sample solution: 1.0 g of Rosemary, finely powdered, in
50 mL of methanol. Sonicatefor 3 h. Before injection, pass
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through a membrane filterof 0.45-~L or finer pore size,
discarding the firstfew mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV, 230 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 25 ± 1°
Flowrate: 1.5 mL/min
Injection volume: 5 ~L

System suitability
Sample: Standard solutionA
Suitability requirements

Tailing factor: Between 0.90 and 1.30 for the carnosic
acid peak, Standardsolution A

Relativestandard deviation: NMT 2% determined from
the carnosicacid peak in repeated injections, Standard
solution A

Analysis
Samples: Standard solution A and Sample solution

[NOTE-Standard solutionA and the Sample solutionare
stable for 12 h at room temperature.]

Using the chromatograms of Standard solutionA, identify
the retention timesof the peakscorrespondingto carnosic
acid and carnosol in the Sample solutionchromatogram.
[NOTE-The approximate relative retention times for the
carnosoland carnosicacid peaksare 0.64 and 1.00,
respectively.]

Calculate the percentages of carnosicacid.and carnosol in
the portion of Rosemary taken:

Result = (rufrs) x Cs x (V/W) x F x 100

ru = peak area of the relevantanalyte in the Sample
solutionchromatogram

rs =peakarea forcarnosicacidinthe Standard solution
A chromatogram .

Cs =concentration of USP Carnosic Acid RS in
Standard solutionA (mg/mL)

V =volume of the Sample solution (mL)
W =weight of Rosemary taken to prepare the Sample

solution (mg)
F =conversion factor (1 .00 for carnosicacid and

0.92 for carnosol)

Add the percentages of carnosicacid and carnosol.
Acceptance criteria: NLT 2.0% on the dried basis

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561): Use 25.0 g of coarselypowdered Rosemary. Distill
for 3 h at a rate of 2-3 mL/min.

Acceptance criteria: NLT 1.2% v/w of volatile oilon the
dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

Lead: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g

:iiJlifl~~P,JbY~{e~~~(glqg,1fe~rqi.l~
'"'' " "j: Meets the requirements

• MICROBIAL ENUMERATION TESTS-NuTRITIONAL AND
DIETARY SUPPLEMENTS (2021): The total aerobic bacterial
count does not exceed 105 cfu/g, the total combined molds
and yeasts count does not exceed 103 du/g, and the
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bile-tolerant Gram-negative bacteriado not exceed 103 cfu/
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS-NuTRITIONAL AND DIETARY
SUPPLEMENTS (2022): Meets the requirementsof the tests
for absence of Salmonella speciesand Escherichia coli

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The leaves are sessile, linearto linear
lanceolate, needle-like, 1-4 cm long and 2-4 mm wid~,

withstronglyrevolute margins; apex obtuse, base tapenng.
The upper surface isdark green, somewhat pubescent
when young, glabrous in older leaves, the lowers~rface is
grayish-green and denselytomentose with a prominent
midrib. Pharmacopeial articleconsists of dry, grayish-green
to yellowish-green, brittle, leaves.

Microscopic
Transverse section: Upper epidermis, cells are tabular

with slightly thickened walls and occasional pits, rare
conical covering trichomes,stomata are absent; an
underlying hypodermiscomposed of large, irregularly
rounded to ovoidcells with thickenedanticlinal walls, one
to several layers of cell extending acrossthe larr:tina a~
intervals separating the one or two-layered palisade Into
large,cr~scent-shaped areas,each witha group ofspongy
mesophyll; lowerepidermis, numerous stomata, masses
of multicellular and characteristic, thin-walled, uniseriate,
extensively branched coveringtrichomes, up to 300 urn
in length forming dense felted masses, with each branch
arising fr~m a slightly swollen joint and terminating in a
singletapering cell; glandular trichomesof two types are
present on both epidermis, more on the lowerepid~rmls,
the majority with a short, unicellular stalkand a radiate
head composed of eight cells, lessabundant with a
unicellular stalkand a spherical, unicellular or
bicellular head.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 5% of stems; NMT 2.0% of other foreign
matter

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered Rosemary
Analysis: Dryat 105°for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 2-;4g of finely powdered Rosemary
Acceptance criteria: NMT 9.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 2-4 g of finely powdered Rosemary
Acceptance criteria: NMT 1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Carnosic Acid RS
USP Powdered Rosemary Hydrophilic Extract RS
USP Rosmarinic Acid RS

USP 43

Powdered Rosemary
DEFINITION
Powdered Rosemary is Rosemary reduced to P?w~er or very
fine powder. It contains NLT 2.0% of phenolicdlterpenes,
calculatedas the sum of carnosic acid and carnosol, on the
dried basis.

IDENTIFICATION
• A. Powdered Rosemary meets the requirementsfor Specific

Tests, Botanic Characteristics.
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.5 mg/mLof USP Rosmarinic Acid RS
in methanol

Standard solution B: 100 mg/mLof USP Powdered
Rosemary Hydrophilic Extract RS in methanol

Sample solution: Sonicatefor 10 min about 1 g of
PowderedRosemary in 10 mL of methanol.Centrifuge, and
use supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographicsilica gel mixturewith an

average particlesizeof 5 urn (HPTLC plates)
Application volume: 2 J,lL of Standard solution A,.4 J,lL of

Standard solution B, and 8 J,lL of the Sample solutionas
8-mm bands

Relative humidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Developing solvent system: Amixtureof ethyl acetate,
formicacid, and water (15:1:1)

Developing distance: 6 cm .
Derivatization reagent A: 5-mg/mLsolutionof

2-aminoethyl diphenylborinate in ethylacetate
Derivatization reagent B: 50-mg/mLsolutionof

polyethylene glycol 400 in dichloromethane
Analysis

Samples: Standardsolution A, Standard solution B, af'!d
Sample solution. Apply the samplesas bands to a SUItable
high performance thin-layer chromatographic plate (see
Chromatography (621», and dry in air. Develop the
chromatograms ina saturated chamber, removethe plate
from the chamber, heat at 100° for 3 min, derivatize th.e
plate whilestill warm with Derivatization reagent A, dry In
air then derivatize with Derivatization reagent 8, dryln air,
and examine under UV light at 366 nm. .

System suitability: The chromatogram of Standard solution
Bexhibits, in the upper-third section, a blue flu<?r~sce~t .
band corresponding to the band due to rosrnanruc acid In
the chromatogram of Standard solution A, a.n~ a le.ss intense
band, right above the band due to rosrnanruc acid, ..
corresponding to caffeic acid.The bands due to rosrnanruc
acid and caffeic acid are clearly separated.

Acceptance criteria: The c~romat?gram of ~he. Sa,!,ple
solutionexhibitsthe followlnq main bands slrnllar In
positions and colorsto the corresponding bands in the
chromatogram of Standard solution B.A bl.u~ flu<;>rescent.
band at an RFcorresponding to the rosmanruc acid band In
Standard solutionA; a band at an RF corresponding to the
caffeic acid; a green band at about the midd!e,of the
chromatogram and an intense orange band In the lower
third section of the chromatogram; belowth~ ween
band, the Sample solutionchromatogram ~Xhlbl~ a pattern
of characteristically colored bands of low Intens!ty .
(distinction from sage leaf, thyme leaf, holy basil leaf, basil
leaf, and oregano leaf). .
The Sample solutionchromatogram d?es not.showa pairof

major orange bands in the lower-third section of the
chromatogram (distinction from sage leafand thyme
leaf), a light blue band at an RF of about one-third of the
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chromatogram (distinction from holy basi/leaf), an
orange band in the lower-third section of the
chromatogram and a light blue band at about two-thirds
of the chromatogram (distinction from basil leaf), or a red
band right above the band due to caffeic acid in the
upper-third section of the chromatogram (distinction
from thyme leaf and oregano leaf.) [NoTE-This red band
is different from the red band, at the solvent front, present
in Rosemary and other leaves due to chlorophyll.]

• C. HPLC
Analysis: Proceed as directed in the test for Contentof

Phenolic Diterpenes.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits the major peak at the retention time
corresponding to carnosic acid in the chromatogram of
Standard solutionA and an additional peak corresponding
to carnosol at a relative retention time of about 0.64
compared to that of the carnosic acid peak.

COMPOSITION
• CONTENT OF PHENOLIC DITERPENES

Mobile phase: A mixture of acetonitrile and a solution of
0.5% phosphoric acid in water (65:35)
[NoTE-Proceed under subdued light.]

Solvent: 0.5% phosphoric acid in methanol
Standard .solution A: [NOTE-Use clear glassware.] 0.2 mgl

mL of USP Carnosic Acid RS in Solvent. Sonicate to dissolve
if necessary.

Sample solution: 1.0 g of Powdered Rosemary in 50 mL of
methanol. Sonicate for 3 h. Before injection, passthrough a
membrane filter of 0.45-IJL orfiner pore size,discarding the
first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV, 230 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 25 ± 10

Flow rate: 1.5 mL/min
Injection volume: 5 IJL

System suitability
Sample: StandardsolutionA
Suitability requirements

Tailing factor: Between 0.90 and 1.30 for the carnosic
acid peak, Standardsolution A

Relative standard deviation: NMT 2% determined from
the carnosic acid peak in repeated injections, Standard
solution A

Analysis
Samples: StandardsolutionA and Sample solution
[NoTE-StandardsolutionA and Sample solutionare

stable for 12 h at room temperature.]
Using the chromatograms of Standardsolution A, identify

the retention time of the peaks corresponding to carnosic
acid and carnosol in the Sample solutionchromatogram.
[NoTE-The approximate relative retention times for the
carnosol and carnosic acid peaks are 0.64 and 1.00,
respectively.] .

Calculate the percentages of carnosic acid and carnosol in
the portion of Powdered Rosemary taken:

Result =(rulrs) x Cs x (VIW) x Fx 100

ru = peak area of the relevant analyte in the Sample
solution chromatogram

rs .= peak area for carnosic acid in the Standard solution
A chromatogram

Cs =concentration of carnosic acid in Standard
solutionA (mg/mL)

V = volume of the Sample solution (mL)

Dietary Supplements / Rosemary 5233

W =weight of Powdered Rosemary taken to prepare
the Sample solution(mg)

F =conversion factor (1.00 for carnosic acid and
0.92 for carnosol)

Add the percentages of carnosic acid and carnosol.
Acceptance criteria: NLT2.0% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 IJg/g
Cadmium: NMT 0.5 IJg/g
Lead: NMT 5.0 IJg/g
Mercury: NMT 1.0 IJg/g

'g~2ll~i~t1~I~gJTg€~IClqe
Meets the requirements

• MICR081ALENUMERATION TESTS-NUTRITIONAL AND
DIETARY SUPPLEMENTS (2021): The total aerobic bacterial
count does not exceed 105 cfu/g, the total combined molds
and yeasts count does not exceed 103 du/g, and the
bile-tolerant Gram-negative bacteria do not exceed 103 cful
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS-NUTRITIONAL AND DIETARY
SUPPLEMENTS (2022): Meets the requirements of the tests
for absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Grayish-green to yellowish-green powder
Microscopic: It shows fragments of upper epidermal cell,

polygonal to irregular, with slightly thickened walls and
occasional pits, stomata absent; lower epidermal cells, with
straight or slightly sinuous walls, numerous diacytic
stomata, masses of multicellular and characteristic,
thin-walled, uniseriate, extensively branched covering
trichomes, up to 300 IJm in length, with each branch arising
from a slightly swollen joint and terminating in a single
tapering cell; glandular trichomes of two types, the majority
with a short, unicellular stalk and a radiate head composed
of eight cells, lessabundant with a unicellular stalk and 'a
spherical, unicellular or bicellular head; glandular trichomes
in surface view appear asa disk with eight cells; hypodermis
cells with distinctly beaded walls; fibers; vascular tissue.

• Loss ON DRYING (731)
Sample: 1.0 g of Powdered Rosemary
Analysis: Dry at 105 0 for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OFBOTANICAL ORIGIN, TotalAsh (561)
Sample: 2-4 g of Powdered Rosemary
Acceptance criteria: NMT 9.0%

• ARTICLES OFBOTANICAL ORIGIN, Acid-Insoluble Ash (561)
Sample: 2-4 g of Powdered Rosemary
Acceptance criteria: NMT 1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was obtained.

• USP REFERENCE STANDARDS (11)
USPCarnosic Acid RS
USP Powdered Rosemary Hydrophilic Extract RS
USP Rosmarinic Acid RS
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Rosemary Leaf Dry Aqueous Extract
DEFINITION
Rosemary Leaf DryAqueous Extract ispreparedfrom Rosemary

by extraction with water. It contains NLT 90% and NMT
110% of the labeledamount of rosrnarlnlc acid on the dried
basis. It may contain suitableadded sUbstance~ as carriers.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY
Standard solution A: 0.5 mg/mLof USP Rosmarinic Acid RS

in methanol
Standard solution B: 100 mg/mL of USP Powdered

Rosemary Hydrophilic Extract RS in methanol
Sample solution: 100 mg/mL of Rosemary Leaf Dry
Aqueous Extract in methanol

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof 5 urn (HPTLC plates)
Application volume: 2 ~L of the StandardsolutionA and

4 ~L of the Standardsolution B and Sample solution ~s
8-mm bands

Relatiy~ humidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Developing solvent system: A mixtureof ethyl acetate
formic acid, and water (15:1 :1) ,

Developing distance: 6 cm
Derivatization reagent A: 5-mg/mLsolutionof

2-aminoethyl diphenylborinate in ethyl acetate
Derivatization reagent B: 50-mg/mLsolutionof

polyethylene glycol 400 in dichloromethane
Analysis

Samples: StandardsolutionA, StandardsolutionBand
S?mple solution. Apply the samplesas bands to ~ suitable
hlg~ pe.rformance thin-layer chromatographic plate, and
dry In air. Develop the chromatograms in a saturated
chamber, remove the plate from the chamber heat at
100,0 fo.r 3 ~in, derivatize the plate whilestill ~arm with
Der~vat~zat~on reagentA, dry in air, then derivatize with
DetivatlzationreagentB,dry in air and examine under UV
light at 366 nm. ,.

System suitability: The chromatogram of Standardsolution
Bshows, inthe upper-thirdsection,a bluefluorescentband
corresponding to the band due to rosmarinic acid in the
chromatogram of StandardsolutionA, and a less intense
band, right above the band due to rosmarinic acid
corresponding to caffeic acid. The bands due to ro;marinic
acid and caffeic acid are clearly separated.

Acceptance criteria: The chromatogram of the Sample
solu,t~on exhibits the following main bands similar in
POSitions and colorsto the corresponding bands in the.
chromatogram of Standardsolution B. Ablue fluorescent
band at an RF corresponding to the rosmarinic acid band in
StandardsolutionA; a band at an RF correspondingto the
caffeic acid; a green band at about the middle of the
chromatogram and an intense orange band in the lower
third section of the ch~omatogram; belowthe green ,
band, the Sample solutionchromatogram exhibits a pattern
of characteristically colored bands of low intensity .
(distinction from sage leaf, thyme leaf, holybasil leaf, basil
leaf, and oregano leaf).
The ~ample solutionchromatogram does not show a pairof

major orange bands in the lower-third section of the
chrornatoqrarn (distinction from sage leafand thyme
leaf), a light blue band at an RF of about one-third of the
chromatogram (distinction from holy basil leaf), an
orange band in the lower-third section of the
chromatogram and a light blue band at about two-thirds
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of the chromatogram (distinction from basil leaf), or a red
band right above the band due to caffeic acid in the
upper-third section of the chromatogram (distinction
from thyme leafand oregano leaf). [NOTE-This red band
!sdifferentfrom the red band, at the solventfront, present
In Rosemary and other leaves due to chlorophyll.]

• B. HPLC
Analysis: Proceedas directed in the test for Contentof

Rosmarinic Acid.
Acceptance criteria: The chromatogram of the Sample

solution exhibits the major peak at the retention time
corresponding to the rosmarinic acid peak in the
chromatogram of StandardsolutionA. It alsoshows a less
intense peak corresponding to the luteolin
3-0-~lucuronide peak in the chromatogram of Standard
solution Band at a relative retention time of about 0.8
compared to the rosmarinic acid peak.

COMPOSITION
• CONTENT OF ROSMARINIC ACID

Mobile phase: Amixtureof acetonitrile and a solution of
0.1% trifluoroacetic acid in water (32:68)

Solvent: Methanoland water (1:1)
Standard solution A: 0.3 mg/mLof USP Rosmarinic Acid RS

in Solvent. Sonicateto dissolve ifnecessary.
Standard solution B: 10 mg/mL of USP Powdered

Rosemary Hydrophilic Extract RS in Solvent. Sonicate to
dissolve ifn~cessary. Before injection, pass through a
membrane filterof 0.45-JJL or finerpore size discarding the
firstfew mL of the filtrate. '

Sample solution: Sonicatefor 5 min an amount of
Rosem~ry Lea.f ~ry Aqueous Extract equivalent to 15 mg of
rosrnanruc acid In 50 ~L of Solvent. Before injection, pass
through a membrane filterof 0.45-JJLor finer pore size
discarding the firstfew mL of the filtrate. '

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC .
Detector: UV, 328 nm
Column: 4.6-mm x 25-cm; 5-JJm packing L1
Column temperature: 20 ± 10

Flow rate: 1.0 mL/min
Injection volume: 5 JJL

System suitability ~

Samples: StandardsolutionA and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogramfrom
Standardsolution B issimilar to the reference
chromatogram providedwith the lot of USP Powdered
R?semary Hydrophilic Extract RS being used.

Tailingfactor: Between 0.90 and 1.30 for the rosmarinic
acid peak, StandardsolutionA

Relativestandard deviation: NMT 2% determinedfrom
the r?smarinic acid peak in repeated injections, Standard
sotution A

Analysis
Samples: StandardsolutionA, Standardsolution Band

Sample solution '
Using the chromatograms of Standardsolution A Standard

so.'ution B, and the reference chromatogram pr~vided
With the lot of USP Powdered Rosemary Hydrophilic
Extract RS being used, identify the retention time of the
peak corresponding to rosmarinic acid in the Sample
solution chromatogram. .

Calculate the percentage of rosmarinic acid in the portion
of Rosemary Leaf DryAqueous Extract taken:

P = (ru/rs) x (Cs/Cu) xl 00
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Cu

Rutin= peak area for rosmarinic acid in the Sample
solutionchromatogram

=peak area for rosmarinic acid in Standard solution
A chromatogram

=concentration of rosmarinic acid in Standard
solutionA (mg/mL)

=concentration of Dry Aqueous Extract in the
Sample solution (mg/mL)

Calculate the percentage of the labeled amount of
rosmarinic acid in the portion of Rosemary Leaf Dry
Aqueous Extract taken:

HO

H,G. HO I

HO-b-~O 0
j \ -....OH

HO OH Hi H

OH

OH

• 3H,O

Result=(PIL) x 100

P =percentage of rosmarinic acid as determined
above (%)

L =labeled amount of rosmarinic acid (%)

Acceptance criteria: 900/0-110% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 1.0 ~g/g

Cadmium: NMT 0.5 ~g/g

Leac:l: NMT 5.0 ~g/g

Mercury: NMT 1.0 ~g/g

Meets the requirements
• MICROBIAL ENUMERATION TESTS-NuTRITIONAL AND

DIETARY SUPPLEMENTS (2021): The total aerobic bacterial
count does not exceed 104 du/g, the total combined molds
and yeasts count does not exceed 103du/g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS-NUTRITIONAL AND DIETARY
SUPPLEMENTS (2022): Meets the requirements of the tests
for absence of Salmonella speciesand Escherichia coli

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1.0 9 of RosemaryLeaf Dry Aqueous Extract
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 8%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light, moisture, and oxygen;
store at controlled room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was derived. It meets other labeling requirements in
Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Powdered Rosemary Hydrophilic Extract RS
USP Rosmarinic Acid RS

C27H30016' 3H20 664.56
3-Rharnn()glucoside, of5,7,3',4'-tetrahydroxyflavonol
!~trit1ydrate;;'(E~RrApr.20i~)

2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-4H-chromen-4-one
3-yl. 6~O-a-~-rhamnop}'ranosyl-~-D-g lucoside
:~Jrthydrate.l:(~~~ 1~ipr-2oi9) [250249-75-3].

DEFINITION
Rutin contains NLT 95.0% and NMT 101.0% of rutin

(C27H30016), calculated on the anhydrous basis.

IDENTIFICATION

Ana ytical wavelength: 210-450 nm
Sample solution: 20 ~g/mL of Rutin in methanol. Filter if

necessary. .
Acceptance criteria: The spectrum exhibits two absorption

maxima at 257 nm and 358 nm. The absorptivity at the
maximum at 358 nm is 30.5-33.0, calculated on the
anhydrous basis.

• C. The retention time of the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the test for Quercetin and Other Related .
Compounds.

ASSAY
• PROCEDURE

Sample: 200 mg of Rutin
Blank: 20 mL of dimethylformamide
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: Tetrabutylammonium hydroxide
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 20 mL of
dimethylformamide, and titrate with Titrant. Perform the
Blank determination and make corrections if necessary.
Calculate the percentage of rutin (C27H30016) in the portion

of the Sample taken:

Result={[(V s - V B) x M x F]/W} x 100

V s =Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank (mL)
M =actual Titrant molarity (mmol/mL)
F = equivalency factor, 305.3 mg/mmol
W =Sample weight (mg)
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Acceptance criteria: 95.00/0-101.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIGHT ABSORBING SUBSTANCES

Analytical wavelength: 450-800 nm
Sample solution: Dissolve0.200 g of Rutin in 40 mL of

2-propanol. Stir for 15 min, dilute with 2-propanol to
50.0 mL, and filter.

Acceptance criteria: The absorbance of any substance is
NMT 0.10.

• METHANOL INSOLUBLE SUBSTANCES
Sample: 2.5 9
Analysis: .Shakethe Sample for 15 min in 50 mL of methanol

at 20°-25°. Filter under reduced pressurethrough a
sintered-glass filter previouslydried for 15 min at 100°
105°, cooled in adesiccator, and tared. Wash the filter three
times with 20 mL of methanol. Dry the filter for 30 min at
105°. Allow to cool, and weigh.

Acceptance criteria: The residue weighs NMT 75 mg (3%) .
• QUERCETIN AND OTHER RELATED COMPOUNDS

Solution A: Mix 50 mL of tetrahydrofuran with 950 mL of a
15.6 mg/mL solution of monobasic sodium phosphate.
Adjust with phosphoric acid to a pH of 3.0.

Solution B: Mix 400 mL of tetrahydrofuran with 600 mL of a
15.6 mg/mL solution of monobasic sodium phosphate.
Adjust with phosphoric acid to a pH of 3.0.

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 50 50

10 0 100

20 0 100

21 50 50

25 50 50

Standard solution A: Transfer 10 mg of USP Rutin RS into a
1O-mLvolumetric flask, add 2 mL of methanol, and mix to
dissolve. Dilute with Solution B to volume.

Standard solution B: 20 IJg/mL of USP Rutin RS in Solution
B, prepared from the dilution of Standard solution A with
Solution B

Standard solution C: 20 IJg/mL of USP Quercetin RS in
Solution B

Sample solution: Transfer 100 mg of Rutin into a 100-mL
volumetric flask, add 20 mL of methanol, and mix to
dissolve. Dilute with Solution B to volume.

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV280 nm
Column: 4-mm x 25-cm; 5-lJm packing L7
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solutionA

[NOTE-The relative retention times for rutin,
kaempferol 3-rutinoside, isoquercitroside, and
quercetin are 1.0, 1.1, 1.2, and 2.5, respectively.]

Suitability requirements
Chromatographic similarity: The chromatogram from

Standard solution A is similar to the reference

USP 43

chromatogram provided with the USP Rutin RS
being used.

Resolution: NLT 1.5, between the rutin and kaempferol
3-rutinoside peaks

Analysis
Samples: Standardsolution B, Standard solution C, and

Sample solution
Calculate the percentage of quercetin 1 in the portion of

Rutin taken:

Result= (r vir s) x (C siCv) x 100

=peak response of quercetin from the Sample
solution

=peak response of quercetin from Standard
solution C

= concentration of USP Quercetin RS in Standard
solution C (mg/mL)

=concentration of Rutin in the Sample solution
(mg/mL)

Calculate the percentage of each impurity in the portion of
Rutin taken: [NOTE-Disregard any impurity less than
0.1%.]

Result=(r vir s) x (C siCv) x Fx 100

= peak response of each impurity from the Sample
solution

=peak response of rutin from Standard solution B
=concentration of USP Rutin RS in Standardsolution

B(mg/mL)
=concentration of Rutin in the Sample solution

(mg/mL)
= correction factor for each individual impurity (see

Table 2)

Acceptance criteria: See Table 2.

Table 2
Reiative Correction Acceptance

Retention Factor Criteria,
Name Time (F) NMT(%)

Kaempferol
2.03-rutinosidea 1.1 1

lsoquerdtroslde'' 1.2 0.8 2.0

Quercetin - - 2.0

Any other impurity - 1 1.0

Total impurities - - 4.0

a 3.[[6.0.(6-DeoxY·Q·l·mannopyranosyl)·p·o-glucopyranosyl]oxy]-5,7.
dihydroxy.2-(4.hydroxyphenyl)-4H.l.benzopyran-4·one.
b 2.(3,4.Dihydroxyphenyl).3.(p.o.glucofuranosyloxy).5,7.d ihydroxy-4H-l .
benzopyran-s-one.

SPECIFIC TESTS
• WATER DETERMINATION (921), Method I, Methodla

Sample: 100 mg
Acceptance criteria: 7.50/0-9.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed, tight,

light-resistant containers.
• USP REFERENCE STANDARDS (11)

USP Quercetin RS
USP Rutin RS

1 2.(3,4-0ihydroxyphenyJ)-3,5,7-trihydroxy-4H.l-benzopyran-4.one.
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St. John's Wort Flowering Top
DEFINITION
St. John's Wort Flowering Top consists of the dried flowering

tops of Hypericum perioratum L. (Fam. Hypericaceae),
gathered shortly before or during flowering. It contains NLT
0.6% of hyperforin (C3sHs204) and NLT 0.04% of the
combined total of hypericin (C30H160S) and pseudohypericin
(C30H1609), on the dried basis.

IDENTIFICATION
• A. It meets the requirements in Specific Tests, Botanical

Characteristics.
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/ml of USP Rutin RS in
methanol

Standard solution B: 0.5 mg/mL of USP Hyperoside RS in
methanol

Standard solution C: 50 mg/mL of USP Powdered St. John's
Wort Extract RS in methanol. Sonicate for 20 min,
centrifuge, and use the clear supernatant.

Sample solution: Finelypowder 50 g of St. John's Wort
FloweringTop. Sonicate 1 gin 10 mLof methanol for about
20 min, centrifuge, and use the clear supernatant.

Chromat()graphic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTLC plates)
Application volume: 2 ut, as 8-mm bands .
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30° .
Developing solvent system: Ethyl acetate, glacial .

acetic acid, formic acid, water, and methylene chlonde
(10: 1.0: 1.0: 1.1: 2.5)

Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of

2-aminoethyl diphenylborinate in ethyl acetate
Derivatization reagent B: 1O-mg/mL solution of

polyethylene glycol 400 in methylene chloride
Analysis

Samples: Standardsolution A, Standardsolution B, Standard
solution C, and Sample solution

Apply the Samples as bands, and dry in air. Develop in a
saturated chamber, remove the plate from the chamber,
and dry inalr. Heat.the.pla~e at 105° for 3 min, tr~at '-:Vhile
stillwarm with Detivatizatior: reagent A, and dry In air.
Then treat with Derivatization reagent B, dry in air, and
examine under UV light at 365 nm.

System suitability: Standard solutionCexhibits, in the lower
third section, two yellowish-orange fluorescent bands
corresponding to rutin and hyperoside in Standard solution
A and Standard solution B, respectively; a blue fluorescent
band directly below the hyperoside band corresponding to
chlorogenic acid; and two red fluorescent bands due to
pseudohypericin (lower RF) and hypericin in the upper third
section. The bands due to pseudohypericin and hypericin
are clearly separated.

Acceptance criteria: The Sample solutionexhibits the
following: two yellowish-orange fluorescent bands at RF

corresponding to rutin and hyperoside in Standard solution
A, Standard solution B, and Standard solution C; a blue
fluorescent band directly below the hyperoside band
corresponding to the chlorogenic acid in Standard solution
C· two red fluorescent bands at RF corresponding to
pseudohypericin and hypericin in Standard solution C; and
two to three yellowish-orange fluorescent bands in the
middle third section corresponding to similar bands in
Standard solution C.
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COMPOSITION
• CONTENT OF HYPERICIN AND PSEUDOHYPERICIN

[Nets-Conduct all sample preparations with minimal
exposure to subdued light, and use low-actinic
glassware.]

Solvent: Methanol and acetone (1:1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B Solution C
(min) (0/0) (%) (%)

0 100 0 0

10 85 15 0

30 70 20 10

40 10 75 15

55 5 80 15

56 100 0 0

66 100 0 0

Standard solution A: 2.5 ~g/mL of USP Oxybenzone RS in
Solvent

Standard solution B: 1 mg/ml of USP Powdered St. John's
Wort Extract RS in Solvent

Sample solution: Pulverize10 g of St. John's Wort Flowering
Top. Accurately weigh and transfer about 1 g to a
round-bottom flask equipped with a condenser and .
protected from light, add 50 mLof Solvent and a magnetic
stirring bar, and heat at 60° for 2 h while stirring. Cool to
room temperature, and pass through a filter paper into a
50-ml volumetric flask. Wash the flask and the residue on
the filter with Solvent, and dilute with the washings to
volume. Pass the solution through a PTFE membrane filter
of 0.45-~m or finer pore size, and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 270 nm and Vis 588 nm
Columns

Guard: Packing L1
Analytical: 4.6-mm x 25-cm; packing l1

Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 ~l

System suitability
Samples: Standard solution A (record the peak responses at

270 nm) and Standard solution B(record the peak
responses at 270 and 588 nm)

Suitability requirements
Chromatogram similarity: The chromatograms of

Standard solution Bare similar to the respective reference
chromatograms provided with the lot of USP Powdered
St. John's Wort Extract RS being used.

Column efficiency: NLT 100,000 theoretical plates for
oxybenzone, Standard solution A

Tailing factor: NMT 1.5 for oxybenzone, Standard
solution A

Relative standard deviation: NMT 2.0% in replicate
injections, Standard solution A

Analysis
Samples: Standard solution A and Sample solution
Measure the areas of the relevant peaks in the Sample

solutionat 270 nm.
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Calculate the combined total of hypericin (C30H160a) and
pseudohypericin (C30H1609) percentages in the portion of
St. John's Wort Flowering Top taken:

Result = (Cslrs) x "f:.(ru;/F;) x (V/W) x 100

= concentration of USP OxybenzoneRS in Standard
solutionA (mg/mL)

= peak area of oxybenzone in Standard solution A
=peak area of hypericin or pseudohypericin in the

Sample solutiondivided by their respective
responsefactors relative to oxybenzone;1.30 for
hypericin and 1.24 for pseudohypericin

=volume of the Sample solution (mL)
= weight of St. John's Wort Flowering Top taken to

prepare the Sample solution (mg)

Acceptance criteria: NLT 0.04% on the dried basis
• CONTENT OF HYPERFORIN

Analysis: Using the chromatograms obtained in the test for
Content of Hypericin and Pseudohypericin, calculatethe
percentage of hyperforin (C3sHs204) in the portion of St.
John's Wort Flowering Top taken:

Result =Cs x (rulrs) x (V/W) x (1/F) x 100

Cs = concentration of USP OxybenzoneRS in Standard
solutionA (mg/mL)

tu =peak area of hyperforin in the Sample solution
r5 = peak area of oxybenzone in Standard solution A
V = volume of the Sample solution (mL)
W = weight of St. John'sWort Flowering Top taken to

prepare the Sample solution(mg)
F =relative responsefactor for hyperforin relative to

oxybenzone, 0.46

Acceptance criteria: NLT 0.6% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS'

Macroscopic: The two-edged stem isgreenish-yellow,
rounded, and has two ribs running longitudinally on
opposite sides.The plant is adversifoliate, its leaves are
sessile, ovoid or elongated, up to 3.5 cm in length,
smooth-edged, and hairless with translucent perforations.
The verynumerous yellow, short-stemmed, pentamerous
flowers form false umbels shaped like grape clusters. The
five lanceolateand black-dottedsepals are about one-half
the length of the darkyellowpetals, which are shaped like
slanted ovalsand whose edges are set with dark red glands.
The numerous stamens are joined in three to six bundles
(usually three). The ovary issurmounted by three styles.
Some ovaries are alreadydeveloped into greenish,
elonqated, oval triovular capsuleswith various degrees of
maturity. When chopped, the crude plant material is
distinguished by numerous yellowto yellowish-brown
flowerbuds and individual petals with dark red glands at
the edges. The light green to brown-green leaffragments,

U5P 43

characterizedby plicate marcescence, appear stippled
when held up to the light.The greenish-yellow or
reddish-brown hollowstem fragmentsare distinguished by
two longitudinaledges.

Microscopic: The stems have elongated epidermalcells
with straight beaded, anticlinal walls; cuticlesmooth;
frequent paracyticstomata with two small adjacent
epidermal cells; cortex of five to six rowsof collenchyma;
stelewithsecondarygrowth consisting ofa compacted ring
of phloem, with a wide area of lignified xylem and small
areasof intraxylary phloem;parenchymatouspith, lignified
and pitted inolder stems;oilglandsmayoccur inthe cortex
and phloem.
The upper surfaceof the leafhas polygonal cells with

sinuous,slightly beaded, anticlinal walls; cells of lower
surfacesmaller, with anticlinal walls more wavy, with
frequent paracytic, sometimesanomocytic, stomata;
smooth cuticle, thickeron upper surface, straight-walled,
elongated epidermal cells of veins, occasionally beaded.
Dorsiventral, singlepalisadelamina; largeoilglandsequal
to depth of spongy mesophyll. Midrib containing single,
collateral bundle with a small area of lignified xylem.
Trichomes and calcium oxalateare absent.

Thesepal of the flowerhas characteristics resembling those
of the leaf. Petal, narrow, elongated, thin-walled;
epidermal cells with straight anticlinal walls on the outer
surfaceand wavyon the inner surface. Stamen, lignified
fibrous layerof anther wall; elongated, thin-walled cells of
filamentwith striated cuticle; subprolate pollengrains,
about 20 urn in diameter with three pores and a smooth
exine. Ovary, smallpolygonal cells with underlying oil
glands; seed testa, brown, thick-walled hexagonal cells.

• ARTICLES OF BOTAN'CAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter. NMT 2.0%

• Loss ON DRYING (731)
Sample: 1.0 g of finely powdered St. John's Wort

Flowering Top
Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

containers, protected from light and moisture.
• LABELING: The labelstates the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
USP Oxybenzone RS
USP Rutin RS
USP Powdered St. John's Wort Extract RS

St. John's Wort Flowering 'rop Powder
DEFINITION
St. John's Wort Flowering Top Powderconsists of the dried

flowering tops of Hypericum perforatumL. (Fam.
Hypericaceae), gathered shortlybeforeor during flowering,
and reduced to a fine or a veryfine powder. It contains NLT
0.6% of hyperforin (C3sHs204) and NLT 0.04% of the
combined total of hypericin (C30H160a) and pseudohypericin
(C30H1609), on the dried basis.
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IDENTIFICATION
• A. It meets the requirements in Specific Tests Botanical

Characteristics. '
• B. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL of USP Rutin RS in
methanol

Standard solution B: 0.5 mg/mL of USP Hyperoside RS in
methanol

Standard solution C: 50 mg/mL of USP Powdered St. John's
Wort Extract RS in methanol. Sonicate for 20 min
centrifuge, and use the clear supernatant. '

Sample solution: Sonicate 1 g of St. John's Wort Flowering
Top Powder in 10 mL of methanol for about 20 min
centrifuge, and use the clear supernatant. '

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 urn (HPTLC plates)
Application volume: 2 ~L, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Deve~opi~g solve!1t s~stem: Ethyl acetate, glacial

acetic acid, formlc acid, water, and methylene chloride
(10: 1.0: 1.0: 1.1: 2.5)

Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of
2-~mi~oet~yl diphenylborinate in ethyl acetate

Derivatlzatlon reagent B: 1O-mg/mL solution of
polyethylene glycol 400 in methylene chloride

Analysis
Samples: StandardsolutionA, Standardsolution B,Standard

solution C, and Sample solution
Apply the Samples as bands, anddry in air. Develop in a

saturated chamber, remove the plate from the chamber
and dry in air. Heat the plate at 105°·for 3min treat whil~
still warm with Derivatization reagentA, and dry in air.
Then treat with Detivotlzaticn reagent B, dry in air and
examine under UV light at 365 nm. '

System suitability: StandardsolutionCexhibits in the lower
third section, two yellowish-orange fluoresce~t bands
corresponding to rutin and hyperoside in Standard solution
A and Standard solution B, respectively; a blue fluorescent
band directly below the hyperoside band corresponding to
chlorogenic acid; and two red fluorescent bands due to
pse~dohypericin (lower RF) and hypericin in the upper third
section. The bands due to pseudohypericin and hypericin
are clearly separated.

Acceptance criteria: The Sample solutionexhibits the
following: two yellowish-orange fluorescent bands at RF

corresponding to rutin and hyperoside in Standard solution
A, Standard solution B, and Standardsolution C; a blue
fluorescent band directly below the hyperoside band
corresponding to the chlorogenic acid in Standard solution
C; two red fluorescent bands at RF corresponding to
pseudohypericin and hypericin in Standard solutionC; and
two to three yellowish-orange fluorescent bands in the
middle third section corresponding to similar bands in
Standard solutionC.

COMPOSITION
• CONTENT OF HYPERICIN AND PSEUDOHYPERICIN

[NOTE-Conduct all sample preparations with minimal
exposure to subdued light, and use low-actinic
glassware.]

Solvent: Methanol and acetone (1:1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 7•
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Table 1

Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 100 0 0

10 85 15 0

30 70 20 10

40 10 75 15

55 5 80 15

56 100 0 0

66 100 0 0

Standard solution A: 2.5.~g/mL of USP Oxybenzone RS in
Solvent

Standard solution B: 1 mg/mL of USP Powdered St. John's
Wort Extract RS in Solvent

Sample solution: Accurately weigh about 1 g of St. John's
Wort Flowering Top Powder into a round-bottom flask
equipped with a condenser and protected from light, add
50 mL of Solvent and a magnetic stirring bar, and heat at
60° for 2 h while stirring. Cool to room temperature and
pass through a filter paper into a 50-mL volumetric flask.
Wash the flaskand the residue on the filterwith Solvent and
dilute with the washings to volume. Pass the solution'
through a PTFE membrane filter of 0.45-~m or finer pore
size, and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm and Vis 588 nm
Columns

Guard: Packing L1
Analytical: 4.6-mm x 25-cm; packing L1

Column temperature: 30°
Flow rate: 1 mL/min .
Injection volume: 20 ~L

System suitability
Samples: Standard solution A (record the peak responses at

270 nm) and Standard solution B (record the peak
responses at 270 and 588 nm)

Suitability requirements .
Chromatogram similarity: The chromatograms of

Standard solutionBare similar to the respective reference
chromatograms provided with the lot of USP Powdered
St. John's Wort Extract RS being used.

Column efficiency: NLT 100,000 theoretical plates for
oxybenzone, Standardsolution A

Tailing factor: NMT 1.5 for oxybenzone Standard
solutionA '

Relative standard deviation: NMT 2.0% in replicate
injections, Standardsolution A

Analysis
Samples: Standard solution A and Sample solution
Measure the areas of the relevant peaks in the Sample

solutionat 270 nm.
Calculate the combined total of hypericin (C30H160S) and

pseudohypericin (C30H,609) percentages in the portion of
St. John's Wort Flowering Top Powder taken:

Result= (Cslrs) x r.(ru;/Fj) x (VI\IV) x 100

Cs = concentration of USP Oxybenzone RS in Standard
solution A (mg/mL)

rs =peak 'area of oxybenzonein Standard solution A
rU/IFj =peak area of hypericin or pseudohypericin in the

Sample solution divided by their respective
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USP Oxybenzone RS
USP Rutin RS
USP Powdered St. John's Wort Extract RS

St. John's Wort Flowering Top Dry
Extract
DEFINITION
St. John'sWort Flowering Top Dry Extract is prepared from

comminuted dried flowering tops of Hypericum perforatumL.
(Fam. Hypericaceae), gathered shortly before or during
flowering, and extracted with 80% methanol or other
suitable solvents. It contains NLT 90.0% and NMT 110.0%
of the labeled combined total of hypericin (C30H160S) and
pseudohypericin (C30H1609) and NLT 90.0% and NMT
110.0% of hyperforin (C3sHs204), on the anhydrous basis. It
may contain suitable added substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL of USP Rutin R5 in
methanol

Standard solution B: 0.5 mg/mL of U5P Hyperoside R5 in
methanol

Standard solution C: 50 mg/mL of USP Powdered St. John's
Wort Extract R5 in methanol. Sonicate for 20 min,
centrifuge, and use the clear supernatant.

Sample solution: 50 mg/mL of St. John's Wort Flowering
Top Dry Extract in methanol, sonicate for 20 min,
centrifuge, and USe the clear supernatant.

Chromatographic system
Adsorbent: ·Chromatographic silica gel mixture with an

average particle size of 5 prn (HPTLC plates)
Application volume: 2 ~L, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, glacial

acetic acid, formic acid, water, and methylene chloride
(10: 1.0: 1.0: 1.1: 2.5)

Developing distance: 6 cm
Derivatization reagent A: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Derivatization reagent B: 10 mg/mL of polyethylene

glycol 400 in methylene chloride
Analysis

Samples: StandardsolutionA, Standardsolution 8, Standard
solution C, and Sample solution

Apply the Samples as bands, and dry in air. Develop in a
saturated chamber, remove the plate from the chamber,
and dry in air. Heat the plate atl 05~ for 3 min, treat while
still warm with Derivatization reagent A, and dry in air.
Then treat with Derivatization reagent 8, dry in air, and
examine under UV light at 365 nm.

System suitability: Standard solution Cexhibits, in the lower
third section, two yellowish-orange fluorescent bands
corresponding to rutin and hyperoside in Standard solution
A and Standard solution8, respectively; a blue fluorescent
band directly below the hyperoside band corresponding to
chlorogenic acid; and two red fluorescent bands due to
pseudohypericin (lower RF) and hypericin in the upper third
section. The bands due to pseudohypericin-and hypericin
are clearly separated.

Acceptance criteria: The Sample solution exhibits the
following: two yellowish-orange fluorescent bands at R F

corresponding to rutin and hyperoside in Standard solution

response factors relative to oxybenzone; 1.30 for
hypericin and 1.24 for pseudohypericin

= volume of the Sample solution(mL)
= weight of St. John's Wort Flowering Top Powder

taken to prepare the Sample solution (mg)

Acceptance criteria: NLT 0.04% on the dried basis
• CONTENT OF HVPERFORIN

Analysis: Using the chromatograms obtained in the test for
Contentof Hypericin and Pseudohypericin, calculate the
percentage of hyperforin (C3sHs204) in the portion of St.
John's Wort Flowering Top Powder taken:

Result =Cs x (rufrs) x (VIW) x (1IF) x 100

=concentration of USP Oxybenzone RS in Standard
solutionA (mg/mL)

=peak area of hyperforin in the Sample solution
=peak area of oxybenzone in Standard solution A
=volume of the Sample solution (mL)
=weight of St. John's Wort Flowering Top Powder

taken to prepare the Sample solution (rnq)
= relative response factor for hyperforin relative to

oxybenzone, 0.46

Acceptance criteria: NLT 0.6% on the dried basis

CONTAMINANTS
• ARTICLES OFBOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OFBOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104cfu/g, and the total combined
molds and yeasts count does not exceed 102cfu/q,

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Buff to greenish-brown powder with an
aromatic and balsamic odor

Microscopic: Elongated and polyqonalepldermal cells with
thickened and beaded anticlinal walls, some accompanied
by paracytic (occasionally anomocytic) stomata; fragments
of leaf and sepal with schizogenous oil and pigment glands;
narrow, thin-walled, elongated epidermal cells with
straight and wavy anticlinal walls from petal; narrow,
lignified vessels with annular or reticulate thickening;
tracheids and tracheidal vessels with lignified, pitted
thickening; thick-walled lignified fibers with tapering apices
and occasional oblique pits; rectangular, lignified, pitted
parenchyma; fibrous layer of antheral wall; pollen grains,
20-25 urn in diameter, with smooth exine.

• Loss ON DRVING (731)
Sample: 1.0 g of St. John's Wort Flowering Top Powder
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture.
• LABELING: The label states the Latin binomial and, following

the official name, the parts of the plant source from which
the article was derived. .

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
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A, Standard solution B, and Standard solution C; a blue
fluorescent band directly belowthe hyperoside band
corresponding to chlorogenic acid in Standard solution C;
two red fluorescent bands at R Fcorresponding to
pseudohypericin and hypericin in Standard solution C;and
two to three yellowish-orange fluorescent bands in the
middlethird section corresponding to similar bands in
Standard solution C.

• B. THIN-LAYER CHROMATOGRAPHY
Presence of hyperforin

Standard solution: 50 mg/mLof USP Powdered St.John's
WortExtract RS in methanol. Sonicate for 20 min,and use
the clearsupernatant.

Sample solution: 50 mg/mLof St. John's Wort Flowering
Top Dry Extract in methanol. Sonicatefor20 min,and use
the clearsupernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer

Chromatography.)
Adsorbent: 0.50-mm layerof chromatographicsilica gel

mixture
Application volume: 10 IJL
Developing solvent system: Solvent hexane and ethyl

acetate (4:1)
Derivatization reagent: Preparea solution containing

0.38 g of cericammonium sulfateand 3.8 g of
ammonium molybdate in 100 mL of 2 N sulfuric acid.

Analysis
Samples: Standard solutionand Sample solution
Develop in a saturated chamber until the solventfront has

moved NLT 18 cm, and dry the plate in a current of air.
Treat the plate with Derivatization reagent, heat at 1400

for 15 min, and examine under white light.
Acceptance criteria: The blue zone due to hyperforin at an

RF valueof about 0.54 in the Sample solutioncorresponds
in colorand position to that in the Standard solution.

COMPOSITION
• CONTENT OF HYPERICIN AND PSEUDO HYPERICIN

[NOTE-Conduct all sample preparationswith minimal
exposure to subdued light, and use low-actinic
glassware.] .

Solvent: Methanoland acetone (1 :1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 100 0 0

10 85 15 0

30 70 20 10

40 10 75 15

55 5 80 15

56 100 0 0

66 100 0 0

Standard solution A: 2.5 IJg/mL of USP OxybenzoneRS in
Solvent

Standard solution B: 1 mg/mLof USP Powdered St.John's
Wort Extract RS in Solvent

Sample solution: 1 mg/mLofSt.John'sWortFlowering Top
Dry Extract in a mixtureof methanol and water (9:1).
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Sonicate to dissolve, pass through a PTFE filter of 0.45-lJm
or finer pore size, and use the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 270 nm and Vis 588 nm
Columns

Guard: Packing L1
Analytical: 4.6-mm x 25-cm; packing L1

Column temperature: 300

Flowrate: 1 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A (recordthe peakresponses at

270 nm) and Standard solution B(record the peak
responses at 270 and 588 nm)

Suitability requirements
Chromatogram similarity: The chromatogramsof

Standard solution Bare similar to the respective reference
chromatograms provided with the lot of USP Powdered
St. John's Wort Extract RS being used.

Column efficiency: NLT 100,000 theoretical platesfor
oxybenzone, Standard solution A

Tailingfactor: NMT 1.5 for oxybenzone, Standard
solution A .

Relativestandard deviation: NMT 2.0% in replicate
injections, Standard solution A

Analysis
Samples: Standard solution A and Sample solution
Measure the areas of the relevant peaksin the Sample

solutionat 270 nm.
Calculate the percentage ofthe combined totalof hypericin

(C30H160S) and pseudohypericin (C30H1609) inthe portion
of St. John's Wort Flowering Top Dry Extract taken:

Result =(C sir s) x ~(r u/F ,) x (V/W) x 100

C s =concentrationof USP OxybenzoneRS inStandard
solution A (mg/mL)

r s =peak area of oxybenzone in the Standard
solution A

ru/F, =peak area of hypericin or pseudohypericin in the
Sample solutiondivided by their respective
responsefactors relative to oxybenzone; 1.30 for
hypericin and 1.24 for pseudohypericin

V =volumeof the Sample solution(mL)
W =weight of St. John'sWort Flowering Top Dry

Extract taken to prepare the Sample solution
(mg)

Calculate the percentage of the labeledamount of
hypericin (C30H160S) and pseudohypericin (C30H1609) in
the portion of St. John's Wort Flowering Top Dry Extract
taken:

Result = (PIL) x 100

P =combined total percentage of hypericin and
pseudohypericin, as determined above (%)

L =labeled percentage of hypericin and
pseudohypericin in St. John's Wort Flowering
Top Dry Extract (%)

Acceptance criteria: 90.00/0-110.0% on the anhydrous
basis

• CONTENT OF HYPERFORIN
Analysis: Using the chromatogramsobtained in the test for

Content ofHypericin and Pseudohypericin, calculate the
percentage of hyperforin (C3sHs204) in the portion of St.
John'sWort Elowering Top Dry Extract taken:
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Result =C s x (r ulr s) x (V/W) x (1 IF) x 100

Cs =concentration of USP Oxybenzone RS in Standard
solutionA (mg/ml)

r u =peak area of hyperforin in the Sample solution
r s =peak area of oxybenzone in the Standardsolution

A
V =volume of the Sample solution(ml)
W = weight of St. John's Wort Flowering Top Dry

Extract taken to prepare the Sample solution
(mg)

F =relative responsefactor for hyperforin relative to
that of oxybenzone, 0.46

Calculate the percentage of the labeled amount of
hyperforin (C3sHs204) in the portion of St. John's Wort
Flowering Top Dry Extract taken:

Result =(PIL) x 100

P =percentage of hyperforin, as determined above
(%)

L =labeled percentage of hyperforin in St. John's
Wort Flowering Top DryExtract (%)

Acceptance criteria: 90.0%-110.0% on the anhydrous
basis

CONTAMINANTS

, ..) Meets the requirements
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total bacterial
count does not exceed 104du/g, and the total combined
moldsand yeasts count does not exceed 103du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022),Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meetsthe requirements

SPECIFIC TESTS
• WATER DETERMINATION (~21), Method I: NMT 5%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,

TotalAsh: NMT 7.0%
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements, Residue onEvaporation: Meets
the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture.
• LABELING: The labelstates the latin binomial and, following

the official name, the part of the plant from which the
article was prepared. The labelalsoindicates the content of
hypericin, pseudohypericin, and hyperforin; the extracting
solventor solvent mixture used for preparation; and the
ratioof the starting crude plant material to Dry Extract. The
label bears a statement indicatingthat "Rare cases of
allergic reactions and photosensitivity have been reported
with the use of St. John's Wort. St. John'sWort interacts
with numerous medications. Checkwithyour healthcare
providerbefore using."

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
USP Oxybenzone RS

USP 43

USP Rutin RS
USP Powdered St. John'sWort Extract RS

St. John's Wort Flowering Top Dry
Extract Capsules
DEFINITION
St.John'sWort Flowering Top Dry Extract Capsules contain St.

John's Wort Flowering Top DryExtract. Theycontain NlT
90% and NMT 110% of the labeledamount of hypericins,
calculated as the sum of hypericin (C30H160S) and
pseudohypericin (C30H1609) and NlT 90.0% and NMT
110.0% of the labeledamount of hyperforin (C3sHs204)'

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 0.5 mg/ml of USP Rutin RS in

methanol
Standard solution B: 0.5 mg/ml of USP Hyperoside RS in

methanol
Standard solution C: 50 mg/ml of USP PowderedSt.John's

Wort Extract RS in methanol. Sonicatefor 20 min,
centrifuge, and use the clearsupernatant.

Sample solution: Transfer a portion of the contents of the
Capsules, equivalent to 500 mg of St. John's Wort
Flowering Top Dry Extract, to a conical flask, add 10 ml of
methanol, mixand sonicatefor20 min,centrifuge,and use
the supernatant.

Chromatographic system
Adsorbent: Chromatographicsilica gel mixturewith an

average particlesizeof 5 JJm (HPTlC plates)
Application volume: 2 JJl, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof 33%. .
Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, glacial

acetic acid, formic acid, water, and methylenechloride
(10: 1.0: 1.0: 1.1: 2.5)

Developing distance: 6 cm
Derivatization reagent A: 5 mg/ml of 2-aminoethyl

diphenylborinate in ethyl acetate I

Derivatization reagent B: 10 mg/ml of polyethylene
glycol 400 in methylene chloride

Analysis
Samples: StandardsolutionA, StandardsolutionB, Standard

solution C, and Sample solution
Apply the Samples as bands, and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry inair. Heatthe plate at 105°for 3 min, treat while
still warm with Derivatization reagent A, and dry in air.
Then treat with Derivatization reagentB, dry in air, and
examine under UV light at 366 nm.

System suitability: StandardsolutionCexhibits, in the lower
third section, two yellowish-orange fluorescentbands
corresponding to rutinand hyperosidein Standardsolution
A and Standardsolution B, respectively; a blue fluorescent
band directly belowthe hyperoside band correspondingto
chlorogenicacid; and two red fluorescentbands due to
pseudohypericin (lowerRF) and hypericin in the upper third
section. The bands due to pseudohypericin and hypericin
are clearly separated.

Acceptance criteria: The Sample solution exhibits the
following: two yellowish-orange fluorescent bands at RF
corresponding to rutinand hyperoside in Standardsolution
A, Standardsolution B, and Standardsolution C; a blue
fluorescentband directly belowthe hyperoside band
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corresponding to chlorogenic acid in Standardsolution C;
two red fluorescent bands at RF corresponding to
pseudohypericin and hypericin in Standardsolution C; and
two to three yellowish-orange fluorescent bands in the
middle third section corresponding to similar bands in
Standardsolution C.

• B. LC
Analysis: Proceed as directed in the Contentof Hypericin,

Pseudohypericin, and Hyperforin.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits peaksat the retention times corresponding
to the peaksdue to hypericin, pseudohypericin, and
hyperforin in the chromatogram of Standardsolution B.

STRENGTH
• CONTENT OF HYPERICIN, PSEUDOHYPERICIN, AND

HYPERFORIN
[Note-Conduct all sample preparations with minimal

exposure to subdued light, and use low-actinic
glassware.]

Solvent: Methanol and acetone (1:1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 100 0 0

10 85 15 0

30 70 20 10

40 10 75 15

55 5 80 15

56 100 0 0

66 100 0 0

Standard solution A: 2.5 ~g/mL of USP Oxybenzone RS in
Solvent

Standard solution B: 1 mg/mL of USP Powdered St. .lohn's
Wort Extract RS in Solvent

Sample solution: Determine the total weight of 20
Capsules. Open the Capsules and combine their contents
in an appropriate container. Weigh the empty Capsule
shells and calculate the average fill weight per Capsule.
Transfer a portion of the Capsule contents, equivalent to
200 mg of St. John's Wort Flowering Top Dry Extract into a
200-mL volumetric flask. Add 150 mL of Solvent and
sonicate for 30 min with occasional shaking. Cool to room
temperature, dilute to volume with Solvent, mix well,
centrifuge. Before injection, passthrough a
polytetrafluoroethylene (PTFE) membrane filter of 0.45-~m
pore size and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 270 nm and Vis 588 nm
Columns

Guard: Packing L1
Analytical: 4.6-mm x 25-cm; packing L1

Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 pl,
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System suitability
Samples: StandardsolutionA (record the peakresponses at

270 nm) and StandardsolutionB (record the peak
responses at 270 and 588 nm)

Suitability requirements
Column efficiency: NlT 100,000 theoretical plates for

oxybenzone, StandardsolutionA
Tailing factor: NMT 1.5 for oxybenzone, Standard

solutionA
Relative standard deviation: NMT 2.0% in replicate

injections, StandardsolutionA
Chromatogram similarity: The chromatograms of

StandardsolutionBare similar to the respective reference
chromatograms provided with the lot of USP Powdered
St. John's Wort Extract RS being used.

Analysis
Samples: StandardsolutionA, Standardsolution Band

Sample solution
Record the peak responses at 270 nm. Using the

chromatograms of StandardsolutionB, and the reference
chromatogram provided with the lot of USP Powdered
St. John'sWort Extract RS being used, identify the peaks
corresponding to hypericin, pseudohypericin, and
hyperforin in the Sample solution. Measure the areas of
the relevant peaks in the Sample solutionchromatogram.

Calculate the percentage of the labeled amount of
hypericin (C30H160S) and pseudohypericin (C30H1609) in
the portion of Capsules taken:

Result=!:.(ru;/F;) x (1Irs) x (Cs/Cu) x 100

!:.(ru;/F;) =sum of the peak areasof hypericin and
pseudohypericin from the Sample solution
divided by their respective responsefactors
relative to oxybenzone; 1.30 for hypericin and
1.24 for pseudohypericin

rs =peak areaof oxybenzone from Standard solutionA
Cs = concentration of USP Oxybenzone RS in Standard

solutionA (mg/ml)
Cu = nominal concentration of the total hypericins

content in the Sample solution(mg/ml)

Calculate the percentage of the labeled amount of
hyperforin (C3sHsz04) in the portion of Capsules taken:

Result=(rulrs) x (Cs/Cu) x 1IF x 100

to = peak area of hyperforin from the Sample solution
rs =peak area of oxybenzone from Standard solutionA
Cs =concentration of USP Oxybenzone RS in Standard

solutionA (mg/ml)
Cu = nominal concentration of hyperforin in the

Sample solution (mg/mL)
F = relative response factor for hyperforin relative to

oxybenzone, 0.46

Acceptance criteria: 90.00/0-110.0% of the combined total
of hypericin and pseudohypericin and 90.0%-110.0% of
hyperforin

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERAnON TESTS (2021): The total aerobic

bacterial count does not exceed 104 clu/g, and the total
combined molds and yeastscount does not exceed 103clul
g.

www.webofpharma.com

https://nhathuocngocanh.com/



5244 St. John's Wort / DietarySupplements

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella SpeciesandTest for
Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed .

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and the official
name. The labelstates the amount of hypericins (assum of
hypericin and pseudohypericin) and amount of hyperforin
in mg/Capsule..The labelalso bears a statement that rare
cases of allergic reactionsand photosensitivity have been
reported with the use of St. John'sWort Flowering Top Dry
Extract, that St. John's Wort Flowering Top DryExtract
interactswith numerous medications, and that use of the
product should be discussed with a healthcare provider
prior to use.

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
USP Oxybenzone RS
USP Rutin RS
USP Powdered St. John's Wort Extract RS

St. John's Wort Flowering Top Dry
Extract Tablets

DEFINITION
St. John's Wort Flowering Top Dry Extract Tablets contain St.
John's Wort Flowering Top Dry Extract. Theycontain NLT
90% and NMT 110% of the labeled amount of hypericins,
calculated as the sum of hypericin (C30H160S) and
pseudohypericin (C30H1609) and NLT 90.0% and NMT
110.0% of the labeled amount of hyperforin (C3sHs204)'

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL of USP Rutin RS in
methanol .

Standard solution B: 0.5 mg/mL of USP Hyperoside RS in
methanol

Standard solution C: 50 mg/mLof USP PowderedSt.John's
Wort Extract RS in methanol. Sonicatefor 20 min,
centrifuge, and use the clearsupernatant.

Sample solution: Transfer a portion of the powdered
Tablets, equivalent to 500 mg of St. John'sWort Flowering
Top Dry Extract, to a conical flask, add 10 rnt,of
methanol, mixand sonicatefor 20 min,centrifuge, and use
the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof 5 IJm (HPTLC plates)
Application volume: 2 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, glacial

acetic acid, formicacid, water, and methylenechloride
(10: 1.0: 1.0: 1.1 : 2.5)

Developing distance: 6 cm
Derivatization reagent A: 5 mg/mL of 2-aminoethyl

diphenylborinate in ethyl acetate
Derivatization reagent B: 10 mg/mLof polyethylene

glycol 400 in methylene chloride
Analysis

Samples: Standardsolution A, Standardsolution B, Standard
solution C, and Sample solution

USP 43

Apply the Samples as bands, and dry in air. Develop in a
saturated chamber, removethe plate from the chamber,
and dry inair. Heat the plateat 105°for 3 min, treat while
still warm with Derivatization reagent A, and dry in air.
Then treat with Derivatization reagent B, dry in air, and
examine under UV lightat 366 nm.

System suitability: Standard solution Cexhibits, inthe lower
third section, two yellowish-orange fluorescent bands
corresponding to rutin and hyperoside in Standard solution
A and StandardsolutionB, respectively; a blue fluorescent
band directlybelowthe hyperoside band corresponding to
chlorogenic acid; and two red fluorescent bands due to
pseudohypericin (lowerRF) and hypericin in the upper third
section. The bands due to pseudohypericin and hypericin
are clearly separated.

Acceptance criteria: The Sample solution exhibits the
following: two yellowish-orange fluorescent bands at RF

corresponding to rutin and hyperoside in Standard solution
A, Standard solution B, and Standard solution C; a blue
fluorescent band directly belowthe hyperoside band
corresponding to chlorogenic acid in Standard solution C;
two red fluorescent bands at RF corresponding to
pseudohypericin and hypericin in Standard solution C; and
two to three yellowish-orange fluorescent bands in the
middle third section corresponding to similar bands in
StandardsolutionC.

• B. LC
Analysis: Proceedas directed in the Content ofHypericin,

Pseudohypericin, and Hyperforin.
Acceptance criteria: The chromatogram of the Sample

solutionexhibitspeaksat the retentiontimescorresponding
to the peaks due to hypericin, pseudohypericin, and
hyperforin in the chromatogram of Standard solution B.

STRENGTH
• CONTENT OF HYPERICIN, PSEUDOHVPERICIN, AND

HVPERFORIN .
[NoTE-Conductall sample preparations with minimal

exposure to subdued light,and use low-actinic
glassware.]

Solvent: Methanol and acetone (1:1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B Solution C
(min) (%) (%) (%)

0 100 0 0

10 85 15 0

30 70 20 10

40 10 75 15

55 5 80 15

56 100 0 0

66 100 0 0

Standard solution A: 2.5 IJg/mL of USP Oxybenzone RS in
Solvent

Standard solution B: 1 mg/mLof USP PowderedSt. John's
Wort Extract RS in Solvent

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion offinely powdered Tablets, nominally equivalent to
200 mg of St.John's WortFlowering Top Dry Extract into a
200-mL volumetricflask. Add 150 mL of Solvent and
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sonicate for 30 min with occasional shaking. Cool to room
temperature, dilute to volume with Solvent, mix well, and
centrifuge. Before injection, pass through a
polytetrafluoroethylene (PTFE) membrane filter of 0.45-lJm
pore size and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm and Vis 588 nm
Columns

Guard: Packing L1
Analytical: 4.6-mm x 25-cm; packing L1

Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A (record the peak responses at

270 nm) and Standard solution B (record the peak
responses at 270 and 588 nm)

Suitability requirements
Column efficiency: NLT 100,000 theoretical plates for

oxybenzone, Standard solution A
Tailing factor: NMT 1.5 for oxybenzone, Standard

solution A .
Relative standard deviation: NMT 2.0% in replicate

injections, Standard solution A
Chromatogram similarity: The chromatograms of

Standard solution Bare similar to the respective reference
chromatograms provided with the lot of USP Powdered
St. John's Wort Extract RS being used.

Analysis .
Samples: Standard solution A, Standard solution Band

Sample solution
Record the peak responses at 270 nm. Using the

chromatograms of Standardsolution B, and the reference
chromatogram provided with the lot of USP Powdered
St. John's Wort Extract RS being used, identify the peaks
corresponding to hypericin, pseudohypericin, and
hyperforin in the Sample solutionchromatogram.
Measure the areas of the relevant peaks in the Sample
solution.

Calculate the percentage of the labeled amount of
hypericin (C30H160S) and pseudohypericin (C30H1609) in
the portion of Tablets taken:

Result=L(ru;/Fi) x (l/rs) x (Cs/Cu) x 100

L(ru;/Fi) =sum of the peak areas of hypericin and
pseudohypericin from the Sample solution
divided by their respective response factors
relative to oxybenzone; 1.30 for hypericin and
1.24 for pseudohypericin

rs = peak area of oxybenzone from Standard solution A
Cs = concentration of USP Oxybenzone RS in Standard

solution A (mg/mL)
Cu =nominal concentration of the total hypericins

content in the Sample solution(mg/mL)

Calculate the percentage of the labeled amount of
hyperforin (C3sHs204) in the portion of Tablets taken:

Result=(rufrs) x (Cs/Cu) x l/Fx 100

ru =peak area of hyperforin from the Sample solution
ts = peak area of oxybenzone from Standardsolution A
Cs . = concentration of USP Oxybenzone RS in Standard

solution A (mg/mL) .
Cu = nominal concentration of hyperforin in the

Sample solution (mg/mL)
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F =relative response factor for hyperforin relative to
oxybenzone, 0.46

Acceptance criteria: 90.0%-110.0% of the combined
total of hypericin and pseudohypericin and 90.0%
110.0% of hyperforin

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104clu/g, and the total
combined molds and yeasts count does not exceed 103clu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella SpeciesandTest for
Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latinbinomial and the official
name. The label states the amount of hypericins (as sum of
hypericin and pseudohrpericin) and amount of hyperforin

.in mg/Tablet. The labe also bears a statement that rare
cases of allergic reactions and photosensitivity have been
reported with the use of St. John's Wort Flowering Top Dry
Extract, that St. John's Wort Flowering Top Dry Extract
interacts with numerous medications, and that use of the
product should be discussed with a healthcare provider
prior to use.

• USP REFERENCE STANDARDS (11)
USP Hyperoside RS
USP Oxybenzone RS
USP Rutin RS
USP Powdered St. John's Wort ExtractRS

Salix Species Bark

DEFINITION
Salix Species Bark is prepared from the whole or fragmented

dried bark of the young branches, or whole dried pieces of
the current-year twigs, obtained from Salix species (Fam.
Salicaceae). Common in pharmacopeial use are S. alba L., S.
babylonica L., S. daphnoides ViiI., S. fragilis L., S. chilensis
Molina, S.pentandraL., S. purpurea L., and a number of other
complying willow species and their hybrids. It contains NLT
1.50% of total salicylate derivatives, calculated as salicin
(C13H1S07) on the dried basis.

IDENTIFICATION
• A. HPTLC FORARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1.50 mg/mL of USP Salicin RS in
methanol

Standard solution B: 30 mg/mL of USP SalixSpecies Bark
Dry Extract RS in methanol. Sonicate for 10 min, centrifuge,
and use the supernatant.

Sample solution A: Suspend 1000 mg of Salix Species Bark,
finely powdered, in 10.0 mL of methanol. Sonicate for
10 min, centrifuge, and use the supernatant.
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Sai'!"ple solution B: Combine 5.0 mL of Sample solutionA
with ~.O mL of ~O-mg/mL anhydrous sodium carbonate.
Cap tightlyand Incubateat 600 for 10 min. Centrifuge and
use the supernatant.

Chromatographic system
Adsorbent: Chromatographicsilica gel with an average
pa~icle.size of 5 urn (HPTLC plate)'

Application volume: 5.0 ~L each of StandardsolutionA
StandardsolutionB,and Sample solutionA and 6.0 ~L ~f
Sample solutionBas 8-mm bands

Relative humidity: Condition the plate to a relative
humidityof 33%.

Temperature: Ambient, not to exceed 300

Developing solvent system: Ethyl acetate, methanol, and
water (77:13:10)

Developing distance: 6 cm
Derivatization reagent: Sulfuric acidand methanol (1 :9).

Slowly add sulfuric acid to ice-cold methanol.
Analysis

Samples: StandardsolutionA, StandardsolutionB Sample
solutionA, and Sample solution B '

Apply the Samples as bands and dry in air. Develop in a
saturated chamber, and dry in a current of air for 5 min.
Treat with Derivatization reagent, heat at 1000 for 5 min
and examine under white light. '

System suitability: Underwhite light, the derivatized
chromatogram of Standardsolution B displays in the
middle third of the plate, three brown bands:'the lower
corresponds to the salicin band in StandardsolutionA- the
one above it isdue to salicortin; the top band isdue to
tremulacin.Afaint band, which may appear between the
salicortin and tremulacin bands, isdue to tremuloidin. Two
darkerbrown bands are seen in the lowerthird of the plate:
one proximate to the application line; another more
intense, above it. '

Acceptance criteria: Underwhite light, the derivatized
chromatogram of Sample solutionA shows.one or several
dark.band~ due to di~erent salicin esters, whose position
and Intensity.are contingent (;>n the Salixspeciesbeing
used. The salicylate bands of Interestare predominantly
lo~a~ed in the middl~ third of the plate, demarcated by the
salicin and trernulacin bands of StandardsolutionB.The
salicin band in Sample solutionA, corresponding to that in
StandardsolutionA, may be faint or not visible.'Additional
bands may be seen in Sample solutionA and Sample solution
B. In Sample solutionB, the bands due to salicin esters are
not present, whilethe salicin band correspondingto that in
StandardsolutionA is the principal band observed.The
salicin band in Sample solutionA isof lowerintensity than
the corresponding band in StandardsolutionA. The salicin
~and i.n Sample solutionB is o! comparable or higher
intensity than the corresponding band in Standardsolution
A.

• B. HPLC
Analysis: Proceedasdirected inthe test forSalicylates Profile.
Accept~nce. criteria: The Sample solution exhibits peaksat

retention times corresponding to those ofsalicin and salicin
derivatives in the Standardsolution.

COMPOSITION
• CONTENT OF SALICIN

Diluent: Methanol and water (1 :1)
Solution A: 0.01% trifluoroacetic acid
Solution B: Acetonitrile
Mobile phase: See Table 7.

, Asuitable commercially available plate is HPTLC Silica Gel60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).

USP 43

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

10 85 15

30 50 50

32 10 90

35 10 90

37 90 10

45 90 10

Standard solution: 0.50 mg/mLof USP Salicin RS in Diluent
Sample solution: Reduce to a fine powder and accurately

weigh about 1.3 g of SalixSpecies Bark, transferto a
200-mLround-bottom flask, and add 40 mL of methanol
and 3 ml of 1 N sodium hydroxide. Attach the condenser
and heat under reflux for 2 h, with intermittent shaking.
Allow to cool, neutralize with 3 ml of 1 N
hydrochloric acid, and pass through a paper filter into a
1OO-ml volumetric flask. Wash the round-bottom flask
twice with 5-ml aliquotsof methanol and filter into the
same 1OO-ml volumetricflask. Adjust withwaterto volume
mix ~ell, ~lIow to equilibrateto room temperature, and '
readjust With water. Pass through a PTFE filter of 0.45-~m
pore size, discarding the initial 3 ml of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; 5-~m base-deactivated

packing II
Column temperature: 300

Flow rate: 1.0 ml/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: 0.8-2.0 for the salicin peak
Relative standard deviation: NMT 2.0% for the salicin

peak in replicateinjections
Analysis

Sa!11ples: Standardsolutionand Sample solution
USing t~e. chrom~togram of the Standardsolution, identify

the salkin peak Inthe Sample solution chromatogram.
Calculateth~ percent~ge of s~licin hydrolyticaJly derived

from constituent sallcylates In the portion of SalixSpecies
Bark taken: .

Result =(r ulr s) x C s x (V/\tV) x 100

= peak area of salicin from the Sample solution
=peak area of salicin from the Standardsolution
= concentration of USP Salicin RS in the Standard

solution (mg/ml)
= volume of the Sample solution (ml)
=weight of SalixSpecies Bark taken to prepare the

Sample solution (mg)

Acceptance criteria: NlT1.50%ofsalicin on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limitsof Elemental

lmputities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
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• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 10s du/g, the total
combined yeastsand molds count does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• SALICYLATES PROFILE

Diluent, Mobile phase, and Chromatographic system:
Proceed as directed in the test for Content of Salicin.

Standard solution: 5 mg/mL of USP Salix SpeciesBark Dry
Extract RS in Diluent. Sonicate for 5 min, mix well, and pass
through a PTFE filter of 0.45-lJm pore size, discarding the
initial 3 mL of the filtrate.

Sample solution: Reduce to fine powder and accurately
weigh about 650 mg of Salix Species Bark, transfer to a
50-mL volumetric flask, add 25 mL of methanol, and
sonicate for 30 min. Adjust with water to volume, mix well,
allow to equilibrate to room temperature, and readjust with
water..Pass through a PTFE filter of 0.45-lJm pore size,
discarding the initial 3 mL of the filtrate.

System suitability
Suitability requirements: The chromatogram of the

Standardsolutionis similar to the reference chromatogram
provided with the lot of USP Salix Species Bark Dry
Extract RS being used.

Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution and the

reference chromatogram provided with the lot of USP
Salix Species Bark Dry Extract RS being used, identify
salicin esters present in the Sample solution
chromatogram. The approximate relative retention times,
with respect to salicin, are provided in Table ?

Table 2
Relative

Retention
Analyte Time

Salicin 1.0

Salicortin 3.0

Tremuloidin 3.6

Tremulacin 4.6

Acceptance criteria: The peak area of salicin is NMT 50%
of the combined peak areas of all identified constituent
salicylates.

• BOTANICAL CHARACTERISTICS
Macroscopic: The bark is 1-2 cm wide and 1-2 mm thick,

and occurs in flexible, elongated, quilled or curved pieces.
The outer surface is glossy, smooth or slightly wrinkled
longitudinally; greenish yellow in the younger bark to
brownish grey in the older bark. The inner surface issmooth
or finely striated longitudinally and white, pale yellow or
reddish brown, depending on the species. The fracture is
short in the outer part and coarsely fibrous in the inner
region, and is easily split longitudinally. The diameter of
current year twigs is NMT 10 mm. The xylem of young
twigs is white or pale yellow.

Microscopic: Two or three rowsof poorly developed cork
cells with thickened outer walls; cortex of collenchymatous
and parenchymatous cells. The latter contains cluster
crystals of calcium oxalate, 20-~5 IJm in diameter, and
occasionally tannin. Phloem is characterized by tangential
groups of lignified fibers associated with a crystal sheath
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containing prismatic crystals of calcium oxalate. Simple,
rounded starch granules 6-8 IJm in diameter in the
parenchymatous cells of the phloem and medullary rays.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter: NMT 3.0% of twigs with a
diameter greater than 10 mm, and NMT 2.0% of other
foreign matter

• Loss ON DRYING (731)
Sample: 1.0 g of Salix SpeciesBark, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL. ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 2.0 g of Salix SpeciesBark, finely powdered
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Acid-Insoluble Ash

Sample: 2.0 g of Salix Species Bark, finely powdered
Acceptance'criteria: NMT 3.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Water-Soluble Extractives

Sample: 2.0 g of Salix Species Bark, finely powdered
Acceptance criteria: NLT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial(s) of one or
several Salixs ecies included in the article.

• USP REFERENCE STANDARDS (11)
USP Salicin RS

Bark Dry Extract RS

Salix Species Bark Dry Extract
DEFINITION
Salix Species Bark Dry Extract is prepared from Salix Species

Bark by extraction with hydroalcoholic, aqueous, or other
suitable solvents. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of salicylates, calculated as salicin
(C13H1S0 7) on the anhydrous basis.The ratio of starting plant
material to extract is between 5:1 and 20:1. It may contain
suitable added substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1.50 mg/mL of USP Salicin RS in
methanol

Standard solution B: 30 mg/mL of USP Salix Species Bark
Dry Extract RS in methanol. Sonicate for 10 min, centrifuge,
and use the supernatant.

Sample solution A: Suspend the amount of Salix Species
Bark Dry Extract calculated to contain 15 mg of salicin
(post-hydrolysis) in 10.0 mL of methanol. Sonicate for
10 min, centrifuge, and use the supernatant.
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Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10

10 85 15

30 50 50

32 10 90

35 10 90

37 90 10

45 90 10

Standard solution: 0.50 mg/mL of USP Salicin RS in Diluent
Sample solution: Accurately weigh the amount of Salix

Species Bark Dry Extract calculated to containabout 30 mg
ofsalicin, transferto a 200-mL round-bottomflask, and add
40 mL of methanol and 3 mL of 1 N sodium hydroxide.
Attach the condenser and heat under reflux for 2 h with
intermittent shaking.Allow to cool, neutralize with 3mL of
1 N hydrochloric acid, and passthrough a paperfilter into a
1OO-mL volumetric flask. Wash the round-bottom flask
twice with 5-mL aliquotsof methanol and filter into the
same 1OO-mL volumetric flask. Adjust withwater to volume
mix~ell, ~lIow to equilibrateto room temperature, and '
readjustwith water. Pass through a PTFE filter of 0.45-l.Im
pore size, discardingthe initial 3 mL of the filtrate.

Chromatographic system
(See Chromatography (621 ), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; 5-l.Im base-deactivated

packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 10 I.IL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: 0.8-2.0 for the salicin peak
Relativestandard deviation: NMT 2.0% for the salicin

peak in replicateinjections
Analysis

Sa!'"pies: Standardsolution and Sample solution
USing t~e. chrom~togram of the Standard solution, identify

the sallcln peak In the Sample solution chromatogram.
Calculate th~ percentage of salicin hydrolytically derived

from constituent salicylates in the portion of SalixSpecies
Bark DryExtract taken:

Result = (r vir 5) x C5 x (VIW) xl 00

r u = peak area of salicin from the Sample solution
r 5 = peak area of salicin from the Standard solution
C5 =concentration of USP Salicin RS in the Standard

solution (mg/mL)
V = volume of the Sample solution (mL)
W =weight of SalixSpecies Bark Dry Extract taken to

prepare the Sample solution (mg)

Calculatethe percentage of the labeledcontent ofsalicin in
the portion of SalixSpecies Bark Dry Extract taken:

Result = (PIL) x 100

=percentage of salicylates as determined above
=labeledcontent of salicin

P
L

Sa~ple solution B: Combine 5.0 mL of Sample solution A
with ~.O mL of ~O-mg/mL anhydrous sodium carbonate.
Cap tightlyand Incubate at 60° for 10 min. Centrifuge and
use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 IJm (HPTLC plate)'
Application volume: 5.0 IJL each of StandardsolutionA

Standardsolution 8, and Sample solutionA and 6.0 IJL df
Sample solution 8 as 8-mm bands

Relativehumidity: Condition the plate to a relative
humidity of 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methanol, and
water (77:13:10)

Developing distance: 6 em
Derivatization reagent: Sulfuric acidand methanol (1 :9).

Slowly add sulfuric acid to ice-cold methanol.
Analysis

Samples: StandardsolutionA, Standardsolution8 Sample
solutionA, and Sample solution 8 '

Apply the Samples as bands and dry in air. Develop in a
saturated chamber, and dry in a current of air for 5 min.
Treatwith Derivatization reagent, heat at 100°for 5 min
and examine under white light. . '

System suitability: Underwhite light, the derivatized
chromatogram of Standardsolution 8 displays in the
middle third of the plate, three brown bands:'the lower
corresponds to the salicin band in StandardsolutionA' the
one above it isdue to salicortin; the top band isdue to
tremulacin. Afaint band, which may appear between the
salicortin and tremulacin bands, isdue to tremuloidin. Two
darkerbrown bands are seen in the lowerthird of the plate:
one proximate to the application line; another more
intense, above it. '

Acceptance criteria: Under white light, the derivatized
chromatogram of Sample solutionA shows one or several
dark.band~ due to di~erent salicin esters, whose position
and Intensity.are contingent <;>n the Salixspecies being
used. The salicylate bands of Interestare predominantly
located in the middle third of the plate, demarcated by the
salicin and tremulacin bands of StandardsolutionB.The
salicin band in Sample solutionA, corresponding to that in
StandardsolutionA, may be faint or not visible. Additional
bands may be see~ in Sample solutionA and Sample solution
B. In Sample solution 8, the bands due to salicin esters are
not present, whilethe salicin band correspondingto that in
StandardsolutionA is the principal band observed.The
salicin band in Sample solution A isof lower intensity than
the corresponding band in StandardsolutionA. The salicin
~and i.n Sample solution 8 is of comparable or higher
intensity than the corresponding band in Standardsolution
A.

• B. HPLC
Analysis: Proceedas directed in the test for Salicylates Profile

and Limit of Free Salicin.
Accept~nce. criteria: The SC!mple solutionexhibits peaks at

retention times corresponding to those ofsalicin and salicin
derivatives in the Standardsolution.

COMPOSITION
• CONTENT OF SALICIN

Diluent: Methanol and water (1 :1)
Solution A: 0.01% trifluoroacetic acid
Solution B: Acetonitrile
Mobile phase: See Table 1.

, A suitable commercially available plate is HPTLCSilica Gel 60 F2S from
EMD Millipore (e.g., Part No. 1.05642.0001). 4
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Acceptance criteria: 90.00/0-110.0% of the labeled amount
of salicylates calculated as salicin on the anhydrous basis

CONTAMINANTS

, . Meets the requirements
• BOTANICAL EXTRACTS (565), Preparations, General

Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104 du!g, and total
combined yeasts and molds count does not exceed 10 3 du!
g.

• ABSENCE OFSPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• SALICYLATES PROFILE AND LIMIT OF FREE SALlCIN2

Diluent, Mobile phase, and Chromatographic system:
Proceed as directed in the test for Content of Salicin.

Standard solution: 5 mg!mL of USP Salix Species Bark Dry
Extract RS.inDiluent.Sonicate for 5 min, mix well, and pass
through a PTFE filter of 0.45-JJm pore size, discarding the
initial 3 mL of the filtrate.

Sample solution: Weigh the amount of Salix Species Bark
Dry Extract calculated to contain about 15 mg of salicin,
transfer to a 50-mL volumetric flask, add 25 mL of
methanol, and sonicate for 5 min. Adjust with water to
volume, mix well, allow to equilibrate to room temperature,
and readjust with water. Pass through a PTFE filter of
0.45-JJm pore size, discarding the initial 3 mL of the filtrate.

System suitability
Suitability requirements: The chromatogram 'of the

Standard solutionis similar to the reference chromatogram
provided with the lot of USPSalix Species Bark Dry
Extract RS being used.

Analysis
Samples: Standard solutionand Sample solution
Using the chromatogram of the Standard solutionand the

reference chromatogram provided with the lot of USP
Salix Species Bark Dry Extract RS being used, identify
salicin esters present in the Sample solution
chromatogram. The approximate relative retention times,
with respect to salicin, are provided in Table 2.

Table 2

Relative
Retention

Analyte Time

Salicin 1.0

Salicortin 3.0

Tremuloidin 3.6

Tremulacin 4.6

Acceptance criteria: The peak area of salicin is NMT 50%
of the combined peak areas of all identified constituent
salicylates.

• WATER DETERMINATION (921), Method I, Method la: NMT
5.0% .

2 Elevated free salicin content may indicateprehydrolysis or fortification
with extraneous salicin.
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• ARTICLES OFBOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 2.0 g of Salix Species Bark Dry Extract
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light arid moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial(s) of one or
several Salix species from which the article was prepared.
The label also indicates the content of salicin, the solvent
used in extract preparation, and the ratio of the starting
crude plant material to dry extract. It meets the labeling
requirements of Botanical Extracts (565). Dosage forms
prepared with this article should bear the following
statement: Not for use in children, women who are
pregnant or nursing, or by persons with known sensitivity
to aspirin.

• USP REFERENCE STANDARDS (11)
USPSalicin RS
USPSalix Species Bark Dry Extract RS

Salix Species Bark Powder

.DEFINITION
Salix Species Bark Powder consists of Salix Species Bark

reduced to fine or very fine powder. It contains NLT 1.50%
of total salicylate derivatives, calculated as salicin (C13H1S0 7)

on the dried basis. SalixSpecies Bark Powder contains NMT
1.50% of free salicin, calculated on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1.50 mg!mL of USPSalicin RS in
methanol

Standard solution B: 30 mg!mL of USPSalix Species Bark
Dry Extract RS in methanol. Sonicate for 10 min, centrifuge,
and use the supernatant.

Sample solution A: Suspend 1000 mg of Salix Species Bark
Powder in 10.0 mL of methanol. Sonicate for 10 min,
centrifuge, and use the supernatant.

Sample solution B: Combine 5.0 mL of Sample solution A
with 1.0 mL of 50-mg!mL anhydrous sodium carbonate.
Cap tightly and incubate at 60° for 10 min. Centrifuge and
use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 JJm (HPTLC plate)'
Application volume: 5.0 JJL each of Standard solution A,

Standard solution B, and Sample solution A and 6.0 JJL of
Sample solution B as 8-mm bands

Relative humidity: Condition the plate to a relative
humidity of 33%.

Temperature: Ambient, not to exceed 30°
Developing solvent system: Ethyl acetate, methanol, and

water (77:13:10)
Developing distance: 6 cm
Derivatization reagent: Sulfuric acid and methanol (1 :9).

Slowly add sulfuric acid to ice-cold methanol.

, Asuitablecommercially available plate is HPTLC Silica Gel60 F2S4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Analysis
Samples: Standard solutionA, Standard solutionB, Sample

solution A, and Sample solutionB
Apply the Samples as bands and dry in air. Developin a

saturated chamber, and dry in a current of air for 5 min.
Treat with Derivatization reagent, heat at 100°for 5 min,
and examine under white light.

System suitability: Underwhite light, the derivatized
chromatogram of StandardsolutionBdisplays, in the
middle third of the plate, three brown bands: the lower
corresponds to the salicin band in Standard solutionA; the
one above it isdue to salicortin; the top band isdue to
tremulacin. Afaint band, which may appear between the
salicortin and tremulacin bands, isdue to tremuloidin. Two
darkerbrown bands are seen in the lowerthird of the plate:
one proximate to the application line; another, more
intense, above it.

Acceptance criteria: Under white light, the derivatized
chromatogram of Sample solutionA shows one or several
dark bands due to differentsalicin esters, whose position
and intensity are contingent on the Salixspeciesbeing
used. The salicylate bands of interest are predominantly
located in the middle third of the plate, demarcated by the
salicin and tremulacin bands of Standard solution B. The
salicin band in Sample solutionA, corresponding to that in
Standard solution A, may be faint or not visible. Additional
bands may be seen in Sample solutionA and Sample solution
B. In Sample solution B, the bands due to salicin esters are
not present, whilethe salicin band correspondingto that in
Standard solution A is the principal band observed. The
salicin band in Sample solutionAis of lower intensity than
the corresponding band in Standardsolution A. The salicin
band in Sample solutionB isof comparable or higher
intensity than the corresponding band in Standard solution
A.

• B. HPLC
Analysis: Proceedas directed in the test for Salicylates Profile

and Limit of Free Salicin.
Acceptance criteria: The Sample solutionexhibits peaksat

retention timescorrespondingto those of salicin and salicin
derivatives in the Standard solutions.

COMPOSITION
• CONTENT OF SALICIN

Diluent: Methanoland water (1 :1)
Solution A: 0.01% trifluoroacetic acid
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 90 10

10 85 15

30 50 50

32 10 90

35 10 90

37 90 10

45 90 10

Standard solution A: 0.50 mg/mL of USP Salicin RS in
Diluent

Sample solution: Accurately weigh about 1.3 g of Salix
Species Bark Powder, transfer to a 200-mL round-bottom
flask, and add 40 mL of methanol and 3 mL of 1 N sodium
hydroxide. Attachthe condenser and heat under reflux for

USP43

2 h, with intermittent shaking. AI/ow to cool,neutralize with
3 mL of 1 N hydrochloric acid, and pass through a paper
filter into a 1OO-mL volumetric flask. Wash the
round-bottom flask twice with 5-mLaliquotsof methanol
and filter into the same 1OO-mL volumetric flask. Adjust
withwater to volume,mixwell, allowto equilibrate to room
temperature, and readjustwith water. Pass through a PTFE
filter of 0,45-J,lm pore size, discarding the initial 3 mL of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV270 nm
Column: 4.6-mm x 25-cm; 5-J,lm base-deactivated

packing L1
Column temperature: 30°
Flowrate: 1.0 mL/min
Injection volume: 10 J,lL

System suitability
Sample: StandardsolutionA
Suitability requirements

Tailing factor: 0.8-2.0 for the salicin peak
Relative standard deviation: NMT 2.0% for the salicin

peak in replicate injections
Analysis

Samples: Standardsolution A and Sample solution
Using the chromatogram ofStandardsolution A, identify the

salicin peak in the Sample solutionchromatogram.
Calculatethe percentage of salicin hydrolytically derived

from constituent salicylates in the portion of SalixSpecies
Bark Powder taken:

Result =(r v/r s) x Cs x (V/W) x 100

r u = peak area of salicin from the Sample solution
r s =peak area of salicin from Standardsolution A
Cs =concentration of USP Salicin RS in Standard

solutionA (mg/mL)
V = volume of the Sample solution (mL)
W = weight of SalixSpecies Bark Powdertaken to

prepare the Sample solution(mg)

Acceptance criteria: NLT1.50%ofsalicin on the drie,d basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined yeastsand moldscount does not exceed 103 cfu/
g, and the bile-tolerantGram-negative bacteriacount does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• SALICYLATES PROFILE AND LIMIT OF FREE SALlCIN2

Diluent, Mobile phase, Standard solution A,and
Chromatographic system: Proceed as directed in the test
for Contentof Salicin.

Standard solution B: 5 mg/mLof USP Salix Species Bark Dry
Extract RS in Diluent. Sonicatefor 5 min, mixwell, and pass
through a PTFE filterof 0,45-J,lm pore size, discarding the
initial 3 rnl,of the filtrate.

2 Elevated free salicin content may indicate prehydrolysis or fortification
with extraneous salicin.
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v
W

Bark Dry Extract RS

Saw Palmetto

SAMe-see S-adenosyl-L-methionine Disulfate Tosylate

Analysis: Drythe Sample at 105° for 2 h.
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
TotalAsh

Sample: 2.0 g of SalixSpecies Bark Powder
Acceptance criteria: NMT 10.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Acid-Insoluble Ash

Sample: 2.0 g of SalixSpecies Bark Powder
Acceptance criteria: NMT 3.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Water-Soluble Extractives

Sample: 2.0 g of SalixSpecies Bark Powder
Acceptance criteria: NLT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• USP REFERENCE STANDARDS (11)
USP Salicin RS

• LABELING: The labelstates the Latin binomial(s) of one or
several Salixspecies the forms

DEFINITION
Saw Palmetto consistsof partially dried, ripe fruit of Serenoa

repens (yV. Bartram) Small (Fam. Arecaceae) [Serenoa
serrulatumSchult.; Sabalserrulata (Michx.) Nutt. ex Schult.
&:Schult.f.], Itcontains NLT 2% (v/w) ofvolatile oil, NLT 7%
of lipophilic extract, and NLT 9.0% of total fatty acids,
determined on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

[NOTE-Perform the following test under subdued
light.]

Reagent solution: 3.7 mg/mL of 4-bromomethyl
7-methoxycoumarin inacetone. Storethissolution ina dark
place.

Standard solution: 5.0 g of magnesium stearate in a
1OO-mL round-bottom flask fitted with a reflux condenser.
Add50 mLof ether, 20 mL of 12.5% nitricacid, and 20 mL
of water, and heat until dissolution iscomplete. Cool,
transfer the contents of the flask to a separatoryfunnel,
withdraw, and retain the loweraqueous phase. Extract the
ether phase twice, each time using 4 mL of water,
separating the aqueous phases. Extract the combined
aqueous phases with 15 mL of ether, combining the ether
extracts. Evaporate to dryness, and drythe residueat 105°.

Relative
Retention

Analyte Time

Salicin 1.0

Salicortin 3.0

Tremuloidin 3.6

Tremulacin 4.6

Calculate the percentage of salicin in the portion of Salix
Species Bark Powder taken:

Result = (r ulr s) xes x (VIW') x 100

Sample solution: Accurately weigh about 650 mg of Salix
Species Bark Powder, transfer to a 50-mL volumetric flask,
add 25 mL of methanol, and sonicate for 30 min. Adjust
withwater to volume, mixwell, allow to equilibrate to room
temperature, and readjustwith water. Pass through a PTFE
filter of 0,45-l..Im pore size,discarding the initial 3 mL of the
filtrate.

System suitability
Samples: StandardsolutionA and Standard solution B
Suitability requirements

Tailing factor: 0.8-2.0 for the salicin peak, Standard
solution A

Relativestandard deviation: NMT 2.0% determined for
the salicin peak inreplicateinjections, Standardsolution A

Chromatogram similarity: The chromatogram issimilar
to the referencechromatogram providedwith the lot of
USP Salix Species Bark Dry Extract RS being used,
Standard solutionB.

Analysis
Samples: StandardsolutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Salix Species Bark Dry Extract RS being
used, identify salicin esters present in the Sample solution
chromatogram. The approximate relative retention times,
with respect to salicin, are provided in Table 2.

Table 2

=peak area of salicin from the Sample solution
=peak area of salicin from Standard solution A
= concentration of USP Salicin RS in Standard

solutionA (mg/mL)
= volume of the Sample solution(mL)
=weight of SalixSpecies Bark Powdertaken to

prepare the Sample solution(mg)

Acceptance criteria: NMT 1.50% of salicin on the dried
basis. The peakarea of salicin isNMT 50% of the combined
peak areas of all identified constituent salicylates.

• BOTANICAL CHARACTERISTICS
Macroscopic: Pale yellow, greenish-yellow, or light brown

powder
Microscopic: Bundles of narrowfibers, up to about 600 I..Im

long, with very thickwalls, lignified, and surrounded by a
crystal sheath containing prismcrystals of calcium oxalate;
parenchyma of the cortex with thick, pitted and deeply
beaded walls, and containing large clustercrystals of
calcium oxalate; uniseriate medullary rays; thickened and
suberizedcorkcells. Groupsof brownish collenchyma from
the bud may be present. Twigs showfragments of lignified
fibers and vessels from the xylem.

• Loss ON DRYING (731)
Sample: 1.0 g of SalixSpecies Bark Powder
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Transfer 1 mg of the residue to an amber glass vial fitted
with a metal-clamped rubber cap. Add 10 mg of lithium
carbonate, 3 IJL of tris-[2-(2-methoxyethoxy)ethyl]amine,
and 1.0 mg of the Reagent solution. Sealthe metal-clamped
rubber cap, incubate at 105° for 2 h, and cool.

Sample solution: 10.0 g of finely powdered Saw Palmetto
in a 250-mL round-bottom flask fitted with a reflux
condenser. Add 150 mL of alcohol, and reflux for 1 h. Cool,
filter, wash the residue with alcohol, and dilute the ,
combined washings and filtrate with alcohol to 200.0 mL.
Transfer 0.6 mL of this solution to a suitable flask, and
evaporate to dryness. To the residue add 1.0 mL of the
Reagent solution.Transfer this solution with the aid of a
pipet to an amber glassvial fitted with a metal-clamped
rubber cap. Add 3 IJLof tris-[2-(2-methoxyethoxy)ethyl]
amine and 10 mg of lithium carbonate to the vial. Seal the
metal-clamped rubber cap, incubate at 105° for 2 h,
and cool.

Blank solution: To 10 mg of lithium carbonate in an amber
glass vial fitted with a metal-clamped rubber cap, add 3 IJL
of tris-[2-(2-methoxyethoxy)ethyl]amine and 1.0 mL of the
Reagent solution. Seal the metal-clamped rubber cap,
incubate at 105° for 2 h, and cool. .

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture, typically 20 cm in length (TLC plates)
Application volume: 2 IJL
Developing solvent system: Cyclohexane, ethyl acetate,

and acetic acid (70:30:1)
Analysis

Samples: Standard solution, Sample solution, and Blank
solution

Develop the chromatograms in the solvent system until the
solvent front has moved three-fourths of the length of the
plate. Remove the plate from the chromatographic
chamber, mark the solvent front, and allow the plate to
air-dry. Examine the plate under long-wave UV light
(365 nm).

Acceptance criteria: The chromatogram of the Sample
solutionexhibits at least two blue fluorescent zones
corresponding to similar zones in the Standardsolution. The
blue fluorescent zones in the Sample solutionappear above
the blue fluorescent zones in the Blank solution.'

COMPOSITION
• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination

(561): NLT 2% (v/w) of oil that solidifies to a white solid at
room temperature

• CONTENT OF LIPOPHILIC EXTRACT
Analysis: Transfer 109 of pulverized Saw Palmetto to a

250-mL round-bottom flask fitted with a reflux condenser,
and add 150 mL of alcohol. Maintain under reflux for 1 h.
Cool, filter, and wash the residue with small portions of
alcohol. Combine the filtrate and washings in a 200-mL
volumetric flask, and dilute with alcohol to volume.
Evaporate 100.0 mL of this solution to dryness in a rotary
evaporator under vacuum. Add 40 mL of n-hexane to the
residue, stir for 5 min, filter, and collect the filtrate in a
round-bottom flask. Repeat the above operation of
washing with n-hexane two more times, and combine all
of the filtrates in the same flask. Using a rotary evaporator,
evaporate to dryness. Dry the residue at 105° for 2 h.

Acceptance criteria: The weight of the residue is NLT 0.35 g
(NLT 7%).

• CONTENT OF FAnv ACIDS
Internal standard solution: 12 mg/mL of nonadecane in

hexanes
Standard stock solution: Dissolvequantities of USP Methyl

Laurate RS, USP Methyl Oleate RS, USP Methyl

USP 43

Myristate RS, USP Methyl Palmitate RS, USP Methyl
Linoleate RS, USP Methyl Caproate RS, USP Methyl
Caprylate RS, USP Methyl Caprate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, and USP Methyl
Linolenate RS in hexanes to obtain concentrations of each
methyl ester as given in Table 1.

Table 1

Methyl Ester Concentration (mg/ml)

Methyllaurate 5

Methyl oleate 5

Methyl myristate 2

Methyl palmitate 2

Methyllinoleate 1

Methyl caproate 0.4

Methyl caprylate 0.4

Methyl caprate 0.4

Methyl palmitoleate 0.4

Methyl stearate 0.4

Methyllinolenate 0.4

Standard solution: Combine 1.0 mL of Internalstandard
solutionwith 5.0 mL of the Standard stock solution.

Sample solution: Pulverize 50 g of dried Saw Palmetto to a
moderately coarse powder. Transfer 1 g of powder,
accurately weighed, to a 1OO-mL round-bottom flask fitted
with a reflux condenser and a magnetic bar. Add 10 mL of
0.5 N methanolic sodium hydroxide solution (20 mg/mL of
sodium hydroxide in methanol), and reflux, while stirring,
for 15 min. Add 5 mL of a 140 mg/mL solution of boron
trifluoride in methanol through the condenser into the
flask, and reflux for 2 more min. Add 5.0 mL of hexanes
through the condenser, and reflux for an additional 1 min.
Cool the flask, remove the condenser, add 15 mL of
saturated sodium chloride solution, and 1.0 mL of the
Internalstandardsolution. While the solution is still tepid,
stopper the flask and shake vigorously. Pipet 1.0 mL of the
upper hexanes layer into a qlass-stoppered test tube
containing a small quantity of anhydrous sodium sulfate.
Filter the solution, and, if necessary, dilute a volume of the
filtrate with hexanes to obtain a known volume.
[NOTE-Store this solution in a refrigerator until just
before use.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; 0.25-lJm

film of phase G16 coating
Temperatures

Injector: 250°
Detector: 300°
Column: See Table 2.

Table 2

HoldTImeat FI-
Initial Temperature Final nal

Temperature Ramp Temperature Temperaturee) (o/min) e) (min)

120 0 120 3

120 50 220 12

Carrier gas: Helium
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Table 4 (continued)

Individual . Percentages
Fatty Acids (%)

Myristic acid NLT 1.2

Palmitic acid NLT 1.0

Linoleic acid NLT 0.4

Caproicacid NLTO.2

Caprylic acid NLT 0.2

Capricacid NLT 0.2

Stearicacid NLT 0.1

Linolenic acid NLT 0.05

Palmitoleic acid NLT 0.01

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 cfu/g, and the total combined
molds and yeasts count does not exceed 102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
'the requirements of the test for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Subspherical to ovoid drupes, about 2-3 cm
in length and about 1.5 cm thick, .darkbro~n to black
with a smooth, dull surfaceand With large, Irregular
depressionsand ridges caused by shrinkage on drying;
remainsof styleat the summit; base bearing a small
depressionwith the scarofthe stalk; 'epicarpand underlying
sarcocarp forming a fragile layerthat partially peels off,
revealing the hard, pale bro,:",n layerof end~carp .
surrounding the seed. Seed Irregularly spherical to OVOid,
up to about 1.2 cm in length and 1 cm in width, hard,
surfacefinely pitted and reddish brown with a paler, raised
and membranous area overthe raphe and micropyle; when
cut transversely, it shows a thin testa, a narrow perisperm,
and a largearea of dense, horny,grayish-white endosperm.

Microscopic: The pulp iscovered by a small-celled,
thin-walled epidermis and consists chiefly of a very
large-celled, mostlythin-walled parenchyma.The
outermost layers contain brown substances;farther inside,
single cells onlywith brown contents are scattered in the
tissue;occasional large, thick-walled, rather punctate stone
cells with a wide lumenare alsofound. Thevascular bundles
are accompanied by fibers with cover cells (stigmata)
containing siliceous solids attached. The innermost layers
of the pulp wall consist of almost completelythickened,
rather punctate, quite irregularly shaped stone cells
(astrosclereids). The outer layers of the seed coat are
large-celled, the cells are coarse-walled; the middle layers
are thin-walled, the cells are smaller; the innermost layers
are small-celled, flattened. All cells are filfed with a brown
substance. On the outside, the endosperm exhibits radial
elongated, nonpunctate, coarse-walled cells; in the deeper
layers, the cells are larger, thick-walled, rather coarsely
punctate. The middle lamella isfairly recognizable.
Aleurone with protein crystalloids is present in the cell
contents.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

Table 4

Suitability requirements
Resolution: NLT 1.5 between methyl stearate and

methyloleate
Tailingfactor: NMT 2.0 for each of the methylester

peaks
Relative standard deviation: NMT 5.0% for each of the

methyl ester peaks
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of each fatty acid in the portion

of the Saw Palmetto taken:

Result =(RuIRs) x (Cs x V) x (1IW) x (M,,/Mrl) X 100

Ru = peak response ratio of the relevantmethylester
to the internal standard obtained from the
Sample solution

Rs = peak response ratio of the relevantmethylester
to the internal standard obtained from the
Standard solution

Cs = concentration of the respective methylester in
the Standardstock solution(mg/mL)

V = volume of the Standard stocksolution used to
prepare the Standard solution (mL)

W = weight of Saw Palmetto taken to prepare the
Sample solution (mg)

M" = molecularweight of the relevantfatty acid
M'2 = molecularweight of the methyl ester of the

relevantfatty acid

Acceptance criteria: NlT 9.0% for the sum of the
percentages of all the fatty acids, on the dried basis. See
Table 4 for individual fatty acids.

Flowrate: 1 mL/min
Injection size: 1 JJL

System suitability
Sample: Standard solution

[NoTE-See Table 3 for the relative retention times.]

Table 3

Relative
Retention

Methyl Ester Time

Methyl caproate 0.39

Methyl caprylate 0.56

Methyl caprate 0.76

Methyl laurate 0.94

Nonadecane(internalstandard) 1.0

Methyl myristate 1.1

Methyl palmitate 1.3

Methyl palmitoleate 1.35

Methyl stearate 1.65

Methyl oleate 1.7

Methyllinoleate 1.8

Methyllinolenate 2.0 --

Individual Percentages
Fatty Acids (%)

Oleicacid NLT 3.0

Lauric acid NLT 2.0
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• Loss ON DRYING (731)
Sample: 1.0 g of Saw Palmetto, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
5.0%, determined on 1.0 g of finely powdered Saw
Palmetto

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers

protected from light. '
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS

Powdered Saw Palmetto
DEFINITION
Powdered Saw Palmetto is Saw Palmetto reduced to a fine or a

very fine powder. It contains NLT 2% (v/w) of volatile oil NLT
7% of I!pophilic extra~t, and NLT 9.0% of total fatty a~ids,
determined on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

[NOTE-Perform the following test under subdued
light.]

Reagent solution: 3.7 mg/mL of 4-bromomethyl-
7-methoxycoumarin in acetone. Store this solution in a dark
place.

Standard solution: 5.0 g of magnesium stearate in a
100-mL round-bottom flask fitted with a reflux condenser.
Add 50 mL of ether, 20 mL of 12.5% nitric acid, and 20 mL
of water, and heat until dissolution is complete. Cool,
transfer the contents of the flask to a separatory funnel,
withdraw, and retain the lower aqueous phase. Extract the
ether phase twice, each time using 4 mL of water,
separating the aqueous phases. Extract the combined
aqueous phases with 15 mL of ether, combining the ether
extracts. Evaporate to dryness, and dry the residue at 105°.
Transfer 1 mg of the residue to an amber glassvial fitted
with a metal-clamped rubber cap. Add 1Qmg of lithium
carbonate, 3 IJLof tris-[2-(2-methoxyethoxy)ethyl]amine,
and 1.0 mg of the Reagent solution. Seal the metal-clamped
rubber cap, incubate at 105° for 2 h, and cool.

Sample solution: 10.0 g of Powdered Saw Palmetto in a
250-mL round-bottom flask fitted with a reflux condenser.
Add 150 mL of alcohol, and reflux for 1 h. Cool, filter, wash
the residue with alcohol, and dilute the combined washings
and filtrate with alcohol to 200.0 mL. Transfer 0.6 mL of
this solution to a suitable flask, and evaporate to dryness.
To the residue add 1.0 mL of the Reagent solution. Transfer
this solution with the aid of a pipet to an amber glassvial
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fitted with a metal-clamped rubber cap. Add 3 IJL of
tris-[2-(2-methoxyethoxy)ethyl]amine and 10 mg of
lithium carbonate to the vial. Seal the metal-clamped
rubber cap, incubate at 105° for 2 h, and cool. Use the
cooled solution.

Blank solution: To 10 mg of lithium carbonate in an amber
glassvial fitted with a metal-clamped rubber cap, add 3 IJL
of tris-[2-(2-methoxyethoxy)ethyl]amine and 1.0 mL of the
Reagent solution. Seal the metal-clamped rubber cap,
incubate at 105° for 2 h, and cool.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture, typically 20 cm in length (TLC plates)
Application volume: 2 IJL
Developing solvent system: Cyclohexane, ethyl acetate,

and acetic acid (70:30:1)
Analysis

Samples: Standard solution, Sample solution, and Blank
solution

Develop the chromatograms in the solvent system until the
solvent front has moved three-fourths of the length of the
plate. Remove the plate from the chromatographic
chamber, mark the solvent front, and allow the plate to
air-dry. Examine the plate under long-wave UV light
(365 nrn),

Acceptance criteria: The chromatogram of the Sample
solutionexhibits at least two blue fluorescent zones of
corresponding to similar zones in the Standardsolution. The
blue fluorescent zones in the Sample solutionappear above
the blue fluorescent zones in the Blank solution.

COMPOSITION
• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination

(561): NLT 2 mL/1 00 g of oil that solidifies to a white solid
at room temperature

• CONTENT OF LIPOPHILIC EXTRACT
Analysis: Transfer 109 of Powdered Saw Palmetto to a

250-mL round-bottom flask fitted with a reflux condenser,
and add 150 mL of alcohol. Maintain under reflux for 1 h.
Cool, filter, and wash the residue with small portions of
alcohol. Combine the filtrate and washings in a 200-mL
volumetric flask, and dilute with alcohol to volume.
Evaporate 100.0 mL of this solution to dryness in a rotary
evaporator under vacuum. Add 40 mL of n-hexane to the
residue, stir for 5 min, filter, and collect the filtrate in a
round-bottom flask. Repeat the above operation of
washing with n-hexane two more times, and combine all
of the filtrates in the same flask. Using a rotary evaporator,
evaporate to dryness. Dry the residue at 105° for 2 h.

Acceptance criteria: The weight of the residue isNLT 0.35 g
(NLT 7%).

• CONTENT OF FATTYACIDS
Internal standard solution: 12 mg/mL of nonadecane in

hexanes. '
Standard stock solution: Dissolve quantities of USP Methyl

Laurate RS, USP Methyl Oleate RS, USP Methyl
Myristate RS, USP Methyl Palmitate RS, USP Methyl
Linoleate RS, USP Methyl Caproate RS, USP Methyl
Caprylate RS, USP Methyl Caprate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, and USP Methyl
Linolenate RS in hexanes to obtain concentrations of each
methyl ester as given in Table 7.

Table 1

Methyl Ester Concentration (mg/ml)

Methyl laurate 5

Methyl oleate 5

www.webofpharma.com

https://nhathuocngocanh.com/



USP43

Table 1 (continued)
Methyl Ester Concentration (mg/ml)

Methyl myristate 2

Methyl palmitate 2

Methyllinoleate 1

Methyl caproate 0.4

Methyl caprylate 0.4

Methyl caprate 0.4

Methyl palmitoleate 0.4

Methyl stearate 0.4

Methyllinolenate 0.4

Standard solution: Combine 1.0 mL of Internalstandard
solutionwith 5.0 mL of Standard stock solution.

Sample solution: Transfer 1 g of Powdered Saw Palmetto,
accurately weighed, to a 1OO-mL round-bottom flask fitted

. with a reflux condenser and a magnetic bar. Add 10 mL of
0.5 N methanolic sodium hydroxide solution (20 mg/mL of
sodium hydroxide in methanol), and reflux while stirring for
15.min. Add 5 mL of a 140 mg/mL solution of boron
trifluoride in methanol through the condenser into the
flask, and reflux for 2 more min. Add 5.0 mL of hexanes
through the condenser, and reflux for an additional 1 min.
Cool the flask, remove the condenser, add 15 mL of
saturated sodium chloride solution, and 1.0 mL of the
Internalstandardsolution. While the solution is still tepid,
stopper the flask, and shakevigorously. Pipet 1.0 mL of the
upper hexanes layer into a glass-stoppered test tube
containing a small quantity of anhydrous sodium sulfate.
Filter the solution, and, if necessary, dilute a volume of the
filtrate with hexanes to obtain a known volume.
[NOTE-Store this solution in a refrigerator untlljust
before use.]

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; 0.25-~m

film of phase G16 coating
Temperatures

Injector: 250 0

Detector: 3000

Column: See Table 2.

Table 2
HoldTime at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

(0) elmin) e) (min)

120 0 120 3

120 50 220 12

Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 ~L

System suitability
Sample: Standard solution

[NOTE-See Table 3 for the relative retention times.]
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Table 3
Relative

Retention
Methyl Ester Time

Methyl caproate 0.39

Methyl caprylate 0.56

Methyl caprate 0.76

Methyl laurate 0.94

Nonadecane(internalstandard) 1.0

Methyl myristate 1.1

Methyl palmitate 1.3

Methyl palmitoleate 1.35

Methyl stearate 1.65

Methyl oleate 1.7

Methyllinoleate 1.8

Methyllinolenate 2.0

Suitability requirements
Resolution: NLT 1.5 between methyl stearate and

methyl oleate
. Tailing factor: NMT 2.0 for each of the methyl ester

peaks
Relative standard deviation: NMT 5.0% for each of the

methyl ester peaks
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of each fatty acid in the portion

of the Powdered Saw Palmetto taken:

Result= (Ru/Rs) x (Cs x V) x (1/W) x (M,,fM'2) X 100

Ru = peak response ratio of the relevant methyl ester
to the internal standard obtained from the
Sample solution

Rs = peak response ratio of the relevant methyl ester
to the internal standard obtained from the
Standard solution

Cs =concentration of the respective methyl ester in'
the Standard stock solution(mg/mL)

V =volume of the Standard stock solutionused to
prepare the Standard solution (mL)

W =weight of Powdered Saw Palmetto taken to
prepare the Sample solution(mg)

M" =molecular weight of the relevant fatty acid
M'2 =molecular weight of the methyl ester of the

relevant fatty acid

Acceptance criteria: NLT 9.0% for the sum of the
percentages of all the fatty acids on the dried basis. See
Table 4 for individual fatty acids.

Table 4

Individual Percentages
Fatty Acids (0/0)

Oleicacid NlT 3.0

lauric acid NlT 2.0

Myristic acid NlT 1.2

Palmitic acid NLT 1.0

linoleicacid NLT 0.4

Caproicacid NLTO.2
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Table 4 (continued)

Individual Percentages
Fatty Acids (%)

Caprylic acid NLTO.2

Capricacid NLTO.2

Stearic acid NLTO.1

Linolenic acid NLTO.05

Palmitoleic acid NLTO.01

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Limits of Elemental

Impurities (561): Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis

(561): Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104 du/g, and the total combined
molds and yeasts count does not exceed 102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the test for absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter

(561): NMT 2%
• Loss ON DRYING (731)

Sample: 1.0 g of Powdered Saw Palmetto
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g of Powdered Saw Palmetto
Acceptance criteria: NMT 5.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant sourcefrom which
the article was derived. .

• USP REFERENCE STANDARDS (11)
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS

Saw Palmetto Extract
DEFINITION
Saw Palmetto Extract isobtained from comminuted Saw

Palmettoby extraction with hydroalcoholic mixtures or
solvent hexane, or by supercritical extraction with carbon
dioxide. The ratio of starting crude plant material to Extract
isfrom 8.0:1 to 14.3:1. The Extract contains NLT 80.0% of
fattyacids, NLT 0.2% ofsterols,and NLT 0.1% of ~-sitosterol,
all on the anhydrous basis.The lipophilic Extract contains
NLT 0.15% and NMT 0.35% of long-chain alcohols. The

USP 43

hydroalcoholic Extract containsNLT0.01% and NMT 0.15%
of long-chainalcohols. It contains no added substances.

IDENTIFICATION
• A. GAS CHROMATOGRAPHY
Analysis: Proceedas directed in Contentof FattyAcids.
Acceptance criteria: The retention times of the 11 major

peaksof the Sample solutioncorrespond to those in the
chromatogram of the Standard solution. The rangesfor
ratiosof the concentration of lauric acid to the
concentration of the respective fatty acid in Extract
prepared using hydroalcoholic mixtures or solventhexane
are in Table 1.The rangesfor ratiosof the concentrationof
lauric acid to the concentration of the respective fatty acid
in Extract prepared by supercritical extractionwith carbon
dioxide are in Table 2.

Table 1
Minimum Maximum

Fatty Acid Ratio Ratio

Capric 9.0 16

Caproic 8.5 24

Caprylic 8.5 17.5

Linoleic 5.0 16

Linolenic 31.5 55

Myristic 2.2 2.8

Oleic 0.60 1.15

Palmitic 2.8 3.9

Stearic 14 26

Table 2

Minimum Maximum
Fatty Acid Ratio Ratio

Capric 9.0 16

Caproic 9.0 40

Caprylic 8.5 17.5

linoleic 4.0 8.0

Linolenic 35 60

Myristic 2.2 2.8

Oleic 0.60 1.15

Palmitic 2.8 3.9

Stearic 13 20

COMPOSITION
• CONTENT OF FATTY ACIDS

Internal standard solution: 12 mg/mL of nonadecane in
hexanes

Standard stock solution: Dissolve quantitiesof USP Methyl
Laurate RS, USP Methyl Oleate RS, USP Methyl
Myristate RS, USP Methyl Palmitate RS, USP Methyl
Linoleate RS, USP Methyl Caproate RS, USP Methyl
CaprylateRS, USP Methyl Caprate RS, USP Methyl .
Palmitoleate RS, USP Methyl Stearate RS, and USP Methyl
Linolenate RS in hexanes to obtain concentrations of each
methyl ester as given in Table 3.

Table 3
Concentration

Methyl Ester (mg/mL)

Methyllaurate 5
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Table 5 (continued)

v
w

M"
M ,2

=peak response ratio of the relevant methyl ester
to the internal standard from the Sample solution

= peak response ratio of the relevant methyl ester
to the internal standard from theStandard
solution

=concentration of the respective methyl ester in
the Standard stock solution (mg/mL)

=volume of the Standard stock solution used to
prepare the Standard solution (mL)

=weight of Extract taken to prepare the Sample
solution (mg)

=molecular weight of the relevant fatty acid
=molecular weight of the methyl ester of the

relevant fatty acid

Acceptance criteria: NLT 80.0% for the sum of the
percentages of all the fatty acids, on the anhydrous basis

Relative
Retention

Methyl Ester Time

Methyl myristate 1.1

Methyl palmitate 1.3

Methyl palmitoleate 1.35

Methyl stearate 1.65

Methyl oleate 1.7

Methyllinoleate 1.8

Methyl Iinolenate 2.0

Suitability requirements
Resolution: NLT 1.5 between the methyl stearate and

methyl oleate peaks
Tailing factor: NMT 2.0 for each of the methyl ester

peaks
Relative standard deviation: NMT5.0% for each of the

methyl ester peaks
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of each fatty acid in the portion

of Extract taken:

Result=(R ulRs) x (C s x V) x (1/W) x (M ,,1M(2) x 100

• CONTENT OF LONG-CHAIN ALCOHOLS AND STEROLS
Derivatizing solution A: Bis(trimethylsilyl)acetamide,

trimethylsilylimidazole, and trimethylchlorosilane (3:3:2)
Derivatizing solution B: Derivatizing solution A,

bis(trimethylsilyl)trifluoroacetamide, and pyridine (1:1:1)
Internal standard solution: 10 mg/mL of eicosanol and

5 mg/mL of cholesterol in chloroform
System suitability stock solution A: 2 mg/mL each of

tetracosanol, octacosanol, USP Hexacosanol RS, and
triacontanol in chloroform

System suitability solution A: Mix 5.0 mL of System
SUitability stock solution A with 1.0 mL of the Internal
standardsolution. Evaporate 0.75 mL of this solution to
dryness using a stream of nitrogen. Dissolve the residue in
1.0 mLof Derivatizing solution 8, and allow to stand for NLT
15 min at room temperature.

System suitabili stock solution

Table 3 (continued)

Table 4

Standard solution: Transfer 1.0 mL of the Internalstandard
solution to 5.0 mL of the Standard stock solution.

Sample solution: Transfer 100 mg of Extract to a
pressure-proof, screw-capped vial, and add 3.0 mL of a
solution of sulfuric acid in methanol (5 in 100). Heat at 100 0

in an oil bath for 2 h, shaking from time to time. Allowto
cool, and .add 1.0 mL of the Internalstandardsolution,
10.0 mL of water, 1 g of sodium chloride, and 5 mL of
hexanes. Shake well, allow the layers to separate
completely, and use the hexanes layer. [NOTE-Store in a
refrigerator until ready to use.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; 0.25-J.Jm

film of phase G16 coating
Temperatures

Injector: 250 0

Detector: 300 0

Column: See Table 4.

Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 J.JL

System suitability
Sample: Standard solution

[NoTE-See Table 5 for the relative retention times.]

Table 5

Concentration
Methyl Ester (mg/ml)

Methyl oleate 5

Methyl myristate 2

Methyl palmitate 2

Methyllinoleate 1

Methyl caproate 0.4

Methyl caprylate 0.4

Methyl caprate 0.4

Methyl palmitoleate 0.4

Methyl stearate 0.4

Methyllinolenate 0.4

Holdl1me at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
e) (G/mln) e) (min)

120 0 120 3

120 50 220 12

Relative
Retention

Methyl Ester TIme

Methyl caproate 0.39

Methyl caprylate 0.56

Methyl caprate 0.76

Methyllaurate 0.94

Nonadecane(internalstandard) 1.0

www.webofpharma.com

https://nhathuocngocanh.com/



5258 Saw Palmetto / Dietary Supplements

System suitability solution B: Mix 5.0 mL of System
suitabilitystock solutionBwith 1.0 mL of the Internal
standardsolution. Evaporate 0.75 mL of this solution to
dryness using a stream of nitrogen. Dissolvethe residue in
1.0 mLof Derivatizing solution B, and allow to stand for NLT
15 min at room temperature.

Standard stock solution: 0.75 mg/mL of USP
Hexacosanol RS and 1.4 mg/mL of USP ~-Sitosterol RS in
chloroform

Standard solution: Mix 5.0 mL of the Standard stock
solutionwith 1.0 mL of the Internalstandardsolution.
Evaporate 0.75 mLof this solution to dryness using a stream
of nitrogen. Dissolvethe residue in 1.0 mL of Derivatizing
solution B,and allow to stand for NLT 15 min at room
temperature.

Sample solution: Transfer 3.35 g of Extract into a 50-mL
round-bottomed flask. Add 1.0 mL of the Internalstandard
solution, and evaporate under vacuum at a temperature not
exceeding 50 0

• Add 20 mL of a solution prepared by
dissolving 130 g of potassium hydroxide in 200 mLof water
in a 1OOO-mL volumetric flask, and dilute with methanol to
volume. Attach a condenser, and reflux in a bath at 100 0

for 2 h. Quantitatively transfer this solution to a 25-mL
volumetric flask, and dilute with water to volume. Transfer a
3-mL portion to a cartrldqe' containing diatomaceous
earth capable of holding 3 mL of aqueous phase.

Absorb the solution into the column under vacuum for
20 min until the column is not cold. Elutethe analytes from
the column with 90 mL of methylene chloride, and
evaporate the eluate to dryness. Dissolvethe residue in
1.0 mLof Derivatizing solutionB, and allow to stand for NLT
15 min at room temperature.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.2-mm x 25-m capillary; 0.33-JJm thickness of

phase G1 coating
Temperatures

Injector: 325 0

Detector: 325 0

Column: See Table 6.

Table 6
HoldTime at

Initial Temperature Final Final
Temperature Ramp Temperature Temperature

CO) CO/min) CO) (min)

200 0 200 3

200 10 300 35

Carrier gas: Helium
Flow rate: 0.5 mL/min
Make up gas flow: 25 mL/min
Injection volume: 1 JJL
Injection type: Split ratio, 1:40

System suitability
Samples: System suitabilitysolutionA and System suitability

solution 8
[NoTE-The relative retention times for tetracosanol,

hexacosanol, octacosanol, and triacontanol are 0;89,
1.00, 1.15, and 1.36, respectively, System sUitability
solutionA. The relative retention times for cholesterol,
campesterol, stigmasterol, ~-sitosterol, and
stigmastanol are 0.85, 0.92, 0.95, 1.00, and 1.01,
respectively, System suitability solution B.]

1 A suitable cartridge is ExtrelutNT3, or an equivalent cartridge.
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Suitability requirements
Resolution: NLT 2 between the ~-sistosteroland

stigmastanol peaks, System suitabilitysolutionB
Column efficiency: NLT 200,000 theoretical plates for

the eicosanol peak, System suitabilitysolution A; and NLT
150,000 theoretical plates for the cholesterol peak,
System suitabilitysolution 8

Tailing factor: NMT 2.0 for each relevant peak, System
suitabilitysolution Ai and NMT2.0 for each relevant peak,
System suitabilitysolution 8

Analysis
Samples: Standard solutionand Sample solution
Identify the signals corresponding to the relevant analytes

by comparing the chromatograms obtained with System
suitabilitysolution A and System suitabilitysolution B.

Separately calculate the percentages of tetracosanol,
hexacosanol, octacosanol, and triacontanol, respectively,
in the portion of Extract taken:

Result=(RviR s) x (C s x V) x (1/W) x 100

Ru =peak response ratio of the relevant long-chain
alcohol to the internal standard from the Sample
solution

Rs =peak response ratio of hexacosanol to the internal
standard from the Standardsolution

C s = concentration of hexacosanol in the Standard
stock solution(mg/mL)

V = volume of the Standard stock solution used to
prepare the Standard solution (mL)

W = weight of the Extract taken to prepare the Sample
solution (mg)

Calculate the total content of long-chain alcohols as a
percentage by.adding the individual percentages.

Separately calculate the percentages of campesterol,
stigmasterol, ~-sitosterol, and stigmastanol, respectively,
in the portion of Extract taken:

Result=(RviR s) x (C s x V) x (1/W) x 100

Ru = peak response ratio of the relevant sterol to the
internal standard from the Sample solution

Rs =peak response ratio of ~-sitosterol to the internal
standard from the Standardsolution

C s = concentration of ~-sitosterol in the Standard stock
solution(mg/mL)

V =volume of the Standard stock solution used to
prepare the Standard solution (mL)

W =weight of the Extract taken to prepare the Sample
solution (mg)

Calculate the total content of sterols as a percentage by
adding the individual percentages.

Acceptance criteria: NLT 0.2% for the sum of the
percentages of all the sterols and NLT 0.1% of ~-sitosterol,

both on the anhydrous basis. The lipophilic Extract contains
0.15%-0.35% of long-chain alcohols, and the
hydroalcoholic Extract contains 0.01 %-0.15% of
long-chain alcohols on the anhydrous basis.

CONTAMINANTS
• BOTANICAL EXTRACTS, Pesticide Residues (565): Meets the

requirements

SPECIFIC TESTS
• ALCOHOL DETERMINATION, Method /I (611) (if present):

NMT1%
• FATS AND FIXED OILS, Iodine Value (401): 40-50
• FATS AND FIXED OILS, Saponification. Value (401): 210-250
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• WATER DETERMINATION, MethodI (921): NMT 3% isfound
in the hydroalcoholic Extract.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Meets the requirements in

Botanical Extracts (565), Packaging and Storage
• LABELING: The label states the Latin binomialand, following

the official name, the part of the plant from which the
articlewas prepared. The labelalso indicates the content of
fatty acids and sterols and the ratio of the ~tarting c~ude
plant material to Extract. It meets the requirements In
Botanical Extracts (565), Labeling.

• USP REFERENCE STANDARDS (11)
USP Hexacosanol RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP MethylCaprylate RS
USP Methyl Laurate RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS
USP P-Sitosterol RS

Saw Palmetto Capsules
DEFINITION
Saw Palmetto Capsules contain Saw Palmetto Extract.. .

Capsules contain NLT 22.0% and NMT34.0% of lauric acid
in the labeled amount of Saw Palmetto Extract. The ratio of
the concentrations of lauric acid to caprylicacid is NLT
8.5 and NMT 17.5. The ratio of the concentrations of lauric
acid to myristic acid is NLT 2.2 and NMT2.8.

IDENTIFICATION
• A. The retention times of the peaks for methyl caprate,

methyl caproate, methyl caprylate, methyl laurate, methyl
Iinoleate, methyl Iinolenate, methyl myristate, methyl
oleate, methyl palmitate, methyl palmitoleate, andmethyl
stearate of the Sample solutioncorrespond to those of the
Standard solution, as obtained in the test for Contentof
Lauric Acidand the Ratios of the Concentrations of Lauric Acid
to Caprylic Acidand Lauric Acidto MyristicAcid.

• B. PRESENCE OF STEROLS
Derivatizing stock solution:

N,O-bis(trimethylsilyl)-acetamide, trimethylsilylimidazole,
and trimethylchlorosilane(3:3:2)

Derivatizing solution: Derivatizing stock solution,
bis(trimethylsilyl)trifluoroacetamide, and pyridine (1:1:1)

Internal standard solution: 10 mg/mL of eicosanol and
5 mg/mL of cholesterol in chloroform

Standard stock solution: 0.75 mg/mL of USP
Hexacosanol RS and 1.4 mg/mL of USP p-Sitosterol RS in
chloroform

Standard solution: Mix 5.0 mLof Standard stock solution
with 1.0 mLof the Internalstandardsolution. Evaporate
0.75 mLof this solution to dryness using a stream of
nitrogen. Dissolve the residue in 1.0 mLof Derivatizing
solution, and allow to stand for NLT 15 min at room
temperature.
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System suitability stock solution A: 2 mg/mL each of
tetracosanol, octacosanol, USP Hexacosanol RS, and
triacontanol in chloroform

System suitability solution"A: Mix 5.0 mLof System
suitability stocksolutionA with 1.0 mLof Internalstandard
solution. Evaporate 0.75 mLof this solution to dryness
using a stream of nitrogen. Dissolve the residue in 1.0 m.L
of Oerivatizing solution, and allowto stand for NLT 15 min
at room temperature.

Syst~m suitabilit stock solution B:,$ ~.,,- .

System suitability solution B: Mix 5.0 mLof System
suitability stock solution Bwith 1.0 mLof Internalstandard
solution. Evaporate 0.75 mLof this solution to dryness
using a stream of nitrogen. Dissolve the residue in 1.0 m.L
of Derivatizingsolution, and allow to stand for NLT 15 min
at room temperature.

p-Cholestanol solution: p-cholestanol in chloroform (1 in
100)

Sample solution
Sample: A number of Capsules, equivalent to 10 g of Saw

Palmetto Extract
Open the Capsules, and transfer the shellsand contents

to a suitable container.
Transfer 5 g of the Sample to a 250-mL round-bottom

flask, and evaporate in vacuum at a temperature of NMT
50°. Add 50 mLof a solution prepared by dissolving
130 mg/mL of potassium hydroxide in methanol and
water (4:1). Attach a condenser, and reflux in a bath at
100° until a clear solution is obtained. Reflux for an
additional 10 min, and cool by addlnq 50 mLof water
through the condenser. Transferto a separati0':lfunnel,
rinsing the flaskwith a total of 50 mLof water In small
portions. Extractwith 80 mLof ether, shaking for 30 s,
and repeat twice. [NOTE-If an emulsion forms, it can be
eliminated by adding small quantities of methanoL]
Transfer the combined ether layersto a separation
funnel, and wash with successiveportions of 50 mLof
water until a neutral washing is obtained. [NOTE-If an
emulsion forms, it can be eliminated by addlnq small
quantities of methanoL] Passthe ether extract through
filter paper containing anhydrous sodium sulfate, wash
the filter with 30 mLof ether, and evaporate to dryness
in vacuum. Dissolve the residue in 2.0 mLof chloroform.
Extractthe sterols using the following chromatographic
system.

Chromatographic extraction system
Mode: TLC
Absorbent: Chromatographic plate coated with

0.25-mm silicagel having an application zone that was
previouslydipped under 3 cm of a solution pr~pared by
dissolving 13 mg/mL of potassium hydroxide In
methanol and water (49:1)

Developing solvent system: Hexanesand ether (7:3)
Application volumes: 200 ~L of chloroform solution

containing Capsule residue and 20 ~L of {J-Cholestanol
solution
Afterthe spots have been applied, allowthe plate to dry,

and heat it to 100° for 1 h before use. The plate can be
stored in a desiccator containing calcium chloride until
the time of use. Develop the plates until the solvent
front has moved 17-19 em. Keep the chamber
temperature between 15° and 20°. Drythe plate in a
current ofwarm air, then spraywith an alkaline solution
of 2,7-dichlorofluoresceiri in alcohol (0.2 in 100).
Observe the plate under 366-nm wavelength light, and
identify the bands corresponding to the sterols by
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referring to the p-cholestanol spot. Scrapeoff these
bands and transferthem to a test tube. Add 10 mL of
warm chloroform, and shakefor 2 min with the aid of
several glassbeads. Filter the chloroform solution,wash
the filter withchloroform, and evaporatethe combined
filtrate and washings to dryness in vacuum. Dissolve
the residuewithsomedrops ofanhydrousacetone, and
evaporate in vacuum. Drythe residuein an oven at
1050 for 15 min. Dissolve the residuein 0.2 mL of
Derivatizing solution. Use this resulting solutionas the
Sample solution for GCanalysis.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.2-mm x 25-m capillary, coated with a 0.33-l..Im

thickness of phase G1 .
Temperature

Detector: 3250

Injector: 3250

Column: See the temperature program table below.

HoldTime at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) (o/mln) e} (min)

200 0 200 3

200 10 300 35

Carrier gas: Helium
Flowrate: 0.5 mL/min
Make up gas flow: 25 mL/min
Split ratio: 1:40
Injection size: 1 I..IL
Injection type: Splitinjection system

System suitability
Samples: System suitability solution A and System suitability

solution B
[NoTE-The relative retention times for tetracosanol,

octacosanol, hexacosanol, and trtacontanot are 0.89,
1.00, 1.15, and 1.36, respectively, System suitability
solution A; and the relative retention times for
cholesterol, campesterol, stigmasterol, p-sitosterol,
and stigmastanolare 0.85, 0.92, 0.95, 1.00, and
1.01, respectively, System suitability solution B.]

Suitability requirements
Resolution: NLT 2 between p-sistosterol and

stigmastanol, System suitability solution B
Column efficiency: NLT 200,000 theoretical platesfor

the eicosanol peak, System suitability solution A; and NLT
150,000 theoretical plates for the cholesterol peak,
System suitability solution B

Tailing factor: NMT 2.0 for each relevantpeak, System
suitability solution A; and NMT 2.0 foreach relevantpeak,
System suitability solution B

Analysis
Samples: Standard solution and Sample solution

Identify the signals corresponding to the relevantanalytes
by comparisonwith the chromatograms obtained with
System suitability solutions A and B.

Acceptance criteria: The Sample solution exhibits peaksfor
campesterol, p-sitosterol, and stigmasterol, identified by .
their retention times relative to the p-sitosterol peak in the
Standard solution.

USP43

STRENGTH
• CONTENT OF LAURICACID AND THE RATIOS OF THE

CONCENTRATIONS OF LAURIC ACID TO CAPRVLlCACID AND
LAURICACID TO MVRISTIC ACID

Internal standard solution: 12 mg/mL of nonadecane in
hexanes

Standard stock solution: Dissolve quantitiesof USP Methyl
Laurate RS, USP Methyl Oleate RS, USP Methyl
Myristate RS, USP Methyl Palmitate RS, USP Methyl
Linoleate RS, USP Methyl Caproate RS, USP Methyl
Caprylate RS, USP Methyl Caprate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, and USP Methyl
Linolenate RS in hexanes to obtain concentration of each
methyl ester as given in the table below.

Methyl Ester Concentration (mg/ml)

Methyllaurate 5

Methyloleate 5

Methyl myristate 2

Methylpalmitate 2

Methyl Iinoleate 1

Methyl caproate 0.4

.Methyl caprylate 0.4

Methyl caprate 0.4

Methyl palmitoleate 0.4

Methyl stearate 0.4

Methyllinolenate 0.4

Standard solution: Add1.0 mL of Internal standard solution
to 5.0 mL of the Standard stock solution.

Sample solution: Takea number of Capsules, equivalentto
109 of Extract, open the Capsules, and transferthe shells
and contents to a suitable container. Transfer 100 mg to a
pressure-proof screw-capped vial, and add 3.0 mL of a
solutionof sulfuric acid in methanol (5 in 100). Heat in an
oil bath at 1000 for 2 h, shakingfrom time to time. Allow
to cool, and add 1.0 mL of Internal standard solution,
10.0 mL of water, 1 g of sodium chloride,and 5 mL of
hexanes. Shakewell, and allowthe layers to separate
completely. Use the hexanes layer. [NOTE-Store this
solution in a refrigerator until use.]

Chromatographic system
(See Chromatography (621), System SUitabiity.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary, coated

with a 0.25-l..Im film of phase G16 .
Temperature

Detector: 3000

Injector: 2500

Column: See the temperature program table below.

HoldTime at FI-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) (o/mln) e} (min)

120 0 120 3

120 50 220 12

Carrier gas: Helium
Flowrate: 1 mL/min
Injection size: 1 I..IL
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System suitability
Sample: Standard solution

[NOTE-The relative retention times for methyl
caproate, methyl caprylate, methyl caprate, methyl
laurate, nonadecane (internalstandard), methyl
myristate, methyl palmitate, methyl palmitoleate,
methylstearate, methyloleate, methyl Iinoleate, and
methyllinolenate are about 0.39, 0.56, 0.76, 0.94,
1.0, 1.1, 1.3, 1.35, 1.65, 1.7, 1.8, and 2.0,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between the methylstearate and

methyloleate peaks
Tailing factor: NMT 2.0 for each of the methylester

peaks
Relative standard deviation: NMT 5.0% for each of the

methylester peaks
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentages of lauric acid, myristic acid, and

caprylic acid in the labeledamount of Saw Palmetto
Extract in the portion of Capsules taken:

Result =(Ru/Rs) x (C, x V/W) x (Mr,/Mr2) x Aw/LE x 100

Ru = ratioof the response of the relevantmethyl ester
peak and the internalstandard peakfrom the
Sample solution

Rs =ratio of the response of the relevantmethyl ester
peak and the internalstandard peakfrom the
Standard solution

Cs . =concentration of the respective methyl ester in
the Standard stock solution(mg/mL)

V =volume of the Standard stock solutiontaken to
prepare the Standard solution(5.0 mL)

W = weight of sample used to prepare the Sample
solution(mg)

Mr1 = molecularweight of the relevantfatty acid
Mr2 = molecularweight of the methyl ester of the

relevantfatty acid
Aw =average weight of the Capsulecontents (mg/

Capsule) .
LE = labeled amount of Saw Palmetto ~xtract per

Capsule(mg/Capsule) .

Using these percentages, calculatethe individual ratiosof
the concentration of lauric acid to caprylic acid and of
lauric acid to myristic acid in the portion of Capsules
taken.

Acceptance criteria: 22.00/0-34.0% of lauric acid in the
labeledamount of Saw Palmetto Extract. The ratioof lauric
acid to caprylic acid is 8.5-17.5. The ratio of lauric acid to
myristic acid is 2.2-2.8.

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirementsfor Rupture
Test for SoftShell Capsules

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total bacterial

count does not exceed 104du/g, the total combined molds
and yeastscount does not exceed 1000 du/g, the coliform
count does not exceed 100 du/g, and the count for
enterobacteria does not exceed 100 du/g.

• MICROBIAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Capsules meet the
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requirementsof the tests forabsence of Salmonella species,
Escherichia coli, and Staphylococcus aureus.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The labelstates the Latin binomial and, following

the official name, the name of article from which the
Capsules were prepared. Label it to indicate the amount of
Extract in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Hexacosanol RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS
USP P-Sitosterol RS

Northern Schisandra Fruit
DEFINITION
Northern Schisandra Fruit consists of the dried ripefruits of

Schisandra chinensis (Turcz.) Baill. (Fam. Schisandraceae)
collected in the fall. It contains NLT 0.40% of schisandrin
(schisandrol A) on the dried basis; NLT 0.95% of Iignans,
calculatedas the sum of schisandrin, schisandrol B,
deoxyschisandrin (schisandrin A), and y-schisandrin
(schisandrin B) on the dried basis.

IDENTIFICATION
• A. BOTANIC CHARACTERISTICS: Meets the requirements in

Specific Tests for Botanic Characteristics
• B. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mL of USP Schisandrin RS)n
ethanol

Standard solution B: Sonicate50 mg/mLof USP Schisandra
chinensis Fruit DryExtract RS in alcohol for 10 min.
Centrifuge, and use the supernatant.

Sample solution: Sonicate 2.5 g of Northern Schisandra
Fruit, finely powdered, in 10 mL of alcoholfor 10 min.
Centrifuge, and use the supernatant. .

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixturewith an

average particlesizeof 5 IJm (HPTLC plates)
Application volume: 3 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidityof about 33% using a suitable device.
Developing solvent system: Toluene, ethyl acetate, and

glacial acetic acid (23:6:1)
Developing distance: 6 em
Derivatization reagent: 10% Sulfuric acid in ethanol.

[NOTE-Slowly add sulfuric acid to ice-cold ethanol.]
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution

Apply the Samples as bands to a suitable HPTLC plate, and
dry in air. Develop the chromatograms in a saturated
chamber, remove the plate from the chamber, dry, and
examine under UV light at 254 nm. Then treat the plate
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with Derivatization reagent, heat at 1200 for 7 min, and
examine under UV light at 366 nm.

System suitability: Under UV light at 254 nm, the
chromatogram of Standard solution Bexhibits an intense
band corresponding in RF to the band due to schisandrin in
the chromatogram of Standard solution A. Standard solution
Balso exhibits a band due to deoxyschisandrin in the
middle of the chromatogram, four or five bands between
the positionsof the bands of schisandrin and
deoxyschisandrin. In the upper-halfsection, Standard
solutionB exhibitsan intense band corresponding to
y-schisandrin.

Acceptance criteria: Under UV lightat 254 nm, the Sample
solution chromatogram exhibits an intense band at an RF
corresponding to the band due to schisandrin in the
chromatogram of Standard solution A. The Sample solution
exhibitsadditional bands correspondingto similar bands in
the chromatogram of Standard solution B. These include
one or two bands belowthe position ofschisandrin; a band
due to deoxyschisandrin in the middleof the
chromatogram; four or five bands between the positionsof
the bands of schisandrin and deoxyschisandrin; two or
three bands in the upper-halfsection, the most intense
band at an RF corresponding to the band of y-schisandrin.
Under UV light at 366 nm after derivatization, the
chromatogram of the Sample solutiondoes not exhibit an
intense blue fluorescent band in the upper-third of the
chromatogram.

• C. HPLC
Analysis: Proceed as directed in Contentof Lignans.
Acceptance criteria: The chromatogram of the Sample

solution exhibits the most intense peak with a retention
time corresponding to schisandrin in Standard solutionA,
and the peaks due to schisandrol B, deoxyschisandrin, and
y-schisandrin corresponding to the retention times for the
same lignans in Standard solution B.There is no principal
peak due to deoxyschisandrin at a relative retention time of
about 2.1 relative to schisandrin (distinction from Southern
Schisandra fruit).

COMPOSITION
• CONTENT OF LIGNANS

Solution A: Water
Solution B: Acetonitrile and methanol (1:1) (v/v)
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (0/0) (0/0)

0 47 53

30 20 80

Standard solution A: 0.06 mg/mLof USP Schisandrin RS in
methanol .

Standard solution B: 10 mg/mLof USP Schisandra
chinensis Fruit Dry Extract RS in methanol. Before injection,
passthrough a polytetrafluoroethylene filterof0.2-JJm pore
size, and discard the first portion of the filtrate.

Sample solution: Transfer about 250 mg of Northern
Schisandra Fruit, 'moderatelypowdered and accurately
weighed, to a 50-mLcentrifuge tube. Add 10.0 mL of
methanol, and sonicate for 10 min (140 W, 42 kHz).
Centrifuge,and transferthissolutionto a 25-mL volumetric
flask. Repeat this extraction one more time. Combine the
extracts in the 25-mLvolumetric flask. Adjust with
methanol to volume, and mix. Before injection, pass
through a polytetrafluoroethylene filter of0.2-J,Jm pore size,
and discard the first portion of the filtrate.

USP 43

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: UV 251 nm
Column: 2.1-mm x 15-cm; 1.8-J,Jm packing L1
Column temperature: 35?
Flowrate: 0.3 mL/min
Injection volume: 3 J,JL

System suitability
Samples: .Standard solutionA and Standard solution B
[NoTE-The relative retention times of the peaksfor

schisandrin, schisandrol B, deoxyschisandrin, and
y-schisandrin are 1.00, 1.29,2.90, and 3.31,
respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standard solution B issimilar to the reference
chromatogram providedwith the lot of USP Schisandra
chinensis Fruit Dry Extract RS being used.

Tailing factor: NMT 2.0 for the schisandrin peak,
Standard solution A

Relativestandard deviation: NMT 2.0%, determined
from the schisandrin peak in repeated injections,
Standard solutionA

Resolution: NLT 1.5 between the schisandrol Bpeakand
itsfollowing peak, Standard solution B .

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatogram of Standard solution A, Standard

solution B, and the referencechromatogram provided
withthe lotof USP Schisandra chinensis Fruit Dry Extract RS
being used, identify the retention times of the peaks
corresponding to differentIignans in the Sample solution
chromatogram.

Calculate the percentages of schisandrin, schisandrol B,
deoxyschisandrin, and y-schisandrin in the portion of
Northern Schisandra Fruit taken:

Result =(ru/rs) x Cs x (V/\IV) x. F x 100

=peakarea of the relevantanalytefrom the Sample
solution .

=peakarea of schisandrin from Standard solution A
= concentration of USP Schisandrin RS in Standard

solution A (mg/mL)
= volumeof the Sample solution(mL)
=weight of Northern Schisandra Fruit taken to

prepare the Sample solution(mg)
=conversion factor for analytes (1.00 for

schisandrin, 1.21 for schisandrol B, 1.00 for
deoxyschisandrin, and 1.23 for y-schisandrin)

Calculate the content of Iignans as the sum of the
percentages of sc:hisandrin, schisandrol B,
deoxyschisandrin; and y-schisandrin.

Acceptance criteria
Schisandrin: NLT 0.40% on the dried basis
Lignans: NLT 0.95% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 J,Jg/g
Cadmium: NMT 0.3 J,Jg/g
Lead: NMT 5.0 J,Jg/g
Mercury: NMT 0.2 J,Jg/g .

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meetsthe requirements .
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• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed lOs clu/g, the total
combinedmoldsand yeastscount does not exceed103 clu/
g, and the bile-tolerantGram-negative bacteriadoes not
exceed 103 clu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for the absence of Salmonella
species and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Irregularly spheroidal or
compressed-spheroidal, 5-8 mm in diameter; externally
red, purplish-red or dull re~, shrunken, oily, wit~ so,!t p~lp,
sometimesexternally blackish-red or coveredWith white
frost". One or two seeds: reniform, externally
brownish-yellow, shiny; testa, thin and fragile. Pulp: odor,
slight; taste, sour. Seeds:odor, aromaticon crushing; taste,
pungent ~nd slightly bitter. ,

Microscopic
Transverse section: Epidermal cells of pericarp: polygonal

in surface view, oil cells presented scattered; mesocarp
consisting of 10 or more layers of parenchymatous cells
containingstarch granules,· small collateral vascular
bundles present and scattered; endocarp consisting of
one layerof square parenchymatous cells; most outer
layer of testa consisting of radially elongated stone cells,
thick-walled, with fine and close pit canals; beneath
showingseveral layers of stone cells, subrounded,
triangularor polygonalwith larger pits; a few layers of
parenchymatous cells, inner layerof testa consistin~ ~f

small slightly thick-wall cells; endospern cells containing
oildr~plets and aleurone grains. Raphehas vascular
bundles;oil cell layerconsists of one layerof rectangular
oilcells containing yellowish-brown oil, with 3-5 layers of
small cells lying below.

• Loss ON DRYING (731)
Sample: 2 g ofNorthern Schisandra Fruit, fir'!ely powdered
Analysis: Dry the Sample at 1050 for 5 h.
Acceptance criteria: NMT 16%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)
Analysis: 2 g of Northern Schisandra Fruit, finely powdered
Acceptance criteria: NMT 7%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives
(561)

Analysis: Cold extraction method
Acceptance criteria: NMT 35%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives
(561 )

Analysis: Cold extraction method
Acceptance criteria: NMT 40%

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label states the latin binomial followlnq the
official name.

• USP REFERENCE STANDARDS (11 )
USP Schisandra chinensis Fruit DryExtract RS
USP Schisandrin RS
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Northern Schisandra Fruit Dry Extract

DEFINITION
Northern Schisandra Fruit Dry Extract is prepared from the

dried ripe fruits of Schisan1ra chinensis (Turcz.) .Baill. ~Fam.
Schisandraceae) collected In the fall, by extractionWith
hydroalcoholic mixtures. It contains NlT 90.0% and NMT
110.0% of the labeledamount of schisandrin on the dried
basis' NlT 90.0% and NMT 110.0% of the labeledamount
of total Iignans, calculated as the sum of schisandrin,
schisandrol B, schisandrin A(deoxyschisandrin), and
schisandrin B(y-schisandrin) on the dried basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/ml of USP Schisandrin RS in
methanol

Standard solution B: Sonicate 100 mg/ml of USP
Schisandra chinensis Fruit Dry Extract RS in methanol for
10 min. Centrifugeand use the supernatant.

Sample solution: Sonicate about 250 mg (adju.st the .
amount properly, ifnecessary) of Northern Schisandra Fruit
DryExtract in5 ml of methanolfor 10 min.Centrifuge, and
use the supernatant.

Chromatographic system
Adsorbent: Chromatographicsilica gel mixturewith an

average particlesizeof 5 IJm (HPTlC plates)
Application volume: 3 IJl, as 8-mm bands .
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: Toluene, ethyl acetate, and

glacial acetic acid (23:6:1)
Developing distance: 6 cm
Derivatization reagent: 10% Sulfuric acid in ethanol.

[NOTE-Slowly add sulfuric acid to ice-cold ethanoL]
Analysis ,

Samples: Standardsolution A, Standardsolution B, and
Sample solution

Apply the Samples as bands to a suitable HPTlC plate, and
dry in air. Develop the chromatograms in a saturated
chamber, removethe plate from the chamber, air-dry,
and examine under UV light at 254 nm. Then treat the
plate with Derivatization reagent, heat at 1200 for 7 min,
and examine under UV light at 366 nm.

System suitability: UnderUV light at 254 nm, ~tan.dard
solution B exhibits an intense band corresponding In RF to
the band of schisandrin in StandardsolutionA. Standard
solution B alsoexhibits a band due to schisandrin Ain the
middle of the chromatogram, and four or five bands
between the positions of the bands of schisandrin and
schisandrin A. Inthe upper-halfsection, StandardsolutionB
exhibits an intense band due to schisandrin B.

Acceptance criteria: UnderUV light at 254 nm, the St;Jmple
solution exhibits an intense band at an RF corresponding to
the band due to schisandrin [distinction from southern
schisandra (Schisandra sphenanthera) fruit] in Standard
solutionA. The Sample solution exhibitsadditional bands
corresponding in RF to similar bands in StandardsolutionB,
includinga band due to schisandrin Ain the middle of the
chromatogram; four or five bands between the positions of
the bands of schisandrin Aand schisandrin; and two or
three bands in the upper-half section, the most intense
band due to schisandrin B. UnderUV light at 366 nm after
derivatization, the chromatogram of the Sample solution
does not exhibit an intense blue fluorescent band
(distinction from Schisandra sphenanthera fruit) in the
upper-third of the chromatogram.

·~Hnc .
Analysis: Proceed as directed in Contentof Lignans.
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Acceptance criteria: The chromatogram of the Sample
solution exhibits the most intense peakwith a retention
time corresponding to schisandrin in StandardsolutionA,
and the peaksfor schisandrol B, schisandrin A, and
schisandrin Bcorrespond to the retention times for the
same Iignans in Standardsolution B. There is no principal
peak due to schisantherin Aat a relative retention time of
about 2.1 relative to schisandrin (distinction from
Schisandra sphenanthera fruit).

COMPOSITION
• CONTENT OF LIGNANS

Solution A: Water
Solution B: Acetonitrile and methanol (1:1) (v/v)
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 ·47 53

30 20 80

Standard solution A: 0.06 mg/mLof USP Schisandrin RS in
methanol

Standard solution B: 10 mg/mL of USP Schisandra
chinensis Fruit Dry Extract RS in methanol. Sonicateand
pass through a polytetrafluoroethylene filter of 0.2-lJm
pore size.

Sample solution: Accurately transferan amount, equivalent
to 4 mg of total Iignans according to the labeledcontent,
of Northern Schisandra Fruit Dry Extract to a 50-mL
round-bottom centrifuge tube. Add 10 mL of methanol,
and sonicate for 10 min (140 W, 42 kHz). Centrifuge, and
transferthe supernatant to a 25-mL volumetric flask. Repeat
the extraction one more time. Combinethe extracts in the
25-mL volumetric flask and dilutewithmethanolto volume.
Mix, passthrough a polytetrafluoroethylene filterof0.2-lJm
pore size before injection, and discard the first portion of
the filtrate.

Chromatographic system ,
(See Chromatography (621), System Suitability.)
Mode: UPLC
Detector: UV 251 nm
Column: 2.1-mm x 15-cm; 1.8-lJm packing L1
Column temperature: 35°
Flowrate: 0.3 mL/min
Injection volume: 3 IJL

System suitability
Samples: StandardsolutionA and Standard solution 8
Suitability requirements

Chromatogram similarity: The chromatogram of
Standardsolution B issimilar to the reference
chromatogram providedwith the lot of USP Schisandra
chinensis Fruit Dry Extract RS being used.

Resolution: NLT 1.5 between the schisandrol Bpeak and
its following peak, Standardsolution 8

Tailing factor: NMT 2.0 for the schisandrin peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
schisandrin peak, StandardsolutionA

Analysis
Samples: StandardsolutionA, Standard solutionB, and

Sample solution
Using the chromatogram of StandardsolutionA, Standard
solution B, and the referencechromatogram provided
with the lotof USP Schisandra chinensis Fruit DryExtract RS
being used, identify the retention times of the peaks

USP 43

correspondingto schisandrin, schisandrol B, schisandrin
A, and schisandrin Bin the Sample solution.

[NoTE-The approximate relative retention times of the
analytes are provided in Table 2.]

Table 2

Approximate
Relative Reten-

Analyte tion Time Conversion Factor

Schisandrin 1.00 1.00

Schisandrol B 1.29 1.21

Schisandrin A 2.90 1.00

Schisandrin B 3.31 1.23

Separately calculatethe percentages of schisandrin,
schisandrol B, schisandrin A, and schisandrin Bin the
portion of Northern Schisandra Fruit Dry Extract taken:

Result = (rvlrs) x Cs x (V/W) x F x 100

ru = peakarea of the relevantanalytefrom the Sample
solution

rs = peakarea of schisandrin from StandardsolutionA
Cs = concentration of USP Schisandrin RS in Standard

solutionA (mg/mL)
V = volumeof the Sample solution (mL)
W =weight of Northern Schisandra Fruit Dry Extract

taken to prepare the Sample solution (mg)
F = conversion factor for analytes(see Table 2)

Calculatethe percentage of the labeledamount of
schisandrin in the portion of Northern Schisandra Fruit
Dry Extract taken:

Result =(PjL).x 100

P =content of schisandrin as determined above (%)
L =labeledamount of schisandrin (%)

Acceptance criteria: 90.0%-110.0% on the dried basis
Calculate the percentage of the labeledamount of total

Iignans as the sum ofschisandrin, schisandrol B, schisandrin
A, and schisandrin Bin the portion of Northern Schisandra
Fruit Dry Extract taken:

Result =(P/L) x 100

P = content of total Iignans as determined above
(%)

L = labeledamount of totallignans (%)

Acceptance criteria: 90.00/0-110.0% onthe dried basis

CONTAMINANTS

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 du/g, the total
combined moldsand yeastscount does not exceed 103 du/
g, and the bile-tolerant Gram-negative bacteriado not
exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
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Procedures, Test for Absence of Escherichia coli: Meets the
requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 2 g of Northern Schisandra FruitDryExtract
Analysis: Drythe Sample at 1050 for 5 h.
Acceptance criteria: NMT 8%

• ARTICLES OF BOTANICAL ORIGIN (561), TotalAsh
Sample: 2 g of Northern Schisandra FruitDryExtract
Acceptance criteria: NMT 5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomialfollowing the
official name of the plant from which the articlewas
derived. It meets other labeling requirements in Botanical
Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Schisandra chinensis FruitDry Extract RS
USP Schisandrin RS

Northern Schisandra Fruit Powder

DEFINITION
Northern Schisandra FruitPowder consists of dried ripe fruits

of Schisandra chinensis (Turcz.) Baill. (Fam. Schisandraceae)
reduced to a powder or very fine powder. It contains NLT
0.40% of schisandrin (schisandrolA)on the dried basis; NLT
0.95% of Iignans, calculated as the sum of schisandrin,
schisandrol B, deoxyschisandrin (schisandrin A), and
y-schisandrin (schisandrin B) on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 1.0 mg/mL of USP Schlsandrin RS in
ethanol

Standard solution B: Sonicate 50 mg/mL of USP Schisandra
chinensis Fruit DryExtract RS in alcohol for 10 min.
Centrifuge, and use the supernatant.

Sample solution: Sonicate 2.5 g of Northern Schisandra
Fruit Powder in 10 mLof alcohol for 10 min. Centrifuge,
and use the supernatant.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an

average particlesize of 5 IJm (HPTLC plates)
Application volume: 3 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: Toluene, ethyl acetate, and

glacial acetic acid (23:6:1)
Developing distance: 6 cm
Derivatization reagent: 10% Sulfuric acid in ethanol.

[NOTE-Slowly add sulfuricacid to ice-coldethanol.]
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution

Applythe Samples as bands to a suitable HPTLC plate, and
dry in air. Developthe chromatograms in a saturated
chamber, remove the plate from the chamber, dry, and
examine under UV light at 254 nm. Then treat the plate
with Derivatization reagent, heat at 1200 for 7 min, and
examine under UV light at 366 nm.
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System suitability: Under UV light at 254 nm, the
chromatogram of Standardsolution B exhibits an intense
band corresponding in RF to the band due to schisandrin in
the chromatogram of Standard solution A. Standardsolution
Balso exhibits a band due to deoxyschisandrin in the
middle of the chromatogram and four or five bands
between the positions of the bands of schisandrin and
deoxyschisandrin. In the upper-halfsection Standard
solution 8 exhibits an intense band corresponding to
y-schisandrin.

Acceptance'criteria: Under UV light at 254 nm, the Sample
solution chromatogram exhibitsan intense band at an RF
corresponding to the band due to schisandrin in the
chromatogram of Standardsolution A. The Sample solution
exhibits additional bands corresponding to similar bands in
the chromatogram of Standard solution B.These include
one or two bands below the positionof schisandrin;a band
due to deoxyschisandrin in the middle of the
chromatogram; four or five bands between the positionsof
the bands of schisandrin and deoxyschisandrin; two or
three bands in the upper-half section, the most intense
band at an RF corresponding to the band of y-schisandrin.
Under UV light at 366 nm after derivatization, the
chromatogram of the Sample solutiondoes not exhibit an
intense blue fluorescent band in the upper-third of the
chromatogram.

• B. HPLC
Analysis: Proceed as directed in Contentof Lignans.
Acceptance criteria: The chromatogram of the Sample

solution exhibits the most intense peak with a retention
time corresponding to schisandrin in StandardsolutionA,
and the peaks due to schisandrol B, deoxyschisandrin, and
y-schisandrin corresponding to the retention times for the
same lignans in Standardsolution B. There is no principal
peak due to schisandrin Aat a relative retention time of
about 2.1 relativeto schisandrin (distinctionfrom Northern
Schisandra fruit). .

COMPOSITION
• CONTENT OF LIGNANS

Solution A: Water
Solution B: Acetonitrile and methanol (1:1) (v/v)
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 47 53

30 20 80

Standard solution A: 0.06 mg/mL of USP Schisandrin RS in
methanol

Standard solution B: 10 mg/mL of USP Schisandra
chinensis FruitDryExtractRS in methanol. Before injection,
passthrough a polytetrafluoroethylene filterof0.2-lJmpore
size, and discard the first portion of the filtrate.

Sample solution: Transferabout 250 mg of Northern
Schisandra FruitPowder, accuratelyweighed, to a 50-mL
centrifuge tube. Add 10.0 mL of methanol, and sonicate for
10 min (140 W, 42 kHz). Centrifuge, and transfer this
solution to a 25-mLvolumetricflask. Repeat this extraction
one more time. Combine the extracts in the 25-mL
volumetricflask. Adjustwith methanol to volume, and mix.
Before injection, pass through a polytetrafluoroethylene
filterof 0.2-lJmpore size,and discardthe first portion of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
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Mode: UPlC
Detector: UV 251 nm
Column: 2.1-mm x 15-cm; 1.8-l-Im packing II
Column temperature: 35°
Flow rate: 0.3 ml/min
Injection volume: 3 I-Il

System suitability
Samples: StandardsolutionA and Standardsolution B
[NOT.E-Th~ relati~e retention times of.the peaksfor

schisandrin, schlsandrol B, deoxyschlsandrin and
y-schisandrin are about 1.00, 1.29, 2.90, 3.31,
respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standardsolution B is similarto the reference
chromatogram provided with the lot of USP Schisandra
chinensis FruitDryExtract RS being used.

Tailing factor: NMT 2.0 for the schisandrin peak
StandardsolutionA '

Relative standard deviation: NMT 2.0%, determined
from the schisandrin peak in repeated injections
StandardsolutionA '

Resolution: NLT 1.5 between the schisandrol Bpeakand
its following peak, Standardsolution B

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatogram of StandardsolutionA Standard

so.'ution B, and the reference chromatogram p~ovided
with the lotof USP Schisandra chinensis Fruit DryExtract RS
being used, identifythe retention times of the peaks
corresponding to different lignans in the Sample solution
chromatogram.

Calculatethe percentages of schisandrin, schisandrol B,
deoxyschisandrin, and y-schisandrin in the portion of .
Powder taken:

Result = (ru/rs) x Cs x (V/W) x F x 100

= peak area of the relevant analyte from the Sample
solution .

= peak area of schisandrin from Standardsolution A
=concentration of USP Schisandrin RS in Standard

solutionA (mg/mL)
= volume of the Sample solution (ml)
= weight of Powder taken to prepare the Sample

solution (mg)
=conversionfactor for analytes (1 .00 for

schisandrin, 1.21 for schisandrol B, 1.00 for
deoxyschisandrin, and 1.23 for y-schisandrin)

Calculatethe content of Iignansas the sum of the
percentages of schisandrin, schisandrol B,
deoxyschisandrin, and y-schisandrin.

Acceptance criteria
Schisandrin: NLT 0.40% on the dried basis
Lignans: NLT 0.95% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 2.0 I-Ig/g
Cadmium: NMT0.3 I-Ig/g
lead: NMT 5.0 I-Ig/g
Mercury: NMT 0.2 I-Ig/g

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 du/g, the total
combined molds and yeasts count does not exceed 103du/
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g, and the bile-tolerantGram-negative bacteria does not
exceed 103du/g.

lit ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for the absence of Salmonella
species and Escherichia coli

• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):
Meets the requirements

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Dark purple in color
Microscopic: Stone cells of epidermis of testa polygonal or

elongated-polygonal in surfaceview, 18-50 I-Im in
diameter, walls thickened with veryfine and close pit
canals, luminacontaining dark brown contents. Stone cells
of the inner layers of testa polygonal, subrounded or
ir~egular, .NMT 83 I-Im. in diameter, walls slightlythickened,
with relatively large plts. Epidermal cellsof pericarp:
polygonal in surface view, anticlinal walls slightlybeaded
with cuticl.e ~triations (unlike Schisandra sphenanthera, ,
where anticlinal walls are not beaded) scattered with oil
cells. Cells of the mesocarp are shriveled, containing dark
brown contents and starch granules.

• Loss ON DRYING (731)
Sample: 2 g of Powder, finely powdered
Analysis: Drythe Sample at 105° for 5 h.

. Acceptance criteria: NMT 16%
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)

Analysis: 2 g of Powder, finely powdered
Acceptance criteria: NMT 7%

• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives
(561)

Analysis: Cold extraction method
Acceptance criteria: NMT 35%

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives
(561)

Analysis: Cold extraction method.
Acceptance criteria: NMT 40%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containersprotected from light and moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial following the
official name.

• USP REFERENCE STANDARDS (11)
USP Schisandra chinensis Fruit DryExtract RS
USP Schisandrin RS

Schizochytrium Oil

DEFINITION
Schizochytrium Oilisobtained byfermentation and extraction

of algae of the genus Schizochytrium and contains
docosahexaenoic acid (DHA; C22H3202) (C2f:6 n-3) as the
major polyunsaturated fatty acid component. It may contain
eicosapentaenoic acid (EPA; C2oH3002) (C20:5 n-3),
docosapentaenoic acid (DPA; C22H3402) (C22:5 n-6),
arachidonic acid (C2oH3202) (C20:4 n-6), and dihomo
gamma linolenic acid (C2oH3402) (C20:3 n-6) as the minor
polyunsaturated fatty acid components. DHA content may
be standardized with other appropriate oils. Suitable
antioxidants in appropriate concentrations may be added.
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Table 1 (Schlzochytrium Oil)
Acceptance Criteria Acceptance Criteria Acceptance Criteria

Relative II (for articles Ia- III (for articles la- IV (for articles la-
Fatty Retention Shorthand Acceptance Criteria I beled as Type IA) beled as Type II) beled as Type III)
Acid Time Notation Limit (area %) Limit (area %) Limit (area %) Limit (area %)

Dihomo gammalinolenic acid 0.71 20:3 n-6 NMT 2.8 NMT1.0 NMT 1.0 NMT1.0

Arachidonic acid 0.73 20:4 n-6 NMT 1.3 NMT 3.5 NMT3.5 NMT 3.5

Eicosapentaenoic acid (EPA) 0.79 20:5 n-3 NMT3.9· NMT 3.5· NlT 10.0· NMT 20.0·

Docosapentaenoic acid (DPA) 0.94 22:5 n-6 NMT 16.5 NMT25.0 NMT 3.5 NMT 6.0

Docosahexaenoic acid (DHA) 1.00 22:6 n-3 NlT 30.0· NlT 35.0· NlT 20.0· NlT 35.0'

USP 43

IDENTIFICATION
• A. LONG CHAIN UNSATURATED FATTY ACID PROFILE:

Proceed as directed in Fats and Fixed Oils(401)/ Omega-3
FattyAcids Determination and Profile.

Analysis
Samples: StandardSolution 2a, StandardSolution 2b, and

Test Solution 7
Calculate the area percentage for dihomo gamma linolenic

acid, arachidonic acid, and docosapentaenoic acid as
methyl ester in Test Solution 7:

Result =(rvIr r) x 100

= peak response of each individual fatty acid as
methyl ester

=sum of the responsesof all the peaks, except the
solvent and butylated hydroxytoluene peaks

Acceptance criteria: The retention times of the peaksof the
docosahexaenoicacid methylester and the
eicosapentaenoicacid methyl ester of Test Solution 7
correspond to those of StandardSolution 2a and Standard
Solution 2b, respectively, as obtained in the test for Content
ofDHA and EPA. The area percentages for the methylesters
of dihomo gamma linolenic acid, arachidonicacid, and
docosapentaenoic acid from the chromatogram of Test
Solution 7 meet Acceptance CriteriaI, II, III, or IV in Table 7.

COMPOSITION
• CONTENT OF DHA AND EPA
Analysis: Proceed as directed in Fats and Fixed Oils(401)/

Omega-3 FattyAcids Determination and Profile. Use Analysis
(for triglycerides).

Acceptance criteria: Meetsthe acceptance criteria for DHA
and EPA in Table 7

IMPURITIES
• LIMIT OF ARSENIC

[NOTE-For the preparationofallaqueous solutionsand
for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passedthrough a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content ofarsenicas practicable, and store all reagent
solutionsin containers of borosilicate glass. Cleanse
glass, polytef, and plastic vessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionizedwater.]

Solution A: Transfer 1 g of ultrapure palladium metal to a
Teflon beaker.Add 20 mL of water and 10 mL of
nitricacid, and warm on a hot plate to dissolve. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionizedwater
to volume.

a limit is expressed as w/w%.
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Solution B: Transfer 1 g of ultrapuremagnesiumnitrateto a
Teflon beaker. Add40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetricflask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid
(3:2:5). Avolume of 5 J..IL provides 0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1 :19)
Standard stock solution: Transfer 10.0 mL of Standard

Arsenic Solution, prepared as directed in Arsenic (211), to a
1OO-mL volumetricflask. Add 40 mL of water and 5 mL of
nitricacid, and dilute with water to volume. This solution
contains 0.10 J..Ig/mL of arsenic.

Standard solutions: Dilute the Standard stock solutionwith
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 J..Ig/mL of arsenic.

Sample solution: Forpreparation of the Sample solution,
use a microwave oven with a magnetron frequency of
2455 MHz and a selectable output power of 0-950 W in
1% increments,equipped withadvancedcompositevessels
with 1OO-mL polytefliners. Use rupture membranes to vent
vessels should the pressureexceed 125 psi.The vessels fit
into a turntable, and each vessel can be vented into an
overflow container. Equip the microwave oven with an

.exhaust tube to ventilate fumes. [CAUTIoN-Wear proper
eye protection and protectiveclothing and gloves.]
Transfer approximately500 mg of Schizochytrium Oil,
weighed to the nearest 0.1 mg, to a Teflon digestionvessel
liner. Preparesamples in duplicate. Add 15 mL of
nitricacid, and swirl gently. Coverthe vessels with lids,
leaving the vent fitting off. Predigestovernight under a
hood. Place the rupture membrane in the vent fitting, and
tighten the lid. Placeallvessels on the microwave oven
turntable. Connect the vent tubes to the vent trap, and
connect the pressure-sensing lineto the appropriate vessel.
Initiate a two-stage digestion procedure by heating the
microwave at 15% power for 15 min, followed by 25%
powerfor 45 min. Remove the turntable of vessels from the
oven, and allowthe vessels to cool to room temperature.
[NOTE-A coolwater bath may be usedto speed the cooling
process.] Vent the vessels when they reach room ,
temperature. Remove the lids, and slowly add 2 mL of
hydrogen peroxide to each. Allow the reactions to subside,
and seal the vessels. Return the vessels on the turntable to
the microwave oven, and heat for an additional 15 min at
30% power. Remove the vessels from the oven, and allow
them to cool to room temperature. Transfer the cooled
digests to 25-mLvolumetric flasks, and dilutewith water to
volume.

Analysis: Program the graphite furnace as follows. Dry at
115°, using a 1-s ramp, a 65-s hold, and an argon flow of
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300 mL/min; char the sample at 1000°, using a 1-s ramp, a
20-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 mL/min; atomize.at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 IJL) of the
Standardsolutions, the Sample solution, and the Blank,
followed by an injection of 5 IJL of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standardsolutions versus their contents of arsenic, in
IJg/mL, and calculate the regression line best fitting the'
points. Determine the concentration, C, in IJg/mL, of
arsenic in each mL of the Sample solution by interpolation
from the regression line.
Calculate the content of arsenic in the portion of

Schizochytrium Oil taken:

Result =(C/W) x 25

C =concentration as obtained above
W = weight of Schizochytrium Oil taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF LEAD

[NOTE-Forthe preparation of all aqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Select all reagents to have as Iowa
content of lead as practicable, and store all reagent
solutions in containers of borosilicate glass. Cleanse'
glass, polytef, and plastic vessels before use by
soaking in warm 8 N nitric acid for 30 min and by
rinsing with deionized water.]

Solution A: 109 of ultrapure monobasic ammonium
phosphate in 1 mL of nitric acid and 40 rnl, of water to
dissolve the phosphate. Dilute with deionized water to
100 mL.

Solution B: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid
(2:1 :2). A volume of 5 IJL provides 0.2 mg of phosphate
plus 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of lead nitrate

stock solution TS to a 1OO-mL volumetric flask, add 40 mL
of water and 5 mL of nitric acid, and dilute with water to
volume. Transfer 1.0 mLof this solution to a second 100-mL
volumetric flask, add 50 mL of water and 1 mL of
nitric acid, and dilute with water to volume. This solution
contains 0.10 IJg/mL of lead.

Standard solutions: Dilute the Standardstock solutionwith
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 IJg/mL of lead.

Sample solution: Prepare as directed for Sample solution in
the' test for Limit of Arsenic.

Analysis: Program the graphite furnace as follows. Dry at
120°, using a 1-s ramp, a 55..,s hold, and an argon flow of
300 mL/min; char the sample at 850°, using a l -s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
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purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 mL/min; atomize at
2100°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 IJL) of the
Standardsolutions, the Sample solution, and the Blank,
followed by an injection of 5 IJL of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at
the lead emission line at 283.3 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standardsolutions versus their contents of lead, in
IJg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in IJg/mL, of lead
in each mL of the Sample solutionby interpolation from the
regression line.
Calculate the content of lead in the portion of

Schizochytrium Oil taken:

Result =(C/W) x 25

C = concentration, as obtained above
W = weight of Schizochytrium Oil taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF CADMIUM

[NOTE-Forthe preparation of allaqueous solutions and
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Select all reagents to have as Iowa
content of cadmium as practicable, and store all
reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use
by soaking in warm 8 N nitric.acid for 30 min and by
rinsing with deionized water.]

Solution A: 109 of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to
dissolve the phosphate. Dilute with deionized water to
100 mL.

Solution B: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution B, and 2% nitric acid to
volume (2:1 :2). A volume of 5 IJL provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1:19)
Standard stock solution A: 0.1372 mg/mL of cadmium

nitrate
Standard stock solution B: Standardstock solutionA, nitric

acid, and water (2:1 :97). This solution contains 0.10 IJg/mL
of cadmium. [NoTE-Before makeup to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions: Dilute Standardstock solutionBwith
the Blankto obtain concentrations of0.002, 0.005, 0.010,
0.025, and 0.050 IJg/mL of cadmium.

Sample solution: Prepare as directed for Sample solution in
the test for Limit of Arsenic.

Analysis: Program the graphite furnace as follows. Dry at
120°, using a I-s ramp, a 55-s hold, and an argon flow of
300 mL/min; char the sample at 850°, using a 1-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flow of 300 rnt/rnln; atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
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stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separatelyinject equal volumes (20 ~l) of the
Standardsolutions, the Sample solution, and the Blank,
followed by an injectionof 5 ul,of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for cadmium. Determine the peak
area at the cadmium emission line at 228.8 nm, corrected
for background absorption. Plot the corrected peak areas
of the Standardsolutions versus their contents of cadmium,
in ~g/ml, and calculate the regression line best fitting the
points. Determine the concentration, C, in ~g/ml, of
cadmium ineach ml of the Sample solutionby interpolation
from the regression line.
Calculatethe content of cadmium in the portion of

Schizochytrium Oil taken:

Result =(C/W) x 25

C = concentration, as obtained above
W =weight of Schizochytrium Oiltaken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMITOF MERCURY
Sample solution: Prepareas directed for the Sample solution

in the test for Limit of Arsenic, combining the two duplicate
cooled digests into 1.0 ml of Potassium Permanganate
Solution(see Mercury(261), Method lIa and Method lib,
Reagents).

Analysis: Proceed as directed for Mercury(261), Method lIa
and Methodlib, except use a StandardMercurySolutionwith
the equivalent of 0.1 ~g/ml of mercury.

Acceptance criteria: NMT 0.1 ~g/g

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Anisidine Value: NMT 20.0
• FATS AND FIXED OILS (401), Acid Value: The free fatty acids

in 109 require NMT 1.42 ml of 0.1 N sodium hydroxide
for neutralization.

• FATS AND FIXED OILS (401), Peroxide Value: NMT 5.0
• FATS ANDFIXED OILS (401), TotalOxidation Value: NMT 26,

calculated:

Result = (2 x PV) + AV

PV = peroxide value
AV =anisidine value

• FATS AND FIXED OILS (401), Unsaponifiable Matter: NMT
4.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and avoid exposure to excessive heat.
• LABELING: The label states the content of docosahexaenoic

acid in mg/g and eicosapentaenoic acid in mg/g if its
content is NlT 10%. It also states the name and
concentration of any added antioxidant. Articles intended
to meet Acceptance Criteria II, III, or IV are labeled as Type
1A, Type II, or Type III, respectively.

Schizochytrium Oil Capsules

DEFINITION
Schizochytrium Oil Capsules are prepared from

Schizochytrium Oil and contain NlT 95.0% and NMT
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105.0% of the labeled amount of docosahexaenoic acid
(DHA; CZZH3Z0Z) (C22:6 n-3).

IDENTIFICATION
• LONG CHAIN UNSATURATED FATTY ACID PROfDLIE: Proceed

as,directed under Strength, Contentof DHA.
Analysis

Samples: StandardSolution Za, StandardSolution 2b, and
Test solution 1

Calculate the area percentage for each fatty acid as methyl
ester in Test solution 1:

Result = (rulrr) x 100

tu = peak response of each individual fatty acid as
methyl ester

rr =sum of the responses of all the peaks, except the
solvent and butylated hydroxytoluene peaks

Acceptance criteria: The retention times of the peaksof the
docosahexaenoic acid methyl ester and the
eicosapentanoic acid methyl ester of Test solution 1
correspond to those of the docosahexaenoic acid methyl
ester and eicosapentaenoic acid methyl ester peaksfrom
StandardSolution 2a and StandardSolution 2b, respectively,
as obtained in the test for Fats and Fixed Oils(401), Omega-

, 3 FattyAcids Determination and Profile, Contentof EPA
and DHA. The area percentage for the methyl esters of the
fatty acids from the chromatogram of Test solution 1 in the
test for Contentof EPA and DHA meet the requirements for
each fatty acid shown in the table below.

Relative lower Upper
Fatty Retention Shorthand limit limit
Acid Time Notation (Area %) (Area %)

Dihomo-gam-
malinolenic
acid 0.71 20:3 n-6 1.7 2.8

Arachidon-
ic acid 0.73 20:4 n-6 0.6 1.3

Eicosapentae-
noic
acid (EPA) 0.79 20:5 n-3 1.3 3.9

Docosapenta
enoic acid
(DPAn-6) 0.94 22:5 n-6 10.5 16.5

Docosahexae-
noic
acid (DHA) 1.00 22:6 n-3 30.0 40.0

STRENGTH
• CONTENT OF DHA
Test solution 1 and Test solution 2: Weigh NlT 10

Capsules in a tared weighing bottle. With a sharp blade or
other appropriate means, carefully open the Capsules,
without lossof the shellmaterial,and transferthe combined
Capsule contents to a 1OO-ml beaker. Remove any
adhering substance from the emptied Capsules bywashing
with several small portions of isooctane. Discard the
washings, and allowthe empty Capsulesto dry in a current
of ~ry air until the isooctane iscompletely evaporated.
Weigh the empty Capsules in the original tared weighing
bottle, and calculate the average fill weight (AFW) of
schizochytrium oil per Capsule. Proceed with the content
of Capsulesas directed in the Analysis.

Analysis: Proceed as directed in Fats and Fixed Oils (401),
Omega-3 FattyAcids Determination and Profile, Content of
EPA and DHA.
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Calculate the percentage of the labeled amount of
docosahexaenoic acid (DHA) in the Capsulestaken:

Result = R x AFW/L

R = percentage of DHA in the portion of oil taken
from the Capsules

AFW =average fill weight of the Capsulestaken (mg)
L =the labeled amount of DHA (mg/Capsule)

Acceptance criteria: NlT 95.0% and NMT 105.0% of the
labeled amount of DHA

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements of the
Rupture Test for SoftShell Capsules

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

IMPURITIES
• LIMIT OF ARSENIC

[NOTE-For the preparation ofallaqueous solutionsand
for the rinsing of glass, polytef, and plasticvessels
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content of arsenicas practicable,and store allreagent
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plasticvessels before use by
soaking in warm 8 N nitricacid for 30 min and by
rinsingwith deionized water.]

Solution A: Transfer1 g of ultrapure palladium metal into a
Teflon beaker.Add 20 ml of water and 10 ml of nitricacid,
and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-ml
volumetricflask, and dilutewith deionizedwater to volume.

Solution B: Transfer1 g of ultrapure magnesium nitrate
into a Teflon beaker. Add40 ml of water and 1 ml of nitric
acid, and warm on a hot plate to dissolve the solids. Allow
the solution to cool to room temperature, transfer it into a
1OO-ml volumetricflask, and dilute with deionized water
to volume.

Solution C: Solution A, Solution B, and 2% nitricacid
(3:2:5). Avolume of 5 IJl provides0.015 mg of palladium
and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1 :19)
Standard stock solution: Transfer10.0 ml of Standard

Arsenic Solution, prepared as directed in Arsenic (211), to a
1OO-ml volumetricflask. Add 40 ml of water and 5 ml of
nitric acid, and dilute with water to volume. This solution
contains 0.10 IJg/ml of arsenic.

Standard solutions: Dilute the Standardstock solution with
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 IJg/ml of arsenic.

Sample solution: Forpreparation of the Sample solution,
use a microwaveoven with a magnetron frequency of
2455 MHz and a selectable output power of 0-950 watts
in 1% increments, equipped with advanced composite
vessels with 1OO-ml polytef liners. Use rupture membranes
to vent vessels should the pressure exceed 125 psi. The
vessels fit into a turntable, and each vessel can be vented
into an overflowcontainer. Equip the microwaveoven with
an exhaust tube to ventilatefumes. [CAuTION-Wear proper
eye protection and protective clothing and gloves.]
Transferapproximately 500 mg of schizochytrium oil from

Capsules, weighed to the nearest 0.1 mg, into a Teflon
digestion vessel liner. Prepare samples in duplicate. Add
15 mLof nitric acid, and swirl gently. Cover the vessels
with lids, leaving the vent fitting off. Predigest overnight
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under a hood. Place the rupture membrane in the vent
fitting, and tighten the lid. Place allvessels on the
microwaveoven turntable. Connect the vent tubes to the
vent trap, and connect the pressure-sensing line to the
appropriate vessel. Initiatea two-stage digestion
procedure by heating the microwave at 15% power for
15 min, followed by 25% power for 45 min. Remove the
turntable of vessels from the oven, and allowthe vessels
to cool to room temperature. [NOTE-A cool water bath
may be used to speed the cooling process.]Vent the
vessels when they reach room temperature. Remove the
lids, and slowly add 2 mLof 30% hydrogen peroxide to
each. Allow the reactions to subside, and seal the vessels.
Return the vessels on the turntable to the microwave
oven, and heat for an additional 15 min at 30% power.
Remove the vessels from the oven, and allowthem to cool
to room temperature. Transfer the cooled digests into
25-mLvolumetricflasks, and dilute with water to volume.

Analysis: Program the graphite furnace as follows. Dryat
115°, using a 1-s ramp, a 65-s hold, and an argon flow of
300 mL/min; char the sample at 1000°, using a 1-s ramp, a
20-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 mL/min; atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes (20 IJL) of the
Standardsolutions, the Sample solution, and the Blank,
followed by an injectionof 5 IJL of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of
the Standardsolutions versus their contents of arsenic, in
IJg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in IJg/mL, of
arsenic in each mLof the Sample solution by interpolation
from the regression line.
Calculate the content of arsenic in the portion of Capsules

taken:

Result =(C/W) x 25

C -= concentration as obtained above
W =weight of Capsule content taken to prepare the

Sample solution (g) _

Acceptance criteria: NMT 0.1 IJg/g
• LIMIT OF LEAD

[NOTE-For the preparation ofallaqueous solutionsand
for the rinsing of glass, polytef, and plastic vessels
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Select all reagents to have as Iowa
content of lead as practicable, and store all reagent
solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plasticvessels before use by
soaking in warm 8 N nitricacid for 30 min and by
rinsingwith deionized water.]

Solution A: 10 g of ultrapure monobasic ammonium
phosphate in 1 mL of nitricacid and 40 mLof water to
dissolve the phosphate. Dilute with deionized water to
100 mL.

Solution B: 1 g of ultrapure magnesium nitrate in a Teflon
beaker. Add 40 mL of water and 1 mLof nitric acid, and
warm on a hot plate to dissolve the solids.Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetricflask, and dilute with deionized water
to volume.
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Solution C: Solution A, Solution B,and 2% nitricacid
(2:1 :2). Avolume of 5 ~L provides 0.2 mg of phosphate
plus 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1 :19)
Standard stock solution: Transfer 10.0 mL of lead nitrate

stock solutionTS to a 1OO-mL volumetric flask. Add 40 mL
of water and 5 mL of nitric acid, and dilute with water to
volume.Transfer 1.0 mL ofthissolutionto a second 100-mL
volumetric flask, add 50 mL ofwater and 1 mL of nitric acid,
and dilutewithwater to volume.This solutioncontains0.10
~g/mL of lead.

Standard solutions: Dilute the Standardstock solution with
the Blank to obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 ~g/mL of lead.

Sample solution: Prepareas directed for Sample solution in
the test for Limit of Arsenic.

Analysis: Program the graphite furnace as follows. Dry at
120°, using a I-s ramp, a 55-s hold, and an argon flowof
300 mL/min; char the sample at 850°, using a I-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 mL/min; atomize at
2100°, usinga O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately injectequal volumes (20 ~L) of the
Standardsolutions, the Sample solution, and the Blank,
followed byan injection of 5 ~L of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at
the lead emission lineat 283.3 nm, corrected for
background absorption. Plotthe corrected peak areas of
the Standardsolutions versus their contents of lead, in
~g/mL, and calculate the regression line best fitting the
points. Determinethe concentration, C, in ~g/mL, of lead
in each mL of the Sample solution by interpolationfrom the
regression line. .
Calculate the content of lead in the portion of Capsules

taken:

Result =(C/W) x 25

C =concentration, as obtained above
W = weight of Capsulecontent taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF CADMIUM
[NOTE-For the preparationofallaqueous solutionsand

for the rinsing of glass, polytef, and plastic vessels
before use, usewater that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin before use. Selectall reagents to have as Iowa
content of cadmium as practicable,and store all
reagent solutions in containers of borosilicate glass.
Cleanseglass, polytef, and plastic vessels before use
by soaking in warm 8 N nitricacid for 30 min and by
rinsing with deionizedwater.]

Solution A: 109 of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitricacid to
dissolve the phosphate. Dilute with deionizedwater to
100 mL.

Solution B: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker.Add40 mL of water and 1 mL of nitric acid,
and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a
1OO-mL volumetric flask, and dilute with deionized water
to volume.
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Solution C: Solution A, Solution B, and 2% nitric acid to
volume (2:1 :2). Avolume of 5 ~L provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank: Nitric acid and water (1 :19)
Standard stock solution A: 0.1372 mg/mL of cadmium

nitrate
Standard stock solution B: Standardstock solutionA, nitric

acid, and water (2:1 :97). This solutioncontains0.10 ~g/mL

of cadmium. [NoTE-Before makeup to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions: Dilute Standardstock solution Bwith
the Blankto obtain concentrations of 0.002, 0.005, 0.010,
0.025, and 0.050 ~g/mL of cadmium.

Sample solution: Prepare as directed for Sample solution in
the test for Limit of Arsenic.

Analysis: Program the graphite furnace as follows. Dry at
120°, using al-s ramp, a 55-s hold, and an argon flowof
300 mL/min; char the sample at 850°, using a I-s ramp, a
30-s hold, and an airflow of 300 mL/min; cool down, and
purge the air from the furnace for lOs, using a 20° set
temperature and an argon flowof 300 mL/min; atomize at
2400°, using a O-s ramp and a 5-s hold with the argon flow
stopped; and clean out at 2600° with a 1-s ramp and a 5-s
hold. Separately inject equal volumes(20 ~L) of the
Standardsolutions, the Sample solution, and the Blank,
followed by an injection of5 ~L of Solution Cfor each of the
samples, into the graphite tube of a suitable graphite
furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for cadmium. Determinethe peak
area at the cadmium emission lineat 228.8 nm, corrected
for background absorption. Plotthe corrected peak areas
of the Standardsolutionsversus their contents of cadmium,
in ~g/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in ~g/mL, of
cadmium ineach mL of the Sample solutionbyinterpolation
from the regression line.
Calculatethe content of cadmium in the Capsules taken:

Result =(C/W) x 25

C = concentration, as obtained above
W = weight of Capsulecontent taken to prepare the

Sample solution (g) .

Acceptance criteria: NMT 0.1 ~g/g

• LIMIT OF MERCURY
Proceedas directed for Mercury(261), Method lIa and

Method lib, except use a StandardMercury Solutionhaving
the equivalent of 0.1 ~g/mL of mercury.

Sample solution: Prepareas directedfor the Sample solution
in the test for Limit of Arsenic, combining the two duplicate
cooled digests into 1.0 mL of Potassium Permanganate
Solution.

Acceptance criteria: NMT 0.1 ~g/g

SPECIFIC TESTS
• FATS AND FIXED OILS, Anisidine Value (401): NMT 20.0,

determined on the contents of the Capsules
• FATS AND FIXED OILS, Acid Value (401): Thefree fatty acids

in 109 requirefor neutralization NMT 1.42 mL of 0.1 N
sodium hydroxide.

• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0,
determined on the contents of the Capsules

• FATS AND FIXED OILS, TotalOxidationValue (TOTOX) (401):
NMT 26 (determined on the contents of the Capsules),
calculated as:

Result =(2 x PV) + AV

PV = peroxide value
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Relative standard deviation: NMT 2.0% for the
selenomethionine peak

Analysis
Samples: Standardsolutionand Sample solution

Calculate the percentage of selenomethionine
(CSHllN02Se) in the portion of Selenomethionine
taken:

Result=(C NalC SA) X Fx 100

=concentration of sodium in the Sample solution
(l.lg/mL), d.etermined from the regression line

=concentration of Selenomethionine in the
Sample solution (mg/mL)

=conversion factor, 0.001 mg/l.lg

C u

F

Result= (r vir s)x (C siC v) x 100

= peak response from the Sample solution
=peak response from the Standardsolution
= concentration of USP Selenomethionine RS in the

Standardsolution (mg/mL)
=concentration of Selenomethionine in the

Sample solution (mg/mL)

Acceptance criteria: 97.00/0-103.0% on the as-is basis

IMPURITIES
• LIMIT OF SODIUM

Standard stock solution: 10 I.lg/mLof sodium from sodium
chloride, previously dried at 105° for 2 h

St~ndard solutions: 0.2, 0.5, and 1.0 I.lg/mL of sodium.
Pipet 2.0, 5.0, and 10.0 mL of Standardstock solution into
separate 1OO-mL volumetric flasks. To each flaskadd 2.0 mL
of potassium chloride solution (1 in 5) and 1.0 mL of
hydrochloric acid, and dilute with water to volume.

Sample solution: Transfer 100 mg of Selenomethionine to a
1OO-~l vol.umetric flask, add 2.0 mL of potassium chloride
solution (1 In 5) and 1.0 mL of hydrochloric acid and dilute
with water to volume. . ,

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 589 nm
Lamp: Sodium hollow-cathode .
Flame: Air-acetylene

Analysis
Samples: Standardsolutions and Sample solution

Determine the absorbances of the solutions. Plot the
absorbances of the Standardsolutions versus their
concentrations (l.lg/mL of sodium), and draw the
straight line best fitting the plotted points. From the
graph so obtained, determine the concentration of
sodium, C Na (l.lg/mL), in the Sample solution.

Calculate the percentage of sodium in the portion of
Selenomethionine taken:

Acceptance criteria: NMT 0.1%
• CHROMATOGRAPHIC PURITY

Standard sol~tic:m A: Transfer 50 mg of USP
Selenornethionine RS to a 1O-mLvolumetric flask add 2 mL
of water, warm to dissolve if necessary, and dilute with
methanol to volume.

Standard solution B: Transfer 1.0 mL of StandardsolutionA
to a 1OO-mL volumetric flask, and dilute with methanol to
volume.

Sample solution: Transfer 50 mg of Selenomethionine to a
1O-mLvolumetric flask, add 2 mL of water warm to dissolve
if necessary, and dilute with methanol to'volume.

CSHll N02Se 196.11
Butanoic .acid, 2-amino-4-(methylseleno)-, (5)-;
(5)-2-AmIn0-4-(methylselenyl)butyric acid [3211-76-5].

DEFINITION
Selenomethionine contains NLT 97.0% and NMT 103.0% of

selenomethionine (CSHll N02Se) and contains NLT 39.0%
and NMT 41.0% of selenium (Se), calculated on the as-is
basis.

IDENTIFICATION

AV =anisidine value

Selenomethionine

ASSAY
• PROCEDURE
~obile phase:: 6.8.g/L of mono~asic potassium phosphate

In water. Adjust with phosphoric acid to a pH of2.75
±0.25.

System suitability solution: 0.16 mg/mL of USP
Selenomethionine RS and 0.8 mg/mL of USP
L-Methionine RS in Mobilephase

Standard solution: 0.16 mg/mL of USP
Selenomethionine RS in Mobilephase

Sample solution: 0.16 mg/mL of Selenomethionine in
Mobilephasewith sonication. Pass through a membrane
filter of 0,45-l.lm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 25-cm; packing L1 with polar

end-capping
Flow rate: 1 mL/min
Injection size: 20 I.lL

System suitability
Sample: System SUitability solution

[NoTE-The relative retention times for methionine and
selenomethionine are 0.8 and 1.0, respectively.]

Suitability requirements .
Resolution: NLT 3.0 between methionine and

selenomethionine
Tailing factor: NMT 2.0 for the selenomethionine peak

• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT
4.5%, determined on the contents of the Capsules

ADDITIONAL REQUIREMENTS
• PACKA.GING AND ST~RAGE: Preserve in tight, light-resistant

containers, and avoid exposure to excessive heat.
• LABELING: The label states the content of docosahexaenoic

acid in mg/Capsule. It also states the name and
concentration of any added antioxidant.

• USP REFERENCE STANDARDS (11)
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Methyl Tricosanoate RS
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: TLC
Absorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 10 J,JL
Developing solvent: Butanol, glacial acetic acid, and

water (4:1:1)
Spray reagent: 2 mg/mL of ninhydrin in alcohol

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Proceed asdirected for Chromatography (621), Thi/?-Layer

Chromatography. Allow the spots to dry, and develop the
chromatogram in the Developing solventuntil the solvent
front has moved three-fourths of the length of the plate.
Remove the plate from the developing chamber, mark
the solvent front, and allow the solvent to evaporate.
Locate the spots on the plate by spraying with Spray
reagentand drying it at 110° for 10 min.

Acceptance criteria: NMT 1.0%. The R Fvalue of the
principal spot of the Sample solutioncorresponds to that of
StandardsolutionA; and no spot, other than the principal
spot of the Sample solution, is larger or more intense than
the principal spot of Standardsolution B.

SPECIFICTESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 10 mg/mL in 1 N hydrochloric acid
Acceptance criteria: +17.0° to +19.5°

• CONTENT OF SELENIUM
[CAUTIoN-Selenium is toxic; handle it with care.]

Standard stock solution: Dissolve 1 g of metallic selenium
in a minimum volume of nitric acid. Evaporate to dryness,
add 2 mL of water, and evaporate to dryness. Repeat the
addition of water and evaporation to dryness three times.
Dissolve the residue in 3 N hydrochloric acid, -transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume. This solution contains 1000 J,Jg/mL of
selenium.

Standard solutions: 20, 50, and 100 uq/rntof selenium;
Pipet 2.0, 5.0, and 10.0 mL of Standardstock solution into
separate 1OO-mL volumetric flasks. Dilute the contents of
each flask with water to volume. .

Sample solution: 0.125 mg/mL of Selenomethionine in
water

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)·
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 196 nm
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Blank: Water

Analysis
Samples: Standardsolutions and Sample solution

Determine the absorbances of the solutions. Plot the
absorbances of the Standardsolutions versus their
concentrations (J,Jg/mL of selenium), and draw the
straight line best fitting the plotted points. From the
graph so obtained, determine the concentration of
selenium, C Se (J,Jg/mL), in the Sample solution.

Calculate the percentage of selenium in the portion of
Selenomethionine taken:

Result=(C setc SA) x Fx 100

= concentration of selenium in the Sample solution
(J,Jg/mL), determined from the regression line

= concentration of Selenomethionine in the
Sample solution (mg/mL)
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F = conversion factor, 0.001 mg/J,Jg

Acceptance criteria: 39.0%-41.0% on the as-is basis

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP L-Methionine RS
USP Selenomethionine RS

Serine-see Serine General Monographs

Ginseng, Siberian-see Eleuthero

Slippery Elm-see Elm General Monographs

Sodium Ascorbate
-see Sodium Ascorbate General Monographs

Sodium Ferrous Citrate

4 Nat- Fe2'"

C,2H,oFeNa4014 526.00
Tetrasodium biscitrato iron (II) [43160-25-4].

DEFINITION
Sodium Ferrous Citrate contains NLT 10.0% and NMT 11.0%

of iron (Fe), calculated on the as-is basis.

IDENTIFICATION
• A. SODIUM

Sample: Ignite 3 g of Sodium Ferrous Citrate at 500°-600°
for 3 h.

Acceptance criteria: The residue obtained from the ignition
imparts an intense yellow color to a nonluminous flame.

• B. IDENTIFICATION TESTS-GENERAL (191), Chemical
Identification Tests, Iron, A., Ferrous salts: A solution of
10 mg/mL of Sodium Ferrous Citrate in 5%
hydrochloric acid meets the requirements.

• C. CITRATE
Sample: 0.5 g of Sodium Ferrous Citrate
Analysis: Transfer the Sample to an appropriate container.

Add 5 mL of water and 10 mL of 4% potassium hydroxide
solution. Heat the solution in a water bath for 10 min while
stirring well. Allow the solution to cool to room temperature
and filter. Neutralize a portion of the filtrate with 5.0%
acetic acid, add an excessiveamount of 7.5% calcium
chloride solution and boil. A white crystalline precipitate is
formed. Collect the precipitate.

Acceptance criteria: The precipitate formed does not
dissolve upon addition of 4% sodium hydroxide solution;
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the precipitate does dissolve in 25% hydrochloric acid
solution.

• D. COMPLEX SALT OF FERROUS IRON AND CITRIC ACIDS
Sample solution: 10 mg/mL of Sodium FerrousCitrate
Analysis: Add 2 mL of stronger ammonia water to 5 mL of

the Sample solution.
Acceptance criteria: A red-brown color develops with no

precipitation.

ASSAY
• CONTENT OF IRON

Sample: 1 g of Sodium FerrousCitrate
Blank: Proceed as directed in the Analysis without the

Sample.
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a flask with a ground-glass
stopper. Carefully add 25 mL of 5% sulfuric acid and 2 mL
of nitric acid to the flask, and boil the mixture for 10 min.
Allow the mixture to cool to room temperature. Add 20 mL
of water and 4 g of potassium iodide, and immediately
stopper the flask tightly. Allow the mixture to stand in the
dark for 15 min, then add 100 mL of water. Titrate the
liberated iodine with Titrant (indicator: starch TS).
Perform a blank determination.
Calculate the percentage of iron (Fe) in the portion of the

Sample taken:

Result= {[(Vs - VB) x N x AIW} x 100

Vs = Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank(mL)
N = actual Titrant normality (mEq/mL)
F = equivalency factor, 55.85 mg/mEq .
W = Sample weight (mg)

Acceptance criteria: 10.0%-11.0% on the as-is basis

IMPURITIES
• CHLORIDE AND SULFATE (221), Chloride

Standard solution: 0.10 mL of 0.020 N hydrochloric acid
Sample: 73 mg of Sodium FerrousCitrate
Acceptance criteria: NMT 0.1%

• CHLORIDE AND SULFATE (221), Sulfate
Standard solution: 1.0 mL of 0.20 N sulfuric acid
Sample: 200 mg of Sodium Ferrous Citrate
Acceptance criteria: NMT 0.5%

• FERRIC IRON
Sample: 2.0 g of Sodium FerrousCitrate
Analysis: Transfer the Sample to an appropriate flask with a

ground-glass stopper, dissolve in 5 mL of
hydrochloric acid, and dilute with water to 30 mL. Add 4 g
of potassium iodide and close the flask with the stopper.
Allow the mixture to stand in the dark for 15 min. Add
2 mL of starch TS, and mix well.

Acceptance criteria: A color develops and disappears upon
addition of 1.0 mL of 0.1 N sodium thiosulfate VSto the
solution.

• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 4.0 ~glg

Lead: NMT 10 ~glg

Mer.cury: NMT 3.0 ~glg

SPECIFIC TESTS
• TARTRATE

Sample: 1.0 g of Sodium FerrousCitrate
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Analysis: Transferthe Sample into an appropriate container.
Carefully add 5 mL of water and 10 mL of 6.7% (w/v)
potassium hydroxide solution. Heat the mixture in a water
bath for 10 min while stirring well. Allow the mixture to cool
to room temperature and filter. To 5 mL of the filtrate, add
25% acetic acid solution to make the mixture weakly acidic,
and 2 mL of acetic acid. Allow the solution to stand for 24 h.

Acceptance criteria: No white, crystalline precipitate is
formed.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate that it is not to be used if it is

coated with brownish yellow basic ferric sulfate.

Powdered Soy Isoflavones Extract
DEFINITION
Powdered Soy Isoflavones Extract is prepared from the seeds

of Glycine max Merr. (Fam. Fabaceae) by extraction with
water or hydroalcoholic mixtures. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of isoflavones,
calculated on the dried basis as the sum of daidzin, glycitin,

.genistin, and one or more of the following isoflavones:
malonyl daidzin, malonyl glycitin, malonyl genistin, acetyl
daidzin, acetyl glycitin, acetyl genistin, daidzein, glycitein,
and genistein.

IDENTIFICATION
• A. HPLC IDENTIFICATION TEST

Analysis: Proceed as directed in the test for Content of
Isoflavones.

Acceptance criteria: The retention times of the daidzin,
glycitin, and genistin peaksfrom the Sample solution
correspond to those of Standardsolutions A-E.

COMPOSITION
• CONTENT OF ISOFLAVONES

Diluent: Acetonitrile and water (2:3)
Internal standard solution: 2.0 mg/mL USP Apigenin RS in

dimethyl sulfoxide. [NOTE-This solution is stable for 6
months when stored in a tightly closed, light-resistant glass
container at room temperature.]

System suitability solution 1: Transfer 1 g of USP Defatted
Powdered Soy RS to a centrifuge tube, fitted with PTFE or
polyethylene-lined screw caps. Add the following in exact
volumes: 0.5 mL of Internal standardsolution, 10 mL of
acetonitrile (swirl to disperse), and 6.0 mL of water. Cap,
shakeon an orbital or wrist-action shaker for 60 min, add
8.5 mL of water, and centrifuge. Pass a portion of the
supernatant through a hydrophilic propylene or PVDF
membrane having a 0.45-~m or finer pore size, discarding
the first 5 mL of filtrate.

System suitability solution 2: Heat 1 g of USP Defatted
Powdered Soy RS in a shallow porcelain dish at 1200 for
120 min, and transfer toa centrifuge tube, fitted with PTFE
or polyethylene-lined screw caps. Add the following in
exact volumes: 0.5 mL of Internal standardsolution, 10 mL
of acetonitrile (swirl to disperse),and6.0 mL of water. Cap,
shakeon an orbital or wrist-action shaker for 60 min, add
8.5 mL of water, and centrifuge. Pass a portion of the
supernatant through a hydrophilic propylene or PVDF
membrane having a 0.45-~m or finer pore size, discarding
the first 5 mL of filtrate.
[NOTE-Standard stock solutionand Standardsolutions A

Eare stable for 2 months when stored in a tightly
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closed, light-resistant glasscontainer at room
temperature.]

Standard stock solution: Contains the following in
dimethyl sulfoxide: 2.0 mg/mL of USP Daidzin RS, 0.5 mgl
mL of USP Glycitin RS, 2.0 mg/mL of USP Genistin RS,
0.2 mg/mL of USP Daidzein RS, 0.2 mg/mL of USP
Glycitein RS, and 0.2 mg/mL of USP Genistein RS

Standard solution A: Add0.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution B: Add 1.0 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution C: Add 1.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution D: Add 2.0 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution E: Add 2.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Sample solution: Transfer a quantity of Powdered Soy
Isoflavones Extract, equivalent to NMT 5 mg of isoflavones,
to a 30-mL glass centrifuge tube, fitted with a PTFE or
polyethylene-lined screw cap. Add the following in exact
volumes: 0.5 mL of Internal standard solution, 10 mL of
acetonitrile (swirl to disperse), and 6.0 mL of water. Cap,
shake on an orbital or wrist-action shakerfor 60 min, add
8.5 mL of water, and centrifuge. Pass a portion of the
supernatant through a hydrophilic propyleneor PVDF
membrane having a 0.45-~m or finer pore size, discarding
the first5 mL of filtrate. [NOTE-Do not use nylon filters.
Analyze samplescontaining significant amounts of acetyl
and/or malonyl isoflavones within 4 h of preparation.]

Solution A: 0.05% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A > Solution B
(min) (%) (%)

0 90 10

60 70 30

60.5 10 90

63.5 10 90

64 90 10

74 90 10

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 3.0-mm x 25-cm; 5-~m packing L1
Column temperature: 40°
Flow rate: 0.65 mL/min
Injection size: 5 ~L

[NOTE-System suitability 7and System suitability 2 must
both be met.] >

System suitability 1
Sample: Standard solution C
Suitability requirements

Chromatogram similarity: The chromatogram from
Standard solution C issimilar to the refence
chromatogram provided with the lot of USP reference
standard being used for the isoflavones mentioned.
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Tailing factor: NLT 0.8 and NMT 1.2for the daidzin peak
Relative standard deviation: NMT 2.0% for the

genistin peak
System suitability 2

Samples: System suitability solution 7 and System suitability
solution 2

Suitability requirements
Chromatogram similarity: The chromatograms from

System suitability solution 7and System suitability solution
2 are similar to those provided with the lot of USP
Defatted Powdered Soy RS being used.

Resolution: NLT 1.0 between the acetyl glycitin and
malonyl genistin peaks, and NLT 2.0 between any other
consecutive pair of isoflavone peaks

Analysis
Samples: Standard solutions A-E and Sample solution
Measurethe peak areas of the analytesand the internal

standard. Determinethe ratio of the peak areas of each
analyte to the internal standard peak area. Plotthe ratios
of the relevant peak responses versus the concentrations,
in mg/mL, of each analyte obtained from the Standard
solutions A-E, and determine the regression line by
least-squares analysis. The correlation coefficient for each
of the regression lines is NLT 0.999. From the graphs so
obtained, determine the concentration, C, in mg/mL, of
the relevant analyte in the Sample solution.

Separatelycalculate the percentages of daidzin, glycitin,
and genistin, and of daidzein, glycitein, and genistein, if
present, in the portion of Powdered SoyIsoflavones
Extract taken:

Result =(CIIN) x V x 100

C = concentration of each isoflavone as determined
above, for the Sample solution (mg/mL)

W =weight of PowderedSoyIsoflavones Extract taken
to prepare the Sample selutlon (mg)

V = final solution volumeof the Sample solution
(mL)

Identify the peaksof malonyl daidzin, malonyl glycitin,
acetyldaidzin,acetyl glycitin, malonyl genistin,and acetyl
genistin by comparison with the reference
chromatograms provided with USP Defatted Powdered
Soy RS and by the difference in peakabundance between
System suitability solution 7 and System suitability solution
2. [NoTE-Malonyl derivatesare converted into acetyl
derivatives by heat. Malonyl derivatives are more
abundant in System suitability solution 7 and acteyl
derivatives are more abundant inSystem suitability solution
2.] From the graphs obtained for daidzin, glycitin, and
genistin, determine the correspondingconcentration, C,
in mg/mL, of the malonyl and acetyl derivatives, if
present, in the Sample solution.

Separately calculatethe percentages of malonyl daidzin,
acetyl daidzin, malonyl glycitin, acetyl glycitin, malonyl
genistin, and acetyl genistin in the portion of Powdered
Soy Isoflavones Extract taken:

Result = (CI IN) x V x Fx 100

C = concentration of each isoflavone as determined
above, for the Sample solution (mg/mL)

W =weight of PowderedSoyIsoflavones Extract taken
to prepare the Sample solution (mg)

V = final solution volume of the Sample solution
(mL)

F =conversion factor: malonyl daidzin, 1.207; acetyl
daidzin, 1.101;-rnalonyl glycitin, 1.193; acetyl
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glycitin, 1.094; malonyl genistin, 1.199; and
acetyl genistin, 1.097

Calculate the percentage of isoflavonesin the portion of the
Powdered Soy Isoflavones Extract taken (P) by adding the
percentages calculated for all analytes present.

Calculate the percentage of the labeled amount of
isoflavones in the portion of the Powdered Soy Isoflavones
Extract taken:

Result= (PIL) x 100

P =sum of the individual percentages of each
isoflavone in the Powdered Soy Isoflavones
Extract taken, as calculated above (%)

L = labeled amount of isoflavones in the Powdered
Soy Isoflavones Extract (%)

Acceptance criteria: 90.0%-110.0% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins (561):

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count is NMT 104 cfu/g, and the total combined
molds and yeasts count is NMT 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
speciesand Escherichia coli.

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 1 gat 1300 for 2 h: it losesNMT

7.0% of its weight.
• OTHER REQUIREMENTS: It meets the requirements for

Residual Solvents and Pesticide Residues in Botanical Extracts
(565).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight,' light-resistant

containers, and store at controlled room temperature.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant from which the
article was prepared. The label also indicates the content of
isoflavones. It meets other labeling requirements in
Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Apigenin RS
USP Daidzein RS
USP Daidzin RS
USP Defatted Powdered Soy RS
USP Genistein RS
USP Genistin RS
USP Glycitein RS
USP Glycitin RS

Soy Isoflavones Capsules
DEFINITION
Soy Isoflavones Capsules contain Powdered Soy Isoflavones

Extract. Capsules contain NLT 90.0% and NMT 110.0% of
the labeled amount of Extract, represented by the sum of the
content of the isoflavones daidzin, glycitin, genistin, and one
or more of the following isoflavones: malonyl daidzin,
malonyl glycitin, malonyl genistin, acetyl daidzin, acetyl
glycitin, acetyl genistin, daidzein, glycitein, and genistein.

IDENTIFICATION
• The retention times of the daidzin, glycitin, and genistin

peaks in the chromatogram of the Sample solution

USP 43

correspond to those of Standard solutions A-E, asobtained
in the test for Content of Isoflavones.

STRENGTH
• CONTENT OF ISOFLAVONES

Diluent: Acetonitrile and water (2:3)
Internal standard solution: 2.0 mg/mL of USP Apigenin RS

in dimethyl sulfoxide. [NOTE-This solution is stable for 6
months when stored in a tightly closed, light-resistant glass
container at room temperature.]

Malonyl/Acetyl isoflavones retention times check
solution 1: Heat 1 g of USP Defatted Powdered Soy RS in a
shallow porcelain dish at 1200 for 120 min, and transfer to a
centrifuge tube, fitted with PTFE or polyethylene-lined
screw cap. Add the following in exact volumes: 0.5 mL of
Internal standard solution, 10 mL of acetonitrile (swirl to
disperse), and 6.0 mL of water. Cap, shake on an orbital or
wrist-action shaker for 60 min, add 8.5 mL of water, mix,
and centrifuge. Pass a portion of the supernatant through a
hydrophilic propylene or PVDF membrane of 0.45-~m or
finer pore size, discarding the first 5 mL of filtrate.

Malonyl!Acetyl isoflavones retention times check
solution 2: Transfer 1 9 of USP Defatted Powdered Soy RS
to a centrifuge tube, fitted with PTFE or polyethylene-lined
screw cap. Add the following in exact volumes: 0.5 mL of
Internal standard solution, 10 mL of acetonitrile (swirl to
disperse), and 6.0 mL of water. Cap, shake on an orbital or
wrist-action shaker for 60 min, add 8.5 mL of water, mix,
and centrifuge. Pass a portion of the supernatant through a
hydrophilic propylene or PVDF membrane of 0.45-~m or
finer pore size, discarding the first 5 mL of filtrate.

[NOTE-All Standard solutions and Standard stock solutions are
stable for 2 months when stored in a tightly closed,
light-resistant glass container at room temperature.]

Standard stock solution: Contains the following in
dimethyl sulfoxide: 2.0 mg/mL of USP Daidzin RS, 0.5 mg/
mL of USP Glycitin RS, and 2.0 IT)g/mL of USP Genistin RS,
0.2 mg/mL of USP Daidzein RS, 0.2 mg/mL of USP
Glycitein RS, and 0.2 mg/mL of USP Genistein RS

Standard solution A: Add 0.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution B: Add 1.0 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL '
volumetric flask, and dilute with Diluent to volume.

Standard solution C: Add 1.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution D: Add 2.0 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution E: Add 2.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Sample solution
Hard-gelatin Capules: Weigh and finely powder the

content of NLT 20 Capsules.Transfer an accurately
weighed quantity of the powder, equivalent to NMT 5 mg
of isoflavones, to a suitable glasscentrifuge tube, fitted
with PTFE or polyethylene-lined screw cap.

Soft-gelatin Capsules: Weigh and homogenize NLT 20
Capsules. Transfer an accurately weighed quantity of the
mixture, equivalent to NMT 5 mg of isoflavones, to a
suitable glasscentrifuge tube, fitted with PTFE or
polyethylene-lined screw cap.

Add the following in exact volumes to the centrifuge tube:
0.5 mL oitntemal standard solution, 10 mL of acetonitrile
(swirl to disperse), and 6.0 mL of water. Cap, shakeon an
orbital or wrist-action shaker for 60 min, add 8.5 mL of
water, mix, and centrifuge. Pass a portion of the
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supernatant through a hydrophilicpropylene or PVDF
membrane of 0.45-lJm or finer pore size,discarding the
first 5 mLof filtrate. [NOTE-Do not use nylonfilters.
Analyze samples containing significantamounts of acetyl
and/or malonyl isoflavones within 4 h of preparation.]

Solution A: 0.05% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 90 10

60 70 30

60.5 10 90

63.5 10 90

64 90 10

74 90 10

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 3.0-mm x 25-cm; 5-lJm packing L1
Column temperature: 40°
Flow rate: 0.65 mL/min
Injection size: 5 IJL

System suitability
Samples: Standard solution C, Malonyl/Acetyl isoflavones

retention times check solution 1, and Malonyl/Acetyl
isoflavones retention times check solution 2

Suitability requirements
Chromatogram similarity: The chromatograms

obtained from Standard solution C, Malonyl/Acetyl
isoflavones retention times check solution 1,'and Malonyl/
Acetyl isoflavones retention times check solution 2 are
similar to the Reference chromatograms provided with
the USP Defatted Powdered Soy RS~

Tailing factor: NLT 0.8 and NMT 1.2 for-the daidzin
peak, Standard solution C

Relative standard deviation: NMT 2.0%, for the
genistin peak, in repeated injections, Standard solution C

Resolution: NLT 1.0 between acetyl glycitin and malonyl
genistin, and NLT 2.0 between any other consecutive
pair of isoflavone peaks, Malonyl/Acetyl isoflavones
retention times check solution 2

Analysis
Samples: Standard solution A, Standard solution 8, Standard

solution C, Standard solution 0, Standard solution E,
Malonyl/Acetyl isoflavones retention times check solution 1,
Malonyl/Acetyl isoflavones retention times check solution 2,
and Sample solution
Identify the peaks of daidzin, glycitin, genistin, daidzein,

glycitein, and genistein in the chromatograms of
Standard solutions A-Eby comparison with the Reference
Standard Chromatogram provided with the appropriate
USP Reference Standard used. Measurethe peakareas of
the analytes and the internal standard peaks. Determine
the ratio of the peak areas of each analyte to the internal
standard peak areas. Plot the ratios of the relevant peak
responsesversus the concentrations, in mg/mL, of each
analyte obtained from Standard solutions A-E, and
determine the regression line by least-squares analysis.
Thecorrelationcoefficientfor each of the regressionlines
is NLT 0.999. From the graphs obtained, determine the
concentration, C, in mg/mL, of daidzin, glycitin, and
genistin, inaddition to daidzein, glycitein, and genistein,
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if present, in the Sample solution. Identify the peaks of
malonyldaidzin, malonyl glycitin, acetyl daidzin, acetyl
glycitin, malonylgenistin, and acetyl genistin in the
chromatograms of the Malonyl/Acetyl isoflavones
retention times check solutions by comparison with the

. Reference Chromatograms provided with the USP
Defatted Powdered Soy RS. Fromthe graphs obtained
for daidzin, glycitin and genistin, determine the
concentration, C, in mg/mL, of the corresponding
malonyl and acetyl derivatives, if present, in the Sample
solution:

Result = Co x F

Co = concentration obtained from the relevant graph
(mg/mL)

F = conversionfactor for each analyte (1.207 for
malonyl daidzin, 1.101 for acetyl daidzin,
1.193 for malonyl glycitin, 1.094 for acetyl
glycitin, 1.199 for malonyl genistin, and
1.097 for acetyl genistin)

Calculatethe quantity, T, in mg, of total isoflavones in the
portion of Capsulescontents taken:

Result = V x Cr

. V =final volume of the Sample solution (mL)
Cr =sum of concentrations (C) (mg/mL) of all

relevant isoflavones

Calculate the percentage of Powdered Soy Isoflavones
Extractwith respect to the label claim:

Result =T x (Awr/W) x (100/LJ x (100/L)

T =content of total isoflavones in the portion of
Capsulescontents taken(rnq)

Awr = average weight of Capsulescontents (mg/
Capsule)

W =weight of the portion of Capsules contents taken
(mg)

LE =content of total isoflavones, mg, in 100 mg of the
Extractused to prepare the Capsules ,

L =amount of Extract per Capsule according to label
claim (mg/Capsule)

Acceptance criteria: NLT 90.0% and NMT 110.0% of the
labeled amount of Extract, represented by the sum of the
content of the isoflavones daidzin, glycitin, genistin and
one or more of the following isoflavones: malonyl daidzin,
malonyl glycitin, malonyl genistin, acetyl daidzin, acetyl
glycitin, acetyl genistin, daidzein, glycitein, and genistein

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbialcount is NMT 104 cfu/g; and the total combined
molds and yeasts count is NMT 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Capsules
meet the requirements of the tests for absence of
Salmonella species and Escherichia coli.
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The label states the Latin binomial and, following

the official name, the article from which the Capsules were
prepared. Label it to indicate the amount of Extract, in mg,
per Capsule. Label it to indicate the percentage of
isoflavones in the Extract used to prepare the Capsules.

• USP REFERENCE STANDARDS (11)
USP Apigenin RS
USP Daidzein RS
USP Daidzin RS
USP Defatted Powdered Soy RS
USP Genistein RS
USP Genistin RS
USP Glycitein RS
USP Glycitin RS

Soy Isoflavones Tablets

DEFINITION
Soy Isoflavones Tablets contain Powdered Soy Isoflavones

Extract. Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of Extract, represented by the sum of the
content of the isoflavones daidzin, glycitin, genistin and one
or more of the following isoflavones: malonyl daidzin,
malonyl glycitin, malonyl genistin, acetyl daidzin, acetyl
glycitin, acetyl genistin, daidzein, glycitein, and genistein.

IDENTIFICATION
• The retention times of the daidzin, glycitin, and genistin

peaks in the chromatogram of the Sample solution
correspond to those of Standard solutions A-E, as obtained
in the test for Content of Isoflavones.

STRENGTH
• CONTENT OF ISOFLAVONES

Diluent: Acetonitrile and water (2:3)
Internal standard solution: 2.0 mg/mL of !JSP Apigenin RS

in dimethyl sulfoxide. [NOTE-This solution is stable for 6
months when stored in a tightly closed, light-resistant glass
container at room temperature.]

Malonyl/Acetyl isoflavones retention times check
solution 1: Heat 1 g of USP Defatted Powdered Soy RS in a
shallow porcelain dish at 120 0 for 120 min, and transfer to a
centrifuge tube, fitted with PTFE or polyethylene-lined
screw cap. Add the following in exact volumes: 0.5 mL of
Internal standard solution, 10 mL of acetonitrile (swirl to
disperse), and 6.0 mL of water. Cap, shake on an orbital or
wrist-action shaker for 60 min, add 8.5 mL of water, mix,
and centrifuge. Pass a portion of the supernatant through a
hydrophilic propylene or PVDF membrane of 0.45-~m or
finer pore size, discarding the first 5 mL of filtrate.

Malonyl!Acetyl isoflavones retention times check
solution 2: Transfer 1 g of USP Defatted Powdered Soy RS
to a centrifuge tube, fitted with PTFE or polyethylene-lined
screw cap. Add the following in exact volumes: 0.5 mL of
Internal standard solution, 10 mL of acetonitrile (swirl to
disperse), and 6.0 mL of water. Cap, shake onan orbital or
wrist-action shaker for 60 min, add 8.5 mL of water, mix,
and centrifuge. Pass a portion of the supernatant through a
hydrophilic propylene or PVDF membrane of 0.45-~m or
finer pore size, discarding the first 5 mL of filtrate.

[NOTE-All Standard solutions and Standard stock solutions are
stable for 2 months when stored in a tightly closed,
light-resistant glass container- at room temperature.]

USP 43

Standard stock solution: Contains the followlnq in
dimethyl sulfoxide: 2.0 mg/mL of USP Daidzin RS, 0.5 mgt
mL of USP Glycitin RS, 2.0 mg/mL of USP Genistin RS,
0.2 mg/mL of USP Daidzein RS, 0.2 mg/mL of USP
Glycitein RS, and 0.2 mg/mL of USP Genistein RS

Standard solution A: Add 0.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution B: Add 1.0 mL of Standard stock solution
and 0.5 mL of Internal standard solutionto a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution C: Add 1.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution D: Add 2.0 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Standard solution E: Add 2.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL
volumetric flask, and dilute with Diluent to volume.

Sample solution: Accurately weigh and finely powder NLT
20 Tablets. Transfer an accurately weighed quantity of the
powder, equivalent to NMT 5 mg of isoflavones, to a 30-mL
glass centrifuge tube, fitted with a PTFE or
polyethylene-lined screw cap. Add the following in exact
volumes: 0.5 mL of Internal standard solution, 10 mL of
acetonitrile (swirl to disperse), and 6.0 rnl, of water. Cap,
shake on an orbital or wrist-action shaker for 60 min, add
8.5 mL of water, mix, and centrifuge. Pass a portion of the
supernatant through a hydrophilic propylene or PVDF
membrane of 0.45-~m or finer pore size,discarding the first
5 mL of filtrate. [NOTE-Do not use nylon filters. Analyze
samples containing significant amounts of acetyl and/or
malonyl isoflavones within 4 h of preparation.]

Solution A: 0.05% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 90 10

60 70 30

60.5 10 90

63.5 10 90

64 90 10

74 90 10

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 3.0-mm x 25-cm; 5-~m packing L1
Column temperature: 40 0

Flow rate: 0.65 mL/min
Injection size: 5 ~L

System suitability
Samples: Standard solution C, Malonyl/Acetyl isoflavones

retention times check solution 1, and Malonyl/Acetyl
isoflavones retention times check solution 2

Suitability requirements
Chromatogram similarity: The chromatograms

obtained from Standard solution C, Malonyl/Acetyl
isoflavones retention times check solution 1, and Malonyl/
Acetyl isoflavones retention times check solution 2 are
similar to the Reference Chromatograms provided with
the USP Defatted Powdered Soy RS.
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Tailing factor: NLT 0.8 and NMT 1.2 for the daidzin
peak, Standard solution (

Relativestandard deviation: NMT 2.0%, for the
genistinpeak, in repeated injections, Standard solution (

Resolution: NLT 1.0 between acetylglycitin and malonyl
genistin,and NLT 2.0 between any other consecutive
pair of isoflavone peaks, Malonyl/Acetyl isoflavones
retention times check solution 2

Analysis
Samples: Standard solutionA,Standard solution B, Standard

solution (, Standardsolution 0, Standard solution E,
Malonyl/Acetyl isoflavones retention times check solution 7,
Malonyl/Acetyl isoflavones retention times check solution 2,
and Sample solution
Identify the peaks of daidzin, glycitin, genistin, daidzein,
glycitein, and genistein in the chromatograms of
Standard solutions A-E bycomparisonwith the Reference
Standard Chromatogram providedwith the appropriate
USP Reference Standard used. Measure the peakareasof
the analytesand the internalstandard peaks. Determine
the ratioof the peak areas of each analyteto the internal
standard peak areas. Plot the ratiosof the relevantpeak
responses versusthe concentrations, in mg/mL, of each
analyteobtained from Standardsolutions A-E, and
determine the regression line by least-squares analysis.
Thecorrelation coefficient foreach ofthe regression lines
is NLT 0.999. From the graphs obtained, determine the
concentration, C, in mg/mL, of daidzin, glycitin, and
genistin, inaddition to daidzein, glycitein, and genistein,
ifpresent, in the Sample solution. Identify the peaksof
malonyl daidzin, malonyl glycitin, acetyl daidzin, acetyl
glycitin, malonyl genistin, and acetyl genistin in the
chromatograms of the Malonyl/Acetyl isoflavones
retention times check solutions by comparison with the
Reference Chromatograms provided with the USP
Defatted Powdered Soy RS. From the graphs obtained
for daidzin, glycitin, and genistin, determine the
concentration, C, in mg/mL, of the corresponding
malonyl and acetyl derivatives, ifpresent, in the Sample
solution:

Result =Co x F

Co = concentration obtained from the relevantgraph
(mg/mL)

F =conversion factor for each analyte (1.207 for
malonyl daidzin, 1.101 for acetyl daidzin,
1.193 for malonyl glycitin, 1.094 for acetyl
glycitin, 1.199 for malonyl genistin, and
1.097 for acetyl genistin)

Calculate the quantity, T, in mg, of total isoflavones in
the portion of Tabletstaken:

Result = V x CT

V = final volume of the Sample solution(mL)
CT =sum of concentrations (C) (mg/mL) of all

relevant isoflavones

Calculate the percentage of Powdered SoyIsoflavones
Extract with respect to the label claim:

Result = T x (AWT/W) x (100/Le) x (100/L)

T =content of total isoflavones in the portion of
Tablets taken (mg)

AWT = average weight of Tablets (mg/Tablet)
W =weight of the portion of Tabletstaken (mg) -
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Le =content of total isoflavones, mg, in 100 mg of the
Extract used to prepare the Tablets

L =amount of Extract per Tabletaccording to label
claim (mg/Tablet)

Acceptance criteria: NLT 90.0% and NMT 110.0% of the
labeled amount of Extract, represented by the sum of the
content of the isoflavones daidzin, glycitin, genistin and
one or more of the following isoflavones: malonyl daidzin,
malonyl glycitin, malonyl genistin,acetyldaidzin, acetyl
glycitin, acetyl genistin, daidzein, glycitein, and genistein

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirementsfor
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count is NMT 104 du/g; and the total combined
molds and yeasts count is NMT 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Tablets
meet the requirementsof the tests for absence of
Salmonella species and Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The labelstates the Latin binomial and, following

the official name, the article from which the Tablets were
prepared. Label it to indicatethe amount of Extract, in mg,
per Tablet. Label it to indicatethe content, in percentage,
of isoflavones in the Extract used to prepare the Tablets.

• USP REFERENCE STANDARDS (11 )
USP Apigenin RS
USP Daidzein RS
USP Daidzin RS
USP Defatted PowderedSoy RS
USP Genistein RS
USP Genistin RS
USP Glycitein RS
USP Glycitin RS .

Spirulina
DEFINITION
Spirulina consists of the dried, whole, blue-green microalgae

Arthrospira platensis (Nordstedt)Gomont, synonymSpirulina
platensis (Nordstedt) Geitler; Arthrospira maxima Setchell &:
Gardner, synonym Spirulina maxima (Setchell &: Gardner)
Geitlerin Rabenhorst (illegitimate); or Arthrospira fusiformis
(Voronichin) J. Komarek &: J.W.G. Lund, synonym Spirulina
fusiformis Voronichin.

IDENTIFICATION
• A. Spirulina meets the requirements in Specific Tests,

Description for Macroscopic and Microscopic characteristics.
• B. FATTY ACIDS PROFILE

Methyl oleate solution: 1 mg/mLof USP Methyl Oleate RS
in n-heptane

Standard solution: Dissolve quantities of USP Methyl
Palmitate RS, USP Methyl Palmitoleate RS, USP Methyl
Stearate RS,USP Methyl Oleate RS, USP Methyl
Linoleate RS, USP Methyl Linolenate RS (methyl alpha
Iinolenate), and methyl gamma linolenate (obtained
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commercially) in n-heptane to obtain concentrations of
each methyl ester as given in Table 1.

Table 1

Relative
Retention Concentration

Methyl Ester Time (mg/mL)

Methyl palmitate 0.76 0.8

Methyl palmitoleate 0.79 0.8

Methyl stearate 0.97 0.8

Methyl oleate 1.00 0.8

Methyl Iinoleate 1.06 0.8

Methyl gamma Iinolenate 1.12 0.8

Methyl alpha Iinolenate 1.18 0.8

Sample solution: Transfer about 100 mg of Spirulina to a
50-mL round-bottom flask, fitted with a water-cooled reflux
condenser and a magnetic stir bar. Add 100 mg of
pyrogallic acid, 10 mL of 0.5 N methanolic sodium
hydroxide solution (20 mg/ml of sodium hydroxide in
methanol), and heat the flask whilestirring under reflux for
15 min.Add 5 mL of 14% boron trifluoride-methanol
through the reflux condenser into the flask, and continue
boiling for 2 more min. Add 5.0 ml of n-heptane through
the condenser, and continue boilingfor an additional
1 min. Cool the flask, remove the condenser, and add
15 mL of saturated sodium chloride solution.While the
solution isstill tepid, insert a stopper into the flask, shake
vigorously, and allowthe layers to separate. Addsufficient
saturated sodium chloridesolution to bring the upper
n-heptane layerup into the neck of the flask. Transfer the
n-heptane layer into a suitable container, add a small
quantity of anhydrous sodium sulfate (previously washed
with n-heptane), and shake. [NOTE-Fatty acids methyl
estersshould be analyzedas soon as possible. Theymay be
kept in an atmosphere of nitrogen at 2° for 24 h.]

Blank: Use n-heptane.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; 0.25-l..lm

film of phase G16 coating
Temperatures

Injector: 220°
Detector: 260°
Column: See Table 2.

Table 2
Hold Time

Initial Tempera- Final at Final
Tempera- Hold Time ture Tempera- Tempera-

ture at 1700 Ramp ture ture
e) (min) elmin) e) (min)

170 2 5 240 5

Carrier gas: Helium
Flowrate: 1 mL/min
Split ratio: 100:1. [NOTE-If necessary, adjust the Split ratio

and/or sample dilution to obtain a tailingfactor of 0.8
1.5 for the fatty acid methyl ester peaks.]

InjeCtion volume: 1 I..lL
System suitability

Samples: Methyl oleate solution and Standard solution
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SUitability requirements
Resolution: NLT 1.5 between methylstearate and

methyl oleate peaks
Relative standard deviation: NMT 6.0% for the peak

responses of each of the methyl palmitateand methyl
stearate peaksfor replicate injections; NMT 1.0%for the
peak response ratioof the methyl palmitate to methyl
stearate peaksfor replicate injections

Analysis
Samples: Methyl oleate solution,Standard solution, Sample

solution, and Blank
Identify the fatty acid ester peaks in the chromatogram of

the Sample solution based on the relative retention times
given in Table 1 and by comparison to the
chromatograms of the Methyl oleate solution and the
Standard solution. Measure the peakresponseforallof the
fatty acid ester peaks in the chromatogram from the
Sample solution.

Calculate the percentage of each fatty acid component in
the portion of Spirulina taken:

Result = (AIB) x 100

A =peak response of individual fatty acid ester from
the Sample solution

B = sum of responses of all peaks, excluding the
solvent,from the Sample solution

Acceptance criteria: See Table 3 for individual fatty acids.

Table 3
Percentage of Total

Fatty Acids (%)

Palmitic acid 35-60

Palmitoelic acid 2-8

Stearicacid 1-5

Oleicacid 1-7

Linoleic acid 13-25

Gamma linolenic acid 13-27

Alpha linolenic acid <0.5

• C. HPLC FOR CHLOROPHYLL A
Analysis: Proceedas directed in the test for Content of Beta

Carotene and Total Carotenoids, except analyze the Sample
solution and Standard solution at 432 nm.

Acceptance criteria: The major peak in the Sample solution
chromatogram is due to chlorophyll A, at a relative
retention time of about 0.8 to the peak of all-trans-beta
carotene.

• D. HPLC FOR CAROTENOIDS
Analysis: Proceed as directed in the test for Content of Beta

Carotene and Total Carotenoids.
Acceptance criteria: The major peakfrom the Sample

solution corresponds to that of all..:trans-betacarotene
from the Standard solution. The Sample solution
chromatogram exhibits additional peaksdue to oscillol
rhamnoside, myxol rhamnoside, zeaxanthin, alloxanthin,
echinenone, beta cryptoxanthin, and cis-isomers of beta
carotene as shown in Table 5. [NoTE-The cis-beta carotene
peaks may partially be resolved from the all-trans-beta
carotene peak.]

COMPOSITION
• CONTENT OF'BETA CAROTENE AND TOTALCAROTENOIDS

[NOTE-It is important to have all glassware ready
before starting the test. Minimize exposureof the
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Standardsolution and Sample solution to light.
Proceed under subdued light using low-actinic
glassware at a room temperature not to exceed 25°.
The Standardsolution and Sample solution are stable
for 12 h.]

Solution A: A mixture of a solution of 0.05% butylated
hydroxytoluene in methanol and water (9:1). Allow the
mixture to equilibrate to room temperature before
adjusting to final volume with the solution of 0.05%
butylated hydroxytoluene in methanol.

Solution B: A mixture of a solution of 0.05% butylated
hydroxytoluene in methanol and methylene chloride
(88:12). Allow the mixture to equilibrate to room
temperature before adjusting to final volume with the
solution of 0.05% butylated hydroxytoluene in methanol.

Mobile phase: See Table 4.

Table 4

Time Solution A Solution B
(min) (%) (%)

0 95 5

1.0 95 5

2.5 0 100

10.75 0 100

11.00 95 5

16 95 5

Diluent: 50 IJg/mL of butylated hydroxytoluene in
methanol

Standard stock solution: 500 ·lJg/mL of USP Beta
Carotene RS in methylene chloride. [NOTE-Preparefresh at
the time of use, and minimize the time before it is used to
prepare the Standardsolution.]

Standard solution: 2.5 IJg/mL of USP Beta Carotene RS in
Diluent from Standardstocksolution. .
Determine the concentration of the Standardsolution as
follows.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analytical wavelength: 450 nm
Cell path: 1 cm
Blank: Diluent
Take three measurements using three different portions

of the Standardsolution.
Calculate the concentration of beta carotene (lJg/mL) in

the Standardsolution:

Cs = (AI F) x (PI100)

A = average absorbance of the three portions of
Standardsolution

F =one thousandth of the absorptivio/ value of beta
carotene in Diluent, 0.25 mL· IJg-, . crn'

P = percentage of beta carotene relative to total
carotenoids in the Standardsolution as
determined below in the Analysis

Sample solution: [NOTE-It may be necessary to grind
Spirulina into a fine powder using a pestle and mortar for
the extraction to be exhaustive.]
Transfer about 30mg of Spirulina, accurately weighed,

into a centrifuge tube, add 3 mL of dimethyl sulfoxide,
and a few glassbeads. Mix on a vortex mixer to disperse
the sample. For 15 min, repeat the processof immersing
in a water bath maintained at a temperature of 45° and
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mixing on a vortex mixer. Remove the tube from the
water bath, and centrifuge at about 4000 rpm for 3 min.
Transfer the supernatant to a 25-mL volumetric flask.To
the residue, add 3 mL of methanol, mix on avortex mixer,
centrifuge at about 4000 rpm for 3 min, and transfer the
supernatant to the volumetric flask. Repeatuntil the last
methanol extract is colorless. Dilute with methanol to
volume, and mix. If particles are still present in the final
extract, centrifuge a portion at about 4000 rpm for 3 min,
and use the supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 476 nm
Columns

Guard: 2.0-mm x 4-cm; 5-lJm, 300 A, packing L1
Analytical: 2.0-mm x 15-cm; 5-lJm, 300 A, packing L1

Column temperature: 25°
Flow rate: 0.5 mL/min
Injection volume: 50 IJL

System suitability
Sample: Standardsolution
Suitability requirements .

Inject the Standardsolution repeatedly (about 2-3 times)
until a consistent retention time, within ± 0.2 min, is
obtained.

Relative standard deviation: NMT 2.0% for beta
carotene peak

Analysis
Samples: Standardsolutionand Sample solution
Using the chromatogram of the Standardsolution, identify

the peak corresponding to all-trans-betacarotene in the
Sample solution chromatogram. Identify the peaks
corresponding to oscillol rhamnoside, myxol rhamnoside,
zeaxanthin, alloxanthin, echinenone, beta
cryptoxanthin, and cis-isomers of beta carotene in the
Sample solutionusing the relative retention times provided
in Table 5.

Table 5

Relative
Retention

Carotenolds Time

Oscillolrhamnoside 0.15

Myxol rhamnoside 0.19

Zeaxanthin 0.29

Alloxanthin 0.53

Echinenone 0.60

Beta cryptoxanthin 0.64

AII-trans-beta carotene 1.00

9-cis-Betacarotene 1.02

13-cis-Betacarotene 1.04

The cis-betacarotene peaksmay partially be resolved from
the all-trans-beta carotene peak. In this case, peak
integration should be done asa single peak that includes
all the isomer peaks.

Calculate the percentage (P) of beta carotene (sum of all
the beta carotene isomers) relative to total carotenoids
in the Standardsolution:

P=(rulrr) x 100

ru =peak response of beta carotene from the Standard
solution
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=sum of peak responses of all carotenoids detected
from the Standardsolution, including that of beta
carotene

Calculate the percentage of beta carotene in the portion of
Spirulina taken:

Result = (rulrs) x Cs x (VIW) x 100

ru = peak response of beta carotene from the Sample
solution

rs = peak response of beta carotene from the Standard
solution

Cs = concentration of beta carotene in the Standard
solution, as determined above under Standard
solution (~g/mL)

V = final volume of Sample solution (mL)
W = weight of Spirulina used to prepare the Sample

solution (~g)

Calculate the percentage of total carotenoids in the portion
of Spirulina taken:

Result =(I:rulrs) x Cs x (VIW) x 100

I:ru = sum of peak responses for all carotenoids from the
Sample solution

rs =peak response of beta carotene from the Standard
solution

Cs =concentration of beta carotene in the Standard
solution, as determined above under Standard
solution (~g/mL)

V = final volume of Sample solution (mL)
W = weight of Spirulina used to prepare the Sample

solution (~g)

Acceptance criteria: NLT 0.15% of beta carotene and NLT
0.35% of total carotenoids, both calculated on the dried
basis

• CONTENT OF C-PHYCOCYANIN
Buffer solution: Prepare a solution having a pH of 7,

containing 13.9 giL of monobasic sodium phosphate,
26.81 giL of dibasic sodium phosphate, and 0.05% of
sodium azide. .

Sample solution: Transfer about 100 mg of Spirulina,
accurately weighed, into a centrifuge tube, and add
25.0 mL of Buffer solution. Cap the tube, mix well on a
vortex mixer for 1 min, cover to protect from light, and
store in a refrigerator overnight (16-24 h). After overnight
refrigerator storage, mix the tube on a vortex mixer for
1 min, and centrifuge at 3500 rpm for 4 min in a
refrigerated centrifuge (10°). Mix again on a vortex mixer
for 1 min, and centrifuge at 3500 rpm for 6 min in a
refrigerated centrifuge. Use the supernatant.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analytical wavelengths: 620 nrn and 650 nm
Cell path: 1 em
Blank: Buffer solution .

Analysis: Measure the absorbance of the Sample solution at
620 nm and 650 nm using Buffer solution as Blank;
Calculate the percentage of C-phycocyanin in the portion

of Spirulina taken:

Result = (A620nm X 0.1757 - A650nm X 0.1185) x (VIW) x 100

W = weight of Spirulina taken to prepare the Sample
solution (mg)

Acceptance criteria: NLT 6.0%, calculated on the dried
basis

• CONTENTOF PROTEIN
Sample: 100 mg of Spirulina
Analysis: Proceed as directed in Nitrogen Determination

(461), and multiply the nitrogen content by 6.25.
Acceptance criteria: NLT50.0%, calculated on the dried

basis .

CONTAMINANTS
• LIMIT OF MICROCYSTINS

Use a commercial ELISA kit with cross.reactivity for
microcystin LR and other microcystins, suitable to detect
microcystin LR at a concentration of 0.5 ng/mL. Kits
typically consist of antibody-coated test tubes or
microplates, microcystin-horseradish peroxidase
conjugate solution, a buffer diluent, and a substrate for
peroxidase color development.'

Solvent: A mixture of methanol and water (75:25)
Standard solution A: A 3-ng/mL solution of microcystin-LR
Standard solution B: A 0.5-ng/mL solution of

microcystin-LR
Blank: Water
Sample solution: Homogenize for 3 min 3.0 g of Spirulina,

accurately weighed, in 20.0 mL of Solvent. Transfer the
mixture to a Teflon centrifuge tube, and centrifuge at
4500 rpm for 10 min. Transfer the supernatant into a glass
flask. Add 10.0 mL of Solvent to the homogenizer, and
homogenize the residue for 30 s. Transfer the solution to
the centrifuge tube, mix, and centrifuge at 4500 rpm for
10 min. Combine the supernatants, and mix. Dilute with
water (1 in 100).

System suitability
Samples: StandardsolutionA, Standardsolution B, and

Blank
System suitability requirement

Perform the ELISA determination according to the
directions of the commercial kit manufacturer.

Sensitivity: Color is developed with both the Blank and
Standardsolution B.The color developed with the Blank
isdarker than the color developed with Standardsolution
B, and the color developed with StandardsolutionA is
lighter than the color developed with Standardsolution
B.

Analysis
Samples: Standardsolution B and Sample solution
Acceptance criteria: NMT 0.5 ~glg as microcystin LR,

indicated by a darker color developed for the Sample
solutioncompared to that developed for Standardsolution
B.

• ELEMENTAL CONTAMINANTS
Analysis: Proceed as directed in Elemental Impurities

Procedures (233).
Acceptance criteria

Arsenic: NMT 0.5 ~glg

Cadmium: NMT 0.2 ~glg

Lead: NMT 0.2 ~glg

Mercury: NMT 0.025 ~glg

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined molds and yeasts count does not exceed 103 cful
g, and the-bile-tolerant Gram-negative bacteria does not

, Suitable kitsare availablefrom Envirologix,500 Riverside Industrial
Parkway, Portland, Maine, 04103, USA (www.envirologix.com).

= absorbance at 620 nm
=absorbance at 650 nm
= volume of Sample solution (mL)

A620nm

A650nm

V
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exceed 103 cfu/g. [NOTE-When the total combined molds
and yeasts count isexpected to exceed the acceptance
criteria due to bacteria growth, Sabouraud Dextrose Agar
containing antibiotics may be used.]

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirements of the tests for absence of Salmonella species
and Escherichia coli

SPECIFIC TESTS
• DESCRIPTION

Macroscopic characteristics: Spirulina occursas a fine,
uniform powder, blue-green to green in color.

Microscopic characteristics: Spirulina is a microscopic,
filamentous, multicellular blue-green microalgae. When
fresh, filaments mayappear as tightlycoiled, relaxed helical
coils. Straightfilaments of Spirulina may also be observed
in culturesthat have been under continuous cultivation for
more than 1 year. Under high magnification, filaments
show a typical prokaryotic structure without the presence
of intracellular organelles other than gas vesicles. Filaments
have a diameter of 6-10 urn and a length of 100-400 urn
and may reach 1 mm ifgrown undisturbed. Spirulina
filaments are broken when Spirulina is harvestedand dried
into roughlyuniform particles, 6-10 urn in diameter, and
20-60 urn in length.

• Loss ON DRYING (731)
Sample: 2 g of Spirulina
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 10%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT 15%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, under nitrogen, protected from light and
moisture, and store at room temperature.

• LABELING: The label states the Latin binomial and the
official name.

• USP REFERENCE STANDARDS (11 )
USP Beta Carotene RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS

Spirulina Tablets

DEFINITION
Spirulina Tabletsare prepared from Spirulina. It contains NLT

100% of the labeled amount of spirulina, represented by a
content of beta carotene of NLT 0.15% of the labeled
amount of spirulina, a content of total carotenoids of NLT
0.35% of the labeled amount of spirulina, and a content of
C-phycocyanin of NLT 6.0% of the labeledamount of
spirulina.

IDENTIFICATION
• A. FATTY ACIDS PROFILE

Methyl oleate solution: 1 mg/mLof USP Methyl Oleate RS
in n-heptane

Standard solution: Dissolve quantities of USP Methyl
Palmitate RS, USP Methyl Palmitoleate RS, USP Methyl
Stearate RS, USP Methyl Oleate RS, USP Methyl
Linoleate RS, USP Methyl Linolenate RS (methyl alpha
Iinolenate), and methyl gamma.linolenate (obtained
commercially) in n-heptane to obtain concentrations of
each methyl ester as givenin Table 1.
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Table 1

Relative
Retention Concentration

Methyl Ester Time (mg/mL)

Methyl palmitate 0.76 0.8

Methyl palmitoleate 0.79 0.8

Methylstearate 0.97 0.8

Methyl oleate 1.00 0.8

Methyllinoleate 1.06 0.8

Methylgamma Iinolenate 1.12 0.8

Methyl alpha Iinolenate 1.18 0.8

Sample solution: Weighand finely powder NLT 20 Tablets.
Transfer an amount of the powder, equivalentto about
100 mg of spirulina, to a 50-mL round-bottom flask, fitted
with a water-cooled reflux condenser and a magnetic stir
bar. Add 100 mg of pyrogallic acid, 10 mL of 0.5 N
methanolic sodium hydroxide solution(20 mg/mL of
sodium hydroxide in methanol), and heat the flask while
stirringand under reflux for 15 min.Add5 mL of a solution
of 14% boron trifluoride-methanol through the reflux
condenser into the flask, and continue boiling for 2 more

. min.Add5.0 mL of n-heptane through the condenser, and
continue boilingfor an additional 1 min. Cool the flask,
remove the condenser, and add 15 mL ofsaturated sodium
chloride solution. While the solution is still tepid, insert a
stopper into the flask, shakevigorously, and allowthe layers
to separate. Add sufficient saturated sodium chloride
solutionto bring the upper n-heptane layerup into the neck
of the flask. Transfer the n-heptane layerinto a suitable
container, add a small quantityofanhydroussodiumsulfate
(previously washed with n-heptane), and shake.
[NoTE-Fatty acidsmethylestersshould be analyzedassoon
as possible. Theymay be kept inan atmosphere of nitrogen
at 2° for 24 h.]

Blank: Use n-heptane.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; 0.25-~m

film of phase G16 coating
Temperatures

Injector: 2200

Detector: 260°
Column: See Table 2.

Table 2

Hold Time
Initial Tempera- Final at Final

Tempera- Hold Time ture Tempera- Tempera-
ture at 1700 Ramp ture turee) (min) elmin) e) (min)

170 2 5 240 5

Carrier gas: Helium
Flow rate: 1 mL/min
Split ratio: 100:1. [NOTE-If necessary, adjust the Splitratio

and/or sample dilution to obtain a tailingfactor of 0.8
1.5 for the fatty acid methylester peaks.]

Injection volume: 1 J.lL
System sultablllty

Samples: Methyl oleate solutionand Standard solution
Suitability requirements .

Resolution: NLT 1.5 between methylstearate and
methyl oleate peaks
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Relativestandard deviation: NMT 6.0% for the peak
responses of each of the methyl palmitateand methyl
stearate peaks for replicateinjections; NMT 1.0%for the
peak response ratio of the methyl palmitate to methyl
stearate peaks in replicate injections

Analysis
Samples: Methyl oleatesolution, Standardsolution, Sample

solution, and Blank
Identify the fatty acid ester peaks in the chromatogram of
the Sample solution based on the relative retention times
provided in Table 7 and by comparison to the
chromatograms of the Methyl oleatesolutionand the
Standard solution. Measure the peak responsefor all of the
fatty acid ester peaksfrom the Sample solution.

Calculate the percentage of each fatty acid component in
the portion of Tabletstaken:

Result =(AI B) x 100

A = peak response of individual fatty acid ester from
the Sample solution

B = sum of responsesof all peaks, excluding the
solvent, from the Sample solution

Acceptance criteria: See Table 3 for individual fatty acids.

Table 3

Percentage of Total
Fatty Acids (%)

Palmitic acid 35-60

Palmitoelic acid 2-8

Stearicacid 1-5

Oleicacid 1-7

linoleic acid 13-25

Gamma linolenic acid 13-27

Alphalinolenic acid <0.5

• B. HPLC FOR CHLOROPHYLL A
Analysis: Proceed as directed in the test for Contentof Beta

Carotene and Total Carotenoids, except analyze the Sample
solution and Standardsolution at 432 nm.

Acceptance criteria: The major peak in the Sample solution
chromatogram isdue to chlorophyll A, at a relative
retention time of about 0.8 to the peak of all-trans-beta
carotene.

• C. HPLC FOR CAROTENOIDS
Analysis: Proceed as directed in the test for Contentof Beta

Carotene and Total Carotenoids.
Acceptance criteria: The major peak from the Sample

solution correspondsto that of all-trans-beta carotene
from the Standardsolution. The Sample solution
chromatogram exhibitsadditional peaksdue to oscillol
rhamnoside, myxol rhamnoside, zeaxanthin, alloxanthin,
echinenone, beta cryptoxanthin, and cis-isomers of beta
carotene as shown in Table 5. [NOTE-The cis-beta carotene
peaks may partially be resolved from the all-trans-beta
carotene peak.]

STRENGTH
• CONTENT OF BETA CAROTENE AND TOTAL CAROTENOIDS

[NOTE-It is important to have all glassware ready
before starting the test. Minimize exposure of the
Standard solution and Sample solution to light.
Proceed under subdued light using low-actinic
glassware at a room temperature not to exceed 25°.

USP 43

The Standardsolution and Sample solutionare stable
for 12 h.]

Solution A: A mixtureof a solution of 0.05% butylated
hydroxytoluene in methanol and water (9:1). Allow the
mixture to equilibrateto room temperature before
adjusting to final volume with the solutionof 0.05%
butylated hydroxytdluene in methanol.

Solution B: A mixtureof a solution of 0.05% butylated
hydroxytoluene in methanol and methylenechloride
(88:12). Allow the mixtureto equilibrate to room
temperature before adjustingto final volume with the
solution of 0.05% butylated hydroxytoluene in methanol.

Mobile phase: See Table 4.

Table 4

Time Solution A Solution B
(min) (%) (%)

0 95 5

1.0 95 5

2.5 0 100

10.75 0 100

11.00 95 5

16 95 5

Diluent: 50 IJg/mL of butylated hydroxytoluene in
methanol

Standard stock solution: 500 IJg/mL of USP Beta
Carotene RS in methylenechloride. [NOTE-Prepare freshat
the time of use, and minimize the time before it is used to
prepare the Standardsolution.]

Standard solution: 2.5 IJg/mL of USP Beta Carotene RS in
Diluent from Standardstock solution.
Determine the concentration of the Standardsolution as
follows.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analyticalwavelength: 450 nm
Cell path: 1 cm
Blank: Diluent
Takethree measurements usingthree different portions

of the Standardsolution.
Calculate the concentration of beta carotene (lJg/mL) in

the Standardsolution.

Cs = (AI F) x (P/100)

A =average absorbance of the three portions of
Standardsolution

F = one thousandth of the absorptivi7 valueof beta
carotene in Diluent, 0.25 mL 'lJg- . cm-l

P =percentage of beta carotene relative to total
carotenoids in the Standard solution as
determined below in the Analysis

Sample solution: Weigh and finely powder NLT20 Tablets.
Transfer an accuratelyweighed amount of the powder,
equivalent to about 30 mg of spirulina, into a centrifuge
tube,add 3 mL ofdimethyl sulfoxide, and afewglassbeads.
Mix on a vortex mixerto disperse the sample. For15 min,
repeat the processof immersing ina water bath maintained
at a temperature of 45° and mixing on a vortex mixer.
Remove the tube from the water bath, and centrifugeat
about 4000 rpm for 3 min.Transfer the supernatant to a
25-mLvolumetric flask. To the residueadd 3 mL of
methanol, mix on a vortex mixer, centrifugeat about
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Calculatethe percentage of total carotenoids in the labeled
amount of spirulina in the portion of Tablets taken:

Result =(Erulrs) x Cs x (VIW) x 100

Eru =sum ofpeak responses forallcarotenoidsfromthe
Sample solution

rs =peak responsefor beta carotene from the
Standard solution

. Cs =concentration of beta carotene in the Standard
solution, as determined above under Standard
solution (l.Ig/mL)

V =final volume of Sample solution (mL)
W =labeledamount ofspirulina present in the portion

of Tablets taken to prepare the Sample solution
(l.Ig)

Calculate the percentage of beta carotene in spirulina
present in the portion of Tablets taken:

Result =(ru/rs) x Cs x (VIW) x 100

ru = peak response of beta carotene from the Sample
solution

rs = peak responseof beta carotene fromthe Standard
solution

Cs =concentration of beta carotene in the Standard
solution, as determined above under Standard
solution (l.Ig/mL)

V =final volume of Sample solution (mL)
W =labeledamount of spirulina in the portion of

Tablets taken to prepare the Sample solution
(1.1g)

Acceptance criteria: NLT 0.15% of beta carotene and NLT
0.35% of total carotenoids, of the labeledamount of
spirulina

• CONTENT OF C-PHYCOCYANIN
Buffer solution: Preparea solution having a pH of 7,
containing 13.9 giL of monobasicsodium phosphate,
26.81 giL of dibasicsodium phosphate, and 0.05% of
sodium azide.

Sample solution: Transfer a portion of powdered Tablets,
equivalent to 100 mg of spirulina, accurately weighed,
into a centrifuge tube, and add 25.0 mL of Buffer solution.
Cap the tube, mixwell on a vortex mixerfor 1 min, cover
to protect from light, and store in a refrigerator overnight
(16-24 h). After overnight refrigerator storage, mixthe
tube on a vortex mixerfor 1 min, and centrifuge at
3500 rpm for 4 min in a refrigerated centrifuge (10°). Mix
again on a vortex mixerfor 1 min, and centrifuge at
3500 rpm for 6 min in a refrigerated centrifuge. Use the
supernatant.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analyticalwavelengths: 620 nm and 650 nm
Cell path: 1 cm
Blank: Buffer solution

Analysis: Measure the absorbance of the Sample solutionat
620 nm and 650 nm using Buffer solution as the Blank.
Calculatethe percentage of C-phycocyanin in spirulina

present in the portion of Tablets taken:

Result =(A620nm X 0.1757 - A6S0nm X 0.1185) x (VIW) x 100

=absorbance at 620 nm
=absorbance at 650 nm
= volume of Sample solution(mL)

A620nm

A6Sonm

V

Table 5

4000 rpm for 3 min, and transferthe supernatant to the
volumetric flask. Repeat until the last methanol extract is
colorless. Dilute with methanol to volume, and mix. If
particles are still present in the final extract, centrifuge a
portion at about 4000 rpm for 3 min, and use the
supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 476 nm
Columns

Guard: 2.0-mm x 4-cm; 5-l.Im, 300 A, packing L1
Analytical: 2.0-mm x 15-cm; 5-l.Im, 300 A, packing L1

Column temperature: 25°
Flow rate: 0.5 mL/min
Injection volume: 50 I.IL

System suitability
Sample: Standardsolution
Suitability requirements

Inject the Standardsolution repeatedly(about 2-3 times)
until a consistent retention time, within± 0.2 min, is
obtained.

Relative standard deviation: NMT 2.0% for beta
carotene peak

Analysis
Samples: Standardsolutionand Sample solution
Using the chromatogram of the Standard solution, identify

the peak corresponding to all-trans-beta carotene in the
Sample solution chromatogram. Identify the peaks
corresponding to oscillol rhamnoside, myxol rhamnoside,
zeaxanthin, alloxanthin, echinenone, beta
cryptoxanthin, and cis-isomers of beta carotene from the
Sample solutionusingthe relative retention timesprovided
in Table 5.

P=(rulrr) x 100

=peak responseof beta carotene fromthe Standard
solution

=sum of peak responsesofallcarotenoidsdetected
from the Standardsolution, including that of beta
carotene

The cis-beta carotene peaks may partially be resolved from
the all-trans-beta carotene peak. In this case, peak
integration should be done as a single peak that includes
all the isomer peaks.

Calculatethe percentage (P) of beta carotene (sum of all
the beta carotene isomers) relative to total carotenoids
in the Standardsolution:

Relative
Retention

Carotenoids Time

Oscillol rhamnoside 0.15

Myxol rhamnoside 0.19

Zeaxanthin 0.29

Alloxanthin 0.53

Echinenone 0.60

Beta cryptoxanthin 0.64

AII-trans-beta carotene 1.00

9-cis-Beta carotene 1.02

13-cis-Beta carotene 1.04
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W =labeled amount of spirulina in the portion of
Tablets taken to prepare the Sample solution
(mg)

Acceptance criteria: NLT 6.0% of the labeledamount of
spirulina

,. CONTENT OF PROTEIN
Sample: A portion of powdered Tablets equivalent to

100 mg of spirulina
Analysis: Proceed as directed in NitrogenDetermination

(461), and multiply the nitrogen content by 6.25.
Acceptance criteria: NLT 50.0% of the labeled amount of

spirulina

PERFORMANCE TESTS
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
,. LIMIT OF MICROCYSTINS

Use a commercial ELISA kitwith cross reactivity for
microcystin LR and other microcystins, suitable to detect
microcystin LR at a concentration of 0.5 ng/mL. Kits
typically consist of antibody-coated test tubes or
microplates, microcystin-horseradish peroxidase
conjugate solution, a bufferdiluent, and a substrate for
peroxidasecolor development.'

Solvent: Amixture of methanol and water (75:25)
Standard solution A: A3-ng/mLsolutionof microcystin-LR
Standard solution B: A0.5-ng/mL solutionof

microcystin-LR
Blank: Water
Sample solution: Homogenize for 3 min a portion of

powdered Tablets, equivalentto 3.0 g of the labeled
amount of spirulina, accuratelyweighed, in 20.0 mL of
Solvent. Transfer the mixtureto a Teflon centrifugetube,
and centrifuge at 4500 rpm for 10 min.Transfer the
supernatant into a glassflask. Add10.0 mL of Solvent to the
homogenizer, and homogenize the residuefor 30 s.
Transfer the solution to the centrifuge tube, mix, and
centrifuge at 4500 rpm for 10 min. Combine the
supernatants, and mix. Dilute with water (1 in 100).

System suitability
Samples: Standardsolution A, Standard solution B, and

Blank
System suitability requirement

Perform the ELISA determination according to the
directionsof the commercial kit manufacturer.

Sensitivity: Color isdeveloped with both the Blank and
Standard solution B. The color developed with the Blank
isdarkerthan the colordevelopedwith Standard solution
B, and the color developed with Standard solution A is
lighter than the color developed with Standard
solution B.

Analysis
Samples: StandardsolutionB and Sample solution

Acceptance criteria: NMT 0.5 I-Ig/g as microcystin LR,
indicated by a darker color developed for the Sample
solution compared to that developed for the Standard
solutionB.

,. ELEMENTAL CONTAMINANTS IN DIETARY SUPPLEMENTS
(2232): Meet the requirements

• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residue Analysis
(561): Meet the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 5 x 104 cfu/g, and the total
combined moldsand yeastscount does not exceed 102 cfu/
g. [NOTE-When the total combined moldsand yeastscount

1 Suitable kits are available from EnviroLogix, 500 Riverside Industrial
Parkway, Portland, Maine, 04103, USA (www.envirologix.com).
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isexpected to exceed the acceptance criteria due to
bacteria growth, Sabouraud Dextrose Agarcontaining
antibiotics may be used.]

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirementsof the tests for absence of Salmonella species
and Escherichia coli in 109

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers,protected from lightand moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomial and, following
the official name, the articlefrom which the Tablets were
prepared. The label also indicatesthe amount, in mg/
Tablet, ofspirulina. Label Tabletsto indicate the content, in
percentage, of beta carotene, total carotenoids, and
C-phycocyanin in the spirulina used to preparethe Tablets.

• USP REFERENCE STANDARDS (11)
USP Beta Carotene RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS

Stinging Nettle
DEFINITION
Stinging Nettle consists of dried roots and rhizomes of Urtica

dioica L. subsp. dioica (Fam. Urticaceae), and maycontain
Urticaurens L., known in commerce as dwarfnettle, as a
minorcomponent. Itcontains NLT0.8% oftotalaminoacids,
NLT 0.05% of p-sitosterol (C29HsoO), and NLT 3 I-Ig/g of
scopoletin (C10Hs0 4) , calculated on the dried basis.

IDENTifiCATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 0.05 mg/mL of USP Scopoletin RS and
0.5 mg/mL of USP P-Sitosterol RS in methanol

Sample solution: Extract 1 g of powder by refluxing with
10 mL of a solutioncontaining toluene, ethyl acetate, and
methanol (7:2:1) for 15 min, cool, and filter. Evaporate the
filtrate to dryness under reduced pressure at less than 40°,
and dissolve the residue in 2 mL of the mixture containing
toluene, ethyl acetate, and methanol.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layerof chromatographicsilica gel

mixture
Application volume: 20 I-IL for the Sample solution; 10 I-IL

for the Standard solution
Developing solvent system: Diethyl ether and methanol

(9:1 )
Spray reagent: 85% phosphoricacid,10%vanillin in96%

ethanol, and water (4.5: 1: 4.5)
Analysis

Samples: Standard solutionand Sample solution
Develop the plate and examine under UV lightat 365 nm.

Spraythe plate with Spray reagent, heat between 100°
and 105° for 10 min, and examine under daylight.

Acceptance criteria: The chromatogram of the Sample
solutionexhibitsa violet-red zone corresponding to
p-sitosterol. at the same RF valueas p-sitosterol in the
Standard solution, weakly visible zones above and below
P-sitosterol, and a violet-red zone corresponding to
p-sitosterolglucoside.
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Table 1 (continued)

o

v
W

Time Solution A Solution B
(min) (%) (%)

2 60 40

8 60 40

10 0 100

15 0 100

20 75 25

30 75 25

Standard solution: 0.02 ~g/mL of USP Scopoletin RS in
methanol

Sample stock solution: Extract 160 mg of finely powdered
Stinging Nettle in each mL of methanol. Place in an
ultrasonic bath for 25 min, and centrifuge.

Sample solution: Sample stock solutiondiluted with
methanol 1 in 20

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorescence detector; set at an excitation

wavelength of 366 nm and an emission wavelength of
420 nm

Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 ~L

System suitability
Sample: Standard solution
Suitability requirements

Capacity factor (k'): NLT 5 determined from the
scopoletin peak

Tailing factor: NMT 2.0 for the scopoletin peak
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standard solutionand Sample solution
Measure the peak responses for scopoletin.
Calculate the content of scopoletin (ClOHs0 4) , in ~g/g, in

the portion of Stinging Nettle taken:

Result = (rulrs) x Cs x (VIW) x 0

=peak areaof scopoletin from the Sample solution
=peakareaof scopoletin from the Standard solution
=concentration of USP Scopoletin RS in the

Standard solution(~g/mL)
=volume of the Sample stock solution (mL)
=weight of Stinging Nettle taken to prepare the

Sample solution (g)
= dilution factor to prepare the Sample solution

from the Sample stock solution

Acceptance criteria: NLT 3 ~g/g on the dried basis
• CONTENT Of TOTAL AMINO ACIDS

Buffer: Mix 5.40 g of anhydrous sodium acetate, 0.3 mL of
glacial acetic acid, and water to a final volume of 100 mL.
Adjust to pH 5.5.

Reagent solution: Solution containing 1.00 g of ninhydrin,
150 mg of hydrindantin, and 37.5 mL of propylene glycol.
Adjust with Buffer to 50.0 mL. [NoTE-Prepare the Reagent
solutiondaily.]

Standard solution: 20 ~g/mL each of USP Glutamic Acid RS
and USP Aspartic Acid RS in water

Sample solution: Finely powder Stinging Nettle, and
transfer 1.0 g of it to 80 mL of water. Place in an ultrasonic
bath for 25 min, and centrifuge. Transfer the supernatant

COMPOSITION
• CONTIENT Of P-SITOSTIEROL

Derivatizing reagent: A solution containing equal volumes
(1:1:1) of BSTFA [N,O-bis(trimethylsilyl)tri
fluoroacetamide], anhydrous pyridine, and a mixture of
BSA [N,O-(trimethylsilyl)acetamide], TMSI
(N-trimethylsilylimidazole), and TMCS
(trimethylchlorosilane) (3:3:2)

Internal standard solution: 10 mg/mL of cholesterol in
chloroform

Standard solution: Dissolve50.0 mg of USP p-sitosterol RS
in 2 mL of chloroform, add 1.0 mL of Internalstandard
solution, and dilute with chloroform to 5 mL. Dry 0.5 mL
under reduced pressure, and add 1 mL of Derivatizing
reagent.

Sample solution: Transfer 50.0 g of finely powdered
Stinging Nettle to a Soxhlet apparatus, add chloroform,
and extract for 6 h. The volume of chloroform used is at
least twice the volume of the thimble with an appropriately
sized flask. Dry the solvent under reduced pressure, add
1.0 mL of Internal standardsolution, and dilute with
chloroform to 10 mL. Transfer 0.5 mL of this solution to a
1O-mLround-bottom flask, dry the solvent under reduced
pressure, and add 0.5 mL of Derivatizing reagent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.20-mm x 25-m fused-silica capillary; 0.35-~m
film of phase G2 coating

Temperature
Injector: 325°
Detector: 325°
Column: 300°, for 60 min

Carrier gas: Helium
Flow rate: 0.5 mL/min
Injection size: 1 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for each sterol peak
Relative standard deviation: NMT 5.0% determined

from each sterol peak
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of p-sitosterol in the portion of

Stinging Nettle taken:

Result= (RulRs) x (WsIWu) x 100

Table 1

= peak response ratio of p-sitosterol to the internal
standard from the Sample solution

= peak response ratio of p-sitosterol to the internal
standard from the Standardsolution

= weight of USP p-sitosterol RS used to prepare the
Standardsolution (mg)

=weight of Stinging Nettle taken to prepare the
Sample solution (mg)

Acceptance criteria: NLT 0.05% on the dried basis
• CONTENT Of SCOPOLETIN

Solution A: Water
Solution B: Methanol
Mobile phase: See Table 1.

Time Solution A Solution B
(min) (%) . (%)

0 75 25
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to a 1OO-mL volumetric flask, dilute with water to volume,
and filter. '

Blank: Water
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analytical wavelength: 570 nm
Cell: 1 cm

Analysis
Samples: Standardsolution, Sample solution, and Blank
Transfer 5.0 mLof the Standardsolution, Sample solution,

and Blank to separate 50-mLvolumetricflasks. Add5.0 mL
of Reagent solution to each flask. Heat in a boilingwater
bath for 30 min, cool, and adjust with a mixtureofethanol
and water (1:1) to volume.

Calculatethe percentage of total amino acids in the portion
of Stinging Nettle taken:

Result =(Au/As) x Cs x (V/W) x F x 100

Au = absorbance of the Sample solution
As = absorbance of the Standardsolution
Cs = sum of the concentration of USP GlutamicAcid RS

and USP Aspartic Acid RS in the Standardsolution
(l-Ig/mL)

V = volume of the Sample solution, 100 mL
W = amount of Stinging Nettle taken to prepare the

Sample solution (mg)
F = unit conversion factor, 0.001 mg/l-lg

Acceptance criteria: NLT 0.8% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues (561):

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 106 clu/g, the total
combined molds and yeasts count does not exceed 104 clu/
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The rhizome is irregularly bent, about 3-
10 mm thick, and light gray-brown on the outside; thin
roots spring from the knotty bulges of a lengthwise
furrow. Atransverse cut of the rhizomeshows it isfibrous,
lightyellowish white, and usually has a smallmedulla cave.
The roots are often very long, usually 0.5-2 mm thick, light
yellow-brown on the outside, and contain some deep
longitudinalfurrows; a transverse cut shows a pale and
almost pure-white color.

Microscopic: The transversesection of the rhizomeand root
shows the following characteristics. The rhizome has a
narrow cork composed of brown, thin-walled cells, a few
rows of tangentially elongated cortical parenchyma, and a
pericyclic region with numerous fibersoccurring singlyor,
more frequently, in small groups. Fibers are much
elongated with very thick and lignified walls. Some cells of
the pericycle and outer part of secondary phloem contain
large globular compound crystals of calcium oxalate. The
vascularcambial region is distinct and continuous with
narrow radial groups of vasculartissue separated bywide
medullary rays. The secondary phloem is mainly
parenchymatous with groups of thin-walled sieve tissue.
The xylem is dense and completely lignified, containing
scattered vessels, isolated or in small groups, associated
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with moderately thickened xylem parenchyma cells and
numerous thicker-walled xylemfiberswith slit-shaped pits.
Individual vessels have fairly large, closely arranged,
bordered pits, while the adjacent parenchyma has simple
or bordered pits. Medullary rays indicate alternating areas
of lignified and unlignified cells, appearing as tangential
bands between the vascular bundles, each composed of
5 or 6 layers of cells; the lignified cells have moderately
thickened walls with simple pits. The pith iscomposed of
rounded, unlignified parenchyma, collapsed in the central
part to form a cavity.Mature roots show a thin cork,narrow
phelloderm, and secondary phloem and xylemwith
alternating areas of lignified and unlignified parenchyma in
the wide medullary rays, similar to that found in the
rhizome.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT 10%
• Loss ON DRYING (731) Dry1.0 g of Stinging Nettle, finely

powdered, at 105°for 2 h: it losesNMT 12.0% of itsweight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. Storeat controlled room temperature.
• LABELING: The labelstates the Latin binomialand, following

the official name, the parts of the plant contained in the
article.

'. USP REFERENCE STANDARDS (11)
USP Aspartic Acid RS
USP GlutamicAcid RS
USP Scopoletin RS
USP ~-Sitosterol RS

Powdered Stinging Nettle

DEFINITION
Powdered Stinging Nettle is Stinging Nettle reduced to a fine

or veryfine powder. It contains NLT 0.8% of total amino
acids, NLT 0.05% of ~-sitosterol (C29HsoO), and NLT 3 I-Ig/g
of scopoletin (ClOHs0 4) , calculated on the dried basis.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 0.05 mg/ml of USP Scopoletin RS and
0.5 mg/mL of USP ~-Sitosterol RS in methanol

Sample solution: Extract1 g of Powdered Stinging Nettle
by refluxing with 10 mLof a solution containing toluene,
ethyl acetate, and methanol (7:2:1) for 15 min, cool, and
filter. Evaporate the filtrate to dryness under reduced
pressure at less than 40°, and dissolve the residue in 2 mL
of the mixture containing toluene, ethyl acetate, and
methanol.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layerof chromatographic silica gel

mixture
Application volume: 20 I-IL for the Sample solution; 10 I-IL

for the Standardsolution
Developing solvent system: Diethyl ether and methanol

(9:1)
Spray reagent: 85% phosphoric acid, 10% vanillin in96%

ethanol, and water (4.5: 1: 4.5)
Analysis

Samples: Standardsolution and Sample solution
Developthe plate and examine under UV lightat 365 nm.

Spraythe plate with Sprayreagent, heat between 100°
and 105° for 10 min, and examine under daylight.
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Acceptance criteria: The chromatogram of the Sample
solutionexhibits a violet-red zone correspondingto
p-sitosterol at the same RFvalueas p-sitosterol of the
Standard solution, weakly visible zones above and below
p-sitosterol, and a violet-redzone corresponding to
p-sitosterolglucoside.

COMPOSITION
• CONTENT OF P-SITOSTEROL

Derivatizing reagent: Asolutioncontaining equal volumes
(1:1:1) of BSTFA [N,O-bis(trimethylsilyl)tri
fluoroacetamide], anhydrous pyridine, and a mixtureof
BSA [N,O-(trimethylsilyl)acetamide], TMSI
(N-trimethylsilylimidazole), and TMCS
(trimethylchlorosilane) (3:3:2)

Internal standard solution: 10 mg/mL of cholesterol in
chloroform

Standard solution: Dissolve 50.0 mg of USP p-sitosterol RS
in 2 mL of chloroform, add 1.0 mL of Internalstandard
solution, and dilute to 5 mL with chloroform. Dry 0.5 mL
under reduced pressure, and add 1 mL of Derivatizing
reagent. .

Sample solution: Transfer 50.0 g of PowderedStinging
Nettle to a Soxhletapparatus, add chloroform, and extract
for 6 h. Thevolume of chloroform used isat leasttwice the
volumeof the thimble with an appropriatelysizedflask. Dry
the solvent under reduced pressure,add 1.0 mL of Internal
standardsolution, and dilute with chloroform to 10 mL.
Transfer 0.5 mL of this solution to a 1O-mL round-bottom
flask, dry the solvent under reduced pressure, and add
0.5 mL of Derivatizingreagent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.20-mm x 25-m fused-silica capillary; 0.35-lJm

film of phase G2 coating
Temperature

Injector: 325°
Detector: 325°
Column: 300°, for 60 min

Carrier gas: Helium
Flowrate: 0.5 mL/min
Injection size: 1 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for each sterol peak
Relativestandard deviation: NMT 5.0% determined
from each sterol peak

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of p-sitosterol in the portion of

Powdered Stinging Nettle taken:

Result = (Ru/Rs) x (Ws/Wu) x 100

= peak response ratio of B-sltosterol to the internal
standard from the Sample solution

= peak response ratio of p-sitosterol to the internal
standard from the Standardsolution

= weight of USP p-sitosterol RS used to prepare the
Standardsolution (mg)

= weight of Powdered Stinging Nettle taken to
prepare the Sample solution (mg)

Acceptance criteria: NLT 0.05% on the dried basis
• CONTENT OF SCOPOLETIN

Solution A: Water
Solution B: Methanol
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Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 75 25

2 60 40

8 60 40

10 0 100

15 0 100

20 75 25

30 75 25

Standard solution: 0.02 IJg/mL of USP Scopoletin RS in
methanol

Sample stock solution: 160 mg of Powdered Stinging
Nettle in each mL of methanol. Place in an ultrasonic bath
for 25 min, and centrifuge.

Sample solution: Sample stock solutiondiluted with
methanol 1 in 20

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorescence detector; set at an excitation
wavelength of 366 nm and an emission wavelength of
420 nm

Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Capacity factor (k'): NLT 5 determined from the
scopoletin peak

Tailing factor: NMT 2.0 for the scopoletin peak
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standard solutionand Sample solution
Measurethe peak responsesfor scopoletin.
Calculatethe content of scopoletin (C1oHs0 4) , in IJg/g~ in

the portion of Powdered Stinging Nettle taken:

Result = (ru/rs) x Cs x (V/W) x 0

to =peak area of scopoletinfrom the Sample solution
rs = peakarea ofscopoletinfromthe Standard solution
Cs =concentration of USP Scopoletin RS in the

Standard solution (lJg/mL)
V =volume of the Sample stock solution (mL)
W = weight of Powdered Stinging Nettle taken to

prepare the Sample stock solution(g)
o = dilutionfactor to prepare the Sample solution

from the Sample stock solution

Acceptance criteria: NLT 3 IJg/gon the dried basis
• CONTENT OF TQTAL AMINO ACIDS

Buffer: Mix 5.40 9 of anhydrous sodium acetate, 0.3 mL of
glacial acetic acid, and water to a final volume of 100 mL.
Adjust to pH 5.5.

Reagent solution: Solution containing 1.00 9 of ninhydrin,
150 mg of hydrindantin, and 37.5 mL of propyleneglycol.
Adjust with Buffer to 50.0 mL. [NOTE-Prepare the Reagent
solution.daily.]

Standard solution: 20 IJg/mL each of USP Glutamic Acid RS
and USP Aspartic Acid RS, in water
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Sample solution: Transfer 1.0 g of Powdered Stinging
Nettle to 80 mL of water. Place in an ultrasonic bath for
25 min, and centrifuge. Transfer the supernatant to a
1OO-mL volumetric flask, dilute with water to volume, and
filter.

Blank: Water
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analytical wavelength: 570 nm
Cell: 1 cm

Analysis
Samples: Standardsolution, Sample solution, and Blank
Transfer 5.0 mL of the Standardsolution, Sample solution,

and Blankto separate 50-mL volumetric flasks.Add 5.0 mL
of Reagent solution to each flask. Heat in a boiling water
bath for 30 min, cool, and adjust with a mixture of ethanol
and water (1 :1) to volume.

Calculate the percentage of total amino acids in the portion
of Powdered Stinging Nettle taken:

. Result = (Au/As) x Cs x (V/W) x Fx 100

Au = absorbance from the Sample solution
As =absorbance from the Standardsolution
Cs = sum of the concentration of USP Glutamic Acid RS

and USPAspartic Acid RS in the Standardsolution
(lJg/ mL)

V = volume of the Sample solution, 100 mL
W = amount of Powdered Stinging Nettle taken to

prepare the Sample solution (mg)
F =unit conversion factor, 0.001 mg/lJg

Acceptance criteria: NLT 0.8% on the dried basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues (561):

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 106 du/g, the total
combined molds and yeasts count does not exceed 104 du/
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: The powder is yellowish to brownish gray.
Microscopic: Under a microscope using chloral hydrate

solution, it shows severalfragments of net and pitted vessels
with a strongly varying diameter, usually 50-150 IJm. Few,
if any, pitted bast fibers are present. Clearly pitted wood
fibers, 200-800 IJm in length, and thin-walled parenchyma
cells, sometimes containing compounded calcium oxalate
crystals and occasionally with single crystals and fragments
of cork consisting of flat-shaped, thin-walled cells, are also
present.

• ARTICLES OF BOTANICAL ORIGIN, Foreign OrganicMatter
(561): NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT 10%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and excessiveheat.
• LABELING: The label states the Latin binomial and, following

the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Aspartic Acid RS

USP 43

USP Glutamic Acid RS
USP Scopoletin RS
USP ~-Sitosterol RS

Powdered Stinging Nettle Extract
DEFINITION
Powdered Stinging Nettle Extract is prepared from

comminuted Stinging Nettle with 60% alcohol or other
suitable solvents. It contains NLT 5.0% of total amino acids,
NLT 0.1% of p-sitosterol (C29HsoO), and NLT 30 IJg/g of
scopoletin (C10Hs0 4) . The ratio of the starting crude plant
material to Powdered Extract is 10:1.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

Standard solution: 0.05 mg/mL of USP Scopoletin RS and
0.5 mg/mL of USP P-Sitosterol RS in methanol

Sample solution: Dissolve 0.6 g of Powdered Extract, in a
mixture of toluene, ethyl acetate, and methanol (7:2:1).
Filter, and dry under reduced pressure at a temperature
below 40°. Dissolve the residue in 2.0 mL of the mixture
containing toluene, ethyl acetate, and methanol.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layer of chromatographic silica gel

mixture
Application volume: 20 IJLfor the Sample solution; 10 IJL

for the Standard solution
Developing solvent system: Diethyl ether and methanol

(9:1 )
Spray reagent: 85% phosphoric acid, 10% vanillin in 96%

ethanol, and water (4.5: 1: 4.5)
Analysis

Samples: Standardsolution and' Sample solution
Proceed as directed in the chapter. Examine the plates

under UV light at 365 nm. Spray the plate with 10 mL of
Spray reagent, heat between 100° and 105° for 10 min,
and examine under daylight.

Acceptance criteria: The chromatogram of the Sample
solution exhibits a violet-red zone corresponding to .
p-sitosterol at the same RF value as p-sitosterol from the
Standardsolution, weakly visible zones above and below
p-sitosterol, and a violet-red zone corresponding to
~-sitosterolglucoside.

• B. GAS CHROMATOGRAPHY IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Contentof
P-Sitosterol.

Acceptance criteria: The retention time of p-sitosterol of the
Sample solutioncorresponds to that of the Standard
solution.

• C. HPLC IDENTIFICATION TEST
Analysis: Proceed as directed in the test for Contentof

Scopoletin.
Acceptance criteria: The retention time of scopoletin of the

Sample solutioncorresponds to that of the Standard
solution.

COMPOSITION
• CONTENT OF P-SITOSTEROL

Derivatizing reagent: A solution containing equal volumes
(1:1:1) of BSTFA [N,O-bis(trimethylsilyl)tri
fluoroacetamide], anhydrous pyridine, and a mixture of
BSA [N,O-(trimethylsilyl)acetamide], TMSI
(N-trimethylsilylimidazole), and TMCS
(trimethylchlorosilane) (3:3:2)
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Internal standard solution: 10 mg/mL of cholesterol in
chloroform

Standard solution: Dissolve 50.0 mg of USP ~-Sitosterol RS
in 2 mL of chloroform, add 1.0 mL of Internalstandard
solution, and dilute to 5 mL with chloroform. Dry 0.5 mL
under reduced pressure, and add 1 mL of Derivatizing
reagent.

Sample solution: Transfer 20.0 9 of Powdered Extract to a
Soxhlet apparatus, treat with chloroform, and extract for
6 h. The volumeof chloroform used isat least twicethe
volumeof the thimblewith an appropriatelysizedflask. Dry
the solventunder reduced pressure,add 1.0 mL of Internal
standardsolution, and dilute with chloroform to 10 mL.
Transfer 0.5 mL of this solution to a 1O-mL round-bottom
flask, dry the solvent under reduced pressure, and add
0.5 mL of Derivatizing reagent.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.20-mm x 25-m fused-silica capillary; 0.35-~m

film of phase G2 coating
Temperature

Injector: 325°
Detector: 325°
Column: 300°, for 60 min

Carrier gas: Helium
Flowrate: 0.5 mL/min
Injection size: 1 ~L

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 2.0 for each sterol peak
Relativestandard deviation: NMT 5.0% determined
from each sterol peak

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ~-sitosterol in the portion of

Powdered Extract taken:

Result = (RuIRs) x (WsIWu) x 1.00

Ru =peak response ratio of ~-sitosterol to the internal
standard from the Sample solution .

Rs = peak response ratio of ~-sitosterol to the internal
standard from the Standardsolution

Ws =weight of USP ~-Sitosterol RS used to prepare the
Standard solution (mg)

Wu =weight of Powdered Extract in the Sample
solution(mg)

Acceptance criteria: NLT 0.1%
• CONTENT OF SCOPOlETIN

Solution A: Water
Solution B: Methanol
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 75 25

2 60 40

8 60 40

10 0 100

15 0 100

20 75 25
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Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

30 75 25

Standard solution: 0.02 ~g/mL of USP Scopoletin RS in
methanol . .

Sample stock solution: 8 mg/mL of Powdered Extract in
methanol. Place inan ultrasonic bath for 25 min, and
centrifuge.

Sample solution: Sample stock solutiondiluted with
methanol 1 in 20

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorescence; set at an excitationwavelength of

366 nm and an emission wavelength of 420 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Capacity factor (k'): NLT 5 determined from the
scopoletin peak

Tailing factor: NMT 2.0 for the scopoletin peak
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standardsolutionand Sample solution
Measurethe peak responses for scopoletin.
Calculatethe content of scopoletin (ClOHs0 4) , in ~g/g, in

the portion of Powdered Extract taken:

Result = (rulrs) x (CslCu)

ru =peak area of scopoletin from the Sample solution
ts =peakarea ofscopoletin fromthe Standardsolution
Cs = concentration of USP Scopoletin RS in the

Standardsolution(~g/mL)
Cu =concentration of Powdered Extract in the

Sample solution(g/mL)

Acceptance criteria: NLT 30 ~g/g

• CONTENT OF TOTAL AMINO ACIDS
Buffer: Mix 5.40 9 of anhydroussodium acetate, 0.3 mL of

glacial acetic acid, and water to a final volume of 100 mL.
Adjust to pH 5.5.

Reagent solution: Solution containing 1.00 9 of ninhydrin,
150 mg of hydrindantin, and 37.5 mL of propylene glycol.
Adjust with Buffer to 50.0 mL. [Nets-Prepare the Reagent

, solution daily.]
Standard solution: 20 pq/m], each of USP Glutamic Acid RS

and USP Aspartic Acid RS in water
Sample solution: Dissolve 50 mg of Powdered Extract in

80 mL of water, shakefor 10 min, dilute with water to
100 mL, and filter.

Blank: Water
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Visible
Analytical wavelength: 570 nm
Cell: 1 cm

Analysis
Samples: Standardsolution, Sample solution, and Blank
Transfer 5.0 mL of the Standard solution, Sample solution,

and Blankto separate 50-mL volumetric flasks. Add5.0 mL
of Reagent solution to each flask. Heat in a boiling water
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bath for 30 min, cool, and adjust with a mixture of ethanol
and water (1:1) to volume.

Calculate the percentage of total amino acids in the portion
'of Powdered Extract taken:

Result = (Au/As) x «(sfCu) x 100

Au = absorbance of the Sample solution
As = absorbance of the Standardsolution
Cs = sum of the concentration of USPGlutamic Acid RS

and USPAspartic Acid RS in the Standardsolution
(mg/mL)

Cu = concentration of Powdered Extract in the
Sample solution (mg/mL)

Acceptance criteria: NLT 5.0%

CONTAMINANTS

·~-fJq"'ANICA"'E
Bng 'a
Res/· ues 1 • Meets the requirements

• ALCOHOL DETERMINATION, Method II (611): NMT 1.0%, if
present

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
microbial count does not exceed 103cfu/g, and the total
combined molds and yeasts count does not exceed 10 2 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species and Escherichia coli.

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 1.0 g of Powdered Extract at

105° for 2 h: it loses NMT 8.0% of its weight.
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

20.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. Store at controlled room temperature.
• LABELING: The label states the official name of the article,

the Latin binomial, and, following the official name, the
part of the plant from which the article was prepared. Label
it to indicate the content of total amino acids, p-sitosterol,
scopoletin, the extracting solvent used for preparation, and
the ratio of the starting crude plant material to Powdered
Extract.

• USP REFERENCE STANDARDS (11)
USP Aspartic Acid RS
USP Glutamic Acid RS
USP Scopoletin RS
USPP-Sitosterol RS

Tangerine Peel

DEFINITION
Tangerine Peel consists of the dried exocarp and mesocarp of

the ripe fruit of Citrus reticulata Blanco (Fam. Rutaceae),
partly freed from the white spongy tissue of the mesocarp. It
contains NLT 5.0% of total dihydroflavone glycosides,
calculated as the sum of narirutin (Cz7H3Z014)' hesperidin
(CZSH3401S), and didymin (CZSH34014) on the anhydrous
basis, and NLT 0.1 % of total polyrnethoxylated flavones,
calculated as the sum of nobiletin (CzlHzzOs), 3,5,6,7,8,3',

USP43

4'-heptamethoxyflavone (CZZHZ409), and tangeretin
(CZOHZ007) on the anhydrous basis.

IDENTIFICAnON
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1.0 mg/mL of USP Hesperidin RS in
methanol. Sonicate to dissolve.

Standard solution B: 50 mg/mL of USP Citrus reticulata
Pericarp Dry Extract RS in methanol. Sonicate for 20 min,
centrifuge, and use the supernatant.

Sample solution: 500 mg of Tangerine Peel, finely
powdered, in 5 mL of methanol. Sonicate for 20 min,
centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel FZ54 mixture
Application volume: StandardsolutionA, 10 IJL; Standard

solution B and Sample solution, 5 IJL for each, as 8-mm
bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Temperature: About 25°
Developing solvent system: Ethyl acetate, formic acid,

and water (100:15:13)
Derivatization reagent A: 10 mg/mL of 2-aminoethyl

diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene

glycol 4000 in alcohol
Analysis

Samples: StandardsolutionA, StandardsolutionB, and
Sample solution

Apply the Samples as bands and dry in air. Develop in a
saturated chamber, remove the plate from the chamber,
and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagentA and dry for 5 min with a stream
of cool air. Immediately, treat the plate with
Derivatizationreagent B, dry for 5 min with a stream of
cool air, and examine under UV light at 366 nm.

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: StandardsolutionA exhibits a

yellowish-brown band due to hesperidin in the lower half
section. StandardsolutionBexhibits a band corresponding
in RF and color to the band due to hesperidin in Standard
solutionA, a yellow band below hesperidin, a blue band
below the yellow band, another blue band above
hesperidin, and a light yellowish-brown band between
hesperidin and the blue band above. In the upper-third
section, StandardsolutionB exhibits a bright blue band
due to the coelution of nobiletin with some other
components, and a faint green band above the bright
blue band.

Acceptance criteria: The Sample solution exhibits a
yellowish-brown band corresponding in RFand color to the
band due to hesperidin in StandardsolutionA and Standard
solution B, a yellow band below hesperidin, a blue band
below the yellow band, another blue band above
hesperidin, and a light yellowish-brown band between
hesperidin and the blue band above corresponding in RF

and color to the same bands in Standardsolution B. In the
upper-third section, the Sample solution exhibits a bright
blue band and a faint green band above the bright blue
band corresponding in RF and color to the same bands in
Standardsolution B. In the lower-third section, the Sample
solution exhibits a couple of yellow bands close to the
starting position and a couple of faint bands above the
yellow bands corresponding in RF and color to the same
bands in Standardsolution B.
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• B. HPlC
Analysis: Proceed as directed in the test for Contentof

Dihydroflavone Glycosides and Polymethoxylated Flavones.
Acceptance criteria: The Sample solution exhibits the most

intense peak at the retention time corresponding to
hesperidin in StandardsolutionA and peaks due to narirutin,
didymin, nobiletin, 3,5,6,7,8,3',4'-heptamethoxyflavone,
and tangeretin at retention times corresponding to the
same constituents in Standardsolution B. No other peak
between narirutin and tangeretin is more intense than the
peak corresponding to didymin (a distinction from other
Citrusspecies; Citrus maxima peel and Citrus wilsoniifruit
show a principal peak for narlnqln). The content ratios of
narirutin and didymin relative to hesperidin are within the
ranges listed in Table 2.

COMPOSITION
• CONTENT OF DIHYDROFLAVONE GLYCOSIDES AND

POLYMETHOXYLATED FLAVONES
Solution A: 0.1 % formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 85 15

8 81 19

10 81 19

17 60 40

28 56 44

[NOTE-The Standardsolutions and the Sample solutionare
stable for 24 h at room temperature.] .

Standard solution A: 0.40 mg/mL of USP Hesperidin RS in
methanol

Standard solution B: 0.05 mg/mL of USP Nobiletin RS in
methanol

Standard solution C: 5 mg/mL of USP Citrus reticulata
Pericarp Dry Extract RS in methanol. Sonicate for 15 min,
centrifuge, and pass through a suitable membrane filter of
0.22-l.Jm pore size.

Sample solution: Accurately transfer about 100 mg of finely
powdered Tangerine Peel to a suitable flask, accurately add
10.0 mL of methanol, and close tightly. Weigh the filled
flask accurately and sonicate for 30 min. Cool to room
temperature and adjust to the initial weight by adding
methanol if needed. Before injection, pass through a
suitable membrane filter of 0.22-l.Jm pore size and discard
the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 283 nm (0-17 min) and 330 nm (17-

28 min)
Column: 4.6-mm x 5.,cm; 1.8-l.Jm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 2 I.JL

System suitability
Samples: StandardsolutionA, Standardsolution B, and

Standardsolution C
Suitability requirements

Resolution: NLT1.5 between the peak of hesperidin and
the small peak before it, Standardsolution C

Tailing factor: NMT 1.5 for the hesperidin and nobiletin
peaks, StandardsolutionA and StandardsolutionB
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Relative standard deviation: NMT 2.0% for the
hesperidin and nobiletin peaks in repeated injections,
StandardsolutionA and Standard solutionB

Chromatographic similarity: The chromatogram of
Standardsolution C is similar to the reference
chromatogram provided with the lot of USP Citrus
reticulata Pericarp Dry Extract RS being used.

Analysis
For dihydroflavone glycosides

Samples: StandardsolutionA, Standardsolution C, and
Sample solution

Using the chromatograms of StandardsolutionA, Standard
solution C, and the reference chromatogram provided
with the lot of USP Citrus reticulata Pericarp Dry
Extract RS being used, identify the peaks corresponding
to narirutin, hesperidin, and didymin in the Sample
solution. [NoTE-See Table 2 for the relative retention
times.]

Table 2

Approximate Content Ratio
Relative Conversion Relative to

Analyte Retention Time Factor Hesperidin

Narirutin 0.79 1.17 0.1-0.3

Naringin 0.90 - <0.02

Hesperidin 1.00 1.00 1.0

Didymin 1.70 1.00 0.02-0.06

Separately calculate the percentage of narirutin,
hesperidin, and didymin in the portion of Tangerine Peel
taken:

Result =(r vir s) x C s x (VIW) x F x 100

r u =peak area of the relevant analyte from the Sample
solution

r s =peak area of hesperidin from StandardsolutionA
C s =concentration of USP Hesperidin RS in Standard

solutionA (mg/mL)
V =volume of the Sample solution (mL)
W = weight of Tangerine Peel taken to prepare the

Sample solution (mg) ,
F = conversion factor for the analyte (see Table 2)

Calculate the content of the total dihydroflavone
glycosides as the sum of the percentages of narirutin,
hesperidin, and didymin.

For polymethoxylated flavones
Samples; StandardsolutionB, Standardsolution C, and

Sample solution
Using the chromatograms of StandardsolutionB,Standard

solution C, and the reference chromatogram provided
with the lot of USP Citrus reticulata Pericarp Dry
Extract RS being used, identify the peaks corresponding
to nobiletin, 3,5,6,7,8,3',4'-heptamethoxyflavone, and
tangeretin in the Sample solution. [NoTE-See Table 3 for
the relative retention times.]

Table 3

Approximate
Relative Conversion

Analyte Retention Time Factor

Nobiletin 1.00 1.00

3,5,6,7,8,3',4'-Heptamethox-
yflavone 1.06 1.32

Tangeretin 1.12 0.88
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Separatelycalculate the percentage of nobiletin,
3,5,6,7,8,3',4'-heptamethoxyflavone, and tangeretin in
the portion of Tangerine Peel taken:

Result = (r vir 5) xC 5 x (VIW) x Fx 100

r u =peak area of the relevant analyte from the Sample
solution

r 5 = peak area of nobiletinfrom StandardsolutionB
Cs = concentration of USP Nobiletin RS in Standard

solutionB (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Tangerine Peel taken to prepare the

Sample solution (mg)
F = conversionfactor for the analyte (see Table 3)

Calculate the content of the total polymethoxylated
flavones as the sum of the percentages of nobiletin,
3,5,6,7,8,3',4'-heptamethoxyflavone, and tangeretin.

Acceptance criteria
Total dihydroflavone glycosides: NLT 5.0% on the

anhydrous basis
Total polymethoxylated flavones: NLT 0.1% on the

anhydrous basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 105 cfu/g, the total
combined moldsand yeasts count does not exceed 103cful
g, and the bile-tolerantGram-negative bacteria count does
not exceed 103cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECifiC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Usually in severallobes connected at the end,
or in irregularslices with a thickness of 1-4 mrn.External
surface orange-red or reddish brown with fine wrinkles and
sunken dotted oil cavity; interior surface pale yellowish
white, rough, with yellowish-white or yellowish-brown
vein-like vascularbundles. Texture is hard and fragile.

Microscopic
Transverse section: Epidermal cellssubsquare, covered

with cuticle, sometimes stomata visible. Parenchymatous
cellswith thickened walls containing calciumoxalate
prisms and hesperidin crystals in spheroid or amorphous
mass, sometimes vessels visible. Inner cells subround,
looselyarranged with uneven thickened walls. Oilcavities
consisting of 1-2 layers of cells, ovate or elliptical,
arranged irregularly and mainlyscattered at the outer side
of mesocarp.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Foreign OrganicMatter: NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Alcohol-Soluble Extractives, Method 1: NLT 15.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Water-Soluble Extractives, Method 2: NLT 30.0%

• WA-':ER DETERMINATION (921), Method 1/: NMT 12.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

TotalAsh: NMT 5.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Acid-Insoluble Ash: NMT 1.0%

USP 43

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomialfollowing the
official name of the plant contained in the article.

• USP REFERENCE STANDARDS (11)
USP Citrus reticulata Pericarp Dry ExtractRS
USP Hesperidin RS
USP Nobiletin RS

Tangerine Peel Dry Extract
DEFINITION
Tangerine Peel DryExtractisprepared from the dried exocarp

and mesocarp of the ripefruitof Citrus reticulataBlanco (Fam.
Rutaceae), partially freed from the white spongy tissueof the
mesocarp, by extraction with hydroalcoholic mixtures. It
contains NLT 90.0% and NMT 110.0% of the labeled
amount of total dihydroflavone glycosides,calculated as the
sum of narirutin (Cz7H3Z0l4), hesperidin (CZSH340ls), and
didymin (CZSH340l4) on the anhydrous basis, and NLT 90.0%
and NMT 110.0% of the labeled amount of total

. polymethoxylated flavones, calculated as the sum of
nobiletin (CZlHzzOs), 3,5,6,7,8,3',4'-heptamethoxyflavone
(CZZHZ409)' and tangeretin (CZOHZ007) on the anhydrous
basis. It may contain suitable added substances as carriers.

IDENTifiCATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 1.0 mg/mL of USP Hesperidin RS in
methanol. Sonicate to dissolve.

Standard solution B: 50 mg/mL of USP Citrus reticulata
PericarpDryExtract RS in methanol. Sonicate for 20 min,
centrifuge, and use the supernatant.

Sample solution: 50 mg/mL of Tangerine Peel DryExtract
in methanol. Sonicate for 20 min, centrifuge, and use the
supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel FZs4mixture
Application volume: StandardsolutionA, 10 lJL; Standard

solutionB and Sample solution, 5 lJL for each, as 8-mm
bands

Relative humidity: Condition the plate to a relative
humidity of about 33% using a suitable device.

Temperature: About 25 0

Developing solvent system: Ethyl acetate, formic acid,
and water (100:15:13)

Derivatization reagent A: 10 mg/mL of 2-aminoethyl
diphenylborinate in methanol

Derivatization reagent B: 50 mg/mL of polyethylene
glycol 4000 in alcohol

Analysis
Samples: StandardsolutionA, StandardsolutionB, and

Sample solution
Applythe Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry the plate at 1000 for 3 min. Treat the plate with
Derivatization reagent A and dry for 5 min with a stream
of cool air. Immediately, treat the plate with
Derivatization reagentB, dry for 5 min with a stream of
cool air, and examine under UV light at 366 nm.

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements: Standard solutionA exhibits a

yellowish-brown band due to hesperidin in the lower half
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Approximate
Relative Conversion

Analyte Retention Time Factor

Narirutin 0.79 1.17

Naringin 0.90 -
Hesperidin 1.00 1.00

Didymin 1.70 1.00

Standard solution C: 5 mg/mL of USP Citrus reticulata
Pericarp Dry Extract RS in methanol. Sonicate for 15 min,
centrifuge, and pass through a suitable membrane filter of
0.22-l.lm pore size.

Sample solution: 5 mg/mL of Tangerine Peel Dry Extract in
methanol with a suitable flask, closed tightly. Sonicate for
15 min, centrifuge, and pass through a suitable membrane
filter of 0.22-l.lm pore size and discard the first portion of
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 283 nm (0-17 min) and 330 nm (17-

28 min)
Column: 4.6-mm x 5-cm; 1.8-l.lm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 2 I.lL

System suitability
Samples: Standard solutionA, Standardsolution B, and

Standardsolution C
Suitability requirements

Resolution: NLT 1.5 between the peak of hesperidin and
the small peak before it, Standardsolution C .

Tailing factor: NMT 1.5 for the hesperidin and nobiletin
peaks, Standard solutionA and StandardsolutionB

Relative standard deviation: NMT 2.0% for the
hesperidin and nobiletin peaks in repeated injections,
Standard solution A and StandardsolutionB

Chromatographic similarity: The chromatogram of
Standardsolution C is similar to the reference
chromatogram provided with the lot of USP Citrus
reticulata Pericarp Dry Extract RS being used.

Analysis
For dihydroflavone glycosides

Samples: Standard solutionA, Standardsolution C, and
Sample solution .

Using the chromatograms of StandardsolutionA,Standard
solution C, and the reference chromatogram provided
with the lot of USP Citrus reticulata Pericarp Dry
Extract RS being used, identify the peaks corresponding
to narirutin, hesperidin, and didymin in the Sample
solution. [NoTE--:See Table 2 for the relative retention
times.]

section. StandardsolutionBexhibits a band corresponding
in RFand color to the band due to hesperidin in Standard
solutionA, a yellow band below hesperidin, a blue band
below the yellow band, another blue band above
hesperidin, and a light yellowish-brown band between
hesperidin and the blue band above. In the upper-third
section, Standardsolution B exhibits a bright blue band
due to the coelution of nobiletin with some other
components, and a faint green band above the bright
blue band.

Acceptance criteria: The Sample solution exhibits a
yellowish-brown band corresponding in RFand color to the
band due to hesperidin in StandardsolutionA and Standard
solution B, a yellow band below hesperidin, a blue band
below the yellow band, another blue band above
hesperidin, and a light yellowish-brown band between
hesperidin and the blue band above corresponding in R F

and color to the same bands in StandardsolutionB. In the
upper-third section, the Sample solution exhibits a bright
blue band and a faint green band above the bright blue
band corresponding in R F and color to the same bands in
Standardsolution B. In the lower-third section, the Sample
solution exhibits a couple of yellow bands close to the
starting position and a couple of faint bands above the
yellow bands corresponding in R Fand color to the same
bands in.Standardsolution B.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Dihydroflavone Glycosides and Polymethoxylated Flavones.
Acceptance criteria: The Sample solution exhibits the most

intense peak at the retention time corresponding to
hesperidin in StandardsolutionAand peaks due to narirutin,
didymin, nobiletin, 3,5,6,7,8, 3',4'-heptamethoxyflavone,
and tangeretin at retention times corresponding to the
same constituents in Standardsolution B. No other peak
between narirutin and tangeretin is more intense than the
peak corresponding to didymin (a distinction from other
Citrusspecies; Citrusmaxima peel and Citrus wilsoniifruit
show a principal peak for naringin). Sometimes, the peaks
of nobiletin, 3,5,6,7,8,3',4'-heptamethoxyflavone, and
tangeretin are much smaller, such that these peaks could
not be detected.

COMPOSITION
• CONTENT OF DIHYDROFLAVONE GLYCOSIDES AND

POLYMETHOXYLATED FLAVONES
Solution A: 0.1 % formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 85 15

8 81 19

10 81 19

17 60 40

28 56 44

[NOT~-The Standardsolutions and the Sample solutionare
stable for 24 h at room temperature.]

Standard solution A: 0.40 mg/mL of USP Hesperidin RS in
methanol

Standard solution B: 0.05 mg/mL of USP Nobiletin RS in
methanol . v

Table 2

Separately calculate the percentage of narirutin,
hesperidin, and didymin in the portion of Tangerine Peel
Dry Extract taken:

Result = (r vir s) x C s x (VIW) x Fx 100

= peak area of the relevant analyte from the Sample
solution

= peak area of hesperidin from StandardsolutionA
=concentration of USP Hesperidin RS in Standard

solutionA (mg/mL)
= volume of the Sample solution (mL)
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Table 3

Acceptance criteria
Total dihydroflavone glycosides: 90.0%-110.0% of the

labeled amount on the anhydrous basis
Total polymethoxylated flavones: 90.0%-110.0% of the

labeled amount on the anhydrous basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 2.0 IJg/g
Cadmium: NMT 0.5 IJg/g
Lead: NMT 5.0 IJg/g
Mercury: NMT 0.2 IJg/g

• BOTANICAL EXTRACTS (565)/ Preparations, General
Pharmacopeial Requirements, Pesticide Residues: Meets the
requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 104cfu/g and the total
combined molds and yeasts count does not exceed 103clul
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022)/ Test
Procedures, Test for Absence of Salmonel/a Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• WATER DETERMINATION (921)/ Method I: NMT 8.0%
• ARTICLES OF BOTANICAL ORIGIN (561)/ Methods of Analysis,

TotalAsh: NMT 4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial following the
official name of the plant from which the article was
prepared. It meets other labeling requirements in Botanical
Extracts (565).

• USP REFERENCE STANDARDS (11) .
USP Citrus reticulata Pericarp Dry Extract RS
USP Hesperidin RS
USP Nobiletin RS

DEFINITION
Tangerine Peel Powder consists of the dried exocarp and

mesocarp of the ripe fruit of Citrus reticulata Blanco (Fam.
Rutaceae), partly freed from the white spongy tissue of the
mesocarp, reduced to a fine or very fine powder. It contains
NLT 5.0% of total dihydroflavone glycosides, calculated as
the sum of narirutin (Cz7H32014)/ hesperidin (CZSH34,915)' and
didymin (CZSH34014) on the anhydrous and NLT 0.1 %
of total polymethoxylated of
nobiletin (CzlHzzOs)/ 3/5/6/7/8,3'
(CZZHZ409)' and tangeretin (CZOHZ007)
basis.

IDENTIFICAnON
• A. HPTLC FOR ARTICLES

Standard solution A: 1.0
methanol. Sonicate rO'QlS:SOI'V'e.

Standard solution

Tangerine Peel Powder

=weight of Tangerine Peel Dry Extract taken to
prepare the Sample solution (mg)

= conversion factor for the analyte (see Table 2)

W

F

Calculate the content of total dihydroflavone glycosides
as the sum of the percentages of narirutin, hesperidin,
and didymin.

Calculate the percentage of the labeled amount of total
dihydroflavone glycosides in the portion of Tangerine Peel
Dry Extract taken: .

Result = (P/L) x 100

P = content of total dihydroflavone glycosides as
determined above (%)

L =labeled amount of total dihydroflavone
glycosides (%)

For polymethoxylated flavones
Samples: Standardsolution B, Standardsolution C, and

Sample solution
Using the chromatograms of StandardsolutionB, Standard

solution C/ and the reference chromatogram provided
with the lot of USP Citrus reticulata Pericarp Dry
Extract RS being used, identify the peaks corresponding
to nobiletin, 3/5,6,7/8/3',4'-heptamethoxyflavone, and
tangeretin in the Sample solution. [NoTE-See Table 3 for
the relative retention tirnes.]

Separately calculate the percentage of nobiletin,
3/5,6,7/8,3',4'-heptamethoxyflavone, and tangeretin in
the portion of Tangerine Peel Dry Extract taken:

Result = (r ulr5) xes x (VIW) x F x 100

r u =peak area of the relevant analyte from the Sample
solution

r 5 = peak area of nobiletin from StandardsolutionB
C s =concentration of USP Nobiletin RS in Standard

solutionB(mg/mL)
V =volume of the Sample solution (mL)
W =weight of Tangerine Peel Dry Extract taken to

prepare the Sample solution (mg)
F =conversion factor for the analyte (see Table 3)

Calculate the content of total polymethoxylated flavones
as the sum of the percentages of nobiletin, 3,5/6,7,8,3'/
4'-heptamethoxyflavone, and tangeretin.

Calculate the percentage of the labeled amount of total
polymethoxylated flavones in the portion of Tangerine
Peel Dry Extract taken:

Result = (P/L) x 100

P = content of total polymethoxylated flavones as
determined above (%)

L = labeled amount of total polymethoxylated
flavones (%)

Approximate
Relative Conversion

Analyte Retention Time Factor

Nobiletin 1.00 1.00

3,5,6,7,8,3',4'-Heptamethox-
yflavone 1.06 1.32

Tangeretin 1.12 0.88
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Chromatographic system
Adsorbent: Chromatographic silica gel F254 mixture
Application volume: Standard solutionA, 10 f.JL; Standard

solution 8 and Sample solution, 5 f.JL for each, as 8-mm
bands

Relativehumidity: Condition the plate to a relative
humidityof about 33% using a suitabledevice.

Temperature: About 25°
Developing solvent system: Ethyl acetate, formic acid,
and water (100:15:13)

Derivatization reagent A: 10 mg/mL of 2-aminoethyl
diphenylborinate in methanol

Derivatization reagent B: 50 mg/mL of polyethylene
glycol 4000 in alcohol

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber, removethe platefromthe chamber,
and dry the plate at 100°for 3 min. Treat the plate with
Derivatization reagent A and dry for 5 minwith a stream
of cool air. Immediately, treat the plate with
Derivatization reagent 8, dry for 5 min with a stream of
cool air, and examine under UV light at 366 nm.

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits a
yellowish-brown band due to hesperidin in the lowerhalf
section.Standard solution8 exhibitsa band corresponding
in RF and color to the band due to hesperidin in Standard
solution A, a yellowband below hesperidin, a blue band
belowthe yellowband, another blue band above
hesperidin, and a lightyellowish-brown band between
hesperidin and the blue band above. In the upper-third
section, Standardsolution8 exhibits a bright blue band
due to the coelution of nobiletin with some other
components, and a faint green band abovethe bright
blue band.

Acceptance criteria: The Sample solutionexhibits a
yellowish-brown band corresponding in RFand colorto the
band due to hesperidin in Standard solution A and Standard
solution 8, a yellowband below hesperidin, a blue band
belowthe yellowband, another blue band above
hesperidin, and a lightyellowish-brown band between
hesperidin and the blue band above corresponding in R F

and color to the same bands in Standard solution 8. In the
upper-third section, the Sample solutionexhibits a bright
blue band and a faint green band above the bright blue
band corresponding in R F and color to the same bands in
Standard solution8. In the lower-third section, the Sample
solutionexhibitsa couple of yellowbands closeto the
starting position and a couple of faint bands above the
yellow bands corresponding in R F and color to the same
bands in Standard solution B.

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Dihydroflavone Glycosides and Polymethoxylated Flavones.
Acceptance criteria: The Sample solutionexhibits the most

intense peak at the retention time correspondingto
hesperidin in StandardsolutionA and peaksdue to narirutin,
didymin, nobiletin, 3,5,6,7,8,3',4'-heptamethoxyflavone,
and tangeretin at retention times corresponding to the
same constituents in Standard solution 8. No other peak
between narirutinand tangeretin is more intense than the
peakcorresponding to didymin (a distinction from other
Citrus species; Citrus maxima peel and Citrus wilsonii fruit
show a principal peakfor naringin).The content ratiosof
narirutin and didymin relative to hesperidin are within the
ranges listed in Table 2.
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COMPOSITION
• CONTENT OF DIHYDROFLAVONE GLYCOSIDES AND

POLYMETHOXYLATED FLAVONES
Solution A: 0.1% formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 85 15

8 81 19

10 81 19

17 60 40

28 56 44

[NOTE-The Standard solutions and the Sample solutionare
stable for 24 h at room temperature.]

Standard solution A: 0.40 mg/mLof USP Hesperidin RS in
methanol

Standard solution B: 0.05 mg/mL of USP Nobiletin RS in
methanol

Standard solution C: 5 mg/mLof USP Citrus reticulata
Pericarp DryExtract RS in methanol. Sonicatefor 15 min,

. centrifuge, and pass through a suitable membrane filter of
0.22-f.Jm pore size.

Sample solution: Accurately transferabout 100 mg of
Tangerine Peel Powderto a suitableflask, accurately add
10.0 mL of methanol, and closetightly. Weighthe filled
flask accuratelyand sonicatefor 30 min. Cool to room
temperature and adjust to the initial weight by adding
methanol if needed. Before injection, pass through a
suitable membrane filterof 0.22-f.Jm pore sizeand discard
the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 283 nm (0-17 min) and 330 nm (17-

28 min)
Column: 4.6-mm x 5-cm; 1.s-urn packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 2 f.JL

System suitability
Samples: Standardsolution A, Standard solution B, and

StandardsolutionC
Suitability requirements

Resolution: NLT 1.5 between the peak of hesperidin and
the small peak before it, Standard solutionC

Tailing factor: NMT 1.5 for the hesperidin and nobiletin
peaks, Standard solution A and Standard solution B

Relative standard deviation: NMT 2.0% for the
hesperidinand nobiletin peaks in repeated injections,
Standardsolution A and Standard solution B

Chromatographic similarity: The chromatogram of
Standard solution Cissimilar to the reference
chromatogram providedwith the lot of USP Citrus
reticulata Pericarp Dry Extract RS being used.

Analysis
For dihydroflavone glycosides

Samples: Standard solution A, Standard solution C, and
Sample solution

Using the chromatogramsof Standard solution A, Standard
solutionC, and the reference chromatogram provided
with the lot of USP Citru,s reticulata Pericarp Dry
Extract RS being used, identify the peaks corresponding
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Table 2

to narirutin, hesperidin, and didymin in the Sample
solution. [NoTE-See Table 2 for the relative retention
times.]

Approximate
Relative Conversion

Analyte Retention Time Factor

Nobiletin 1.00 1.00

3,5,6,7,8,3',4'-Heptamethox-
1.32yflavone 1.06

Tangeretin 1.12 0.88

Thiamine Hydrochloride-see Thiamine
Hydrochloride General Monographs.

F =conversion factor for the analyte (see Table 3)

Calculate the content of total polymethoxylated flavones
as the sum of the percentages of nobiletin, 3,5,6,7,8,3',
4'-heptamethoxyflavone, and tangeretin.

Acceptance criteria
Total dihydroflavone glycosides: NLT 5.0% On the

anhydrous basis .
Total polymethoxylated flavones: NLT 0.1% on the

anhydrous basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits of Elemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined molds and yeasts count does not exceed 103 dul
g, and the bile-tolerant Gram-negative bacteria count does
not exceed 10 3 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

. SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Yellowish-white powder
Microscopic: Mesocarp parenchymatous cells, numerous,

irregular with unevenly thickened walls. Epidermal cells
polygonal, sub-square or rectangular in surface view, 18
26 IJm in diameter, anticlinal walls thickened, stomata
sub-rounded, subsidiary cells indistinct; in lateral view,
covered with cuticle, the outer radial wall thickened.
Mesocarp parenchymatous cells containing calcium
oxalate prisms in polyhedral, rhombic or biconical, 3-34
IJm in diameter, 5-53 IJm long; some cells containing two
parallel polyhedral crystals or 3-5 prisms. Yellowor colorless
hesperidin crystals in spheroid or amorphous masses and
mainly present in parenchymatous cells, some of them with
radial striations. Spiral, pitted and reticulated vessels and
tracheids are small.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Ahalysis,
Alcohol-Soluble Extractives, Method 7: NLT 15.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Water-Soluble Extractives, Method 2: NLT 30.0%

• WATER DETERMINATION (921), Method 1/: NMT 12.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

TotalAsh: NMT 5.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Acid-Insoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed'

containers, protected from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial following the
official name of the plant contained in the article.

• USP REFERENCE STANDARDS (11)
USP Citrus reticulato Pericarp Dry Extract RS .
USP Hesperidin RS
USP Nobiletin RS

= peak area of the relevant analyte from the Sample
solution

= peak area of nobiletin from Standardsolution B
= concentration of USP Nobiletin RS in Standard

solutionB (mg/mL) .
= volume of the Sample solution (mL)
= weight of Tangerine Peel Powder taken to

prepare the Sample solution (mg)

Separately calculate the percentage of nobiletin,
3,5,6,7,8,3',4'-heptamethoxyflavone, and tangeretin in
the portion of Tangerine Peel Powder taken:

Result = (r vir 5) xes x (VIW) x F x 100

Separately calculate the percentage of narirutin,
hesperidin, and didymin in the portion of Tangerine Peel
Powder taken:

Result = (r vir 5) xes x (VIW) x Fx 100

r u =peak area of the relevant analyte from the Sample
solution

r s = peak area of hesperidin from StandardsolutionA
C5 = concentration of USPHesperidin RS in Standard

solutionA (mg/mL)
V =volume of the Sample solution (mL)
W = weight of Tangerine Peel Powder taken to

prepare the Sample solution (mg) .
F = conversion factor for the analyte (see Table 2)

Calculate the content of total dihydroflavone glycosides
as the sum of the percentages of narirutin, hesperidin,
and didymin.

For polymethoxylated flavones
Samples: StandardsolutionB, Standardsolution C, and

Sample solution
Using the chromatograms of StandardsolutionB, Standard
solution C, and the reference chromatogram provided
with the lot of USP Citrus reticulato Pericarp Dry
Extract RS being used, identify the peaks corresponding
to nobiletin, 3,5,6,7,8,3',4'-heptamethoxyflavone, and
tangeretin in the Sample solution. [NoTE-See Table 3 for
the relative retention times.] .

Table 3

V
W

Approximate Content Ratio
Relative Conversion Relative to

Analyte Retention Time Factor Hesperidin

Narirutin 0.79 1.17 0.1-0.3

Naringin 0.90 - <0.02

Hesperidin 1.00 1.00 1.0

Didymin 1.70 1.00 0.02-0.06

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Thiamine Hydrochloride Oral Solution
see Thiamine Hydrochloride Oral Solution General Monographs

Thiamine Hydrochloride Tablets-see
Thiamine Hydrochloride Tablets General Monographs

Thiamine Mononitrate-see Thiamine
Mononitrate General Monographs

Thiamine Mononitrate Oral Solution-see
Thiamine Mononitrate Oral Solution General Monographs

Threonine-see Threonine General Monographs

Tienchi Ginseng Root and Rhizome

DEFINITION
TienchiGinseng Rootand Rhizome consists of the dried roots

and rhizomes of Panax notoginseng(Burkill) F.H. Chen ex
c.Y. Wu &: K.M. Feng (Fam.Araliaceae) collected before
flowering in autumn. It contains NlT 5.0% of total
ginsenosides calculated on the dried basisas the sum of
notoginsenoside Rl (C47Hso01S), ginsenoside Rgl
(C4zHn014), ginsenoside Re (C4sHsz01S), qlnsenoside Rbl
(C54H920Z3), and ginsenoside Rd (C4sHs201S)'

IDENTIFICATION

.~ .....•. !)

stanuarc solution A: 0.5 mg/ml of USP Ginsenoside
Rgl RS in methanol

Standard solution B: 10 mg/ml of USP Panax notoginseng
Rootand Rhizome DryExtractRS in methanol. Sonicatefor
about 10 min, centrifuge, and use the supernatant.

Sample solution: Sonicate about 0.2 9 of Tienchi Ginseng
Rootand Rhizome, finely powdered, in 5 ml of methanol
for 20 min. Centrifuge, and use the supernatant. [NOTE
The Sample solution is stable for 6 h at room temperature.]

Chromatographic system
~..(HJg~H"rvl~}'-:Z61~)
Adsorbent: Chromatographic silica gel F254mixture
Application volume: 4 IJl, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: M~!~~I';~.~fhloride,

9;~h~g~~.~~.g.~I?~.~.~ol, and waterl~9Q.:?~~;
6.5) A (\JSPJ-May-2019)
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Developing distance: 6-8 cm
Derivatization reagent: Asolution of 10% sulfuric acid in

alcohol. Prepare fresh. Keep alcohol cold over ice.
Carefully and gradually add sulfuric acid.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Applythe Samples as bands to a suitable HPTlC plate, and

dry in air. Developthe chromatograms in a saturated
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5....
10 min, and examine immediatelyunder white light and
under UV light at 366 nm.

System suitability
Under white light: The chromatogram of Standard

solution Bexhibits five main reddish-violet bands in the
following order with increasing RF: a band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearlyseparated inthe middle-thirdsection
-the lower due to ginsenoside Rd, the middle due to
ginsenoside Re, and the upper due to notoginsenoside Rl;
and a band at an RF corresponding to ginsenoside Rgl in
StandardsolutionA. The two most intense bands are due
to ginsenoside Rbl and ginsenoside Rgl.

Under UV light at 366 nm: The chromatogram of
Standardsolution B exhibits bands in the following order
with increasing RF: a blue fluorescent band in the
lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated inthe middle-thirdsection
-the lower due to ginsenoside Rd, the middle due to
ginsenoside Re, and the upper due to notoginsenoside Rl
(the band due to ginsenoside Rd isblue fluorescent, while
the other two bands are pinkish violet); and a
pinkish-violet band at an RF corresponding to ginsenoside
Rgl in StandardsolutionA. The two most intense bands
are due to ginsenoside Rbl and ginsenoside Rgl.

Acceptance criteria
Under white light: The chromatogram of the Sample

solution exhibits five main reddish-violet bands
corresponding in RF to similar bands in Standardsolution
B. These bands appear in the following order of increasing
RF: a band in the lower-thirdsection due to ginsenoside
Rb1; three less intense bands clearly separated in the
middle-third section due to ginsenoside Rd, ginsenoside
Re, and notoginsenoside Rl, respectively; and a band at
an RF corresponding to ginsenoside Rgl in Standard
solution A. The two most intense bands are due to
ginsenoside Rbl and ginsenoside Rgl.

Under UV light at 366 nm: The chromatogram of the
Sample solution exhibits the following bands, with
increasing RF, corresponding to similarbands in Standard
solution B: a blue fluorescent band in the lower-third
section due to ginsenoside Rbl; three less intense bands
clearlyseparated in the middle-third.section due to
ginsenoside Rd, ginsenoside Re, and notoginsenoside Rl,
respectively (the band due to ginsenoside Rd is blue
fluorescent, while the other two bands are pinkish violet);
and a pinkish-violet band at an RF corresponding to
ginsenoside Rgl in StandardsolutionA. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside
Rg1.

.~\I~i0tl.f$~ij2M~97i6r?·) UHPLC
Analysis: Proceed as directed in Contentof Ginsenosides.
Acceptance criteria: The chromatogram of the Sample

solutionexhibits peaksat the retention times corresponding
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Result =(ru/rs) x Cs x (V/W) x Fx 100

rv = peak area of the relevantanalyte from the Sample
solution

rs =peak area of ginsenoside Rg1 from Standard
solution A .

Cs = concentration of USP Ginsenoside Rg1 RS in
Standard solution A (mg/mL)

V =volume of the Sample solution (mL)
W =weight of TienchiGinseng Rootand Rhizome

taken to prepare the Sample solution (mg)
F =conversionfactor for the relevant analyte (see

Table 2)

chromatogram provided with the lot of USP Panax
notoginseng Rootand Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the ginsenoside Rg1 and
ginsenoside Re peaks, Standard solution B

Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak,
Standard solution A

Relative standard deviation: NMT 2.0%, determined
from the ginsenoside Rg1 peak in repeated injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Panax notoginseng Rootand Rhizome
DryExtractRS being used, identifythe retention times of
the peaks corresponding to relevant ginsenosides in the
Sample solution.

Separatelycalculate the percentage of each of the
ginsenosides in the portion of Tienchi Ginseng Rootand
Rhizome taken:

Table 2

Conversion
Analyte Factor

NotoginsenosideRl 1.09

Ginsenoside Rgl 1.00

Ginsenoside Re 1.02

Ginsenoside Rbl 1.26

Ginsenoside Rd 1.03

Calculate the content of total ginsenosidesas the sum of
the percentages of notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.

Acceptance criteria: NLT 5.0% on the dried basis

CONTAMINANTS

Solvent: Methanol and water (7:3)
Standard s().I.u~i.~..~....~;>?'.~~.~j~t.~L of USP Ginsenoside

Rg1 RS in~~qlyght4·(LJsP;J7May~?()1?)
Standard solution B: 3.0 mg/mL of USP Panax notoginseng

Rootand Rhizome DryExtract RS in Solvent. Sonicatefor
about 10 min, centrifuge, and use the supernatant. Before
injection, pass through a r:>8Ix~~trafluoroethylene (PTFE)
filter of 0.2-l-'m pore size.~;~;;(1..i

S~~~I~.~~I~j~!~~;;I~~~~t~r 0.3 9 of. .
PQY'?~~r~i:l*"(l)Sp·l~M~y:2or9j TienchiGinseng Rootand
Rhizome (capable of passing through a 250-lJmsieve),
accurately weighed, to a 50-mLcentrifuge tube. Add
10 mLof Solvent, and sonicate for 10 min. Centrifuge, and
transferthe supernatant to a 25-mLvolumetricflask. Repeat
this extraction two more times, each with 5 mLof Solvent.
Combine the extracts in the volumetricflask, dilute with
Solvent to volume,and mix. Before injection,passthrough a
PTFE filterof O'~-~~jpore size,and discard the first portion
of the filtrate.[~~iliEt-··frhe Sample solution is stable for 24 h
at room ternperature.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
COhJ~~.:>3j'r];~..~> ..x 5-cm; 1.7-l-'m packing

L1~*"(USP1:M~y.g()Ji)
Column temperature: 30 ± 10

Flow rate: 0.8 mL/min
Injection volume: 5 I-'L

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: .The chromatogram Of
Standard solution Bis similarto the reference

• CONTENT OF GINSENOSIDES
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

t8~8t9~.i~s~~8sigj~~1
/J.·cgyinqq.g{QZ#-l§.)I.!tiC(U§ ,
ginsenoside Re, ginsenoside and ginsenoside Rd in
Standard solution B. The two most intense peaks are due to
ginsenoside Rg1 and ginsenoside Rb1.The content of
notoginsenoside R1 is NLT 0.6% as determined in
Composition.

COMPOSITION

Time Solution A Solution B
(min) (%) (%)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100

6.1 83 17

7.5 83 17
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• MICROBDAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105cfu/g, the total
combined molds and yeastscount does not exceed 103cfu/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECifiC TESTS

• LABELING: The label states the Latin hinlnn'\i::ll

J6.4(lJSP '1~MaY-201'9) following the official name ··.• .,.W:l./' 1.!,,~aY-~:UI'.:I)
of the plant from which the article was

• US..p RE.FEREN.C..E STANDARDS (11)ii:,:,;,;···;· ,/:;··;;.·; ...• ;;'.
.: ...Xl..ISp:)±MilY7fQ19)

USP Ginsenoside Rgl RS
USP Panaxnotoginseng Root and Rhizome Dry Extract RS

Standard solution A: 0.5 mg/mL of USP Ginsenoside
Rgl RS in methanol

Standard solution B: 10 mg/mL of USP Panax notoginseng
Root and Rhizome Dry Extract RS in methanol. Sonicate for
about 10 min, centrifuge, and use the supernatan~.

Sample solution: Sonicate about 0.2 g of . r • . • ' eng
Root..and Rtlizo.me~(.usPl~rviily~2019) Powder. ay:2019) in
5 mL of methanol for 20 min. Centrifuge, and use the
supernatant. [NoTE-The Sample solution is stable for 6 h at
room temperature.]

C.h.r.omat.o.gra.phic systemJi. '- .... -.,
_• (USP 1-May:20}9)
Adsorbent: Chromatographic silica gel F254mixture
Application volume: 4 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: Methylene chloride,
dehydra~ed.alcohol, and water :~(§O:c~~_:

6.5). {l;lSP}:May::~()19j
Developing distance: 6-8 cm
Derivatization reagent: A solution of 10% sulfuric acid in

alcohol. Prepare fresh. Keep alcohol cold over ice.
Carefully and gradually add sulfuric acid.

DEFINITION

Tienchi Ginseng Root and Rhizome
Powder

Tienchi Ginseng Root and Rhizome Powder consists of the
dried roots and rhizomes of Panaxnotoginseng (Burkill) F.H.
Chen ex cs. Wu &: K.M. Feng (Fam. Araliacea~)'>S811~cted
before flowerin in a~tumn and reduced to a~:t!m~;()r

'f~) powder. It contains NLT 5.0% of
; i . ginsenosides calculated on the dried
basis as the sum of notoginsenoside Rl (C47Hso01S),
ginsenoside Rgl (C42Hn014), ginsenoside Re (C4sHs201S),
ginsenoside Rbl (C54H92023), and ginsenoside Rd
(C4sHs20,s)'

IDENTIFICATION

• BOTANICAL CHARACTERISTICS
Macroscopic

Root: Subconical or cylindrical; 1-6 cm long, 1-4 cm in
diameter; externally grayish brown or grayish yellow;
showing interrupted longitudinal wrinkles, scars of
rootlets, and scar of the stem at the apex surrounded by
irregular-shaped protrusions; texture heavy and compact,
fracture grayish green, yellowish green, or grayish white

Rootlets: Cylindrical or conical; 2-6 cm long, the upper
end 0.8 cm in diameter, the lower end 0.3 cm in diameter

Rhizomes: Irregular lumps; showing severalstem scars and
annulations; fracture grayish green or grayish white in the
center and deep green or gray at the margin

Microscopic
Transverse section: Cork consisting of several rows of

radially arranged, thin-walled cells; phelloderm narrow;
layers of parenchyma cells, cluster crystals of calcium
oxalate rare and mostly distributed in parenchyma close
to cork; phloem parenchyma showing resin canals
containing yellow brown masses; cambium in a ring
sometimes undulant; and xylem broad, vessels 1-2 rows
ingr()uRs,. arranged radially

~lJ~~Q~~~1~.~~~~~~1;~)
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Foreign OrganicMatter: NMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Alcohol-Soluble Extractives, Method 2: NLT 16.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Water-Soluble Extractives, Method2: NLT 26.0% .

• Loss ON DRYING (731)
'ii5ii;'I;' 7,;;;;;0;;';;;>;&;'0
;d';";;(l..I~eJ±Mily±,4Q1?)

Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 14%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 4.0 g of Tienchi Ginseng Root and Rhizome, finely
powdered

Acceptance criteria: NMT 6%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Acid-Insoluble Ash
Sample: 4.0 g of Tienchi Ginseng Root and Rhizome, finely

powdered
Acceptance criteria: NMT 3.0%

ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE: Preserve in well-closed
light and moisture, and store at

~c<on1trollleCLqu:lt: 1.•Ma~":lUI'.:l) room temperature.
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Solvent: Methanol and water
Standard solution A: of USP Ginsenoside

Rgl RS in
Standard of USP Panax notoginseng

Rootand Rhizome Dry Extract RS in Solvent. Sonicatefor
about 10 min, centrifuge, and use the supernatant. Before
injection, pass through a polytettafluoroethylene(PTFE)
filterof 0.2-J..Im poresize.'

S~!~,~I~>~~.!,~~!~~;!.!~~~~,~.~~~!.~.39 of :/;ji.'.;(~rr"t)~em,a;iRoot
aflCfRliiZ;Qrrv~""(USP'T.MaY'2019) Powder (capable
through a 250-J..Im sieve), accuratelyweighed, a
centrifuge tube. Add 10 mLof Solvent, and sonicate for
10 min. Centrifuge, and transfer the supernatant to a
25-mLvolumetric flask. Repeat this extraction two more
times, each with 5 mLof Solvent. Combine the extracts in
the volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a PTFE filterof 0.2-J..Im pore
size,and discard the first portion of the filtrate. rNOTE-The
Sample solution is stable for 24 h at room temperature.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
Colu~~:.~'l,!-m~.,x 5-cm; 1.7-J..Im packing

L1~''''''(UsP.l.MaY;'2019)
Column temperature: 30 ± 10

Flow rate: 0.8 mL/min
Injection volume: 5 J..IL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution B is similarto the reference
chromatogram provided with the lot of USP Panax
notoginseng Root and Rhizome DryExtract RS
being used. '"

Resolution: NLT 1.5 between the ginsenosideRgl and
ginsenoside Re peaks, Standard solution B

ginsenoside Rgl and ginsenoside Rbl. The content of
notoginsenoside Rl is NLT 0.6% as determined in the test
for Composition.

COMPOSITION

• CONTENT OF GINSENOSIDES
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (0/0) (0/0)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100

6.1 83 17

7.5 83 17

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Applythe Samples as bands to a suitable HPTLC plate, and

dry in air. Develop the chromatograms in a saturated
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 1050 for 5-
10 min, and examine immediatelyunder white light and
under UV light at 366 nm.

System suitability
Under white light: The chromatogram of Standard

solution B exhibits five main reddish-violet bands in the
following order with increasing RF: a band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearly separated in the middle-thirdsection
-the lower due to ginsenoside Rd, the middle due to
ginsenoside Re, and the upper due to notoginsenoside Rl;
and a band at an RF corresponding to ginsenoside Rgl in
Standard solution A. The two most intense bands are due
to ginsenoside Rbl and ginsenoside Rgl.

Under UV light at 366 nm: The chromatogram of
Standard solution B exhibits bands in the following order
with increasing RF: a blue fluorescent band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearly separated in the middle-thirdsection
-the lower due to ginsenoside Rd, the middle due to
ginsenoside Re, and the upper due to notoginsenoside Rl
(the band due to ginsenoside Rd is blue fluorescent, while
the other two bands are pinkish violet); and a
pinkish-violet band at an RFcorresponding to ginsenoside
Rgl in Standard solution A. The two most intense bands
are due to ginsenoside Rbl and ginsenoside Rgl.

Acceptance criteria
Under white light: The chromatogram of the Sample

solution exhibits five main reddish-violet bands
corresponding in RF to similar bands in Standard solution
B. These bands appear in the following order of increasing
RF: a band in the lower-third section due to ginsenoside
Rb1; three less intense bands clearlyseparated in the
middle-third section due to ginsenoside Rd, ginsenoside
Re, and notoginsenoside Rl, respectively; and a band at
an RF corresponding to ginsenoside Rgl in Standard
solution A. The two most intense bands are due to
ginsenoside Rbl and ginsenoside Rgl.

Under UV light at 366 nm: The chromatogram of the
Sample solution exhibits the following bands, with
increasing RF, corresponding to similarbands in Standard
solution B: a blue fluorescent band in the lower-third
section due to ginsenoside Rbl; three less, intense bands
clearlyseparated in the middle-third section due to
ginsenoside Rd, ginsenoside Re, and notoginsenoside Rl,
respectively (the band due to ginsenoside Rd is blue
fluorescent, while the other two bands are pinkish violet);
and a pinkish-violet band at an RF corresponding to
ginsenoside Rgl in Standard solution A. The two most
intense bands are dueto ginsenosideRbl and ginsenoside
Rg1.

·A:s..... (~Sp:l:M~;.;~19) UHPLC
Analysis: Proceed as directed in Content of Ginsenosides.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaksat the retention times corresponding
to n'otoginsenosideRl ,.... . 'nction from P;ginsengand
p~ qUinquefolius _ ginsenoside Rgl,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in
Standard solution B. The two most intense peaks are due to
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• BOTANICAL CHARACTERISTICS
Macroscopic: Grayish yellow in color
Microscopic: Fragments ~of cork cells; fragments of

parenchyma cells, crystals of calcium oxalate clusters rare;
fragments of secretory ducts containing yellow secretions;
vessels, scalariform, reticulated and spiral, 15-55 urn in
diameter; starch granules fairly abundant, simple granules
spherical, semispherical, or round-polygonal, 5-40 urn in
diameter; compound granules of 2-10 or more
components; showing a black, cross shape when examined
underapglC3rizing microscope

~10I~~~41[~&a~f~&1;g)
-ARTICLES OFBOTANICAL ORIGIN(561), Methods of Analysis, ,

Foreign OrganicMatter: NMT 2.0%
• ARTICLES OFBOTANICAL ORIGIN(561), Methods of Analysis,

Alcohol-Soluble Extractives, Method2: NLT 16.0%
- ARTICLES OF BOTANICAL ORIGIN(561), Methods of Analysis,

Water-Soluble Extractives, Method2: NLT 26.0%

label states the Latin hinll'\n,i~1

,~l (LSI;1·~1~~:2:oi9) followlnq the official name ,- JJ:,lUSf"1·1II1civ.2m9l
contained in the article.

- ABSENCE OF SPECIfIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

- ARTICLES OFBOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECifiC TESTS

- Loss ON DRYING (731)
~i([J~~~i:~~;:io19)
Analysis: Dry at 105° for 2 h,
Acceptance criteria: NMT 14%

- ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 4.0 of

- ARTICLES OFBOTANICAL ORIGIN (561), Methods of Analysis,
Acid-Insoluble Ash

Sample: 4.0 of

- PACKAGING AND STORAGE: Preserve in well-closed
light and moisture, and store at

~¢1on1trolll~9~j.~~(u~fil~M~Yc~619) room temperature.

- USP REFERENCE STANDARDS (11)
~4~(os~1:~M;~!:w19j

Table 2

Result =(rulrs) x Cs x (VIW) x Fx 100

=peak area of the relevant analyte from the Sample
solution

= peak area of ginsenoside Rgl from Standard
solution A

=concentration of USPGinsenoside Rgl RS in
Standard solutionA (mg/mL)

- = volume of the Sam Iesolution mL)
= wei ht of

Ith Powder taken to prepare
the ~Sample solution (mg)

= conversion factor for the relevant analyte (see
Table 2)

v
W

F

Tailing factor: NMT 2.0 for the ginsenoside Rgl peak,
Standard solutionA

Relative standard deviation: NMT 2.0%, determined
from the ginsenoside Rgl peak in repeated injections,
Standard solutionA

Analysis
Samples: StandardsolutionA, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Panax notoginseng Root and Rhizome
Dry Extract RS being used, identify the retention times of
the corresponding to relevant ginsenosides in the

solution.
Seoaratelv calculate the the

"in.,onll'\";,r!o., in the

Arsenic: NMT 3.0 ~g7g
1.0 ~g/g

Calculate the content of total ginsenosides as the sum of
the percentages of notoginsenoside Rl, ginsenoside Rgl,
ginsenoside Re, ginsenoside Rbl, and ginsenoside Rd.

Acceptance criteria: NLT 5.0% on the dried basis

CONTAMINANTS

Conversion
Analyte Factor

Notoginsenoside Rl 1.09

Ginsenoside Rgl 1.00

Ginsenoside Re 1.02

Ginsenoside Rb1 1.26

Ginsenoside Rd 1.03

"",: :, , • Meets the requirements
- MicROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined molds and yeasts count does not exceed 103 clul
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 cfu/g.
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USP Ginsenoside Rgl RS
USP Panax notoginseng Rootand Rhizome DryExtract RS

Tlenchl Ginseng Root and Rhizome
Powder Capsules

DEFINITION
Tienchi Ginseng Root and Rhizome Powder Capsules contain

TienchiGinseng Rootand Rhizome Powder. They contain
NLT 5.0% of ginsenosidescalculated as the sum of
notoginsenoside Rl (C47Hso01S)' ginsenoside Rgl
(C42Hn014), ginsenoside Re (C4sHs201S), ginsenoside Rbl
(C54H92023), and ginsenoside Rd (C4sHs201S) from the
labeled amount of Tienchi Ginseng Root and Rhizome
Powder.

IDENTIFICATION

• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 0.5 mg/mL of USP Ginsenoside

Rgl RS in methanol
Standard solution B: 5 IJ1g/mL of USP Panax notoginseng

Rootand Rhizome DryExtract RS in methanol. Sonicatefor
about 10 min, centrifuge, and use the supernatant.

Sample solution: Transfer a finely powdered portion of the
contents of the Capsules, equivalent to 0.4 9 of Tienchi
Ginseng Rootand Rhizome Powder, to a suitable container,
add 10.0 mLof methanol, and sonicate for 20 min.
Centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel F254mixture
Application volume: 4 ~L, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: M~.tbx.'.~i~~~h'oride,

deh~~.r~~~~i.~J;.~b.~I, and water~~g~£~~!
()·§)i~··.·(USRiT7fvfaY~7Q19)

Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol.

Prepare fresh. Keep alcohol cold over ice. Carefully and
gradually add sulfuric acid.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution .
Applythe Samples as bands to a suitable HPTLC plate, and

dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry inair.Treat the plate with
Derivatization reagent, heat at 105° for 5 min, and
examine immediately under white light and under UV
light at 366 nm.

System suitability
Under white light: The chromatogram of Standard

solution Bexhibits five main reddish-violet bands. A band
in the upper-half section corresponding in RF to the band
of ginsenoside Rgl in Standard solution A; a band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearlyseparated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re,
and the upper due to notoginsenoside Rl. The two most
intense bands are due to ginsenoside Rbl and ginsenoside
Rgl.

Under UV light at 366 nm: The chromatogram of
Standard solution Bexhibitsa pinkish-violet band at an RF

USP 43

corresponding to the ginsenoside Rgl band in Standard
solution A; a blue fluorescent band in the lower-third
section due to ginsenoside Rbl; three lessintense bands
clearly separated between the bands of ginsenoside
Rq'l and ginsenoside Rbl-the lowerdue to ginsenoside
Rd, the middle due to ginsenoside Re, and the upper due
to notoginsenosideRl (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish
violet). The.two most intense bands in the chromatogram
are due to ginsenoside Rbl and ginsenoside Rgl.

Acceptance criteria
Under white light: The chromatogram of the Sample

solution exhibitsfive main reddish-violet bands
corresponding in RF to similar bands in Standard solution
B: a band in the upper-half section corresponding in RF to
ginsenoside Rgl in Standard solution A; a band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearlyseparated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re,
and the upper due to notoginsenoside Rl. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside
Rgl.

Under UV light at 366 nm: The chromatogram of the
Sample solution exhibits bands corresponding in RF to
similar bands in Standard solution B: a pinkish-violet band
at an RF corresponding to the ginsenoside Rgl band in
Standard solution A; a blue fluorescent band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearlyseparated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lowerdue to
ginsenoside Rd, the middledue to ginsenosideRe, and the
upper due to notoginsenoside Rl (the band due to
ginsenoside Rd is blue fluorescent, while the other two
bands are pinkish violet).The two most intense bands are
due to ginsenoside Rbl and ginsenoside Rgl.

• B. LC .
Analysis: Proceed as directed in the test for Content of

Ginsenosides.
Acceptance criteria: The retention times of the

notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re,
ginsenoside Rbl, and ginsenoside Rd peaksof the Sample
solution correspond to those of Standard solution B. The two
most intense peaks are due to ginsenoside Rgl and
ginsenoside Rbl.

STRENGTH

• CONTENT OF GINSENOSIDES
Extraction solvent: Methanol and water (70:30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100
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Table 1 (continued)

Time Solution A Solution B
(min) (%) (%)

6.1 83 17

7.5 83 17

Standard 3VIUl.IVII

Rg1 RS in
dissolve, necessary.

Standard solution B: 3.0 mg/mL of USP Panax notoginseng
Rootand Rhizome Dry Extract RS in Extraction solvent.
Sonicatefor about 10 min, centrifuge, and use the
supernatant. Beforeinjection, pass through a
polytetrafluoroethylene (PTFE) membrane filterof 0.2-JJm
pore size, and discard the first portion of the filtrate.

Sample solution: Determine the total weight of 20
Capsules. Open the Capsules and combine their contents
in an appropriate container. Weigh the empty Capsule
shellsand calculate the average fill weight per Capsule.
Thoroughly mix and finely powder the contents of the
Capsules. Transfera portion of the Capsule contents,
equivalent to 0.3 9 of TienchiGinseng Rootand Rhizome
Powderto a 50-mLcentrifuge tube. Add10 mL of Extraction
solvent, and sonicate for 20 min. Centrifuge, and transfer
the supernatant to a 25-mLvolumetricflask. Repeat this
extraction with 10 mLof Extraction solvent, and sonicate for
10 min. Combine the extracts in a volumetricflask, dilute
with Extraction solventto volume, and mix. Before injection,
pass through a PTFE membrane filter of 0.2-JJm pore size,
and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm x 5-cm; l.7-JJm packing L1
Column temperature: 30° .
Flow rate: 0.8 mL/min
Injection volume: 5 JJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram,of
Standard solution B is similarto the reference
chromatogram provided with the lot of USP Panax
notoginseng Root and Rhizome DryExtract RS
being used.

Resolution: NLT 1.5 between the ginsenoside Rgl and
ginsenoside Re peaks, Standard solution B

Relative standard deviation: NMT 2.0%, determined
from the ginsenoside Rgl peak in repeated injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Panax notoginseng Rootand Rhizome
Dry Extract RS being used, identifythe peaks
corresponding to notoginsenoside Rl, ginsenoside Rgl,
ginsenoside Re, ginsenoside Rbl, and ginsenoside Rd in
the Sample solution. Measure the areas of the analyte
peaks.

Separatelycalculate the quantity, in mg, of
notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re,
ginsenoside Rbl, and ginsenoside Rd, in each Capsule:

Result = (ru/rs) x C, x Vx Fx (Wavlw)

Dietary Supplements / Tienchi Ginseng 5305

t» = peak area of the relevantanalyte from the Sample
solution

rs =peak area of ginsenoside Rgl from Standard
solution A

Cs = concentration of USP Ginsenoside Rgl RS in
Standard solution A (mg/mL)

V =volume of the Extraction solvent taken to prepare
the Sample solution (rnt)

F = responsefactor for the relevantanalyte (see Table
2)

Wav = average fill weight per Capsule (mg)
W =weight of the sample taken to prepare the Sample

solution (mg)

Table 2

Response
AnaIyte Factor

Notoginsenoside R1 1.09

Ginsenoside Rg1 1.00

Ginsenoside Re 1.02

Ginsenoside Rb1 1.26

Ginsenoside Rd 1.03

Calculate the percentage of ginsenosides, as the sum of
notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re,
ginsenoside Rbl, and ginsenoside Rd, of the labeled
amount of TienchiGinseng Rootand Rhizome Powder in
each Capsule:

Result = ("LQ/L) x 100

Q1 =sum of the calculated quantities of ginsenosides
(mg)

L =labeled amount of Tienchi Ginseng Rootand
Rhizome Powder (mg)

Acceptance criteria: NLT 5.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements .

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed ~ 04 cfu/g, and the total
combined moldsand yeastscount does not exceed 103 cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand the official
name. The label states the amount ofTienchiGinseng Root
and Rhizome Powder in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Ginsenoside Rgl RS
USP Panax notoginseng Rootand Rhizome Dry Extract RS
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Tienchi Ginseng Root and Rhizome
Powder Tablets

DEFINITION
Tienchi Ginseng Rootand Rhizome Powder Tablets contain

Tienchi Ginseng Root and Rhizome Powder.They contain
NLT 5.0% of ginsenosides calculated as the sum of
notoginsenoside Rl (C47Hso01S), ginsenoside Rgl
(C42Hn014), ginsenoside Re (C4sHs201S), ginsenoside Rbl
(Cs4Hn023), and ginsenoside Rd (C4sHs201S) from the
labeled amount of Tienchi Ginseng Rootand Rhizome
Powder.

IDENTIFICATION

• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 0.5 mg/mL of USP Ginsenoside

Rgl RS in methanol
Standard solution B: 5 mg/mL of USP Panax notoginseng

Rootand Rhizome DryExtractRS in methanol. Sonicate for
about 10 min, centrifuge, and use the supernatant.

Sample solution: Transfera portion of the finelypowdered
Tablets, equivalent to 0.4 9 of Tienchi Ginseng Root and
Rhizome Powder, to a suitable container, add 10.0 mLof
methanol, and sonicate for 20 min. Centrifuge and use the
supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel F2S4mixture
Application volume: 4 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: M~!hl'!~~~,~hloride,

.~~~~g.~;~~~g;i~lj~~~.~I, and water I;~~~;;~~)~
().~).;(U~ftl~May"gOl •.!;l)

Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol.

Prepare fresh. Keepalcohol cold over ice. Carefully and
gradually add sulfuric acid.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Applythe Samples as bands to a suitable HPTLC plate, and

dry in air. Develop in a saturated chamber, remove the'
plate from the chamber, and dry inair.Treatthe plate with
Derivatization reagent, heat at 105° for 5 min, and
examine immediately under white light and under UV
light at 366 nm.

System suitability
Under white light: The chromatogram of Standard

solution Bexhibits five main reddish-violetbands. A band
in the upper-half section corresponding in RF to the band
of ginsenoside Rgl in Standard solution A; a band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearlyseparated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re,
and the upper due to notoginsenoside Rl. The two most
intense bands are due to ginsenoside Rbl and ginsenoside
Rgl.

Under UV light at 366 nm: The chromatogram of
Standard solution Bexhibits a pinkish-violet band at an RF

corresponding to the ginsenoside Rgl band in Standard
solution A; a blue fluorescent band in the lower-third
section due to ginsenoside Rbl; three less intense bands
clearlyseparated between the bands of ginsenoside
Rgl and ginsenoside Rbl-the lower due to ginsenoside

USP 43

Rd, the middle due to ginsenoside Re, and the upper due
to notoginsenoside Rl (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish
violet). The two most intense bands are due to
ginsenoside Rbl and ginsenoside Rgl.

Acceptance criteria
Under white light: The chromatogram of the Sample

solution exhibits five main reddish-violet bands
corresponding in RF to similar bands in Standard solution
B: a band in the upper-half section corresponding in RF to
the band ofginsenoside Rg 1 in Standard solution A; a band
in the lower-third section due to ginsenoside Rbl; three
lessintense bands clearlyseparated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re,
and the upper due to notoginsenoside Rl. The two most
intense bands are due to ginsenoside Rbl and ginsenoside
Rgl.

Under UV light at 366 nm: The chromatogram of the
Sample solution exhibits bands corresponding in RF to
similarbands in Standard solution B: a pinkish-Violet band
at an RF corresponding to the ginsenoside Rgl band in
Standard solution A; a blue fluorescent band in the
lower-third section due to ginsenoside Rbl; three less
intense bands clearlyseparated between the bands of
ginsenoside Rgl and ginsenoside Rb1-the lower due to
ginsenoside Rd, the middle due to ginsenoside Re, and the
upper due to notoginsenoside Rl (the band due to
ginsenoside Rd is blue fluorescent, while the other two
bands are pinkish violet). The two most intense bands are
due to ginsenoside Rbl and ginsenoside Rgl.

• B. LC
Analysis: Proceed as directed in the test for Content of

Ginsenosides.
Acceptance criteria: The retention times of the

notoginsenoside Rl, ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd peaks of the Sample
solution correspond to those of Standard solution B. The two
most intense peaks are due to ginsenoside Rgl and
ginsenoside Rbl.

STRENGTH

• CONTENT OF GINSENOSIDES
Extraction solvent: Methanol and water (70: 30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100

6.1 83 17

7.5 83 17
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Response
Analyte Factor

Notoginsenoside R1 1.09

Ginsenoside Rg1 1.00

Ginsenoside Re 1.02

Ginsenoside Rb1 1.26

Ginsenoside Rd 1.03

Result=(r.QlL) x 100

Calculate the percentage of ginsenosides, as the sum of
notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd, of the labeled
amount of Tienchi Ginseng Root and Rhizome Powder in
each Tablet:

Table 2

W = weight of the sample taken to prepare the Sample
solution (mg)

Q; =sum of the calculated quantities of ginsenosides
(mg)

L =labeled amount of Tienchi Ginseng Root and
Rhizome Powder (mg)

Acceptance criteria: NLT 5.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104du/g, and the total
combined molds and yeastscount does not exceed 103 cfuj
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

ADDITIONAL REQUIREMEN.TS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The label statesthe Latin binomial and the official
name. The label states the amount of Tienchi Ginseng Root
and Rhizome Powder in mgjTablet.

• USP REFERENCE STANDARDS (11)
USP Ginsenoside Rgl RS
USP Panax notoginseng Root and Rhizome Dry Extract RS

Tienchi Ginseng Root and Rhizome Dry
Extract
DEFINITION
Tienchi Ginseng Root and Rhizome Dry Extract is prepared

from the dried roots and rhizomes of Panax notoginseng
(Burkill) F.H. Chen ex c.y. Wu & K.M. Feng (Fam.
Araliaceae), collected before flowering in autumn, by
extraction with hydroalcoholic mixtures. It contains NLT
90.0%-110.0% of the labeled amount of ginsenosides
calculated on the dried basisasthe sum of notoginsenoside
Rl (C47Hso01S), ginsenoside Rg1 (C42H72014), ginsenoside

= peak area of the relevant analyte from the Sample
solution

= peak area of ginsenoside Rgl from Standard
solutionA

= concentration of USP Ginsenoside Rgl RS in
StandardsolutionA (mg/mL)

= volume of the Extraction solventtaken to prepare
the Sample solution (mL)

=response factor for the relevant analyte (see Table
2)

=average Tablet weight (mg)

V

F

Standard
Rgl RS in ff:£~ifrac±tiajrj;·sollve"t~~;itJ~~

dissolve, necessary.
Standard solution B: 2.0 mg/mL of USP Panax notoginseng

Root and Rhizome Dry Extract RS in Extraction solvent.
Sonicate for about 10 min, centrifuge, and use the
supernatant. Before injection, passthrough a
polytetrafluoroethylene (PTFE) membrane filter of 0.2-lJm
pore size and discard the first portion of the filtrate.

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion of finely powdered Tablets, equivalent to 0.3 9 of
Tienchi Ginseng Root and Rhizome Powder to a 50-mL
centrifuge tube. Add 10 mL of Extraction solvent, and
sonicate for 20 min. Centrifuge, and transfer the
supernatant to a 25-mL volumetric flask. Repeat this
extraction with 10 mL of Extraction solvent, and sonicate for
10 min. Combine the extracts in a volumetric flask, dilute
with Extraction solventto volume, and mix. Before injection,
passthrough a PTFE membrane filter of 0.2-lJm pore size,
and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm x 5-cm; 1.7-um packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 5 IJL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram of
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP Panax
notoginseng Root and Rhizome Dry Extract RS
being used. .

Resolution: NLT 1.5 between the ginsenoside Rgl and
ginsenoside Repeaks, StandardsolutionB

Relative standard deviation: NMT 2.0%, determined
from the ginsenoside Rgl peak in repeated injections,
StandardsolutionA

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of Standardsolution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Panax notoginseng Root and Rhizome
Dry Extract RS being used, identify the peaks
corresponding to notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in
the Sample solution.

Separately calculate the quantity, in mg, of
notoginsenoside R1, ginsenoside Rgl, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd in each Tablet:

Result = (ru/rs) x Cs x V x F x (Wavlw)
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Re (C48H82018), ginsenoside Rbl (Cs4Hn023), and
ginsenoside Rd (C48H82018)'

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.5 mg/mL of USP Ginsenoside
Rg1 RS in methanol

Standard solution B: 10 mg/mL of USP Panax notoginseng
Rootand Rhizome DryExtractRS in methanol. Sonicate for
about 10 min, centrifuge, and use the supernatant.

Sample solution: Sonicate about 50 mg of DryExtract,
finely powdered, in 5 mLof methanol for 10 min.
Centrifuge, and use the supernatant. [NOTE-The Sample
solution is stable for 6 h at room temperature.]

Chromatographic system
Adsorbent: Chromatographic silica gel F2s4mixture
Application volume: 4 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: Methylene chloride,

dehydrated alcohol, and water (60: 45: 6.5)
Developing distance: 6-8 cm
Derivatization reagent: Asolution of 10% sulfuric acid in

alcohol. Prepare fresh. Keep alcohol cold over ice.
Carefully and gradually add sulfuric acid.

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Applythe Samples as bands to a suitable HPTLC plate, and

dry in air. Develop the chromatograms in a saturated
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 1050 for 5-
10 min, and examine immediately under white light and
under UV light at 366 nm.

System suitability .
Under white light: The chromatogram of Standard

solution 8 exhibits five main reddish-violet bands in the
fo.llowing order with increasing RF: a band in the
lower-thirdsection due to ginsenoside Rbl; three less
intense bands clearlyseparated in the middle-thirdsection
-the lower due to ginsenoside Rd, the middle due to
ginsenoside Re, and the upper due to notoginsenoside R1;
and a band at an RF corresponding to ginsenoside Rg1 in
Standard solution A. The two most intense bands are due
to ginsenoside Rb1 and ginsenoside Rg1.

Under UV light at 366 nm: The chromatogram of
Standard solution 8 exhibits bands in the following order
with increasing RF: a blue fluorescent band in the
lower-thirdsection due to ginsenoside Rb1; three less
intense bands clearlyseparated inthe middle-thirdsection
-the lower due to ginsenoside Rd, the middle due to
ginsenoside Re, and the upper due to notoginsenoside R1
(the band due to ginsenoside Rd is blue fluorescent, while
the other two bands are pinkish violet); and a
pinkish-violet band at an RFcorresponding to ginsenoside
Rg1 band in Standard solution A. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.

Acceptance criteria
Under white light: The chromatogram of the Sample

solution exhibits five main reddish-violet bands
corresponding in RF to similarbands in Standard solution
8. These bands appear in the following order of increasing
RF: a band in the lower-thirdsection due to ginsenoside
Rb1; three less intense bands clearlyseparated in the
middle-third section due to ginsenoside Rd, ginsenoside
Re, and notoginsenoside R1, respectively; and a band at
an RF corresponding to ginsenoside Rg1 in Standard
solution A. The two most intense bands are due to
ginsenoside Rb1 and ginsenoside Rg1.

USP 43

Under UV light at 366 nm: The chromatogram of the
Sample solution exhibits the following bands, with
increasing RF, corresponding to similar bands in Standard
solution 8: a blue fluorescent band in the lower-third
section due to ginsenoside Rb1; three lessintense bands
clearlyseparated in the middle-third section due to
ginsenoside Rd, ginsenoside Re, and notoginsenoside R1,
respectively (the band due to ginsenoside Rd is blue
fluorescent, while the other two bands are pinkish violet);
and a pinkish-violet band at an RF corresponding to
ginsenoside Rg1 in Standard solution A. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside
Rgl.

• B. UHPLC
Analysis: Proceed as directed in Content of Ginsenosides.
Acceptance criteria: The chromatogram of the Sample

solution exhibitspeaksat the retention times corresponding
to notoginsenoside R1 (a distinctionfrom P. ginseng and P.
quinquefolius), ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd in Standard solution
8. The two most intense peaks are due to ginsenoside
Rg1 and ginsenoside Rb1.

COMPOSITION
• CONTENT OFGINSENOSIDES

Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile

. Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100

6.1 83 17

7.5 83 17

Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside

Rg1 RS in Solvent
Standard solution B: 3.0 mg/mL of USP Panax notoginseng

Root and Rhizome Dry Extract RS in Solvent. Sonicatefor
about 10 min, centrifuge, and use the supernatant. Before
injection, pass through a polytetrafluoroethylene (PTFE)
filterof 0.2-lJm pore size.

Sample solution: Transfer75 mg of DryExtract (capable of
passing through a 250-lJmsieve), accuratelyweighed, to a
50-mLcentrifuge tube. Add 10 mLof Solvent, and sonicate
for 10 min. Centrifuge, and transfer the supernatant to a
25-mLvolumetric flask. Repeat this extraction two more
times, each with 5 mL of Solvent. Combine the extracts in
the volumetricflask, dilute with Solvent to volume,and mix.
Before injection, pass through a PTFE filter of 0.2-lJm pore
size, and discard the first portion of the filtrate. [NOTE-The
Sample solution is stable for 24 h at room temperature.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
Column: 2.1-mm x 5-cm; l.7-lJm packing L1
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Column temperature: 30 ± 10

Flow rate: 0.8 mL/min
Injection volume: 5 IJL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram of
Standardsolution B is similarto the reference
chromatogram provided with the lot of USP Panax
notoginseng Root and Rhizome Dry Extract RS
being used.

Resolution: NLT 1.5 between the ginsenoside Rgl and
ginsenoside Re peaks, Standardsolution B

Tailing factor: NMT 2.0 for the ginsenoside Rgl peak,
Standardsolution A

Relative standard deviation: NMT 2.0%, determined
from the ginsenoside Rgl peak in repeated injections,
Standardsolution A

Analysis
Samples: Standardsolution A, Standardsolution B, and

Sample solution
Using the chromatograms of StandardsolutionA, Standard

solution B, and the reference chromatogram provided
with the lot of USP PanaxnotoginsengRootand Rhizome
Dry ExtractRS being used, identifythe retention times of
the peaks corresponding to relevant ginsenosides in the
Sample solution.

Separately calculate the percentage of each of the
ginsenosides in the portion of Dry Extract taken:

Result =(rulrs) x Cs x (V/W) x F x 100

tu = peak area of the relevant analyte from the Sample
solution

ts = peak area of ginsenoside Rgl from Standard
solutionA

Cs =concentration of USP GinsenosideRgl RS in
Standardsolution A (mg/mL)

V =volume of the Sample solution (mL)
W =weight of Dry Extracttaken to prepare the Sample

solution (mg) .
F =conversion factor for the relevant analyte (see

Table 2)

Table 2
Conversion

Analyte Factor

Notoginsenoside R1 1.09

GinsenosideRg1 1.00

GinsenosideRe 1.02

GinsenosideRb1 1.26

GinsenosideRd 1.03

Calculate the content of ginsenosides as the sum of the
percentages of notoginsenoside Rl, ginsenoside Rgl,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.

Calculate the percentage of the labeled amount of
ginsenosides in the portion of Dry Extracttaken:

Result = (PIL) x 100

P =content of ginsenosides as determined above
(%)

L =labeled amount of ginsenosides (%)

Acceptance criteria: 90.00/0-110.0% on the dried basis
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CONTAMINANTS

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104du/g, the total
combined molds and yeastscount does not exceed 103dul
g, and the bile-tolerantGram-negativebacterial count does
not exceed 103du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dry at 1050 for 2 h.
Acceptance criteria: NMT 5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
controlled room temperature.

•. LABELING: The label states the Latin binomial following the
official name of the plant from which the article was
prepared. It meets the other labeling requirements in
BotanicalExtracts (565).

• USP REFERENCE STANDARDS (11)
USP Ginsenoside Rgl RS
USP Panaxnotoginseng Rootand Rhizome Dry Extract RS

Tienchi Ginseng Root and Rhizome Dry
Extract Capsules
DEFINITION
TienchiGinseng Rootand Rhizome Dry ExtractCapsules

contain TienchiGinseng Rootand Rhizome Dry Extract,
They contain NLT 90.0% and NMT 110.0% of the labeled
amount of ginsenosidescalculated as the sum of
notoginsenoside Rl (C47Hso01S), ginsenoside Rgl
(C42Hn014), ginsenoside Re (C4sHs201S), ginsenoside Rbl
(Cs4H92023), and ginsenoside Rd (C4sHs201S)'

IDENTIFICATION

• A. HPTLC FOR ARTICLES OF BOTANICAL. ORIGIN (203)
Standard solution A: 0.5 mg/mL of USP Ginsenoside

Rgl RS in methanol .
Standard solution B: 5 mg/mL of USP Panaxnotoginseng

Rootand Rhizome Dry Extract RS in methanol. Sonicatefor
about 10 min, centrifuge,and use the supernatant.

Sample solution: Transfer a portion of the contents of the
Capsules,equivalent to 50 mg ofTienchiGinseng Rootand
Rhizome Dry Extract, to a conicalflask, add 10 mLof
methanol, mixand sonicate for 20 min, centrifuge, and use
the supernatant.

Chromatographic system
Adsorbent: .Chromatographic silica gel F2S4mixture
Application volume: 4 IJL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
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Developing solvent system: M~tbyl~rl~.~hloride,

9~h~:~>[~~~g<>~.I.~gQOI,and water~(§;Qi>~~;;
§·§)~(lJSP.i.,M'lY,?Q1s))

Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol.

Prepare fresh. Keep alcohol cold over ice. Carefully and
gradually add sulfuric acid.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and

dry in air. Develop the chromatograms in a saturated
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105 0 for 5-
10 min, and examine immediately under white light and
under UV light at 366 nm.

System suitability
Under white light: The chromatogram of Standard

solution Bexhibits five main reddish-violet bands. A band
in the upper-half section corresponding in RF to the band
of ginsenoside Rg1 in Standard solution Ai a band in the
lower-third section due to ginsenoside Rb1 i three less
intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1-the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re,
and the upper due to notoginsenoside R1. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside
Rgl.

Under UVlight at 366 nm: The chromatogram of
Standard solution Bexhibits a pinkish-violet band at an RF

corresponding to the ginsenoside Rg1 band in Standard
solution Ai a blue fluorescent band in the lower-third
section due to ginsenoside Rb1; three less intense bands
clearly separated between the bands of ginsenoside
Rg1 and ginsenoside Rb1-the lower due to ginsenoside
Rd, the middle due to ginsenoside Re, and the upper due
to notoginsenoside R1 (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish
violet). The two most intense bands are due to
ginsenoside Rb1 and gjnsenoside Rgl.

Acceptance criteria ,
Under white light: The chromatogram of the Sample

solution exhibits five main reddish-violet bands
corresponding in RF to similar bands in'Standard solution
B: a band in the upper-half section corresponding in RF to
the band of ginsenoside Rg1 in Standard solution A; a band
in the lower-third section due to ginsenoside Rb1i three
less intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1-the lower band
due to ginsenoside Rd, the middle one due to ginsenoside
Re, and the upper due to notoginsenoside R1. The two
most intense bands are due to ginsenoside Rb1 and
ginsenoside Rg1.

Under UVlight at 366 nm: The chromatogram of the
Sample solution exhibits bands corresponding in RF to
similar bands in Standard solution B: a pinkish-violet band
at an RF corresponding to the ginsenosideRg1 band in .
Standard solution A; a blue fluorescent band in the
lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1-the lower due to
ginsenoside Rd, the middle due to ginsenoside Re,and the
upper due to notoginsenoside R1 (the band due to
ginsenoside Rd is blue fluorescent, while the other two
bands are pinkish violet). The two most intense bands are
due to ginsenoside Rb1 and ginsenoside Rg1.

• B. LC
Analysis: Proceed as directed in the test for Content of

Ginsenosides.

USP 43

Acceptance criteria: The retention times of the
notoginsenoside R1, ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd peaks of the Sample
solution 'correspond to those of Standard solution B. The two
most intense peaks are due to ginsenoside Rg1 and
ginsenoside Rb1.

STRENGTH

• CONTENT OF GINSENOSIDES
Extraction solvent: Methanol and water (70: 30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%)

)
(%)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100

6.1 83 17

7.5 83 17

Standard solution
Rg1 RS in
dissolve, necessary.

Standard solution B: 3.0 mg/mL of USP Panax notoginseng
Root and Rhizome Dry Extract RS in Extraction solvent.
Sonicate for about 10 min, centrifuge, and use the

, supernatant. Before injection, pass through a
polytetrafluoroethylene (PTFE) membrane filter of 0.2-lJm
pore size and discard the first portion of the filtrate.

Sample solution: Determine the total weight of 20 '
Capsules. Open the Capsules and combine their contents
in an appropriate container. Weigh the empty Capsule
shells and calculate the average fill weight per Capsule.
Transfer a portion of the Capsule contents, equivalent to
35 mg of ginsenosides (sum of notoginsenoside R1, .
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and
ginsenoside Rd) into a 25-mL volumetric flask. Add 20 mL
of Extraction solvent, and sonicate for 30 min with
occasional shaking. Cool to room temperature, dilute with
Extraction solvent to volume, mix well, and centrifuge.
Before injection, pass through a PTFE membrane filter of
0.2-lJm pore size and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm x 5-cmi 'l.Z-um packing L1
Column temperature: 300

Flow rate: 0.8 mL/min
Injection volume: 5 IJL

System suitability
Samples: Standard solution A and Standard solution 8
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution B is similar to the reference
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chromatogram provided with the lot of USP Panax
notoginseng Root and Rhizome Dry Extract RS
being used.

Resolution: NlT 1.5 between the ginsenoside Rg1 and
ginsenoside Repeaks, Standard solution 8

Relative standard deviation: NMT 2.0%, determined
from the ginsenoside Rg1 peak in repeated injections,
Standard solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Using the chromatograms of Standard solution A, Standard

solution B, and the reference chromatogram provided
with the lot of USP Panax notoginseng Rootand Rhizome
Dry Extract RS being used, identifythe peaks
corresponding to notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in
the Sample solution. Measure the areas of the analyte
peaks.

Separatelycalculate the quantity, in mg, of
notoginsenoside R1, ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd in each Capsule:

Result =(rulrs) x Cs x V x Fx (Wavlw)
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CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104cfu/g, and the total
combined moldsand yeastscount does not exceed 103cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: ·Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: The labelstates the latin binomialand the official
name. The label states the amount of ginsenosides as the
sum of notogirisenoside R1, ginsenoside Rg1, ginsenoside
Re, ginsenoside Rb1, and ginsenoside Rd; and the amount
of TienchiGinseng Rootand Rhizome Dry Extractin mgl
Capsule.

• USP REFERENCE STANDARDS (11)
USP Ginsenoside Rg1 RS
USP Panax notoginseng Rootand Rhizome Dry Extract RS

V

F

= peak area of the relevantanalyte from the Sample
solution

= peak area of ginsenoside Rg1 from Standard
solution A

= concentration of USP Ginsenoside Rg1 RS in
Standard solution A (mg/ml)

= volume of the Extraction solvent taken to prepare
the Sample solution (ml)

= response factor for the relevant analyte (see Table
2)

= average fill weight per Capsule (mg)
= weight of the sample taken to prepare the Sample

solution (mg)

Tlenchi Ginseng Root and Rhizome Dry
Extract Tablets

DEFINITION
Tienchi Ginseng Rootand Rhizome Dry ExtractTabletscontain

TienchiGinseng Rootand Rhizome Dry Extract. They
contain NlT 90.0% and NMT 110.0% of the labeled
amount of ginsenosides calculated as the sum of
notoginsenosideR1 (C47Hso01S), ginsenoside Rg1
(C42Hn014), ginsenoside Re (C4sHs201S), ginsenoside Rb1
(Cs4H92023), and ginsenoside Rd (C4sHs20,s).

IDENTIFICATION

Table 2

Response
Analyte Factor

Notoginsenoside R1 1.09

Ginsenoside Rgl 1.00

Ginsenoside Re 1.02

Ginsenoside Rb1 1.26

Ginsenoside Rd 1.03

Calculate the percentage of the labeled amount of
ginsenosides, as the sum of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and
ginsenoside Rd, in each Capsule:

Result =("£Q/L) x 100

Qi = sum of the calculated quantities of ginsenosides
(mg)

L = labeled amount of ginsenosides (mg)

Acceptance criteria: 90.0%-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)
Standard solution A: 0.5 mg/ml of USP Ginsenoside '

Rg1 RS in methanol
Standard solution B: 5 mg/mL of USP Panax notoginseng

Rootand Rhizome Dry Extract RS in methanol. Sonicatefor
about 10 min, centrifuge, and use the supernatant.

Sample solution: Transfera portion of the powdered
Tablets, equivalent to 50 mg of Tienchi Ginseng Rootand
Rhizome Dry Extract, to a conicalflask, add 10 mLof
methanol, mix and sonicate for 20 min, centrifuge, and
filter.

Chromatographic system
Adsorbent: Chromatographic silica gel F254mixture
Application volume: 4 IJl, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing solvent system: Methylene chloride,
ct~b~g.~.~~~g2~i.I~;~~.ol, and water~(tSO:45:
g.~l~(!,JsPl.~tv1aY@l ..~)

Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol.

Prepare fresh. Keep alcohol cold over ice. Carefully and
gradually add sulfuric acid.

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
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Apply the Samples as bands to a suitable HPTLC plate, and
dry in air. Develop the chromatograms in a saturated .
chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5-
10 min, and examine immediately under visible light and
under UV light at 366 nm.

System suitability
Under visible light: The chromatogram of Standard

solution Bexhibits five main reddish-violet bands. A band
in the upper-half section corresponding in RF to the band
of ginsenoside Rgl in Standard solution Ai a band in the
lower-third section due to ginsenoside Rbl i three less
intense bands clearly separated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re,
and the upper due to notoginsenoside Rl. The two most
intense bands are due to ginsenoside Rbl and ginsenoside
Rg1.

Under UV light at 366 nm: The chromatogram of
Standard solution Bexhibits a pinkish-violet band at an RF

corresponding to the ginsenoside Rgl band in Standard
solution Ai a blue fluorescent band in the lower-third
section due to ginsenoside Rbl i three less intense bands
clearly separated between the bands of ginsenoside
Rgl and ginsenoside Rbl-the lower due to ginsenoside
Rd, the middle due to ginsenoside Re, and the upper due
to notoginsenoside Rl (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish
violet). The two most intense bands are due to
ginsenoside Rbl and ginsenoside Rgl.

Acceptance criteria
Under visible light: The chromatogram of the Sample

solution exhibits five main reddish-violet bands
corresponding in RF to similar bands in Standard solution
B: a band in the upper-half section corresponding in RF to
the band of ginsenoside Rgl in Standard solution Aia band
in the lower-third section due to ginsenoside Rbl i three
less intense bands clearly separated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower band
due to ginsenoside Rd, the middle one due to ginsenoside
Re, and the upper due to notoginsenoside Rl. The two
most intense bands are due to ginsenoside Rb1 and
ginsenoside Rgl. .

Under UV light at 366 nm: The chromatogram of the
Sample solution exhibits the bands corresponding in RF to
similar bands in Standard solution B: a pinkish-violet band
at an RF corresponding to the ginsenoside Rgl band in
Standard solution Ai a blue fluorescent band in the
lower-third section due to ginsenoside Rbl: three less
intense bands clearly separated between the bands of
ginsenoside Rgl and ginsenoside Rbl-the lower due to
ginsenoside Rd, the middle due to ginsenoside Re,and the
upper due to notoginsenoside Rl (the band due to
ginsenoside Rd is blue fluorescent, while the other two
bands are pinkish-violet). The two most intense bands are
due to ginsenoside Rbl and ginsenoside Rg1.

• B. LC
Analysis: Proceed as directed in the test for Content of

Ginsenosides.
Acceptance criteria: The retention times of the

notoginsenoside Rl, ginsenoside Rgl, ginsenoside Re,
ginsenoside Rbl, and ginsenoside Rd peaks of the Sample
solution correspond to those of Standard solution B. The two
most intense peaks are due to ginsenoside Rgl and
ginsenoside Rbl.

USP 43

STRENGTH

• CONTENT OF GINSENOSIDES
Extraction solvent: Methanol and water (70:30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 83 17

2.4 80 20

3.5 70 30

4.2 69 31

5.0 58 42

5.1 0 100

6.0 0 100

6.1 83 17

7.5 83 17

Standard Ginsenoside
Rgl RS in ~Qll(tJl1~~.l1)(OS~')11.~iav"2019j Sonicate to
dissolve, necessary.

Standard solution B: 3.0 mg/mL of USP Panax notoginseng
Root and Rhizome Dry Extract RS in Extraction solvent.
Sonicate for about 10 min, centrifuge, and use the
supernatant. Before injection, pass through a
polytetrafluoroethylene (PTFE) membrane filter of 0.2-l..Im
pore size and discard the first portion of the filtrate.

Sample solution: Weigh NLT 20 Tablets, determine the
average Tablet weight, and finely powder. Transfer a
portion of finely powdered Tablets, nominally equivalent to
35 mg of ginsenosides (sum of notoginsenoside Rl,
ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, and
ginsenoside Rd) into a 25-mL volumetric flask. Add 20 mL
of Extraction solvent, and sonicate for 30 min with '
occasional shaking. Cool to room temperature, dilute with
Extraction solvent to volume, mix well, centrifuge, pass the
supernatant through a PTFE membrane filter of 0.2-l..Im
pore size, and discard the first portion of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV203 nm
Column: 2.1-mm x 5-cm; 1.7-urn packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 5 I..IL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Panax
notoginseng Root and Rhizome Dry Extract RS
being used. .i. •. ,

Resolution: NLT 1.5 between the qlnsenoslde.Rql and
ginsenoside Re peaks, Standard solution B

Relative standard deviation: NMT 2.0%,determined
from the ginsenoside Rgl peak in repeated injections,
Standard solution A
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Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution .
Using the chromatograms of Standard solution A, Standard
solution B, and the reference chromatogram provided
with the lot of USP Panax notoginseng Rootand Rhizome
Dry Extract RS being used, identify the peaks
corresponding to notoginsenoside Rl, ginsenosideRgl,
ginsenoside Re, ginsenoside Rbl, and ginsenoside Rd in
the Sample solution. Measure the areas of the analyte
peaks.

Separatelycalculatethe quantity, in mg, of
notoginsenoside Rl, ginsenoside Rgl, ginsenosideRe,
ginsenoside Rbl, and ginsenoside Rd in each Tablet:

Result = (ru/rs) x Cs x Vx F x (Wavlw)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial and the official
name. The labelstates the amount of ginsenosides, as the
sum of notoginsenoside Rl, ginsenoside Rgl, ginsenoside
Re, ginsenoside Rb1, and ginsenoside Rd; and the amount
of Tienchi Ginseng Rootand Rhizome Dry Extract in mg/
Tablet.

• USP REFERENCE STANDARDS (11)
USP Ginsenoside Rgl RS
USP Panax notoginseng Root and Rhizome DryExtract RS

Calculate the percentage of the labeled amount of
ginsenosides, as the sum of notoginsenoside Rl,
ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, and
ginsenoside Rd, in each Tablet:

Result = (r.Q;/L) x 100

Response
Analyte Factor

Notoginsenoside Rl 1.09

Ginsenoside Rgl 1.00

Ginsenoside Re 1.02

Ginsenoside Rb1 1.26

Ginsenoside Rd 1.03

c.,H12N203 220.23
(S)-2-Amino-3-(5-hydroxy-l H-indol-3-yl)propanoic acid

[4350-09-8].

DEFINITION
5-Hydroxy-L-tryptophan contains NLT 98.5% and NMT

101.5% of 5-hydroxy-L-tryptophan (CllH12N203), calculated
on the dried basis. .

IDENTIFICATION

Tryptophan-see Tryptophan General Monographs

5-Hydroxy- L-tryptophan

ASSAY
• PROCEDURE

Sample: 200 mg of 5-Hydroxy-L-tryptophan
Blank: Mix 3 mL of formicacid and 50 mL of glacial

acetic acid.
Titrimetric system

(See Titrit:netry (541 ).)
Mode: Directtitration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis .
Samples: Sample and Blank
Dissolve the Sample in a mixtureof 3 mL of formicacid and

50 mL of glacial acetic acid, and titrate with the Titrant.
Perform a Blank titration, and makeany necessary
correction.

Calculatethe percentage of 5-hydroxy-L-tryptophan
(Cll H12N203) in the Sample taken:

Result = {[(Vs - V8) x N x F]/W} x 100

Vs =Titrant volume consumed by the Sample (mL)
V8 =Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F = equivalency factor, 220.2 mg/mEq
W = Sample weight (mg)

HQr{0_0
~ // OH

HN I NH,

Table 2

=peak area of the relevantanalytefrom the Sample
solution

= peak area of ginsenoside Rgl from Standard
solutionA

= concentration of USP Ginsenoside Rgl RS in
StandardsolutionA (mg/mL)

=volume of the Extraction solvent taken to prepare
the Sample solution (mL)

= responsefactor for the relevantanalyte(see Table
2)

=average Tablet weight (mg)
=weight of the sampletaken to prepare the Sample

solution (mg)

V

F

Qi =sum of the calculatedquantities of ginsenosides
(mg)

L =labeled amount of ginsenosides (mg)

Acceptance criteria: 90.0%-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterialcount does not exceed 104 cfu/g, and the total
combined moldsand yeastscount does not exceed 103cfu/
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meet the requirements
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Acceptance criteria: 98.50/0-101.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• CHLORIDE AND SULFATE, Chloride (221)

Standard solution: 0.50 mL of 0.020 N hydrochloric acid
Sample: 0.73 9 of 5-Hydroxy-L-tryptophan
Acceptance criteria: NMT 0.05%

• CHLORIDE AND SULFATE, Sulfate (221)
Standard solution: 0.10 mL of 0.020 N sulfuric acid
Sample: 0.33 9 of 5-Hydroxy-L-tryptophan
Acceptance criteria: NMT 0.03%

• ORGANIC IMPURITIES
Solution A: 1 mL/L of trifluoroacetic acid in water
Solution B: 1 mL/L of trifluoroacetic acid in a mixture of

acetonitrile and water (80:20)
Mobile phase: See Table 1.

Table 1
Time Solution A Solution B
(min) (0/0) (0/0)

0 95 5

2 95 5

37 35 65

42 0 100

47 0 100

50 95 5

60 95 5

Standard solution: 1.0 ~g/mL of USP
5-Hydroxy-L-tryptophan RS and 50 ~g/mL of USP
L-Tryptophan RS in water

Sample solution: 10.0 mg/mL of 5-Hydroxy-L-tryptophan
in water

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV220 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 300

Flow rate: 1 mL/min
Injection volume: 20 ~l

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for
5-hydroxy-L-tryptophan and L-tryptophan are
1.0 and 1.6, respectively.]

Suitability requirements
Relative standard deviation: NMT 5.0% for the

5-hydroxy-L-tryptophanand L-tryptophan peaks
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of each unspecified impurity in

the portion of 5-Hydroxy-L-tryptophan taken:

Result=(r vir s) x (C siC v) x 100

=peak response of each unspecified impurity
from the Sample solution .

=peak response of 5-hydroxy-L-tryptophan from
the Standardsolution

=concentration of USP 5-Hydroxy-L-tryptophan RS
in the Standardsolution (~g/mL)

= concentration of 5-Hydroxy-L-tryptophan in the
Sample solution (~g/ml)

USP43

Calculate the percentage of tryptophan in the portion of
5-Hydroxy-L-tryptophan taken:

Result =(r vir 5)x (C siC v) x 100

=peak response of tryptophan from the Sample
solution

=peak response of tryptophan from the Standard
solution

=concentration of USP L-Tryptophan RS in the
Standardsolution (~g/mL)

= concentration of 5-Hydroxy-L-tryptophan in the
Sample solution (~g/mL)

Acceptance criteria
Total impurities 1: NMT 0.01 % of the total impurities

eluting prior to the 5-hydroxy-L-tryptophan peak
Total impurities 2: NMT 0.03% of the total impurities

eluting after the 5-hydroxy-L-tryptophan peak.
[NOTE-Exclude the peak for tryptophan.]

Tryptophan: NMT 0.5%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781)

Sample solution: 10 mg/mL in water
Acceptance criteria: -30.0 0 to -38.00

• pH (791)
. Sample solution: 10 mg/ml in water

Acceptance criteria: 4.0-6.0
• Loss ON DRYING (731)

Analysis: Dry at 105 0 for 3 h.
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP 5-Hydroxy-L-tryptophan RS
USP L-Tryptophan RS

Turmeric

DEFINITION
Turmeric is the dried rhizome of Curcuma longa L., also known

as C. domestica Val. (Fam. Zingiberaceae). It is commonly
known as Curcuma, Curcum, Haridra, and Indian Saffron. It
contains NLT 3.0% of curcuminoids, calculated on the
anhydrous basis.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 1 mg/ml of USP Curcuminoids RS in
methanol

Sample solution: Suspend about 200 mg of Turmeric, finely
powdered, in 3 mL of methanol, and sonicate for 10 min.
Centrifuge or filter, and use the supernatant or the filtrate.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle size of 5 urn (HPTLC plate)'
Application volume: 2 ~L each of the Standardsolution

and the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 300

, Suitable commercially available plates are HPTLC Silica Gel 60 F254 from
EMD Millipore (e.q., Part No. 1.05642.0001).
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Developing solvent system: Toluene and glacial acetic
acid (4:1)

Developing distance: 6 cm
Derivatization reagent: 85 mLof ice-cold methanol
combined with 10 mL of glacial acetic acid, 5 mL of
sulfuric acid, and 0.5 mL of p-anisaldehyde

Analysis
Samples: Standardsolution and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry inair.Treatwith Derivatization
reagent, heat at 100° for 3 min, and examine under
long-wave UV light (365 nm) and under white light.

System suitability: Underlong-waveUVlight(365 nm), the
derivatized chromatogram of the Standardsolution
exhibits, in its lower half, three bands in the order of
increasing RF: an orange band due to
bisdesmethoxycurcumin, an orange band due to
desmethoxycurcumin, and the red band due to curcumin.
Underwhite light, the two lower bands appear orange,
whilethe topmost band is reddish-pink.

Acceptance criteria: Under long-waveUV light (365 nm),
the derivatized chromatogram of the Sample solution
displays two orange bands and one red band, similar in
position and color to those observed in the Standard
solution.At the bottom part of the upper halfof the plate,
two purple bands are seen. Under white light, two orange
bands and a darker red band are seen coincident with the
bands due to bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin in the Standard
solution, in the order of increasing Rp In the upper halfof
the plate, the lowerof the two bands appears purple,while
the upper band isbrown. No bands appear in the topmost
quarter of the plate, which ischaracteristicof Curcuma
zanthorrhiza Roxb. and Curcuma aromatica Salisb. These
confounders, and occasional adulterants, of Turmeric also
lack the lowerorange band corresponding to
bisdesmethoxycurcumin. Additional weak bands may be
observed in the Sample solution under either illumination
condition.

• B. HPLC
Analysis: Proceedas directed in the test for Contentof

Curcuminoids.
Acceptance criteria: The retention times of the peaksfor

curcumin, desmethoxycurcumin, and .
bisdesmethoxycurcumin of the Sample solutioncorrespond
to those of StandardsolutionA and StandardsolutionB.

COMPOSITION
• CONTENT OF CURCUMINOIDS

Mobile phase: Tetrahydrofuran and 1 mg/mL of citric acid
in water (4:6)

Standard solution A: 40 IJg/mL of USP Curcuminoids RS in
Mobilephase

Standard solution B: Acomposite solution containing 40
IJg/mL of USP Curcumin RS, 10 IJg/mL of USP
Desmethoxycurcumin RS, and 2.0 IJg/mL of USP
Bisdesmethoxycurcumin RS in Mobilephase. Use sonication
if necessary. Before injection, pass through a filterof
0.45-lJm pore size, and discard the initial 10 mL of the
filtrate.

Sample stock solution: Pulverize about 5.0 g of Turmeric.
Transfer about 0.5 g of the pulverized sample to a 50-mL
volumetricflask, add 30 mL of acetone, and sonicatefor
30 min. Dilute withacetone to volume, mix, and centrifuge.

Sample solution: Transfer 5 mL of the Sample stock solution
to a 50-mLvolumetric flask, dilute with Mobilephase to
volume, and mix. Before injection, pass through a filterof
0.45-lJm pore size, and discardthe initial 10 mL of the
filtrate.

Dietary Supplements / Turmeric 5315

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Vis 420 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flowrate: 1 mL/min
Injection volume: 20 IJL

System suitability
Samples: StandardsolutionA and Standard solutionB

[NOTE-The relative retention timesfor the curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin
peaks are 1.0, 1.2, and 1.4, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

StandardsolutionA issimilar to the reference
chromatogram providedwith USP Curcuminoids RS.

Resolution: NLT 2.0 between the curcumin and
desmethoxycurcumin peaksand the
desmethoxycurcuminand bisdesmethoxycurcumin
peaks, StandardsolutionB

Tailing factor: NMT 1.5 for bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin peaks, Standard
solution B

Relative standard deviation: NMT 2.0% for the
desmethoxycurcumin peak, in repeated injections,
Standardsolution B

Analysis
Samples: Standardsolution8 and Sample solution
Calculatethe percentages of curcumin,

desmethoxycurcumin, and bisdesmethoxycurcumin in
the portion of Turmeric taken:

Result =(ru/fs) x Cs x (V/W) x D x 100

to =peak area of the relevantanalytefrom the Sample
solution

rs =peak area of the relevantanalytefrom Standard
solution B

Cs =concentration of the relevantanalyte in Standard
solution 8 (mg/mL)

V = volume of the Sample stock solution (mL)
W = weight of Turmeric used to prepare the Sample

stocksolution (mg)
D =dilutionfactor to obtain the Sample solutionfrom

the Sample stocksolution, 10

Acceptance criteria: NLT 3.0% as the sum of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin on the
anhydrous basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Limits ofElemental

Impurities: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements
• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:

Meets the requirements
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed lOs cfu/g, the total
combined moldsand yeastscount does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic: Turmeric occurs as ovate, oblong, or
pear-shaped primaryrhizomes, also known as bulb or
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round turmeric, about 3 cm in diameter and 4-5 cm long
and showing transverse annular leafscars, and as
cylindrical, sometimes short-branched secondary rhizomes,
also known as finger or long turmeric, about 1 cm in
diameter and 2-7 cm long and showing scars of lateral
branches. The cured and dried turmeric of commerce is
bright yellowto dullyellowin appearance, with a rough or
polished surface and a characteristicaromatic odor. The
texture is hard and uneasily broken, and the fracture is
smooth and finely granular. Internally it isorange-yellowto
orange, showing a cortex separated from a central cylinder
by a distinct endoderm is.

Microscopic: Transverse section of rhizome shows a row of
thin-walled, flattened epidermal cells; a few layers of
thin-walled, brick-shaped parenchyma cellsof the cork; a
broad cortex consisting of multiple layers of thin-walled
parenchyma cells showing scattered vascular bundles; a
thin layerof oblong cells of the endoderm is; pericycle
consisting of one to two rows of parenchyma cells; and a
pith consisting of parenchyma cellsshowing scattered
vascularbundles, most of them forming discontinuous
rings near the endoderrnls and fewer inward. The vascular
bundles are of the collateral type; the vessels have mainly
spiral thickening, and a few have reticulate and annular
thickening. Scattered throughout the parenchyma of the
pith and cortex are oleoresincells containing oil and
scattered particlesof an orange-yellowpigment, and
prisms of calcium oxalate, which are usually obscured due
to the bright yellowcolor of the pigment content. The
parenchyma.cellsare full of starch granules, 15-30 urn in
size, and flat or disk shaped. Bastfibers are absent.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Volatile Oil Determination: NLT 3.0 mL/1 00 g

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Foreign OrganicMatter: NMT 2.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Alcohol-Soluble Extractives, Method 2: NLT lOO mg/g

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Water-Soluble Extractives, Method 2: NLT 9.0%

• WATER DETERMINATION (921), Method I, Method la: NMT
10%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
TotalAsh: NMT 7.0% .

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Acid-Insoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGiNG AND STORAGE: Preserve in well-closed

containers. Protect from light and moisture, and store at
room temperature.

• LABELING: The labelstates the Latin binomialand, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Bisdesmethoxycurcumin RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS

Powdered Turmeric
DEFINITION
Powdered Turmeric isTurmeric reduced to a fine or veryfine

powder. It contains NLT 3.0% of curcuminoids, calculated
on the anhydrous basis.

USP 43

IDENTIFICATION
• A. HPTlC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 1 mg/mL of USP Curcuminoids RS in
methanol

Sample solution: Suspend about 200 mg of Powdered
Turmeric in 3 mLof methanol, and sonicate for 10 min.
Centrifuge or filter, and use the supernatant or the filtrate.

Chromatographic system
Adsorbent: Chromatographic silica gel with an average

particle sizeof 5 urn (HPTLC plate)'
Application volume: 2 J.lL each of the Standardsolution

and the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene and glacial acetic

acid (4:1)
Developing distance: 6 cm
Derivatization reagent: 85 mLof ice-cold methanol

combined with 10 mLof glacial acetic acid, 5 mLof
sulfuric acid, and 0.5 mLof p-anisaldehyde

Analysis
Samples: Standardsolution and Sample solution
Applythe Samples as bands and dry in air. Develop in a

saturated chamber and dry inair.Treatwith Derivatization
reagent, heat at 100° for 3 min, and examine under
long-wave UV light (365 nm) and under white light.

System suitability: Under long-waveUV light (365 nm), the
derivatized chromatogram of the Standardsolution
exhibits, in its lower half, three bands in the order of
increasing RF: an orange band due to
bisdesmethoxycurcumin, an orange band due to
desmethoxycurcumin, and the red band due to curcumin..
Under white light, the two lower bands appear orange,
while the topmost band is reddish-pink.

Acceptance criteria: Under long-wave UV light (365 nm),
the derivatizedchromatogram of the Sample solution
displays two orange bands and one red band, similar in
position and color to those observed in the Standard
solution. At the bottom part of the upper halfof the plate,
two purple bands are seen. Under white light, two orange
bands and a darker red band are seen coincident with the
bands due to bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin in the Standard
solution, in the order of increasing RF• In the upper halfof
the plate, the lowerof the two bands appears purple, while
the upper band is brown. No bands appear in the topmost
quarter of the plate, which is characteristicof Curcuma
zanthorrhiza Roxb. and Curcuma aromatica Salisb. These
confounders,'and occasional adulterants, of Powdered
Turmericalso lack the lowerorange band corresponding to
bisdesmethoxycurcumin. Additional weak bands may be
observed in the Sample solution under either illumination
condition.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Curcuminoids.
Acceptance criteria: The retention times of the peaks for

curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin of the Sample solutioncorrespond
to those of StandardsolutionA and Standardsolution B..

COMPOSITION
• CONTENT OF CURCUMINOIDS

Mobile phase: Tetrahydrofuran and1 mg/mL ofcitricacid
in water (4:6)

, Suitablecommercially available plates are HPTlC Silica Gel 60 FZS4 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Standard solution A: 40 IJg/mL of USP Curcuminoids RS in
Mobilephase

Standard solution B: A composite solution containing 40
IJg/mL of USP Curcumin RS, 10 IJg/mL of USP
Desmethoxycurcumin RS, and 2.0 IJg/mL of USP
Bisdesmethoxycurcumin RS in Mobilephase. Usesonication
if necessary. Before injection, passthrough a filter of
0.45-lJm pore size, and discard the initial 10 mL of the
filtrate.

Sample stock solution: Transfer about 0.5 g of Powdered
Turmeric, accurately weighed, to a 50-mL volumetric flask,
add 30 mL of acetone, and sonicate for 30 min. Dilute with
acetone to volume, mix, and centrifuge.

Sample solution: Transfer 5.0 mL of the Sample stock
solution to a 50-mL volumetric flask. Dilute with
Mobilephase to volume, and mix. Before injection, pass
through a filter of 0.45-lJm pore size, and discard the initial
10 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Vis 420 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 IJL

System suitability
Samples: StandardsolutionA and Standard solutionB

[NoTE-The relative retention times for the curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin
peaks are 1.0, 1.2, and 1.4, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

StandardsolutionA is similar to the reference
chromatogram provided with USP Curcuminoids RS.

Resolution: NLT 2.0 between curcumin and
desmethoxycurcumin peaks and desmethoxycurcumin
and bisdesmethoxycurcumin peaks, StandardsolutionB

Tailing factor: NMT 1.5 for bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin peaks, Standard
solution B

Relative standard deviation: NMT 2.0% for the
desmethoxycurcumin peak, in repllcatelnjections,
Standardsolution B

Analysis .
Samples: Standardsolution 8 and Sample solution
Calculate the percentages of curcumin,

desmethoxycurcumin, and bisdesmethoxycurcumin in
the portion of Powdered Turmeric taken:

Result = (ru/rs) x Cs x (V/W) x 0 x 100

t» = peak area of the relevant analyte from the Sample
solution

ts =peak area of the relevant analyte from Standard
solution 8

Cs =concentration of the relevant analyte in Standard
solution 8 (mg/mL)

V = volume of the Sample stocksolution (mL)
W =weight of Powdered Turmeric used to prepare the

Sample stocksolution (mg)
D =dilution factor to obtain the Sample solutionfrom

the Sample stock solution, 10

Acceptance criteria: NLT 3.0% as the sum of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin on the
anhydrous basis

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGiN (561), Limits of Elemental

Impurities: Meets the requirements
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• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue
Analysis: Meets the requirements

• ARTICLES OF BOTANICAL ORIGIN (561), Test for Aflatoxins:
Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobic
bacterial count does not exceed 105 cfu/g, the total
combined molds and yeastscount does not exceed 103 cfu/
g, and the bile-tolerant Gram-negative bacterial count does
not exceed 103 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS: Powdered Turmeric is deep

yellow in color with a characteristic aromatic odor. Under a
microscope, Powdered Turmeric reveals thin-walled
parenchyma cells containing starch granules, 15-30 IJm in
size, flat or disk-shaped, gelatinized or ungelatinized; oil
cells full of oil and scattered particles of orange-yellow
pigments; prisms of calcium oxalate, usually obscured due
to the bright yellow color of the pigment content, detected
as bright orange prisms under a polarizing microscope;
fragments of spiral vessels and a few reticulate and annular
vessels; fragments of epidermal and cork cells; starch
granules; scattered unicellular nonglandular trichomes; and
the absence of bast fibers.

'. ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Volatile Oil Determination: NLT 3.0 mL/100 g

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Alcohol-Soluble Extractives, Method 2: NLT 100 mg/g

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Water-Soluble Extractives, Method 2: NLT 9.0%

• WATER DETERMINATION (921), Method I, Method la: NMT
10%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh: NMT 7.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Acid-Insoluble Ash: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Protect from light and moisture, and store at
room temperature. ,

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Bisdesmethoxycurcumin RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS

Powdered Turmeric Extract
DEFINITION
Powdered Turmeric Extract is prepared from the pulverized

rhizomes of Curcuma longa L. (Fam. Zingiberaceae), using
acetone, methanol, or other suitable solvents. It contains NLT
20% of curcuminoids, calculated on the dried basis. It may
contain other added substances.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution: 1 mg/mL of USP Curcuminoids RS in
methanol
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Sample solution: 50 mg/mL of PowderedTurmeric
Extractin methanol. Sonicate to disperse, centrifuge or
filter, and use the supernatant or the filtrate.

Chromatographic system
Adsorbent: Chromatographic silica gel. with an average

particle size of 5 urn (HPTLC plate)?
Application volume: 2 ~L each of the Standard solution

and the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative ;

humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene and glacial acetic

acid (4:1)
Developing distance: 6 cm
Derivatization reagent: 85 mL of ice-cold methanol

combined with 10 mL of glacial acetic acid, 5 mLof
sulfuric acid, and 0.5 mLof p-anisaldehyde

Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and dry in air. Develop in a

saturated chamber and dry in air.Treatwith Derivatization
reagent, heat at 100° for 3 min, and examine under
long-wave UV light (365 nm) and under white light.

System suitability: Under long-waveUV light (365 nm), the
derivatized chromatogram of the Standard solution
exhibits, in its lower half, three bands in the order of
increasing RF: an orange band due to
bisdesmethoxycurcumin, an orange band due to
desmethoxycurcumin, and the red band due to curcumin.
Under white light, the two lower bands appear orange,
while the topmost band is reddish-pink.

Acceptance criteria: Under long-wave UV light (365 nm),
the derivatized chromatogram of the Sample solution
displays two orange bands and one red band, similar in
position and color to those observed in the Standard
solution. At the bottom part of the upper halfof the plate,
two purple bands are seen. Under white light, two orange
bands and a darker red band are seen coincident with the
bands due to bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin in the Standard
solution, in the order of increasing R fo In the upper halfof
the plate, the lowerof the two bands appears purple, while
the upper band is brown. No bands appear in the topmost
quarter of the plate, which is characteristic of Curcuma
zanthorrhiza Roxb. and Curcuma aromatica Salisb. These
confounders, and occasional adulterants, of Powdered
Turmeric Extractalso lackthe lowerorange band
corresponding to bisdesmethoxycurcumin. Additional
weak bands may be observed in the Sample solution under
either illumination condition.

• B. HPLC
Analysis: Proceed as directed in the test for Content of

Curcuminoids.
Acceptance criteria: The retention times of the peaks for

curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin of the Sample solution correspond
to those of Standard solution A and Standard solution B. .

COMPOSITION
• CONTENTOF CURCUMINOIDS

Mobile phase: Tetrahydrofuran and 1 mg/mL of citricacid
in water (4:6)

Standard solution A: 40 ~g/mL of USP Curcuminoids RS in
Mobile phase

Standard solution B: Acomposite solution containing 40
~g/mL of USP Curcumin RS, 10 ~g/mL of USP
Desmethoxycurcumin RS, and 2.0 ~g/mL of USP

1 Suitable commercially available plates are HPTLCSilica Gel 60 F254 from
EMD Millipore (e.g., Part No. 1.05642.0001).
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Bisdesmethoxycurcumin RS in Mobile phase. Use sonication
if necessary. Before injection, pass through a filterof
0.45-~m pore size, and discard the initial 10 mL of the
filtrate;

Sample stock solution: Transfer about 100 mg of Powdered
Turmeric Extract, accuratelyweighed, to a 50-mL
volumetricflask, add 30 mL of acetone, and sonicate for
30 min. Dilute with acetone to volume,mix,and centrifuge.

Sample solution: Transfer 5.0 mL of the Sample stock
solution to a 50-mLvolumetricflask. Dilute with
Mobile phaseto volume, and mix. Before injection, pass
through a filterof 0.45-~m pore size, and discard the initial
10 mL of the filtrate.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: Vis 420 nm
Column: 4.6-mm x 25-cm; s-um packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 ~L

System suitability
Samples: Standard solution A and Standard solution B

[NoTE-The relative retention times for the curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin
peaks are 1.0, 1.2, and 1.4, respectively.]

Suitability requirements
Chromatogram similarity: The chromatogram of

Standard solution A is similarto the reference
chromatogram provided with USP Curcuminoids RS.

Resolution: NLT 2.0 between curcumin and
desmethoxycurcumin peaks and desmethoxycurcumin
and bisdesmethoxycurcumin peaks, Standard solution B

Tailing factor: NMT 1.5 for bisdesmethoxycurcumin,
desmethoxycurcumin, and curcumin peaks, Standard
solution B

Relative standard deviation: NMT 2.0% for the
desmethoxycurcumin peak, in replicate injections,
Standard solution B

Analysis
Samples: Standard solution Band Sample solution
Calculatethe percentages of curcumin,

desmethoxycurcumin, and bisdesmethoxycurcumin in
the portion of Powdered Turmeric Extract taken: .

Result =(ru/r s) x Csx (V/W) x Ox 100

r u = peak area of the relevantanalyte from the Sample
solution

r 5 = peak area of the relevant analyte from Standard
solution B

C 5 = concentration of the relevant analyte in Standard
solution B(mg/mL)

V = volume of the Sample stock solution (mL)
W = weight of Powdered TurmericExtractused to

prepare the Sample stock solution (mg)
D = dilutionfactor to obtain the Sample solution from

the Sample stock solution, 10

Add the percentages due to curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin.

Acceptance criteria: NLT 20% on the dried basis

CONTAMINANTS
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• BOTANICAL EXTRACTS (565), Preparations, General
Pharmacopeial Requirements, Residual Solvents: Meets the
requirements

• ARTICLES OF BOTANICAL ORIGIN (561), TestforAflatoxins:
Meets the requirements

• MICROBIAL ENUMERATION TESTS (2021): The total aerobit
bacterial count does not exceed 104cfu/g, and the total
combined molds and yeasts count does not exceed 103 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meets the requirements

SPECIFIC TESTS
• Loss ON DRYING (731)

Sample: 1.0 9 of Powdered Turmeric Extract
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 7.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Protect from light and moisture, and store at
controlled room temperature.

• LABELING: The label states the Latin binomial and, following
the official name, the part of the plant from which the
article was prepared. It meets other labeling requirements
in Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Bisdesmethoxycurcumin RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS

Tyrosine-see Tyrosine General Monographs

Ubidecarenone

CS9H9004 863.34
2,5-Cyclohexadiene-l,4-dione, 2-[(2E,6E,1 OE,14E,18E,22E,

26E,30E,34t)-3,7,11,15,19,23,27,31 ,35,39-decamethyl
2,6,10,14,18,22,26,30,34,38-tetracontadecaenyl]-5,6.
dimethoxy-3-methyl;

2-[(all-t)-3,7,11,15,19,23,27,31 ,35,39-Decamethyl
2,6,10,14,18,22,26,30,34,38-tetracontadecaenyl)-5,6
dimethoxy-3-methyl-p-benzoquinone [303-98-0].

DEfiNITION
Ubidecarenone (Coenzyme Q,o) contains NLT 98.0% and
'NMT 101.0% of ubidecarenone (Cs9H9004), calculated on
the anhydrous basis.

IDENTIFICATION

• B·.
Analysis: Dissolve 50 mg of Ubidecarenone in 1 mLof ethyl

ether, and add 10 mL of dehydrated alcohol. To 2 mL of

Dietary Supplements / Ubidecarenone 5319

this solution add 3 mL of dehydrated alcohol and 2 mL of
dimethyl malonate. Add 1 mL of potassium hydroxide
solution (1 in 5) dropwise.

Acceptance criteria: A blue color appears.

ASSAY
• PROCEDURE

Mobile phase: Methanol and dehydrated alcohol (65:35)
System suitability solution: 0.5 mg/mL each of USP

Ubidecarenone RS and USP Ubidecarenone Related
Compound A RS in dehydrated alcohol. Heat at 50° for
2 min, if necessary, for complete dissolution.

Standard solution: 1.0 mg/mL of USP Ubidecarenone RS in
dehydrated alcohol. Heat at 50° for 2 min, if necessary, for
complete dissolution.

Sample solution: 1.0 mg/mL of Ubidecarenone in
dehydrated alcohol. Heat at 50° for 2 min, if necessary, for
complete dissolution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm x 15-cm; packing L1
Column temperature: 35°
Flow rate: Adjust to obtain a retention time of about

11 min for ubidecarenone.
. Injection size: 5 IJL
System suitability

Sample: System suitabilitysolution
[NoTE-The relative retention times for ubidecarenone

related compound A and ubidecarenone are about
0.75 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 4 between ubidecarenone related

compound A and ubidecarenone
Relative standard deviation: NMT 0.8% for

ubidecarenone
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of ubidecarenone (Cs9H9004) in

the portion of Ubidecarenone taken:

Result = (r vir s) x (C siCv) x 100

=peak response from the Sample solution
=peak response from the Standard solution
=concentration of USP Ubidecarenone RS in the

Standard solution(mg/mL)
=concentration of Ubidecarenone in the Sample

solution(mg/mL)

Acceptance criteria: 98.00/0-101 .0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHROMATOGRAPHIC PURITY

Procedure 1: Coenzymes Q7,Qg, Q9I Q11, and Related
Impurities
Mobile phase, System suitability solution, Sample

solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.

Analysis
Sample: Sample solution
Calculate the percentage of impurities in the portion of

Ubidecarenone taken:

Result= (rT7lr T2) x 100
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r T1 = sum of all peak responses, other than that for
ubidecarenone

r T2 = sum of all peak responses

Acceptance criteria: NMT 1.0%
Procedure 2: Ubidecarenone (2Z)-lsomer and Related

Impurities
Mobile phase: n-Hexaneand ethyl acetate (97:3)
System suitability solution: 1 mg/mL of USP

Ubidecarenone for System SUitability RS in n-hexane
Sample solution: 1 mg/mL of Ubidecarenone in n-hexane
Chromatographic system

(See Chromatography (621), System Suitabmty.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm x 25-cm; packing L3
Flow rate: 2 mL/min
Injection size: 20 fJL

System suitability
Sample: System suitability solution

[NOTE-The relative retention -tlrnes for
ubidecarenone (2Z)-isomerand ubidecarenone are
about 0.85 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between the ubidecarenone

(2Z)-isomer and ubidecarenone
Analysis

Sample: Sample solution
Calculate the percentage of impurities in the portion of
'Ubldecarenone taken:

Result = (r T//rT2 ) x 100

r T1 = sum of all peak responses, other than that for
ubidecarenone

r T2 = sum of all peak responses

Acceptance criteria: NMT 1.0%
Total impurities: NMT 1.5%, obtained from

Chromatographic Purity Procedures 1 and 2

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein well-closed,

light-resistant containers.
• USP REFERENCE STANDARDS (11)

USP Ubidecarenone RS
USP Ubidecarenone Related Compound A RS

[coenzyme Q9]
USP Ubidecarenone for System Suitability RS

Ubidecarenone Capsules
DEFINITION
Ubidecarenone Capsules contain NLT 90.0% and NMT

115.0% of the labeled amount of ubidecarenone (Cs9H9004)'

IDENTIFICATION
• A. The retention time of the major peak of either Sample

solution 1 or Sample solution 2 corresponds to that of the
Standard solution, asobtained in the Procedure for Strength.

STRENGTH
• PROCEDURE

[NOTE-Conduct this test promptly with minimum
exposure to actinic light.]

USP 43

Solvent: n-Hexane and dehydrated alcohol (5:2)
Mobile phase: Acetonitrile, tetrahydrofuran, and water

(55:40:5)
Standard stock solution: '1.0 mg/mL of USP

Ubidecarenone RS in Solvent
Standard solution: 40 fJg/mL in dehydrated alcohol, from

the Standard stock solution
System suitability stock solution: 1.0 mg/mL of USP

Ubidecarenone Related Compound A RS in Solvent. Dilute a
portion of this solution with dehydrated alcohol to obtain a
concentration of 40 fJg/mL.

System suitability solution: Standard solution and System
suitability stock solution (1:1)

Sample solution 1 (for soft gelatin Capsules): Open a
number of Capsules equivalent to 200 mg of
ubidecarenone, quantitatively transfer the shells and
contents to a container, add 100 mL of Solvent, and shake
by mechanical means for 30 min. Using small portions of
Solvent, quantitatively transfer this mixture to a 200-mL
volumetric flask, and dilute with Solvent to volume.
Centrifuge a portion of this solution, transfer 1.0 mL of the
supernatant to a 25-mL volumetric flask, add 2.5 mL of a
0.1% solution of anhydrous ferric chloride in alcohol, and
dilute with alcohol to volume.

Sample solution 2 (for hard gelatin Capsules): Empty and
thoroughly mix the contents of NLT 20 Capsules.Transfer a
portion of the powder, equivalent to 100 mg of
ubidecarenone, to a 1OO-mL volumetric flask, add 60 mL of
Solvent, and shake by mechanical means for 30 min.
Dilute with Solvent to volume. Centrifuge a portion of this
solution, transfer 1.0 mL of the supernatant to a 25-mL
volumetric flask, add 2.5 mL of a 0.1% solution of
anhydrous ferric chloride in alcohol, and dilute with alcohol ,
to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 8-mm x 10-cm; packing L1
Flow rate: 2.5 mL/min
Injection size: 15 fJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements '

Resolution: NLT 2.5 between ubidecarenone and
ubidecarenone related compound A, System sUitability
solution

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0% for

ubidecarenone, Standard solution
Analysis

Samples: Sample solution 1 or Sample solution 2, and
Standard solution

Calculate the percentage of the labeled amount of
ubidecarenone (Cs9H9004) in the portion of Capsules
taken:

Result= (ru/rs) x (Cs/Cu) x 100

=peak area of ubidecarenone from Sample solution
1 or Sample solution 2

=peak area of ubidecarenone from the Standard
solution

=concentration of USP Ubidecarenone RS in "the
Standard solution (mg/mL).i"

= nominal concentration of ubidecar~Rpne in " "
Sample solution 1 or Sample solution 2 (mg/mL)

Acceptance criteria: 90.00/0-115.0%
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PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements of the test for Disintegration, except where
the product is labeled to contain a water-soluble form of
ubidecarenone. Capsules labeled to contain a water-soluble
form of ubidecarenone meet the requirements for the test
for Dissolution, as follows.

Medium: Water; 500 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: Dissolve 25 mg of USP

Ubidecarenone RS in 1 mL of ethyl ether, and dilute with
alcohol to obtain a concentration of 2.5 IJg/mL.
[NoTE-Use a freshly prepared solution only.]

Sample solution: Dilute with alcohol a volume of the
solution under test, previously passed through a suitable
filter of 0.45-lJm pore size, to obtain a concentration of 2.5
IJg/mL of ubidecarenone.

Mobile phase and Chromatographic system: Proceed as
directed in the Procedure for Strength, except for
Injection size.

Injection size: 100 IJL
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

ubidecarenone (Cs9H9004) dissolved:

Result = (rufrs) x (Cs x V x OIL) x 100

tu =peak area of ubidecarenone from the Sample
solution

rs =peak area of ubidecarenone from the Standard
solution

Cs =concentration of USPUbidecarenone RS in the
Standard solution (mg/mL)

V = volume of Medium, 500 mL
D =dilution factor for the Sample solution
L =label claim (mg/Capsule)

Tolerances: NLT 75% of the labeled amount of
ubidecarenone (Cs9H9004) is dissolved.

SPECIFIC TESTS
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: Where the product contains a water-soluble form

of ubidecarenone, this is so stated on the label.
• USP REFERENCE STANDARDS (11)

USP Ubidecarenone RS
USP Ubidecarenone Related Compound A RS

Coenzyme Q9'

Ubidecarenone Tablets

DEFINITION
Ubidecarenone Tablets contain NLT 90.0% and NMT 115.0%

of the labeled amount of ubidecarenone (Cs9H9004)'

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solutioncorresponds to that of the Standardsolution, as
obtained in the Procedure for Strength.
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STRENGTH
• PROCEDURE

[NOTE-Conduct this test promptly with minimum
exposure to actinic light.]

Solvent: n-Hexaneand dehydrated alcohol (5:2)
Mobile phase: Acetonitrile, tetrahydrofuran, and water

(11 :8:1)
Standard stock solution: 1.0 mg/mL of USP

Ubidecarenone RS in Solvent
Standard solution: 40 IJg/mL from Standard stock solution

in dehydrated alcohol
System suitability stock solution: 1.0 mg/mL of USP

Ubidecarenone Related Compound A RS in Solvent. Dilute a
portion of this solution with dehydrated alcohol to obtain a
concentration of 40 IJg/mL.

System suitability solution: Standard solutionand System
suitabilitystock solution (1:1)

Sample stock solution: Weigh and finely powder NLT 20
Tablets. Transfer a quantity of powder, equivalent to about
100 mg of ubidecarenone, to a 1OO-mL volumetric flask,
add 60 mL of Solvent, and shake by mechanical means for
30 min. Dilute with Solvent to volume, and mix.
Centrifuge a portion of this solution, transfer 1.0 mL of the
supernatant to a 25-mL volumetric flask, and add 2.5 mL
of a 0.1% solution of anhydrous ferric chloride in alcohol.
Dilute with alcohol to volume, and mix.

. Sample solution: Centrifuge a portion of Sample stock
solution, transfer 1.0 mL of the supernatant to a 25-mL
volumetric flask, add 2.5 mL of a 0.1% solution of
anhydrous ferric chloride in alcohol, and dilute with alcohol
to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 8-mm x 1O-cm; packing L1
Flow rate: 2.5 mL/min
Injection size: 15 IJL

System suitability
Samples: Standard solution and System suitabilitysolution
Suitability requirements

Resolution: NLT 2.5 between ubidecarenone and
ubidecarenone related compound A, System suitability
solution .

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0% for

ubidecarenone, Standard solution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

ubidecarenone (Cs9H9004) in the portion of Tablets
taken:

Result =(rulrs) x (CslCu) x 100

=peak area of ubidecarenone from the Sample
solution

=peak area of ubidecarenone from the Standard
solution

=concentration of USP Ubidecarenone RS in the
Standard solution(mg/mL)

= nominal concentration of ubidecarenone in the
Sample solution(mg/mL)

Acceptance criteria: 90.00/0-115.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements of the test for Disintegration, except where
the product is labeled to contain a water-soluble form of
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ubidecarenone. Tablets labeled to contain a water-soluble
form of ubidecarenone meet the requirements for the test
for Dissolution, as follows.

Medium: Water; 500 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: Dissolve 25 mg of USP

Ubidecarenone RS in 1 mLof ethyl ether, and dilute with
alcohol to obtain a concentration of 2.5 ~g/mL.

[NoTE-Usea freshly prepared solution only.]
Sample solution: Dilute with alcohol a volume of the

solution under test, previouslypassed through a suitable
filter of 0.45-~m pore size, to obtain a concentration of 2.5
~g/mL of ubidecarenone.

Mobile phase and Chromatographic system: Proceed as
directed in the Procedure for Strength, except for
Injection size.

Injection size: 100 ~L

Analysis
Samples: Standard solutionand Sample solution

Calculate the percentage of the labeled amount of
ubidecarenone (Cs9H9004) dissolved:

Result =(rvlrs) x (C, x VX DIL) x 100

rv =peak area of ubidecarenone from the Sample
solution

ts = peak area of ubidecarenone from the Standard
solution

Cs = concentration of USP Ubidecarenone RS in the
Standard solution(mg/mL)

V = volume of Medium, 500 mL
o =dilution factor for the Sample solution
L = label claim (mg/Tablet)

Tolerances: NLT 75% of the labeled amount of
ubidecarenone (Cs9H9004) is dissolved.

SPECIFIC TESTS
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. .
• LABELING: Where the product contains a water-soluble form

of ubidecarenone, this is so stated on the label.
• USP REFERENCE STANDARDS (11)

USP Ubidecarenone RS
USP Ubidecarenone Related Compound A RS

Coenzyme Q9'

Ubiquinol
OH

H,CO ,":
~

H,CO CH,

oa

Cs9H9204 865.37
2-[(2E,6E,10E,14E,18E,22E,26E,30E,34E)

3,7,ll,15,19,23,27,31,35,39-Decamethyltetraconta-
2,6,1O,14,18,22,26,30,34,38-decaenyl]-5,6-dimethoxy-3
methylbenzene-l,4-diol [992-78-9].
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DEFINITION
Ubiquinolcontains NLT 96.0% and NMT 102.0% of ubiquinol

(Cs9H9204), calculated on the anhydrous basis.

IDENTIFICATION

·A
.~

• B. Thereiention time of the major peak of the Sample
solutioncorresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Mobile phase: Acetonitrile and alcohol (50:50)
[NOTE-Protect the following solutions from exposure to

air after preparation, because ubiquinol is readily
oxidized to ubidecarenone when exposed to air.]

Diluent: Methanol and n-hexane (85:15)
System SUitability solution: 0.5 mg/mL each of USP

Ubiquinol RS and USP Ubidecarenone RS in Diluent.
Sonicate, if necessary,for complete dissolution.

Standard solution: 0.5 mg/mL of USP Ubiquinol RS in
Diluent. Sonicate, if necessary, for complete dissolution.

Sample solution: 0.5 mg/mL of Ubiquinol in Diluent.
, Sonicate, if necessary, for complete dissolution.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm x 1O-cm; 3-~m packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 ~L

System suitability
Samples: System suitabilitysolutionand Standardsolution

[NOTE-The relative retention times for ubiquinol and
ubidecarenone are about 1.0 and 1.2, respectively.]

Suitability requirements
Resolution: NLT 2.0 between ubiquinol and

ubidecarenone, System suitabilitysolution
Relative standard deviation: NMT2.0%, Standard,

solution
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of ubiquinol (Cs9H9204) in the

portion of Ubiquinol taken:

Result =(rvlrs) x (CslCv) x 100

to =peak response from the Sample solution
rs =peak response from the Standard solution
Cs = concentration of USP Ubiquinol RS in the

Standard solution(mg/mL)
Cv = concentration of Ubiquinol in the Sample solution

(mg/mL)

Acceptance criteria: 96.0%-102.0% on the anhydrous
b~~ .

IMPURITIES
• RESIDUE ON IGNITION (281):. NMT0.2%
• UBIDECARENONE AND OTHER RELATED COl\t1'9UNDS

Mobile phase, System suitability solution;. '. .:
Chromatographic system, and SysteOl SUitability:
Proceed as directed in the Assay. .

Standard solution: 0.02 mg/mL of USP Ubidecarenone RS
in'Diluent
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Sample solution: 1.0 mg/mL of Ubiquinol in Diluent
Analysis

Samples: Standardsolution and Sample solution
[Nora-Protect the Sample solutionfrom exposure to air

after preparation, becauseubiquinol is readily
oxidized to ubidecarenone when exposed to air.]

Calculate the percentage of ubidecarenone in the portion
of Ubiquinol taken:

Result=(ru/rs) x (Cs/Cu) x 100

tu =peak response of ubidecarenone from the
Sample solution

ts =peak response of ubidecarenone from the
Standardsolution

Cs = concentration of USP Ubidecarenone RS in the
Standardsolution (mg/mL)

Cu =concentration of Ubiquinol in the Sample solution
(mg/mL)

Calculate the percentage of other related compounds in the
portion of Ubiquinol taken:

Result= (ru/rr) x 100

=peak response of individual related compounds
from the Sample solution

= sum of all the peak responses from the Sample
solution

Acceptance criteria
Ubidecarenone: NMT 2.0%
Other individual related compounds: NMT 0.5%
Sum of other related compounds: NMT 1.0%

SPECIFIC TESTS .
• WATER DETERMINATION, Method Ic (921): Nfy1T 0.3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers.
• USP REFERENCE STANDARDS (11)

USP Ubidecarenone RS
USP Ubiquinol RS

Ubiquinol Capsules

DEFINITION
Ubiquinol Capsules contain NLT 90.0% and NMT 115.0% of

the labeled amount of ubiquinol (Cs9H920 4) .

IDENTIFICATION
• A. The retention time of the major peak of either Sample

solution 7 or Sample solution2 corresponds to that of the
Standardsolution,asobtained in the Procedure for Strength.

STRENGTH
• PROCEDURE

[NOTE-Conduct this test promptly with minimal
exposure to air. Ubiquinol is readily oxidized to
ubidecarenone when exposed to air.]

Mobile phase: Acetonitrile and alcohol (50:50)
Diluent: Methanol and n-hexane (85:15)
System suitability solution: 0.5 mg/mL each of USP

UbiqiJinol RS and USP Ubidecarenone RS in Diluent.
Sonicate, if necessary, for complete dissolution.

Standard solution: 0.5 mq/rntof USP Ubiquinol RS in
Diluent. Sonicate, if necessary, for complete dissolution.

Dietary Supplements / Ubiquinol 5323

Sample solution 1 (for soft gelatin Capsules): Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules,
without the lossof shell material, and transfer the contents
to a 1OO-mL beaker. Remove any contents adhering to the
empty shellsby washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air until the odor of ether is
no longer perceptible. Weigh the empty Capsuleshells in
the tared weighing bottle, and calculate the average net
weight per Capsule. Transfera portion of the Capsule
contents, equivalent to 250 mg of ubiquinol into a 50-mL
volumetric flask. Add 40 mL of Diluent and shake by
mechanical means for 10 min. Sonicate additionally for
about 15 min, cool to room temperature, dilute with
Diluent to volume, and mix well. Dilute a portion of the
resultant solution with Diluent to obtain a concentration of
0.5 mg/mL of ubiquinol. Mix well and pass through a
membrane filter of 0.45-lJm pore size.

Sample solution 2 (for hard gelatin Capsules): Empty and
thoroughly mix the contents of NLT 20 Capsules. Transfera
portion of the contents, equivalent to 250 mg of ubiquinol
into a 50-mL volumetric flask. Add 40 mL of Diluent and
shakeby mechanical means for 20 min. Sonicate
additionally for about 15 min, cool to room temperature,
dilute with Diluent to volume, and mix well. Dilute a portion
of the resultant solution with Diluent to obtain a
concentration of 0.5 mg/mL of ubiquinol. Mix well and pass
through a membrane filter of 0.45-lJm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm x 10-cm; 3.5-lJm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 IJL

System suitability
Samples: System suitability solution and Standardsolution

[NoTE-The relative retention times for ubiquinol and
ubidecarenone are about 1.0 and 1.2, respectively.]

Suitability requirements
Resolution: NLT 2.0 between ubiquinol and

ubidecarenone, System suitability solution
Relative standard deviation: NMT 2.0%, Standard.

solution
Analysis

Samples: Standardsolution and Sample solution 7 or
Sample solution2

Calculate the percentage of ubiquinol (Cs9H920 4) in the
portion of Capsules taken:

Result= (ru/rs) x (Cs/Cu) x 100

ru = peak area of ubiquinol from the Sample solution
rs = peak area of ubiquinol from the Standardsolution
Cs =concentration of USP Ubiquinol RS in the

Standardsolution (mg/mL)
Cu = nominal concentration of ubiquinol in the Sample

solution (mg/mL)

Acceptance criteria: 90.0%-115.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Disintegration
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):

Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/g, and the

www.webofpharma.com

https://nhathuocngocanh.com/



5324 Ubiquinol / Dietary Supplements

total combined molds and yeasts count does not exceed 3
x 10z cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. .
• USP REFERENCE STANDARDS (11)

USP Ubidecarenone RS
USP Ubiquinol RS

Valerian

DEFINITION
Valerian consists of the subterranean parts of Valeriana

officinalisL. (Fam. Valerianaceae) includingthe rhizome,
roots, and stolons. It contains NLT 0.5% of volatile oil, NLT
0.05% of valerenic acid (C,sHzzOz), and NLT 0.17% of total
valerenicacids, calculated as the sum of hydroxyvalerenic
acid, acetoxyvalerenic acid, and valerenic acid, on the dried
basis.

IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanic

Characteristics
• B.

Sample solution: 0.2 g offreshly powdered Valerian in5 mL
of methylene chloride. Shakeseveral times, and allowto
stand for 5 min. Filter, wash the filterwith 2 mLof
methylene chloride, combine the filtrateand washings, and
evaporate to dryness. Dissolve the residue in 0.2 mLof
methylene chloride.

Analysis: To 0.1 mLof the Sample solutionadd 3 mLof a
mixture of equal volumes of glacial acetic acid and 25%
hydrochloricacid, and shake several times.

Acceptance criteria: A blue color develops within 15 min.
• C. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS
in methanol

Standard solution B: 40 mg/mL of USP Powdered Valerian
ExtractRS in methanol. Sonicatefor 10 min,centrifuge, and
use the supernatant.

Sample solution: About 0.5 g of Valerian, finely powdered,
in 5 mLof methanol. Sonicatefor 10 min, centrifuge, and
use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixturewith an

average particle size of 2-10 urn (HPTLC plates)
Application volume: 5 ~L, as 8-mm bands
Developing solvent system: A mixture of cyclohexane,

ethyl acetate, and glacial acetic acid (60:38:2) .
Derivatization reagent A: Amixture of glacial acetic acid

and hydrochloricacid (1 :4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde,

10 mLof glacialacetic acid, and 5 mLofsulfuric acid.Add
to 85 mLof ice-cold methanol, and mix.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Applythe Samples as bands to a suitable high-performance

thin-layer chromatographic plate. Use a saturated
chamber, and condition the plate to a relative humidityof

. about 33% using a suitable device. Develop the
chromatograms over a distance of 6 em. Remove the plate
from the chamber, dry, derivatize with Derivatization
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reagentA, heat at 120° for 5 min, and examine under
white light. Derivatize with Derivatization reagent B, heat
at 100° for 3 min, and examine under white light.

Acceptance criteria: After treatment with Derivatization
reagentA and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
chromatogram nor any other significantbands [distinction
from Mexican valerian (Valeriana edulis)], though minor
bands may be observed.
Aftertreatment with Derivatization reagent B and heating,

the Sample solutionexhibitsthree violetbands in positions
and colors similarto the bands of StandardsolutionB.
These bands include a minor band in the lower third of
the chromatogram due to hydroxyvalerenic acid, a major
band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler'svalerian
(Valeriana wallichiJ)], and a major band at an RF

corresponding to the valerenic acid band of Standard
solutionA and Standardsolution B. Other minor bands may
be observed in the Sample solutionand in Standard
solution B.

• D. HPLC
Analysis: Proceed as directed in the test for Contentof

Valerenic Acids.
Acceptance criteria: The Sample solutionexhibitsa peakat a

retention time corresponding to the valerenicacid peak of
StandardsolutionA. The Sample solutionshows additional
peaks corresponding to hydroxyvalerenic acid and
acetoxyvalerenic acid.

COMPOSITION
• CONTENT OF VALERENIC ACIDS

Solution A: Mix 6 mLof 85% phosphoric acid with 900 mL
of water, dilute with water to 1000 mL, mix,filter, and .
degas.

Solution B: Mix 6 mLof 85% phosphoric acid with 900 mL
of methanol, dilute with methanol to 1000 mL, mix, filter,
and degas.

Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 40 60

15 5 95

25 5 95

30 40 60

Solvent: A mixture of methanol and a solution of 0.1%
phosphoric acid in water (3:1)

Standard solution A: 0.02 mg/mLof USP Valerenic Acid RS
in methanol. Sonicate if necessary. .

Standard solution B: Sonicate a portion of USP Powdered
Valerian Extract RS in Solvent to obtain a solution having a
concentration of about 20 mg/mL. Before injection,pass
through a membrane filterof 0.45-~m or finer pore size,
discarding the firstfew mLof the filtrate.

Sample solution: To a 50-mLvolumetricflask, transfer
about 1.0 g of Valerian, finely powdered and accurately
weighed, add 10.0 mLof water, and shake for 2 min while
heating in a water bath maintained atabout 50°. Sonicate
for 15 min, add 35 mLof methanol, and sonicate for
15 min. Cool, dilute with methanol to volume/and mix.
Before injection, pass through a membrane ftlter.ct.:
0.45-~m of finer pore size, discardingthe-firstfewrnl, of
the filtrate. . .- -., '. .. . -.
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• MICROBIAL ENUMERATION TESTS (2021): Thetotal bacterial
count does not exceed 105 cfu/g, the total combined molds
and yeasts count does not exceed 103 cfu/g, and
bile-tolerant Gram-negative bacteriadoes not exceed 103

cfu/g.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets

the requirementsof the tests for absence of Salmonella
speciesand Escherichia coli. '

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Macroscopic: Rhizomes: yellowish-gray to pale
grayish-brown; entire or cut longitudinally; up to 5 cm in
length and up to 3 cm in diameter; base elongated or
compressed, covered by and merging with numerous
roots; apices usually bearing a cup-shaped scarfrom aerial
parts, stem base rarely present, fracture reveals pith with a
central cavity, transverse septum observed in longitudinal
cut. Roots: yellowish-gray to pale grayish-brown with
longitudinal stripes, numerous, cylindrical, slender, about
10 cm in length and up to 3 mm indiameter, a fewfiliform
fragile secondary roots, fracture short. Stolons: pale '
yellowish-gray, showlnq prominent nodes separated by
longitudinally striated internodes each 2-5 cm in length
fracture fibrous. '

Microscopic: Roots: epidermis, pilliferous layerwith
. papillose cells, some developed into root hairs and

exodermisconsisting of a single layerof quadrangular to
polygonal cells with suberizedwalls; oilglobules scattered
through the epidermisand cortex; cortex, occupying most
of the root, outer part consisting of 2-4 layers of
resin-containing cells, inner part consisting of numerous
layers of polygonal to subrounded cells filled with starch
granules, clefts present; endodermisconsisting of a single
layerof slightly lignified cells, Casparian dots distinct·
pericycle consisting of 1-2 layers of tangentially elongated
cells, sometimes indistinct; phloem, vascular bundles
formingan i!"'terrupte~ ri~g; cambiumfrequently indistinct;
xylem, c,?ntlnuously dls~r1bu~ed, with polygonal vessels,
surrounding a central pith; pith showing cells with slightly
thickenedwalls containing starchgranules; starchgranules
simple, hilum dotted, stellateor cleft-shaped, 5-15 urn in'
diameter; compound starch granulesof 2-6 components.
Rhizomes: similar to roots except epidermisand exodermis
partially replaced by poorlydeveloped periderm; presence
of numerousvascular bundles;central pithwider, including
cleftsof various sizes, the larger being separated by groups
of stone cells.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter
(561): NMT 2.0%

• EXTRACTABLE MATTER
Sample: 2 g, carefully dried at 40° and coarsely powdered
Analysis: Mix the Sample with 20 mL of 70% alcohol, and

allowto stand for 2 h, shakingfrequently. Filter, evaporate
5 mL of the filtrate on a water bath to dryness, and dry the
residueat 105°.

Acceptance criteria: NLT 20%
• Loss ON DRYING (731)

Sample: 1.0 g of finely powdered Valerian
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
12.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):
NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

sto~e at room temperature, and protect from light and
rnolsture,

Chromatographic system
(See Chromatography (621), System Suitability.) .
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 25-cm; end-capped, 5-l-Im 100 A

packing Ll
Column temperature: 40°
Flowrate: 1.0 mL/min
Injection volume: 25 I-IL

System suitability
Samples: Standard solution A and Standard solution8
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution 8 issimilar to the reference
chromatogram providedwith the lot of USP Powdered
Valerian Extract RS being used.

Tailing factor: NMT 2.0 for the valerenic acid peak,
Standard solution A

Relative standard deviation: NMT 2.0% for the
valerenic acid peak in repeated injections, Standard
solutionA

Analysis
Samples: Standard solution A, Standard solution 8, and

Sample solution
Identify the valerenic acids in the Sample solution
chromatogram by comparison with the chromatograms
of Standard solutionA, Standard solution8, and the
referencechromatogram providedwith the lot of USP
PowderedValerian Extract RS being used.

Calculate the percentages of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid in the portion of
Valerian taken:

Result = (r vir s) xes x (VIW) x Fx 100

=peak area of the relevantanalytefrom the Sample
solution

= peak area of valerenic acid from Standard
solution A

=concentration of valerenic acid in Standard
solutionA (mg/mL)

=volume of the Sample solution (mL)
= weight of Valerian taken to prepare the Sample

solution(mg) "
= conversion factor for each analyte (1 .10 for

hydroxyvalerenic acid, 1.25 for acetoxyvalerenic
acid, and 1.00 for valerenic acid)

Acceptance criteria: NLT 0.05% of valerenic acid
(ClsHzzOz), and NLT 0.17% of total valerenic acids,.
calculated as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid on the dried basis

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561 )

Sample: 100 g, freshly and coarsely comminuted
Acceptance criteria: NLT 0.5% on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)
Acceptance criteria

Arsenic: NMT 0.5 I-Ig/g
Cadmium: NMT 1.0 I-Ig/g
Lead: NMT 5.0 I-Ig/g
Mercury: NMT 0.1 I-Ig/g
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• LABELING: The label states the Latin binomial and, following
the official name, the parts of the plant contained in the
article.

• USP REFERENCE STANDARDS (11)
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

Powdered Valerian

DEFINITION
Powdered Valerian isValerian reduced to a fine or a very fine

powder. It contains no calcium ?xalate crystalsand n? .
foreign starch granules. It contains NLT 0.3% of volatile Oil,
NLT 0.04% of valerenic acid (ClsH2202), and NLT 0.1% of
total valerenic acids, calculated as the sum of
hydroxyvalerenicacid, acetoxyvalerenic acid, and valerenic
acid, on the dried basis.

IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanic

Characteristics
• B.

Sample solution: 0.2 g of Powdered Valerian in 5 mLof
methylene chloride. Shakeseveraltimes, and allowto stand
for 5 min. Filter, wash the filter with 2 mLof methylene
chloride, combine the filtrate and washings, and evaporate
to dryness. Dissolve the residue in 0.2 mLof methylene
chloride.

Analysis: To 0.1 mLof the Samp/~ solutio.n ad.d 3 mLof a
mixture of equal volumes of qlaclal acetic acid and 25%
hydrochloric acid, and shake several times.

Acceptance criteria: A blue color develops within 15 min.
• C. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS
in methanol .

Standard solution B: 40 mg/mL of USP Powdered Valerian
ExtractRS in methanol. Sonicatefor 10 min, centrifuge, and
use the supernatant. . .

Sample solution: About 0.5 g of Powdered Valerian In5 mL
of methanol. Sonicate for 10 min, centrifuge, and use the
supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 2-10 IJm (HPTLC plates)
Application volume: 5 IJL, as 8-mm bands
Developing solvent system: A mixture of cyclohexane,

ethyl acetate, and glacial aceti~ acid (60:38:2) . .
Derivatization reagent A: A mixture of qlaclal acetic acid

and hydrochloric acid (1:4) .
Derivatization reagent B: 0.5 mL of p-amsaldehyde,

10 mLof glacial acetic acid, and 5 mLof sulfuricacid. Add
to 85 mLof ice-cold methanol, and mix.

Analysis .
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Applythe Samples as bands to asuitable high-performance

thin-layer chromatographic plate. Usea saturated ,
chamber, and condition the plate to a relativehumidity of
about 33% using a suitable device. Develop the
chromatograms over a distance of 6 cm. Removethe plate
from the chamber, dry, derivatize with Derivatization
reagentA, heat at 120° for 5 min, and examine under
white light. Derivatize with Derivatization teaqeni B, heat
at 100° for 3 min, and examine under white light.

Acceptance criteria: After treatment wi~h Derivatization. .
reagentA and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
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chromatogram nor any othe~ significa.nt bands [dlstlnctlon
from Mexican valerian (Valenana edults)], though minor
bands may be observed.. . . .
After treatment with Derivatlzation reagent 8 and heating,

the Sample solutionexhibits three violet bands in positions
and colors similarto the bands of Standardsolution8.
These bands include a minor band in the lower third of
the chromatogram due to hydroxyvalerenic acid, a major
band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian
(Valeriana wallichiJ)], and a major band at an Rj:

corresponding to the valerenic acid band of Standard
solutionA and Standardsolution 8. Other minor bands may
be observed in the Sample solutionand in Standard
solution 8.

• D. HPLC
Analysis: Proceed as directed in the test for Contentof

Valerenic Acids.
Acceptance criteria: The SCfmple solutioneXhi.bits ~ peak at a

retention time corresponding to the valerenlc acid peak of
StandardsolutionA. The Sample solutionshows additional
peaks corresponding to hydroxyvalerenic acid and
acetoxyvalerenlc acid.

COMPOSITION
• CONTENT OF VALERENIC ACIDS

Solution A: Mix 6 mLof 85% phosphoric acid with 900 mL
of water, dilute with water to 1000 ml, mix, filter, and
degas.

Solution B: Mix6 mLof 85% phosphoric acid with 900 ml
of methanol, dilute with methanol to 1000 ml, mix, filter,
and degas.

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 40 60

15 5 95

25 5 95

30 40 60

Solvent: A mixture of methanol and a solution of 0.1%
phosphoric acid in water (3:1) . .

Standard solution A: 0.02 mg/ml of USP Valerenlc ACid RS
in methanol. Sonicate if necessary.

Standard solution B: Sonicate a portion of USP Powdered
Valerian Extract RS in Solvent to obtain a solution having a
concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-lJm or finer pore size,
discarding the first few mLof the filtrate.

Sample solution: To a 50-ml volumetric flask, transfer
about 1.0 g of Powdered Valerian, accurately weighed, add
10.0 mLof water, and shake for 2 min while heating in a
water bath maintained at about 50°. Sonicate for 15 min,
add 35 mLof methanol, and sonicate for 15 min. Cool,
dilute with methanol to volume, and mix. Beforeinjection,
pass through a membrane filter of 0.45~lJm or finer pore
size, discarding the first few ml of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm "
Column: 4.6-mm x 25-cm; end-capped, 5-lJm 100 A

packing L1
Column temperature: 40°
Flow rate: 1.0 ml/min
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Injection volume: 25 J..Il
System suitability

Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram of
Standardsolution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Valerian Extract RS being used.

Tailing factor: NMT 2.0 for the valerenic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0% for the
valerenic acid peak in repeated injections, Standard
solutionA

Analysis
Samples: StandardsolutionA, Standardsolution B,and

Sample solution
Identify the valerenic acids in the Sample solution

chromatogram by comparison with the chromatograms
of StandardsolutionA, StandardsolutionB,and the
reference chromatogram provided with the lot of USP
Powdered Valerian Extract RS being used.

Calculate the percentages of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid in the portion of
Powdered Valerian taken:

Result = (r v/r s) xes x (V/W) x Fx 100

r u = peak area of the relevant analyte from the Sample
solution

r s =peak area of valerenic acid from Standard
solutionA

C s =concentration of valerenic acid in Standard
solutionA (mg/ml)

V =volume of the Sample solution (ml)
W =weight of Powdered Valerian taken to prepare the

Sample solution (mg)
F =conversion factor for each analyte (.1 .10 for

hydroxyvalerenic acid, 1.25 for acetoxyvalerenic
acid, and 1.00 for valerenic acid)

Acceptance criteria: NlT 0.04% of valerenic acid
(C'SH220 2) , and NlT 0.1 % of total valerenlc acids,
calculated as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid on the dried basis

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination
(561 )

Sample: 100 g of Powdered Valerian
Acceptance criteria: NlT 0.3%

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 0.5 J..Ig/g
Cadmium: NMT 1.0 J..Ig/g
Lead: NMT 5.0 J..Ig/g
Mercury: NMT 0.1 J..Ig/g

): The total bacterial
count does not exceed 105 cfu/g, total combined molds
and yeasts count does not exceed 103 cfu/g, and
bile-tolerant Gram-negative bacteria does not exceed 103

cfu/g.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets

the requirements of the tests for absence of Salmonella
species and Escherichia coli. .
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SPECIFIC TESTS
• BOTANIC CHARACTERISTICS

Microscopic: Numerous starch granules, simple, hilum
dotted, stellate or cleft-shaped, 5-15 J..Im in diameter;
compound starch granules of 2-6 components; black,
cruciate shape under a polarizing microscope. Scattered
stone cells, single or aggregated, with cell lumina of various
sizes, bright yellowish-white or bright white under a
polarizing microscope; numerous fragments of
parenchyma cells containing globules of volatile oil and
starch granules; fragments of pale yellow lignified fibers,
scattered, single or aggregated; fragments of vessels,
reticulate, bordered pitted and spiral.

• EXTRACTABLE MATTER
Sample: 2 g of Powdered Valerian, carefully dried at 40°
Analysis: Mix the Sample with 20 ml of 70% alcohol, and

allow to stand for 2 h, shaking frequently. Filter, evaporate
5 ml of the filtrate on a water bath to dryness, and dry the
residue at 105°.

Acceptance criteria: NlT 20%
• Loss ON DRYING (731)

Sample: 1.0 g of Powdered Valerian
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 12%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
12.0%

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):
NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, store at room temperature, and protect from
light and moisture.

• LABELING: The label states the latin binomial and, following
the official name, the parts of the plant from which the
article was derived.

• USP REFERENCE STANDARDS (11)
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

Powdered Valerian Extract
DEFINITION
Powdered Valerian Extract is prepared from comminuted

Valerian using hydroalcoholic mixtures. It contains NlT 0.3%
of valerenic acid (C'SH220 2) , and NlT 0.6% of total valerenic
acids, calculated as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid, on the dried basis.
The ratio of the starting crude plant material to the Extract is
between 4:1 and 7:1.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.25 mg/ml of USP Valerenic Acid RS
in methanol

Standard solution B: 40 mg/ml of USP Powdered Valerian
Extract RS in methanol. Sonicate for 10 min, centrifuge, and
use the supernatant.

Sample solution: 40 mg/ml of Extract in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 2-10 J..Im (HPTlC plates)
Application volume: 5 J..IL, as 8-mm bands
Developing solvent system: A mixture of cyclohexane,

ethyl acetate, and glacial acetic acid (60: 38:2)
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Derivatization reagent A: A mixture of glacial acetic acid
and hydrochloric acid (1:4)

Derivatization reagent B: 0.5 mL of p-anisaldehyde,
10 mLof glacial acetic acid, and 5 mLof sulfuric acid. Add
to 85 mL of ice-cold methanol, and mix.

Analysis
Samples: StandardsolutionA, Standard solution B,and

Sample solution
Apply the Samples as bands to a suitable high-performance

thin-layer chromatographic plate. Use a saturated
chamber, and condition the plate to a relativehumidity of
about 33% using a suitable device. Develop the
chromatograms over a distance of 6 cm. Remove the plate
from the chamber, dry, derivatize with Derivatization
reagentA, heat at 120° for 5 min, and examine under
white light. Derivatize with Derivatization reagent B, heat
at 100° for 3 min, and examine under white light.

Acceptance criteria: After treatment with Derivatization
reagent A and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction
from Mexican valerian (Valeriana edulis)], though minor
bands may be observed.
After treatment with Derivatization reagent B and heating,

the Sample solutionexhibits three violet bands in positions
and colors similar to the bands of Standard solutionB.
These bands include a minor band in the lower third of
the chromatogram due to hydroxyvalerenic acid, a major
band at about the middle the chromatogram due to
acetoxyvalerenicacid [distinction from Scouler's valerian
(Valeriana wallichil)], and a major band at an RF

corresponding to the valerenic acid band of Standard
solutionA and StandardsolutionB. Other minor bands may
be observed in the Sample solution and in Standard
solution B.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Valerenic Acids.
Acceptance criteria: The Sample solutionexhibits a peak at a

retention time corresponding to the valerenic acid peak of
StandardsolutionA. The Sample solutionshows additional
peaks corresponding to hydroxyvalerenic acid and
acetoxyvalerenic acid.

COMPOSITION
• CONTENT OF VALERENIC ACIDS

Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL
of water, dilute with water to 1000 mL, mix, filter, and
degas.

Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL
of methanol, dilute with methanol to 1000 mL, mix, filter,
and degas.

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 40 60

15 5 95

" 25 5 95

30 40 60

Solvent: A mixture of methanol and a solution of 0.1 %
phosphoric acid in water (3:1)

Standard solution A: 0.05 mg/mL of USP Valerenic Acid RS
in methanol. Sonicate if necessary.
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Standard solution B: Sonicate a portion of USP Powdered
Valerian Extract RS in Solvent to obtain a solution having a
concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-l..lm or finer pore size,
discarding the first few mL of the filtrate.

Sample solution: Sonicate a portion of Extract in Solvent to
obtain a solution having a concentration of about 20 mgl
mL. Before injection, pass through a membrane filter of
0.45-l..lm or finer pore size, discarding the first few mL of
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 25-cm; end-capped, 5-l..lm 100 A

packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 25 I..lL

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram of
Standardsolution Sis similar to the reference
chromatogram provided with the lot of USP Powdered
Valerian Extract RS being used.

Tailing factor: NMT 2.0 for the valerenic acid peak,
Standardsolution A

Relative standard deviation: NMT 2.0% for the
valerenic acid peak in repeated injections,Standard
solutionA

Analysis
Samples: Standard solutionA, Standardsolution B, and

Sample solution
Identify the valerenic acids in the Sample solution

chromatogram by comparison with the chromatograms
of Standardsolution A, Standard solutionB, and the
reference chromatogram provided with the lot of USP
Powdered Valerian Extract RS being used.

Calculate the percentages of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenicacid in the portion of
Extract taken:

Result = (r ulr s) x (C siC u) x Fx 100

r u =peak area of the relevantanalyte from the Sample
solution

r s =peak area of valerenicacid from Standard
solutionA

C s =concentration of valerenic acid in Standard
solutionA (mg/mL)

C u = concentration of the Extract in the Sample
solution(mg/mL)

F = conversionfactor for each analyte (1.10 for
hydroxyvalerenic acid, 1.25 for acetoxyvalerenic
acid, and 1.00 for valerenic acid)

Acceptance criteria: NLT 0.3% of valerenicacid (ClsH2202),
and NLT 0.6% of total valerenicacids, calculated as the sum
of hydroxyvalerenfc acid, acetoxyvalerenic acid, and
valerenic acid on the dried basis

CONTAMINANTS
• ELEMENTAL IMPURITIES-PROCEDURES (233)

Acceptance criteria
Arsenic: NMT 0.5 I..lg/g
Cadmium: NMT 1.0 I..lg/g
Lead: NMT 5.0 I..lg/g
Mercury: NMT 0.1 I..lg/g
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• MICROBIAL TESTS (2021): The total bacterial
count does not exceed 104 du/g, the total combined molds
and yeasts count does not exceed 103 du/g, the coliform
count does not exceed 103 du/g, and the
Enterobacteriaceae count does not exceed 103 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the tests for absence of Salmonella
species, Escherichia coli, and Staphylococcus aureus.

SPECIFIC TESTS
• WATER DETERMINATION, Method la (921): NMT 5%
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

7.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

store at controlled room temperature, and protect from
moisture and light.

• LABELING: The label states the official name of the article,
the Latin binomial, and the part of the plant from which the
article was prepared. Label it to indicate the content of
valerenic acid and total valerenic acids, and the ratio of the
starting crude plant material to the Extract. It meets other
labeling requirements in Botanical Extracts (565).

• USP REFERENCE STANDARDS (11)
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

Valerian Tablets

DEFINITION
Valerian Tablets contain Powdered Valerian Extract. Tablets

contain NLT 90.0% and NMT 120.0% of the labeled amount
of Powdered Valerian Extract, calculated asvalerenic acids
equivalent to the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS
in methanol

Standard solution B: 40 mg/ml of USP Powdered Valerian
Extract RS in methanol. Sonicatefor 10 min, centrifuge, and
use the supernatant.

Sample solution: Finely pulverize NlT 10 Tablets. Transfer
an amount of the powder equivalent to 100 mg of
Powdered Valerian Extract to a suitable flask. Add 5 ml of
water and 3 ml of a 10% aqueous solution of potassium
hydroxide, extract with two 5-ml portions of methylene
chloride, and discard the organic phase. Heat the aqueous
phase in a water bath at 40° for 10 min, cool, acidify with
7% hydrochloric acid, and extract with two 5-mL portions
of methylene chloride. Dry the organic phase over
anhydrous sodium sulfate, filter, evaporate the filtrate to .
dryness, and dissolvethe residue in 2.0 mL of methylene
chloride.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 2-10 urn (HPTLC plates)
Application volume: 5 \-IL, as 8-mm bands
Developing solvent system: A mixture of cyclohexane,

ethyl acetate, and glacial acetic acid (60:38:2)
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Derivatization reagent A: A mixture of glacial acetic acid
and hydrochloric acid (1:4)

Derivatization reagent B: 0.5 mL of p-anisaldehyde,
10 mL of glacial acetic acid, and 5 mL of sulfuric acid. Add
to 85 mL of ice-cold methanol, and mix.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Apply the Samples as bands to a suitable

high-performance thin-layer chromatographic plate.
Usea saturated chamber, and condition the plate to a
relative humidity of about 33% using a suitable device.
Develop the chromatograms over a distance of 6 em.
Removethe plate from the chamber, dry, derivatize with
Derivatization reagent A, heat at 120° for 5 min, and
examine under white light. Derivatize with Derivatization
reagent B, heat at 100° for 3 min, and examine under
white light.

Acceptance criteria: After treatment with Derivatization
reagent A and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction
from Mexican valerian (Valeriana edulis)], though minor
bands may be observed.
After treatment with Derivatization reagentB and heating,

the Sample solutionexhibits three violet bands in positions
and colors similar to the bands of Standardsolution B.
These bands include a minor band in the lower third of
the chromatogram due to hydroxyvalerenic acid, a major
band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian
(Valeriana wallichil)], and a major band at an RF

corresponding to the valerenic acid band of Standard
solutionA and StandardsolutionB.Other minor bands may
be observed in the Sample solution and in Standard
solution B.

• B. HPLC
Analysis: Proceed asdirected in the test for Contentof

Valerenic Acids.
Acceptance criteria: The Sample solutionexhibits a peakat a

retention time corresponding to the valerenic acid peak of
StandardsolutionA.The Sample solution shows additional
peakscorresponding to hydroxyvalerenic acid and
acetoxyvalerenic acid.

STRENGTH
• CONTENT OF VALERIAN EXTRACT

Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL
of water, dilute with water to 1000 mL, mix, filter, and
degas.

Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL
of methanol, dilute with methanol to 1000 mL, mix, filter,
and degas.

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 40 60

15 5 95

25 5 95

30 40 60

Solvent: A mixture of methanol and a solution of 0.1%
phosphoric acid in water (3:1)

Standard solution A: 0.02 mg/mL of USP Valerenic Acid RS
in methanol. Sonicate if necessary.
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Standard solution B: Sonicate a portion of USP Powdered
Valerian Extract RS in Solvent to obtain a solution having a
concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-lJm or finer pore size,
discarding the first few mL of the filtrate.

Sample solution: Weigh NLT 20 Tablets and pulverize.
Transfer a portion of the powder, nominally equivalent to
about 3.0 mg of valerenic acids, to a suitable flask. Add
25.0 mL of Solvent, shake to disperse the powder, sonicate
for 10 min, and centrifuge. Use the clear supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 25-cm; end-capped, 5-lJm 100 A

packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 25 IJL

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution B is similar to the reference
chromatogram provided with the lot of USP Powdered
Valerian Extract RS being used.

Tailing factor: NMT 2.0 for the valerenic acid peak,
Standard solution A

Relative standard deviation: NMT 2.0% for the
valerenic acid peak in repeated injections, Standard
solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Identify the valerenic acids in the Sample solution

chromatogram by comparison with the chromatograms
of Standard solution A, Standard solution B,.and the
reference chromatogram provided with the lot of USP
Powdered Valerian Extract RS being used.

Calculate the percentage of the labeled amount of
Powdered Valerian Extract as valerenic acids (sum of
hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid) in the portion of Tablets taken:

Result ={[L(r u x f)]lr sl x (C 5 x VIW) x (1OOIL E) x (A wx
1001L)

r u =peak areas of the relevant analytes from the
Sample solution

F = conversion factor for each analyte (1 .10 for
hydroxyvalerenic acid, 1.25 for acetoxyvalerenic
acid, and 1.00 for valerenic acid)

r 5 =peak area of valerenic acid from Standard
solution A

C s =concentration of valerenic acid in Standard
solution A (mg/mL)

V = volume of the Sample solution (mL)
W = weight of the sample of powdered Tablets used

to prepare the Sample solution (mg)
A w = average weight of the Tablets (mg/Tablet)
L E = labeled amount of valerenic acids in 100 mg of

the Powdered Valerian Extract used to prepare
the Tablets (mg)

L = labeled amount of Powdered Valerian Extract per
Tablet (mg/Tablet)

Acceptance criteria: 90.00/0-120.0%
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PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Disintegration

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATiON TESTS (2021): The total aerobic

microbial count does not exceed 104 cfu/g, and the total
combined molds and yeasts count does not exceed 103 cful
g.

• MICROBIAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): Meet the requirements of the
tests for absence of Salmonella species and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The label states the Latin binomial and, followlnq

the official name, the article from which the Tablets were
prepared. The label also indicates the quantity, in mg, of
Powdered Valerian Extract per Tablet and the content, as a
percentage, of valerenic acids in the Extract. .

• USP REFERENCE STANDARDS (11)
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

Valerian Tincture

DEFINITION
Valerian Tincture is prepared as follows.

Valerian 200 9

A mixture of Alcohol and Water (6:4) to (8:2), a
sufficient quantity to make 1000 mL

Prepare the Tincture as directed for Botanical Extracts (565),
Tinctures, Maceration Process. Valerian Tincture contains NLT
0.015% of valerenic acids, calculated as the sum of
hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHY

Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS
in methanol

Standard solution B: 40 mg/mL of USP Powdered Valerian
Extract RS in methanol. Sonicate for 10 min, centrifuge, and
use the supernatant. '

Sample solution: Centrifuge the Tincture, and use the
supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 2-10 IJm (HPTLC plates)
Application volume: 5 IJL of Standard solution A and

Standard solution Band 10 IJL of the Sample solution, as
8-mm bands

Developlnq solvent system: A mixture of cyclohexane,
ethyl acetate, and glacial acetic acid (60:38:2)

Derivatization reagent A: A mixture of glacial acetic acid
and hydrochloric acid (1:4) ,

Derivatization reagent B: 0.5 mL of p-anisaldehyde,
10 mLof glacial acetic acid, and 5 mL of sulfuric acid. Add
to 85 mL of ice-cold methanol, and mix.
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Analysis
Samples: Standard solutionA, Standard solution B, and

Sample solution
Apply the Samples as bands to a suitable

high-performance thin-layer chromatographic plate.
Use a saturated chamber, and condition the plate to a
relative humidityof about 33% using a suitabledevice.
Develop the chromatograms over a distance of 6 em.
Remove the platefrom the chamber, dry,derivatize with
Derivatization reagent A, heat at 1200 for 5 min, and
examineunder white light.Derivatize withDerivatization
reagent B, heat at 1000 for 3 min, and examine under
white light.

Acceptance criteria: After treatment with Derivatization
reagent A and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction
from Mexican valerian (Valeriana edulis)], though minor
bands may be observed.
After treatment with Derivatization reagent Band heating,

the Sample solutionexhibitsthree violetbands in positions
and colorssimilar to the bands of Standard solution B.
These bands include a minor band in the lowerthird of
the chromatogram due to hydroxyvalerenlc acid,a major
band at about the middle of the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian
(Valeriana wallichil)], and a major band at an RF

corresponding to the valerenic acid band of Standard
solution Aand Standard solution B. Other minorbands may
be observed in the Sample solutionand in Standard
solution B.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Valerenic Acids.
Acceptance criteria: The Sample solutionexhibits a peakat a

retention time corresponding to the valerenic acid peak of
Standard solution A. The Sample solutionshowsadditional
peakscorresponding to hydroxyvalerenic acid and
acetoxyvalerenic acid.

STRENGTH
• CONTENT OF VALERENIC ACIDS

Solution A: Mix 6 mL of 85% phosphoric acidwith 900 mL
of water, dilute with water to 1000 mL, mix, filter, and
degas.

Solution B: Mix 6 mL of 85% phosphoricacid with 900 mL
of methanol, dilute with methanol to 1000 mL, mix, filter,
and degas.

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 40 60

.15 5 95

25 5 95

30 40 60

Solvent: Amixture of methanol and a solutionof 0.1%
phosphoric acid in water (3:1)

Standard solution A: 0.02 mg/mLof USP Valerenic Acid RS
in methanol. Sonicate ifnecessary.

Standard solution B: Sonicatea portion of USP Powdered
Valerian Extract RS in Solvent to obtain a solutionhaving a
concentration of about 20 mg/mL. Before injection, pass
through a membrane filterof 0.45-~m or finer pore size,
discarding the firstfew mL of the filtrate.
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Sample solution: Use Tincture. Before injection, pass
through a membrane filter of 0.45-~m or finer pore size,
discarding the firstfew mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 25-cm; end-capped, 5-~m 100 A

packing L1
Column temperature: 400

Flowrate: 1.0 mL/min
Injection volume: 25 ~L

System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution B issimilar to the reference
chromatogram providedwith the lot of USP Powdered
Valerian Extract RS being used.

Tailing factor: NMT 2.0 for the valerenic acid peak,
Standard solution A

Relative standard deviation: NMT 2.0% for the
valerenic acid peak in repeated injections, Standard
solution A

Analysis
Samples: Standard solution A, Standard solution B, and

Sample solution
Identify the valerenic acids in the Sample solution

chromatogram by comparison with the chromatograms
of Standard solution A, Standard solution B, and the
referencechromatogram providedwith the lot of USP
PowderedValerian Extract RS being used.

Calculate the percentage of valerenic acids (sum of
hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid) in the portion of Tincturetaken:

Result = {[:E(r u x F)]/r s} x Cs x 0.1

r u =peak areas of the relevantanalytesfrom the
Sample solution

F =conversion factor for each analyte (1 .10 for
hydroxyvalerenic acid, 1.25 for acetoxyvalerenic
acid, and 1.00 for valerenic acid)

r s =peak area of valerenic acid from Standard
solution A

Cs = concentration of valerenic acid in Standard
solutionA (mg/mL)

Acceptance criteria: NLT 0.015% of valerenic acids,
calculated as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid

OTHERCOMPONENTS
• ALCOHOLDETERMINATION, Method1(611): NLT 90.0% and

NMT 110.0% of the labeled amount of alcohol (C2HsOH)

CONTAMINANTS

the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at room temperature.
• LABELING: The label states the official name of the article,

the Latin binomial, and the part of the plant from whichthe
articlewas prepared. Label it to indicate the content of
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valerenicacids,the solventmixture used for extraction, and
the ratio of the starting crude plant material to Tincture.

• USP REFERENCE STANDARDS (11)
USP Valerenic Acid RS
USP Powdered Valerian Extract RS

Valerian Root Dry Extract Capsules
DEfiNITION
Valerian RootDry Extract Capsulescontain dry extract derived

from the subterranean parts of Valeriana officinalisL. (Fam.
Caprifoliaceae, formerlyValerianaceae) including rhizome,
root and stolon. They contain NLT 90% and NMT 120%
of the labeled amount of valerenicacids calculated as the
sum of hydroxyvalerenic acid (ClsH2203), acetoxyvalerenic
acid (C17H2404), and valerenic acid (ClsHz20Z)'

IDENTifiCATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS
in methanol

Standard solution B: 40 mg/mL of USP Powdered Valerian
ExtractRS in methanol. Sonicatefor 10 min,centrifuge, and
use the supernatant.

Sample solution: Transfer a portion of the Capsule
contents, equivalent to 400 mg of valerian rc;>ot dry ext.ract,
to a conicalflask, add 10 mL of methanol, mixand sonicate
for 20 min, centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle size of 5 J.Jm (HPTLC plates)
Application volume: 5 J.JL, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of 33%.
Temperature: Ambient, not to exceed 30°'
Developing solvent system: Cyclohexane, ethyl acetate,

and glacial acetic acid (60:38:2)
Developing distance: 6 cm
Derivatization reagent A: Glacial acetic acid and

hydrochloric acid (1:4) .
Derivatization reagent B: 0.5 mLof p.,anlsaldehyde,

10 ml of glacial acetic acid, and 5 mLofsulfuric acid. Add
to 85 mLof ice-cold methanol, and mix.

Analysis
Samples: StandardsolutionA, Standardsolution8, and

Sample solution
Applythe Samples as bands, and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent
A, heat at 120° for 5 min, and examine under white light.
Then treat with Derivatization reagent8, heat at 100° for
3 min, and examine under white light.

System suitability: After treatment with Derivatization
reagentA and heating, StandardsolutionA and Standard
solution8 do not exhibit an intense blue band at about the
middle of the chromatogram nor any other significant
bands. After treatment with Derivatization reagent 8 and
heating, Standard solutionA exhibits a violetband due to
valerenicacid, while Standardsolution 8 exhibitsa band
corresponding in RF and color to that of valerenic acid in
StandardsolutionA as wellas a violet band below valerenic
acid at about middle of the chromatogram due to
acetoxyvalerenic acid and a minor violet band in the lower
third of the chromatogram due to hydroxyvalerenic acid.

Acceptance criteria: After treatment wi~h Derivatization..
reagentA and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
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chromatogram nor any othe~ significa.nt bands [disti.nction
from Mexican valerian (Valerlana edulis)], though minor
bands may be observed. Aftertreatment,with D~r~vatization

reagent8 and heating, the Sample solution exhibitsthree
violet bands in positions and colorssimilar to those in
Standardsolution 8. These bands include a band
corresponding in RFto valerenicacid in Stand~rd s~/ution A
and Standardsolution 8, a band below valerenlc acid at
about the middle of the chromatogram due to
acetoxyvalerenic acid [distinctionfrom Scouler'svalerian
(Valeriana wallichiJ)], and a minor violet band in the lower
third of the chromatogram due to hydroxyvalerenic acid.
Other faint bands may be observed.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Valerenic Acids.
Acceptance criteria: The S~mple solution~xhi~i~ a peakat a

retention time correspondinq to valerenlc acid In Standard
solutionA. The Sample solutionshows additional peaks
corresponding to hydroxyvalerenic acid and
acetoxyvalerenic acid.

STRENGTH
• CONTENT OF VALERIENIC ACIDS

Extraction solvent: Methanol and a solution of 0.1%
phosphoric acid in water (3:1)

Solution A: Mix 6 mL of 85% phosphoric acid with
. 900 mLof water, dilute with water to 1000 mL, mix,filter,

and degas.
Solution B: Mix 6 ml of 85% phosphoric acid with

900 mLof methanol, dilute with methanol to 1000 mL,
mix, filter, and degas.

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 40 60

15 5 95

25 5 95

30 40 60

Standard solution A: 0.05 mg/ml of USP Valerenic Acid RS
in methanol. Sonicate ifnecessary.

Standard solution B: Sonicate a portion of USP Powdered
Valerian Extract RS in Extraction solventto obtain a solution
with a concentration of about 20 mg/mL. Before injection,
pass through a membrane filterof 0.45-J.Jm or finer
pore size.

Sample solution: Determine the total weight of 20
Capsules. Emptythe Capsulesand combine their contents
in an appropriate container. Weigh the empty Capsule
shellsand calculate the average fill weight per Capsule.
Transfera portion of the Capsule contents, equivalent to
about 3.0 mg of valerenicacids, to a 25-mLvolumetric
flask. Add 20 ml of Extraction solventand sonicate for
30 min with occasionalshaking.Coolto room temperature,
dilute with Extraction solventto volume, mix well, and
centrifuge. Passthrough a membrane filter of 0.45-J.Jm or
finer pore size, discarding the firstfew milliliters of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 25-cm; end-capped, 5-J.Jm, 1oo-A

packing II
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Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 25 ~L

System suitability
Samples: Standard solutionA and Standard solution 8
Suitability requirements

Chromatogram similarity: The chromatogram of
Standard solution8 issimilarto the reference
chromatogram provided with the lot of USP Powdered
Valerian ExtractRS being used.

Tailing factor: NMT 2.0 for the valerenicacid peak,
Standard solutionA

Relative standard deviation: NMT 2.0%,Standard
solutionA

Analysis
Samples: StandardsolutionA, Standard solution 8, and

Sample solution
Using the chromatograms of Standardsolution 8 and the

reference chromatogram provided with the lot of USP
Powdered Valerian Extract RS being used, identifyand
measure the areas of the peaks corresponding to
hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenicacid in the Sample solution.

Calculate the quantity, in mg, of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenicacid in each
Capsule:

Result =(r vIrs) xes x (Vx WAvlW) x F

r u =peak area of the relevant analyte from the Sample
solution

r s =peak area of valerenicacid from Standard
solutionA

C s = concentration of USP Valerenic Acid RS in
StandardsolutionA (mg/mL)

V =volume of the solvent taken to prepare the Sample
solution (mL) .

WAV =average Capsule fill weight (mg)
W =weight of the sample taken to prepare the Sample

solution (mg)
F =conversion factor for analytes (1.10 for

hydroxyvalerenic acid, 1.25 for acetoxyvalerenk
acid, and 1.00 for valerenicacid)

Calculatethe percentage of the labeled amount ofvalerenic
acids, as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenicacid in each
Capsule:

Result = (L'Q ;/L) x 100

Q i =sum of the quantities of valerenicacids previously
determined (mg)

L =labeled amount of valerenicacids (mg)

Acceptance criteria: 90.0%-120.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104du/g, and the total
combined molds and yeasts count does not exceed 103cful
g..

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and TEST
FOR ABSENCE OF EDCHERICHIA: Meet the requirements

Dietary Supplements / Valerian 5333

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from lightand moisture, and store at
room temperature.

• LABELING: The label states the Latin binomial, the official
name, and the articlefrom which the Capsuleswere
prepared. The labelstates the amount of valerenicacids (as
the sum of hydroxyvalerenic acid, acetoxyvalerenic acid,
and valerenic acid) in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Valerenic Acid RS
USP Powdered Valerian Extract RS

Valerian Root Powder Capsules
DEFINITION
Valerian Root Powder Capsules contain finely powdered dried

subterranean parts of Valeriana officinalis L. (Fam.
Caprifoliaceae, formerlyValerianaceae) including rhizome,
root, and stolon. Theycontain NLT 0.04% of valerenicacid
(ClsH2202) and NLT0.1% of total valerenicacids,calculated
as the sum of hydroxyvalerenic acid (ClsH2203),
acetoxyvalerenic acid (C17H2404) and valerenicacid
(ClsH2202), from the labeled amount of valerian root
powder.

IDENTIFICATION
• A. HPTLC FOR ARTICLES OF BOTANICAL ORIGIN (203)

Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS
in methanol

Standard solution B: 40 mg/mL of USP Powdered Valerian
ExtractRS in methanol. Sonicatefor 10 min, centrifuge, and
use the supernatant.

Sample solution: Transfera portion of the Capsule
contents, equivalent to 0.5 g of valerian root powder, to a
centrifuge tube, and add 5 mL of methanol. Sonicate for
10 min, centrifuge, and use the supernatant.

Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an

average particle sizeof 5 urn (HPTLC plates)
Application volume: 5 ~L, as 8-mm bands
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Cyclohexane, ethyl acetate,

and glacial acetic acid (60:38:2)
Developing distance: 6 cm
Derivatization reagent A: Glacial acetic acid and

hydrochloricacid (1 :4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde,

10 mLof glacial acetic acid, and 5 mLof sulfuric acid. Add
to 85 mLof ice-cold methanol, and mix.

Analysis
Samples: Standard solution A, Standard solution8, and

Sample solution
Applythe Samples as bands and dry in air. Develop in a

saturated chamber, remove the plate from the chamber,
and dry in air. Treat the plate with Derivatization reagent
A, heat at 120° for 5 min, and examine under white light.
Then treat the plate with Derivatization reagent 8, heat at
100° for 3 min, and examine under white light. .

System suitability: Aftertreatment with Derivatization
reagent A and heating, Standard solution A and Standard
solution 8 do not exhibit an intense blue band at about the
middle of the chromatogram nor any other significant
bands. Aftertreatment with Derivatization reagent 8 and
heating, Standard solution A exhibitsa violet band due to

www.webofpharma.com

https://nhathuocngocanh.com/



5334 Valerian / Dietary Supplements

valerenicacid, while StandardsolutionB exhibits a band
corresponding in RF and color to that of valerenicacid in
StandardsolutionA as well as a violet band below valerenic
acid at about the middle of the chromatogram due to
acetoxyvalerenic acid and a minor violet band in the lower
third of the chromatogram due to hydroxyvalerenic acid.

Acceptance criteria: After treatment with Derivatization
reagent A and heating, the Sample solutiondoes not exhibit
an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction
from Mexican valerian (Valeriana edulis)], though minor
bands may be observed. After treatment with Derivatization
reagentBand heating, the Sample solution exhibits three
violet bands in positions and colors similar to the bands in
Standardsolution B. These bands include a band
corresponding in RF to valerenic acid in StandardsolutionA
and StandardsolutionB, a band below valerenic acid at
about middle of the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian
(Valeriana wallichil)], and a minor violet band in the lower
third of the chromatogram due to hydroxyvalerenic acid.
Other minor bands may be observed.

• B. HPLC
Analysis: Proceed as directed in the test for Contentof

Valerenic Acids.
Acceptance criteria: The chromatogram of the Sample

solution exhibits peaks at the retention times of those due
to valerenic acid, hydroxyvalerenic acid, and
acetoxyvalerenic acid in the chromatograms of Standard
solutionA and StandardsolutionB.

STRENGTH
• CONTENT OF VALERENIC ACIDS

Solvent: Methanol and a solution of 0.1 % phosphoric acid
in water (3:1)

Solution A: Mix 6 ml of 85% phosphoric acid with
900 ml of water, dilute with water to 1000 ml, mix, filter,
and degas.

Solution B: Mix 6 ml of 85% phosphoric acid with
900 ml of methanol, dilute with methanol to 1000 ml,
mix, filter, and degas.

Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 40 60

15 5 95

25 5 95

30 40 60

Standard solution A: 0.02 mg/ml of USPValerenic Acid RS
in methanol. Sonicate if necessary.

Standard solution B: Sonicate a portion of USP Powdered
Valerian Extract RS in Solvent to obtain a solution with a
concentration of about 20 mg/ml. Before injection, pass
through a membrane filter of 0.45-lJm or finer pore size.

Sample solution: Determine the total weight of 20
Capsules. Empty the Capsules, combine and mix their
contents to obtain a homogenous composite. Weigh the
empty Capsule shells and calculate the average fill weight
per Capsule. Transfer a portion of the Capsule contents,
equivalent to 1.0 g of valerian root powder, to a 50-ml
volumetric flask. Add 10.0 ml of water and shake for 2 min
while heating in a water bath maintained at about 50°.
Sonicate for 15 min, add 35 ml of methanol, and sonicate
for 15 min. Cool, dilute with methanol to volume, and mix.

USP 43

Before injection, pass through a membrane filter of
0.45-lJm or finer pore size, discarding the first few milliliters
of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 225 nm
Column: 4.6-mm x 25-cm; end-capped, 5-lJm, 100-A

packing II
Column temperature: 40°
Flow rate: 1.0 ml/min
Injection volume: 25 IJl

System suitability
Samples: StandardsolutionA and StandardsolutionB
Suitability requirements

Chromatogram similarity: The chromatogram of
StandardsolutionB is similar to the reference
chromatogram provided with the lot of USPPowdered
Valerian Extract RS being used.

Tailing factor: NMT 2.0 for the valerenic acid peak,
StandardsolutionA

Relative standard deviation: NMT 2.0%, Standard
solutionA

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Using the chromatograms of Standardsolution Band the

reference chromatogram provided with the lot of USP
Powdered Valerian Extract RS being used, identify and
measure the areas of the peaks corresponding to
hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid in the Sample solution.

Calculate the quantity, in mg, of hydroxyvalerenic acid,
acetoxyvalerenicacid, and valerenic acid in each
Capsule:

Result = (r vir s) xC s x (Vx WAvlW) x F

r u = peak area of the relevant analyte from the Sample
solution

r s =peak area of valerenic acid from Standard
solutionA

C 5 = concentration of USPValerenlcAcid RS in
StandardsolutionA (mg/ml)

V =volume of the solvent taken to prepare the Sample
solution (ml)

WAV =average Capsule fill weight (mg)
W =weight of the sample taken to prepare the Sample

solution (mg)
F =conversion factor for analytes (1 .10 for

hydroxyvalerenic acid, 1.25 for acetoxyvalerenic
acid, and 1.00 for valerenic acid)

Calculate the percentage of valerenic acid within the
labeled amount of valerian rhizome, root, and stolon
powder in each Capsule:

Result =(Q/L) x 100

Q =amount of valerenic acid previously determined
(mg)

L .=labeled amount of valerian rhizome, root, and
stolon powder (mg)

Calculate the percentage of valerenic acids, calculated as
the sum of hydroxyvalerenic acid, acetoxyvalerenic acid
and valerenic acid, within the labeled amount of valerian
rhizome, root, and stolon powder in each Capsule:

Result =(L'Q ;/L) x 100
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Q i = sum of the quantities of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid
previously determined (mg)

L = labeled amount of valerian rhizome, root, and
stolon powder (mg)

Acceptance criteria: NLT 0.04% of valerenic acid and NLT
0.1% of total valerenic acids

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

bacterial count does not exceed 104 clu/g, and the total
combined molds and yeastscount does not exceed 103 clul
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures,Testfor Absenceof SalmonellaSpecies and Test
for Absence of Edcherichia: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light and moisture, and store at
room temperature.

• LABELING: .The label statesthe Latin binomial and the official
name, and the article from which the Capsules were
prepared. The label states the amount of valerian root
powder in mg/Capsule.

• USP REFERENCE STANDARDS (11)
USP Valerenic Acid RS
USP Powdered Valerian Extract RS

Valine-see Valine General Monographs

Vinpocetine
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C22H26N202 350.45
Eburnamenine-14-carboxylic acid, ethyl ester, (3<1,16<1)-;
Ethyl apovincamin-22-oate [42971-09-5].

DEFINITION
Vinpocetine contains NLT 98.0% and NMT 102.0% of

vinpocetine (C22H26N202)' calculated on the dried basis.

IDENTIFICATION

• A.~SPECTROSCOPlc IDEN 
SpeCtroscopy: 197K. (eN 1-· 20)

• B. The retention time of the main peak of the Sample
solution corresponds to that of the main peak of Standard
solution 4, as obtained in the Assay.

ASSAY
• PROCEDURE

Solution A: 15.4 giL of ammonium acetate in water
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Mobile phase: Acetonitrile and Solution A (55:45)
Standard solution 1: 0.02 mg/mL of USP Vinpocetine RS in

Mobilephase
Standard solution 2: 0.12 mg/mL of USP Vinpocetine

Related Compound A RS and 0.10 mg/mL each of USP
Vinpocetine Related Compound B RS, USP Vinpocetine
Related Compound C RS, and USP Vinpocetine Related
Compound D RS in Mobilephase

Standard solution 3: Dilute 1.0 mL of Standard solution 1
and 1.0 mL of Standard solution 2 with Mobilephaseto
20.0 mL.

Standard solution 4: 0.2 mg/mL of USP Vinpocetine RS in
Mobilephase

Sample solution: 0.2 mg/mL ofVinpocetine in Mobilephase
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Flow rate: 1.0 mL/min
Injection volume: 15 ~L

System suitability
Sample: Standardsolution3

[NoTE-The relative retention times for vinpocetine and
its related compounds are shown in Table 1.]

Suitability requirements
Resolution: NLT 2.0 between vinpocetine related

compound Band vinpocetine related compound D
Relative standard deviation: NMT 2.0%, Standard

solution 4
Analysis

Samples: Standardsolution4 and Sample solution
Calculate the percentage of vinpocetine (C22H26N202) in

the portion of Vinpocetine taken:

Result= (r vir s) x (C siCv) x 100

=peak response from the Sample solution
=peak response from Standard solution 4
=concentration of USP Vinpocetine RS in Standard

solution 4 (mg/mL)
=concentration of Vinpocetine in the Sample

solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• ORGANIC IMPURITIES

Solution A, Mobile phase, Standard solution 1, Standard
solution 2, Standard solution 3, Chromatographic
system, and System suitability: Proceedasdirected in the
Assay.

Sample solution: 1 mg/mL of Vinpocetine in Mobilephase
Analysis

Samples: Standardsolution 3 and Sample solution
Record the chromatograms for up to a minimum of three

times the retention time of vinpocetine. Disregard any
peak with an area less than 0.5 times the area of the peak
due to vinpocetine in Standard solution 3.

Calculate the percentage of vinpocetine related
compounds A, B, C, and D in the portion of Vinpocetine
taken:

Result=(r vir s) x (C siCv) x 100

ru = peak response of each of the known impurities
from the Sample solution
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C v

Result=(rulrs) x (CslCu) x 100

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Vinpocetine RS in the

Standard solution (mg/mL)
=nominal concentration of vinpocetine in the

Sample solution (mg/mL)

Vinpocetine Capsules

DEFINITION
Vinpocetine Capsulescontain NLT 90.0% and NMT 110.0%

of the labeled amount of vinpocetine (C22H26N202)'

IDENTIFICATION

•A·~l
f.!J~1·l1.i.•,••. i;.

Medium: Alcohol
Standard solution: 15 IJg/mL of USP Vinpocetine RS in

Medium
Sample solution: Equivalent to 15 IJg/mL of vinpocetine

from Capsule contents in Medium
Acceptance criteria: The spectra of the Sample solution and

Standard solution exhibit maxima and minima at the same
wavelengths.

• B. HPlC: The retention time of the major peak of the
Sample solution corresponds to that of the Standard
solution, as obtained in Strength.

STRENGTH
• PROCEDURE

Solution A: 15.4 giL of ammonium acetate in water
Mobile phase: Acetonitrile and Solution A (55:45)
Standard solution: 0.2 mg/mL of USP Vinpocetine RS in

Mobile phase
Sample solution: Weigh NLT 20 Capsules in a tared

weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a suitable beaker.
Remove any contents adhering to the empty shells by
washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shellswith the
aid of a current of dry air until the odor of ether is no longer
perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents in
acetonitrile with sonication for 5 min. Allow the solution to
cool to room temperature, dilute with acetonitrile to get a .
solution with a nominal concentration of 0.2 mg/mL of
vinpocetine, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.0 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

vinpocetine (C22H26N202) in the portion of Capsules
taken:

=peak response of the corresponding Standard for
each of the known impurities from Standard
solution 3

= concentration of the corresponding USP
Reference Standard for each of the known
impurities in Standard solution 3 (mg/mL)

= concentration of Vinpocetine in the Sample
solution (mg/mL)

Calculate the percentage of any unspecified individual
impurity, asvinpocetine, in the portion of Vinpocetine
taken:

Relative Acceptance
Retention Criteria,

Name Time NMT(%)

Vinpocetine 1.00 -
Vinpocetinerelated compound A" 0.40 0.6

Vinpocetinerelated compound Bb 0.75 0.5

Vinpocetinerelated compound CC 0.83 0.3

Vinpocetinerelated compound Od 0.68 0.5

Unspecified individual impurity - 0.1

Total impurities - 1.0

SPECIFIC TESTS
• loss ON DRYING (731)

Analysis: Dry a sample in a vacuum at 100° for 3 h.
Acceptance criteria: NMT 0.5%

• OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: 10 mg/mL in dimethylformamide
Acceptance criteria: From +127.0° to +134.0°, determined

at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at controlled room temperature.
• USP REFERENCE STANDARDS (11)

USP Vinpocetine RS
USP Vinpocetine Related Compound A RS
USP Vinpocetine Related Compound B RS
USP Vinpocetine Related Compound C RS
USP Vinpocetine Related Compound D RS

Result= (r virs) x (C siCv) x 100

r u =peak response of each of the unspecified
impurities from the Sample solution

r s =peak response of vinpocetine from Standard
solution 3

Cs = concentration of USP Vinpocetine RS in Standard
solution 3 (mg/mL)

C u =concentration of Vinpocetine in the Sample
solution (mg/mL)

Acceptance criteria: See Table 7,

Table 1

a Ethyl (12S, 13aS,13bS)-13a-ethyl-12-hydroxy-2,3,5,6,12,13,13a,13b
octahydro-1H-indolo[3,2,1-de]pyrido[3,2,1-til[1,5]naphthyridine-12
carboxylate (ethyl vincaminate).
b Methyl(13aS,13bS)-13a-ethyl·2,3,5,6,13a,13b-hexahydro-lH~indolo[3,2,1
de]pyrido[3,2,l-i;1[1,5]naphthyridine-12-carboxylate (apovincamine).
c Ethyl (13aS,13bS)-13a-ethyl-1 0-methoxy-2,3,5,6,13a,13b-hexahydro-1 H
indolo[3,2,1-de]pyrido[3,2,1-lj][1,5]naphthyridine-12-carboxylate
(methoxyvinpocetine).
d Ethyl (12R, 13aS,13bS)-13a-ethyl-2,3,5,6,12,13,13a,13b-octahydro-1 H
indofo[3,2,1-de]pyrido[3,2,1-til[1,5]naphthyridine-12-carboxylate
(dihydrovinpocetine).
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Acceptance criteria: 90.0%-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Disintegration
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :

Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Vinpocetine RS

Vinpocetine Tablets

DEFINITION
Vinpocetine Tablets contain NLT 90.0% and NMT 110.0% of

the labeled amount of vinpocetine (C22H26N202)'

IDENTIFICATION

• A.
Wt

Medium: Alcohol
Standard solution: 15 IJg/mL of USP Vinpocetine RS in

Medium
Sample solution: Equivalent to 15 IJg/mL of vinpocetine

from finely powdered Tablets in Medium
Acceptance criteria: The spectra of the Sample solutionand

Standard solutionexhibit maxima and minima at the same
wavelengths.

• B. HPLC: The retention time of the major peak of the
Sample solutioncorresponds to that of the Standard
solution, as obtained in Strength.

STRENGTH
• PROCEDURE .

Solution A: 15.4 giL of ammonium acetate in water
Mobile phase: Acetonitrile and Solution A (55:45)
Standard solution: 0.2 mg/mL of USP Vinpocetine RS in

Mobilephase
Sample solution: Dissolve a portion from NLT 20 finely

powdered Tablets in acetonitrile by shaking thoroughly and
sonicating for 5 min. Allow the solution to cool to room
temperature, dilute with acetonitrile to get a solution
nominally equivalent to 0.2 mg/mL of vinpocetine, and
filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Flow rate: 1.0 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of the labeled amount of

vinpocetine (C22H26N202) in the portion of Tablets taken:

Result = (rulrs) x (CslCu) x 100
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ru =peak responsefrom the Sample solution
rs =peak responsefrom the Standard solution
Cs =concentration of USP Vinpocetine RS in the

Standard solution(mg/mL)
Cu =nominal concentration of vinpocetine in the

Sample solution(mg/mL)

Acceptance criteria: 90.00/0-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Dissolution
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Sample solution: Withdraw a portion of the solution under

test, passthrough a suitable filter, and use the pooled
sample as the test specimen.

Standard solution: Dissolvea suitable amount of USP
Vinpocetine RS in Mediumto obtain a concentration similar
to that of the Sample solution.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV absorption spectroscopy
Analytical wavelength: UV 268 nm
Blank: Medium

Analysis
Samples: Sample solutionand Standard solution
Calculate the percentage of the labeled amount of

vinpocetine (C22H26N202) dissolved:

Result= (AulAs) x [Csx (VIL)] x 100

Au =absorbance of vinpocetine from the Sample
solution

As = absorbance of vinpocetine from the Standard
solution

Cs =concentration of USP Vinpocetine RS in the
Standard solution(mg/mL)

V = volume of Medium, 900 mL
L =label claim of vinpocetine (mg/Tablet)

Tolerances: NLT 75% of the labeled amount of
vinpocetine (C22H26N202) is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091) :
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Vinpocetine RS

Vitamin A-see Vitamin A General Monographs

Vitamin A CapsuleS-see Vitamin A Capsules General
Monographs

Vitamin A. Oral Liquid Preparation-see
VitaminA Oral LiquidPreparation General Monographs
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UV325.nm for 11 min, then switch to 280 nm
;6:-inm x 25..:cm; 4;.t-/m packing L1 ' - -

lA sUitable-grade isavailable from-Sigma: Protease from Aspergillus
()ryzae, catalog#P611 O.

Vitamin C Tablets-see Ascorbic AcidTablets General
Monographs

Vitamin A Tablets-see Vitamin A Tablets General
Monographs

Vitamin 86 Tablets-see Pyridoxine Hydrochloride
Tablets General Monographs

Vitamin E-see Vitamin EGeneral Monographs

Vitamin E Preparation-see Vitamin EPreparation
General Monographs

Vitamin E Capsules-see Vitamin ECapsules General
Monographs

Add the following:

Vitamin EPolyethylene Glycol Succinate
-see Vitamin EPolyethylene Glycol Succinate NF
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Tabl~ 2
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[NOTE-The molarresponsesof retinyl acetate and retinyl
palmitate are equivalent.] '. .

Acceptance criteria: 90.00/0-165.0% ofthe labeledamount
of vitamin A, as retinol (C2oH300)

• VITAMIN A, Method 2
[NOTE-Where a vitamin Aester (retinyl acetate.or

retinyl palmitate) is indicated in the following
procedure, use the chemical form present in the
formulation. USP Vitamin A RS is retinyl acetate. Itis
to be used where USP Vitamin ARS isspecified. Use
low-actinic glassware throughout this procedure.] .

container, and triturating to a homogeneous mass.
Transfer a portion of the mass, equivalentto 5 Capsules,
to a container havinga polytef-Iined screwcap.]Add10 mL
ofdimethylsulfoxide and 15 mL of n-hexane, and shakefor
45 min on a wrist-action shakerina water bath maintained
at 60°. [NoTE-Set up the wrist-action shakerto ensure that
the contents of the container are mixedvigorously and
thorouqhly.] Centrifuge at 3000 rpm for 10 min, and
transfer the hexane layerby means of a pipet to a 100-mL
volumetric flask. Add 15 mL of n-hexane to the dimethyl
sulfoxide layer, shakethoroughlyfor 5 min,and transferthe
hexane layerby means of a pipet to the 1OO-mL volumetric
flask. Repeatthis extractionwith three additional 15-mL
portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexane to volume.

Sample solution: Dilute a volumeof the Sample stock
solution with n-hexane to obtain a solutionwith a
concentration of 15 IJg/mL of vitamin Aas retinol
(C2oH300 ).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Flowrate: 1 mL/min
Injection size: 40 IJL

" System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between all-trans-retinyl acetate and
all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the pe~k area of all-trans-retinyl acetate from the

Standard solution and the peak area of all-trans-retinyl
acetate or all-trans-retinyl palmitatefrom the Sample
solution.

Forproducts containing vitamin Aacetate or vitamin A
palmitate,calculatethe percentage ofthe labeledamount
of vitaminA, as retinol (C2oH300), in the portion of
Capsules taken:

Result = (r vir s) x (C siC v) x Fx 100

=peak area of the all-trans-retinyl ester from the
Sample solution

=peakarea of the all-trans-retinyl ester from the
Standard solution

=concentration of retinyl acetate (C22H3202) from
USP Vitamin A RS in the Standard solution
(lJg/mL)

=nominalconcentration of vitamin A, as retinol
(C2oH 300) in the Sample solution (lJg/mL)

=factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol
0.872 '

F

Cu

Oil-Soluble Vitamins Capsules

DEFINITION
.Oil-Soluble Vitamins Capsules contain two or more of the

following oil-soluble vitamins: Vitamin A, Vitamin D as
E~gocalciferol (Vitamin D2) or Cholecalciferol (Vitamin D3),
Vitamin E, Phytonadione (Vitamin K1), and Beta Carotene.
Capsules contain NLT 90.0% and NMT 165.0% of the
labeledamounts of vitamin A(C2oH300) as retinol or estersof
retinol in the form of retinyl acetate (C22H3202) or retinyl
palmitate (C36H6002); vitamin D as cholecalciferol (C27H440)
or ergocalciferol (C28H440); vitamin Eas alpha tocopherol
(C29Hso02), alpha tocopheryl acetate (C31Hs203), or alpha
tocopheryl acid succinate (C33Hs40S); phytonadione
(C31H4602); and beta carotene (C4oHs6).

Oil-Soluble Vitamins Capsules contain no other vitamins or any
minerals. They may contain other labeledadded substances
that are generally recognizedas safe, in amounts that are
unobjectionable.

STRENGTH
[NoTE-In the following assays, where morethan one
assa~ method isgiven for an individual ingredient, the
requ!r,ements may be met by following anyone of the
specifled methods, the method used being stated in the
labeling only if Method 7 is not used.]

• VITAMIN A, Method 1
[NoTE-Where the use of a vitamin Aester (retinyl

acetate or retinyl palmitate) isspecified in the
following proc~dure, use, the .chemi~al form present
In the formulation. USP Vitamin ARS IS retinyl acetate.
It is to be used where USP Vitamin A RS is specified.
Use low-actinic glassware throughout this
procedure.]

Mobile phase: n-Hexane
Standard solution: 15 IJg/mL of retinyl acetate from USP

Vitamin A RS in n-hexane
System suitability stock solution: 15 IJg/mL of retinyl

palmitate in n-hexane
System suitability solution: Mix equal volumesof the

System suitability stock solution and the Standard solution to
obtain concentrations of 7.5 IJg/mL each of retinyl acetate
and retinyl palmitate.

Sample stock solution: Transfer the contents of NLT 20
Capsules to a suitable container, mix, and weigh.Transfer a
porti~n of th~ mixture, equivalentto 5 Capsules, toa
container havinga polytef-Iined screwcap. [NoTE-For hard
gelatin Capsules, remove, as comple~ely as possible, the
contents of NLT 20 Capsules by cutting open the Capsule
shells, transferring the shells and their contents to a suitable
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3 N methanolic sulfuric acid solution: Cautiously add 9 mL
of sulfuric acid to 80 mL of methanol in a 100-mL
volumetric flask. Cool, and dilute with methanol to volume.

Sodium ascorbate-pyrogallol solution: Transfer 109 of
sodium ascorbate and 5 g of pyrogallol toa 100-mL
volumetric flask, and add sufficient water to dissolve. Add
1.7 mL of sulfuric acid, and dilute with water to volume.

Lecithin solution: 5 mg/mL of lecithin in
2,2,4-trimethylpentane

Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 ~g/mL of retinyl acetate from USP

Vitamin A RS in 2,2,4-trimethylpentane
System suitability stock solution: 15 ~g/mL of retinyl

palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the

System suitability stock solutionand the Standardsolutionto
obtain concentrations of 7.5 ~g/mL each of retinyl acetate
and retinyl palmitate.

Sample solution: [NOTE-This preparation issuitable for the
determination of vitamin A, vitamin D, and vitamin E, when
present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary,
carefully open the Capsules, without lossof shell material,
and transfer the contents to a 1OO-mL beaker. Remove any
contents adhering to the empty shells by washing with
severalportions of ether. Discard the washings, and dry the
Capsule shellswith the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a
portion of the Capsule contents, equivalent to 30 IJgof the
labeled amount of cholecalciferol or ergocalciferol (vitamin
D), to a container with a polytef-Iined screw cap. If
vitamin D is not present in the formulation, use a portion,
equivalent to 90 mg of the labeled amount of vitamin E. If
vitamin Eis not present in the formulation, use a portion,
equivalent to 2.5 mg of the labeled amount of vitamin A,
as retinol. Add 0.5 g of sodium bicarbonate, 1:5 mL of
Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane,
and disperse on a vortex mixer. Add 6 mL of Sodium
ascorbate-pyrogallol solution, shake slowly, and allow the
solution to degas. Continue shaking until the.evolution of
gas has ceased, and then shake for an additional 12 min.
Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to
form a suspension, and shakefor 12 min. Add 6 mL of 3 N
methanolicsulfuricacid solution, mix on a vortex mixer to
form a suspension, and shake for 12 min. Add 12.5 mL of
2,2,4-trimethylpentane, mix on a vortex mixer to form a
suspension, and shakefor 10 min. Centrifuge for 10 min to
break up the emulsion and to clarify the supernatant.
[NoTE-The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in
the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to
obtain a concentration close to that of the Standard
solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 25-cm; 5-~m packing L24
Flow rate: 1.5 mL/min
Injection size: 40 ~L

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 8.0 between all-trans-retinyl acetate
and all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%

Dietary Supplements / Vitamins 5347

Analysis
Samples: Standardsolutionand Sample solution
Measure the peak area of all-trans-retinyl acetate from the

Standardsolution and the peak area of all-trans-retinyl
acetate or all-trans-retinyl palmitate from the Sample
solution.

Calculate the percentage of the labeled amount of vitamin
A, as retinol (C2oH300), in the portion of Capsules taken:

Result=(r ulr s) x (C siC u) x Fx 100

r u =peak area of the all-trans-retinyl ester from the
Sample solution

r s = peak area of the all-trans-retinyl ester from the
Standardsolution

C s =concentration of retinyl acetate (C22H3202) from
USP Vitamin A RS in the Standardsolution
(lJg/mL)

Cu =nominal concentration of vitamin A, as retinol
(C2oH300) in the Sample solution(~g/mL)

F =factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

[NOTE-Account for the initial extraction volume of
26.5 mL of 2,2,4-trimethylpentane to calculate the.
nominal concentration. The molar responses of retinyl
acetate and retinyl palmitate are equivalent.]

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin A, as retinol (C2oH300)

• VITAMIN A, Method 3
[NoTE-Where a vitamin A ester (retinyl acetate or

retinyl palmitate) is indicated in the following
procedure, use the chemical form present in the
formulation. USP Vitamin A RS is retinyl acetate. It is
to be used where USP Vitamin A RS is specified. Use

. low-actinic glasswarethroughout this procedure.]
Extraction solvent: n-Hexaneand methylene chloride

(3:1)
Potassium hydroxide solution: 800.mg/mL of potassium

hydroxide in water. [NoTE-Cautiously add the potassium
hydroxide to the water. Mix, and cool.]

Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexaneand isopropyl alcohol (92:8)
Standard stock solution: 30 ~g/mL of retinyl acetate from

USP Vitamin A RS in Diluent. [NOTE-This solution may be
stored in a refrigerator for 1 week.]

Standard solution: Dilute a volume of Standardstock
solutionwith Diluent to obtain a concentration of 1 ~g/mL

of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL
of this solution to a stoppered 125-mL flask, and add 5 mL
of water,S mL of Diluent, and 3 mL of Potassium nvdroude
solution. Insert the stopper tightly, shakefor 15 min over a
water bath maintained at 60 ± 5°, and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction
solvent. Insert the stopper tightly, and shake vigorously for
60 s. Rinse the sidesof the flask with 60 mL of water, and
allow to stand for 10 min until the layersseparate.
Withdraw a portion of the organic layer for injection into
the chromatograph. This Standardsolutioncontains 0.34
~g/mL of retinol.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents to a 1OO-mL beaker.
Remove any contents adhering to the empty shells by
washing with several portions of ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
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Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 1.5 mg of retinyl acetate, to a
stoppered 125-mL flask. Add 5 mL of water, 15 mL of
Diluent, and 3 mL of Potassium hydroxide solution. Insert the
stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5°, and cool to room temperature. Add
7 mL of water and 25.0 mL of Extraction solvent. Insert the
stopper tightly, and shake vigorously for 60 s or longer, if
necessary, for complete extraction. Rinse the sidesof the
flask with 60 mL of water, and allow to stand for 10 min
until the layersseparate. [NOTE-Do not shake, becausean
emulsion may form.] Withdraw a portion of the organic
layer, and dilute quantitatively, and stepwise if necessary,
with Extraction solvent, to obtain a concentration of 0.34
I-/g/mL of retinol.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm x 8-cm; packing L3
Column temperature: 40°
Flow rate: 4 mL/min
Injection size: 50 I-/L

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for 13-cis-retinol
and all-trans-retinol are about 0.92 and 1.0,
respectively.]

Suitability requirements
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areasfor all-trans-retinol and

13-cis-retinol.
Calculate the percentage of the labeled amount of vitamin

A, as retinol (C2oH300), in the portion of Capsules taken:

Result= (r n/r T2) x (C siC v) x Fx 100

r T1 =sum of the areasof the all-trans-retinol and
13-cis-retinol peaksfrom the Sample solution

r T2 = sum of the areasof all-trans-retinol and
13-cis-retinol peaksfrom the Standard solution

Cs =concentration of retinyl acetate (C23H3~02) from
USP Vitamin A RS in the Standard solution
(l-/g/mL)

C u =nominal concentration of vitamin A, as retinol
(C2oH300) in the Sample solution(l-/g/mL)

F = factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin A, as retinol (C2oH300)

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D),
Method 1

[NoTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP Reference Standard. Uselow-actinic
glassware throughout this procedure.]

Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 I-/g/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard

solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor. .

USP 43

Sample solution: Proceedas directed for the Sample stock
solution in Vitamin A, Method 7. Transfer NLT 20 mL of this
solution retained asspecified in the directions for the
Sample solution in Vitamin A, Method 7 to a suitable
container, and evaporate, if necessary, in vacuum at room
temperature to obtain a solution with a concentration of 2
uq/m], of cholecalciferol or ergocalciferol.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 3-l-/m packing L8
Flow rate: 1 mL/min
Injection size: 100 I-/L

System suitability
Samples: Standardsolutionand System suitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor, System suitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standardsolutionand Sample solution

Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C2sH440) in
the portion of Capsules taken:

Result = (r vir s) x (C siC v) x F x 100

r u =peak area of cholecalciferol or ergocalciferol
from the Sample solution

r s =peak area of cholecalciferol or ergocalciferol
from the Standardsolution

C s =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standardsolution
(l-/g/mL)

C u =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (pq/rnl.)

F =correction factor to account for the average
amount of previtamin D present in the Sample
solution, 1.09

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C2sH440 )

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D),
Method 2

[NoTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
usethe chemical form present in theformulation and
the relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

3 N methanolic sulfuric acid solution, Sodium ascorbate
pyrogallol solution, lecithin solution, and Sample
solution: Proceedas directed in VitaminA, Method 2.

Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:
1.25)

Standard solution: 1 I-/g/mL of USP Cholecalciferol RS or
USP Ergocalciferol RS in 2,2,4-trimethylpentane

System suitability solution: Heat a volume of the Standard
solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
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Column: 4.6-mm x 25-cm; 5-l..Im packing l24
Flow rate: 1 ml/min
Injection size: 40 I..Il

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NlT 4.0 between the vitamin 0 form present
and its corresponding precursor, System suitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440 ) or ergocalciferol (C2sH440 ) in the
portion of Capsulestaken:

Result=(r sirv) x (C siCv) x 100

r u =peak area of cholecalciferol or ergocalciferol
from the Sample solution

r 5 =peak area of cholecalciferol or ergocalciferol
from the Standard solution

C 5 =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(l..Ig/ml)

C u =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (l..Ig/mL)

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin 0 as cholecalciferol (C27H440) or ergocalciferol
(C2sH440)

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D),
Method 3

[NoTE-Where vitamin 0 (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
use the chemical form present in the formulation and
the relevant USP Reference Standard. Uselow-actinic
glassware throughout this procedure.]

Diluted acetic acid: Glacial acetic acid solution (1 in 10) in
water

Phenolphthalein solution: 10 mg/ml of phenolphthalein
in alcohol .

Potassium hydroxide solution: Slowly dissolve 14 g of
potassium hydroxide in a mixture of 31 mL of dehydrated
alcohol and 5 mL of water. Preparefresh daily. .

Extraction solvent: Methylene chloride and isopropyl
alcohol (99.8: 0.2)

Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/ml of USP

Cholecalciferol RS or USP Ergocalciferol RS in dehydrated
alcohol. [NoTE-Prepare fresh every 4 weeks. Store in a
freezer.]

Standard solution: [NoTE-Condition the solid-phase
extraction column specified for use in the Standard solution
and the Sample solution by initially washing the column
with 4.0 ml of a mixture of methylene chloride and
isopropyl alcohol (4:1), followed by 5.0 mL of Extraction
solvent. Do not allow the column to dry.]
Dilute a volume of the Standard stock solution with

dehydrated alcohol to obtain a concentration of 5
uq/rn], of USP Cholecalciferol RS or USP Ergocalciferol RS.
Prepare this solution fresh daily. Transfer 2.0 mL of this
solution to a stoppered 125-mL flask. Add 15.0 mL of
water and 15.0 mL of Potassium hydroxide solution, insert
the stopper, and shake for 30 min in a water bath
maintained at 60°. Allow to cool to room temperature,
and transfer the contents of the flask to a 250-ml
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separatory funnel. Add 15.0 mL of water to the flask, insert
the stopper, shakevigorously, and transfer this solution to
the separatory funnel. Rinse the flask with 60 ml of
n-hexane, and transfer the rinsing to the separatory
funnel. Insert the stopper, shakevigorously for 90 s, and
allow to stand for 15 min until the layersseparate. Drain
and discard the aqueous layer. Add 15.0 mL of water to
the hexane layer in the separatory funnel, insert the
stopper, and shake vigorously. Allow to stand for 10 min
until the layers separate, and discard the aqueous layer.
Add 1 drop of Phenolphthalein solution and 15.0 mL of
water to the separatory funnel. Add Diluted acetic acid
dropwise, with shaking, until the washing isneutral. Allow
to stand for 10 min until the layers separate. Drain and
discard the aqueous layer. Filter the hexane layer through
anhydrous sodium sulfate supported by a small pledget of
cotton into a 1OO-ml round-bottom flask. Rinse the funnel
and sodium sulfate with a few mL of n-hexane, and collect
the rinsings in the same flask. Evaporatethe hexane in the
flask on a rotary evaporator at 50° to dryness. Immediately
add 2.0 ml of Extraction solvent to dissolve the residue.
Transfer this solution to a freshly conditioned solid-phase
extraction column containing silica packing with a
sorbent mass-to-column volume ratio of 500 mg to
2.8 mL or equivalent, rinse the round-bottom flask with
1.0 mL of Extraction solvent, and transfer to the column.
Elute the column with 2.0 mL of Extraction solvent, and
discard this fraction. Elute the column with 7.0 ml of
Extraction solvent, and collect the eluate in a suitable flask.
Place the flask in a warm water bath maintained at 42°,
and evaporate the solvent with the aid of a stream of
nitrogen. Immediately add 2.0 mL of acetonitrile to the
residue, and use the solution for injection into the
chromatograph.

Sample solution: Proceed as directed for the Sample
solution in Vitamin A, Method 3, through "calculate the net
weight of the Capsule contents." Transfer a portion of the
Capsule contents, equivalent to 10 I..Ig of ergocalciferol or
cholecalciferol, to a stoppered 125-ml flask, and proceed
as directed for the Standard solution, beginning with"Add
15.0 mL of water and 15.0 ml of Potassium hydroxide
solution" .

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-J.1m packing L1
Column temperature: 2r
Flow rate: 0.7 mL/min
Injection size: 15 I..IL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 4.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areasfor vitamin D.
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C2sH440) in the
portion of Capsulestaken:

Result=(r vir 5) x (C siCu) x 100

r u =peak area of cholecalciferol or ergocalciferol
from the Sample solution

r 5 =peak area of cholecalciferol or ergocalciferol
from the Standard solution
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C s = concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(uq/rnt)

C u = nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440)

• VITAMIN E, Method 1
[NoTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,

USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

System suitability solution: Prepare a 0.65-mg/mL
solution of USP Ergocalciferol RS in methanol. Transfer
1.0 mL of this solution to a 1OO-mL volumetric flask
containing 100 mg of USP Alpha Tocopheryl
Acetate RS.Dissolve in 30 mL of methanol, with the aid of
sonication if necessary,and dilute with methanol to
volume. Store this solution in a refrigerator.

Sample solution: Proceed as directed for the Sample stock
solution in Vitamin A, Method 7. Transfer NLT 20 mL of this
solution retained as specified in the directions for the
Sample solution in Vitamin A, Method 7 to a suitable
container, and evaporate if necessary, in vacuum at room
temperature to dryness. Transfer the contents of the flask
to a suitable volumetric flask with the aid of methanol, and
dilute with methanol to volume, to obtain a concentration
of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate,
or alpha tocopheryl acid succinate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-lJm packing L1
Flow rate: 2 mL/min
Injection size: 100 IJL

System suitability
Samples: Standard solution and System suitability solution

[NoTE-The relative retention times for ergocalciferol
and alpha tocopheryl acetate are about 0.5 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha

tocopheryl acetate, System suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability

solution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha

tocopherol (C29Hso02), alpha tocopheryl acetate
(C31HS20 3) , or alpha tocopheryl acid succinate (C33Hs40S)
in the portion of Capsules taken:

Result=(r vir s) x (C siC u) x 100

r u =peak area of the relevant vitamin Eform from the
Sample solution
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= peak area of the relevant vitamin Eform from the
Standard solution

= concentration of the corresponding USP
ReferenceStandard in the Standard solution (mgl
mL)

=nominal concentration of the corresponding form
of vitamin E in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin Eas alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31HS203), or alpha tocopheryl acid
succinate (C33Hs40S)

• VITAMIN E, Method 2
[NoTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Mobile phase: Mix 240 mL of methanol with 10 mL of water
followed by 0.5 mL of 50% phosphoric acid, and dilute with
acetonitrile to 1000 mL.

System suitability solution: 2 mg/mL each of USP Alpha
Tocopherol RS, USP Alpha Tocopheryl Acetate RS, and USP
Alpha Tocopheryl Acid Succinate RS in methanol

Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

3 N methanolic sulfuric acid solution: Cautiously mix
sulfuric acid and methanol (9 in 100) in a 100-mL
volumetric flask. [NOTE-Dissolve in a portion of methanol,
cool, and then dilute to final volume.]

Sodium ascorbate-pyrogallol solution: Transfer 109 of
sodium ascorbate and 5 g of pyrogallol to a 100-mL
volumetric flask. Add sufficient water to dissolve. Add
1.7 mL of sulfuric acid, and dilute with water to volume.

Lecithin solution: 5 mg/mL of lecithin in
2,2,4-trimethylpentane

Sample solution: Proceed as directed for the Sample
solution in Vitamin A, Method 2, through "calculate the net
weight of the Capsule contents." Transfer a portion of the
Capsule contents, equivalent to 55 mg of vitamin E, to a
container having a polytef-Iined screw cap. Add 0.5 g of
sodium bicarbonate, 1.5 ml of Lecithin solution, and
12.5 ml of 2,2,4-trimethylpentane, and disperse on a
vortex mixer. Add 6 ml of Sodium ascorbate-pyrogallol
solution, shake slowly, and allow the solution to degas.
Continue shaking until the evolution of gas has ceased, and
then shake for an additional 12 min. Add 6 mL of dimethyl
sulfoxide, mix on a vortex mixer to form a suspension, and
shake for 12 min. Add 6 mL of 3 N methanolic sulfuric acid
solution, mix on a vortex mixer to form a suspension, and
shake for 12 min. Add 12.5 ml of 2,2,4-trimethylpentane,
mix on a vortex mixer to form a suspension, and shake for
10 min. Centrifuge for 10 min to break up the emulsion and
to clarify the supernatant layer. Transfer a volume of the
supernatant 2,2,4-trimethylpentane layer to a suitable
volumetric flask, the volume of the specimen withdrawn
from the 2,2,4-trimethylpentane layer and the size of the
volumetric flask being such that the final concentration of
the Sample solution is equivalent to that of the Standard
solution. Evaporate nearly to dryness, add several ml of
methanol, and evaporate the remaining
2,2,4-trimethylpentane. Dilute with methanol to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-lJm packing II

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Flow rate: 1.5 mL/min
Injection size: 25 IJL

System suitability
Samples: Standard solutionand System suitabilitysolution

[NoTE-The relative retention timesfor alpha
tocopheryl acid succinate, alpha tocopherol, and
alpha tocopheryl acetate are about 0.6, 0.8, and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid

succinate and alpha tocopherol and NLT 3.0 between
alpha tocopherol and alpha tocopheryl acetate, System
sUitability solution -

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha

tocopherol (Cz9HsoOz), alpha tocopheryl acetate
(C31HSZ03) , or alpha tocopherylacid succinate (C33Hs40S)
in the portion of Capsules taken:

Result = (r vir s) x (CsiC s) x 100

ru =peak area of the relevantvitamin Eform from the
Sample solution

rs =peak area of the relevant vitamin Eform from the
Standard solution

C s = concentration of the corresponding USP
Reference Standard in the Standard solution(mgl
mL)

Cu = nominalconcentrationofthe correspondingform
of vitamin E in the Sample solution(mg/mL)

[NOTE-Account for the initial extraction volume of
26.5 mL of 2,2,4-trimethylpentaneand the dilution
factor to exchange the solventfrom
2,2/4-trimethylpentane to methanol to calculate the
nominal concentration.]

Acceptance criteria: 90.0%-165.0% ofthe labeledamount
of vitamin Eas alpha tocopherol (Cz9HsoOz), alpha
tocopheryl acetate (C31Hsz03), or alpha tocopheryl acid
succinate (C33Hs40S)

• VITAMIN E, Method 3
[Nora-Where vitaminE(alpha tocopherol, alpha
tocopheryl acetate, or alpha tocopheryl acid
succinate) isspecified in the following procedure, use
the chemical form present inthe formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Diluent: Acetonitrile and ethyl acetate (1 :1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:
46.5: 7.0)

Standard solution: 0.3 mg/mL of USP Alpha TocopherolRS
in methanol

Sample solution: Proceed as directed for the Sample
solution in Vitamin A, Method 3 through "calculatethe net
weight of the Capsulecontents". Transfer a portion of the
Capsulecontents, equivalentto 8.0 mg of alpha
tocopherol, to a glass-stoppered conical flask. Add25.0 ml
of water, 25.0 mL of dehydrated alcohol, and 3.5 g of
potassium hydroxide pellets. Shake for 1 h in a water bath
maintained at 55°; cool, and transferwith the aid of a
minimumvolume of water to a 125-mL separatory funnel.
Rinse the flask with 50 mL of n-hexane, and add the rinsing
to the separatory funnel. Insertthe stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain
the aqueous layerinto a second 250-mL separatory funnel,
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and repeat the extractionwith 50 mL of n-hexane. Discard
the aqueous layerand combine the hexane extracts.Wash
the combined extractswith 25 mL ofwater, allow the layers
to separate, and discard the aqueous layer. Add 3 drops of
glacial acetic acid, and' repeat the washing procedure two
more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom
flask. Rinse the funnel and sodium sulfatewith a few mL of
n-hexane, and add the rinsing to the hexane solutioninthe
flask. Place the flask in a water bath maintained at 50°, and
evaporate the hexane solution with the aid of a rotary
evaporator to dryness. Immediately add 25.0 mL of Diluent,
and swirl to dissolve the residue.

Chromatographic system
(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 25-cm; packing II
Column temperature: 40°
Flowrate: 3 mL/min
Injection size: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements.

Relativestandard deviation: NMT 5.0%
Analysis
'Samples: Standard solutionand Sample solution
Calculate the percentage ofthe labeled amount ofvitamin E

as alpha tocopherol (Cz9HsoOz) in the portion of Capsules
taken:

Result = (r vir s) x (C siCv) x 100

r v = peak area of alpha tocopherol from the Sample
solution

r s =peak area of alpha tocopherol from the Standard
solution

Cs = concentrationofalpha tocopherol inthe Standard
solution(mg/mL)

Cu = nominal concentration of alpha tocopherol the
Sample solution(mg/mL)

[NoTE-Calculate the content of alpha tocopheryl
acetate (C31HSZ03) or alpha tocopheryl acid succinate
(C33Hs40S) by dividing the content, in mg/Capsule of
vitamin Eas alpha tocopherol (Cz9HsoOz), by the factor
0.91 or 0.81, respectively.]

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin Eas alpha tocopherol (Cz9HsoOz), alpha
tocopheryl acetate (C31HSZ03) or alpha tocopheryl
succinate (C33Hs40S)

• PHYTONADIONE
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 IJg/mL of USP

Phytonadione RS in methanol. Dissolve with the aid of
sonication ifnecessary.

Standard solution: 20 IJg/mL of USP Phytonadione RS
from the Standard stock solutiondiluted with methanol

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 IJg/mLof USP
Phytonadione RS from the Standard stocksolutiondiluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
AcetateRS ina portionof methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Sample solution: Proceed as directed for the Sample stock
solution in Vitamin A, Method 1.Transfer NLT 20 mL of this
solution retained as specified in the directionsfor the
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Sample solution in Vitamin A, Method 7 to a suitable
container, and evaporate, if necessary, in vacuum at room
temperature to dryness. Transfer the contents of the flask
to a suitable volumetric flask with the aid of methanol, and
dilute with methanol to volumeto obtain a concentration
of 20 IJg/mL of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-lJm packing L1
Flowrate: 2 mL/min
Injection size: 100 IJL

System suitability
Samples: Standard solution and System suitabilitysolution

[NoTE-The relative retention times for alpha
tocopheryl acetate and phytonadione are about
0.68 and 1.0, respectively.]

Suitability requirements
Resolution: NLT5 between alphatocopherylacetate and

phytonadione, System suitabilitysolution
Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution
Measurethe peak areas.
Calculate the percentage of the labeled amount of

phytonadione (C31H4602) in the portion of Capsules
taken:

Result =(r vir s) x (C siC v) x 100

r u =peak area of phytonadione from the Sample
solution

r s =peak area of phytonadione from the Standard
solution

C s =concentration of USP Phytonadione RS in the
Standardsolution (lJg/mL)

Cu =nominal concentration of phytonadione in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-165.0% ofthe labeledamount
of phytonadione (C31H460 2)

• BETA CAROTENE
[NOTE-Use low-actinic glassware throughout this

procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of

potassium hydroxide in 50 ml of water.
Iodine solution: Transfer 10 mg of iodine to a 100-ml
volumetric flask. Dissolve in cyclohexane, and dilute with
cyclohexaneto volume. Dilute 10 mL of this solutionwith
cyclohexaneto 100 mL. [NoTE-Prepare this solutionfresh
daily.]

Sample solution A (for preparations containing beta
carotene in oilsolutions): Proceedas directed in Vitamin A,
Method 7, except use cyclohexane'insteadof n-hexane as
the extraction solvent, and dilute the filtered extracts with
cyclohexaneto obtain a concentration of 2 IJg/mL of beta
carotene.

Sample solution B(for preparations containing beta
carotene in dry powder): Remove the contents of NlT 20
Capsules by cutting open the Capsules. Mix, and determine
the weight of the contents. Transfer a quantity of the
Capsulecontents, equivalentto 2 mg of beta carotene, to a
5QO-mL saponification flask. Add 100 mL of alcohol, 6 mL
of Potassium hydroxide solution, and a magnetic stirring" bar.
Attach an air condenser to the flask, and heat under reflux
for 45 min with constant stirring. Coolto room"
temperature. Add 170 ml of solvent hexane, and stirfor
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30 min. Quantitatively transferthe contents of the flask to a
500-mLseparatoryfunnel with portionsof solventhexane.
Allow the layers to separate for 5-10 min, and transfer the
upper organic layerto a 500-mL volumetric flask. Transfer
the loweraqueous layerinto the saponification flask. Add
170 ml ofsolventhexane, and stirforan additional 20 min.
Quantitatively transfer the contents of the saponification
flask to the separatoryfunnel with the aid of portions of
solvent hexane. Allow the layers to separate for 10 min.
Drain the loweraqueous layer, and discard. Transfer the
organic layerto the volumetric flask containing the
previously collectedorganic layer. Rinse the separatory
funnel with small portionsof solventhexane, and transfer
the washingsto the volumetric flask. Dilute the hexane
extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle.
Quantitatively transfera volumeof thissolution, equivalent
to 100 IJg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and
immediately add cyclohexane. Add 2 mL of Iodine solution,
and heat for 15 min ina water bath maintained at 65°. Cool
rapidly, and dilutewith cycJohexane to volume.

Spectrometric conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analyticalwavelength: 452 nm "
Blank: Cyclohexane

Analysis
Sample: Sample solution A or Sample solution B
Determinethe absorbance against the Blank.
Calculate the percentage of the labeled amount of beta

carotene (C4oHs6) in the portion of Capsules taken:

Result = (A vi F) x (1001c v)

A u = absorbance of Sample solution A or Sample
solution B

F = absorptivity of beta carotene at 452 nm, 223
Cu =nominalconcentrationof beta carotene inSample

solution A or Sample solution 8 (mg/mL)

Acceptance criteria: 90.0%-165.0% ofthe labeled amount
of beta carotene (C4oHs6)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):

Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3000 cfu/g, and the total
combined molds and yeasts count does not exceed
300 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirementsof the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
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• LABELING:1 Label the Capsules to state that the product is
Oil-Soluble Vitamins Capsules.The label also states the
quantity of each vitamin/dosage unit and, where necessary,
the chemical form in which it is present. Where the product
contains vitamin E, the label also indicates whether it is the
d- or dl- form. Where more than one assay method is given
for a particular vitamin, the labeling statesthe assay method
used only if Method 7 is not used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Vitamin A RS

Oil-Soluble Vitamins Oral Solution

DEFINITION
Oil-Soluble Vitamins Oral Solution contains two or more of the

following oil-soluble vitamins: Vitamin A, as retinol or esters
of retinol in the form of retinyl acetate or retinyl palmitate:
Vitamin D, as ergocalciferol (Vitamin Dz) or cholecalciferol
(Vitamin D3)i Vitamin E, as alpha tocopherol, alpha
tocopheryl acetate, or alpha tocopheryl acid succinate:
Phytonadione (Vitamin K,)i and beta carotene. It contains
NLT 90.0% and NMT 150.0% of the labeled amounts of
vitamin A, as retinol equivalent (CZOH 300)i vitamin D, as
cholecalciferol (Cz7H440 ) or ergocalciferol (Cz8H440)i vitamin
E, as alpha tocopherol (Cz9HsoOz), alpha tocopheryl acetate
(C3,Hsz03) , or alpha tocopheryl acid succinate (C33Hs40 S)i

phytonadione (C3, H460Z)i and beta carotene (C4oHs6) '

STRENGTH
• VITAMIN A

[NoTE-Use low-actinic glassware throughout this
procedure.]

Mobile phase: n-Hexane
Standard solution 1: 13 IJg/mL of retinol from USP.Retinyl

Acetate RS in n-hexane
Standard solution 2: 13 IJg/mL of retinol from USP Retinyl

Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard

solution 7 and Standardsolution2.
Sample solution: Equivalent to 13 IJg/mL of retinol from an

accurately measured volume of Oral Solution in n-hexane

1 USP Unitsof activityfor vitamins, where such exist or formerlyexisted,
are equivalent to the corresponding international units, where such
formerly existed. The USP Unit for Vitamin Ehas been discontinued.
International units (IU) for vitamins also have been discontinued; however,
the use of IUon the labels of vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Unitsor IU to mass isas follows. One USP VitaminA
Unit=0.3 J.lg of all-trans-retinol (vitamin A alcohol) or 0.344 J.lg of all
trans-retinyl acetate (vitamin A acetate) or 0.55 J.lg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 J.lg of retinol (3.3 USP VitaminA
Units)=1 retinol equivalent (RE); 1 IU of beta carotene =0.6 J.lg of all
trans-beta carotene; 1 USP Vitamin D Unit=0.025 J.lg of ergocalciferolor
cholecalciferol; and 1 mg of dl-alphatocopherol =1.1 former USP VitaminE
Units, 1 mg of dl-alpha tocopheryl acetate =1 former USP VitaminEUnit,
1 mg of dl-alpha tocopheryl acid succinate =0.89 former USP Vitamin E
Unit, 1 mg of d-alpha tocopherol =1.49 former USP Vitamin EUnits, and
1 mg of d-alpha tocopheryl acetate =1.36 former USP Vitamin EUnits,
1 mg of d-alpha tocopheryl acid succinate =1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha
tocopheryl acetate =0.91, 1 mg of d-alpha tocopheryl acid succinate =
0.81, 1 mg of dl-alpha tocopherol =0.74, 1 mg of dl-alpha tocopheryl
acetate =0.67, and 1 mg of dl-alpha tocopheryl acid succinate =0.60.
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Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between all-trans-retinyl acetate and
all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution 7 or Standardsolution2 and
Sample solution

Calculate the percentage of the labeled amount of vitamin
A, as retinol (CZOH 300 ), in the portion of Oral Solution
taken:

Result= (ru/rs) x (Cs/Cu) x 100

ru =peak area of the all-trans-retinyl ester from the
Sample solution

ts =peak area of the all-trans-retinyl ester from the
appropriate Standardsolution

Cs =concentration of retinol in the appropriate
Standardsolution (pq/rnl)

Cu =nominal concentration of vitamin A, as retinol,
in the Sample solution (lJg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of vitamin A as retinol equivalent (CZOH 300 )

• VITAMIN D
[NOTE-Where vitamin D (cholecalciferol or

ergocalciferol) isspecified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP ReferenceStandard. Use low-actinic
glassware throughout this procedure.]

Mobile phase: n-Hexaneand isopropyl alcohol (99:1)
Standard solution: 2 IJg/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard

solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Sample stock solution: Equivalent to 20 IJg/mL of
cholecalciferol or ergocalciferol from an accurately
measured volume of Oral Solution in n-hexane

Sample solution: Transfer 5.0 mL of the Sample stock
solution to a container having a polytef-Iined screw cap and
heat, with constant shaking, for 1 h in a water bath
maintained at 60° to obtain a solution containing vitamin D
(cholecalciferol or ergocalciferol) and its corresponding
precursor. Cool, and dilute with n-hexane to obtain a
solution containing 2 IJg/mL of cholecalciferol or
ergocalciferol.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8 .
Flow rate: 1 mL/min
Injection volume: 100 IJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor
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Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution .
Measure the peak areas for vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(Cz7H440) or ergocalciferol (CZSH 440) in the portion of Oral
Solution taken:

Result =(ru/rs) x (CslCu) x Fx 100

ru =peak area of cholecalciferol or ergocalciferol
from the Sample solution

rs =peak area of cholecalciferol or ergocalciferol
from the Standard solution

Cs =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution'
(~g/mL)

Cu = nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (~g/mL)

F =correction factor to account for the average
amount of pre-vitamin D present in the Sample
solution, 1.09

Acceptance criteria: 90.0%-150.0% of the labeled amount
of vitamin D as cholecalciferol (Cz7H440) or ergocalciferol
(CZSH 440)

• VITAMIN E
[NOTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic .
glassware throughout this procedure.]

Solution A: Phosphoric acid solution in water (1 in 100)
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,

USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

Sample solution: Equivalent to 2.0 mg/mL of alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate from an accurately measured volume of Oral
Solution in methanol

Chromatographic system .
(See Chromatography (621), System Sultabillty.)
Mode: LC
Detector: UV 291 nm
Column:' 4.6-mm x 15-cm; 5-~m packing L1
Flow rate: 1 mL/min
Injection volume: 50 ~L

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha

tocopherol (Cz9HsoOz), alpha tocopheryl acetate
(C31HSZ03) , or alpha tocopheryl acid succinate (C33Hs40S)
in the portion of Oral Solution taken:

Result =(ru/rs) x (Cs/Cu) x 100

ru =peak area of the relevant vitamin Eform from the
Sample solution

rs = peak area of the relevant vitamin Eform from the
Standard solution .

USP 43

Cs = concentration of the corresponding USP
ReferenceStandard in the Standard solution (mg/
mL)

Cu = nominal concentration of the corresponding form
of vitamin E in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of vitamin E

• PHYTONADIONE (VITAMIN K1)

[NOTE-Use low-actinic glassware throughout this
procedure.]

Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 ~g/mL of USP

Phytonadione RS in methanol. Dissolve with the aid of
sonication if necessary.

Standard solution: 20 ~g/mL of USP Phytonadione RS
from the Standard stock solution diluted with methanol

System suitability solutlon: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 ~g/mL of USP
Phytonadione RS from the Standard stock solution diluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl .
Acetate RSin a portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Sample solution: Equivalent to 20 ~g/mL of phytonadione
from an accurately measured volume of Oral Solution in
methanol

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-~m packing L1
Flow rate: 1 mL/min
Injection volume: 50 ~L

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 5 between alpha tocopheryl acetate and
phytonadione, System suitability solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

phytonadione (C31H460Z) in the portion of Oral Solution
taken:

t» = peak area from the Sample solution
rs =peak area from the Standard solution
Cs =concentration of USP Phytonadione RS in the

Standard solution (~g/mL)

Cu = nominal concentration of phytonadione in the
Sample solution (uq/rnl.)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of phytonadione (C31H460Z)

• BETA CAROTENE
[NOTE-Use low-actinic glassware.]

Mobile phase: Transfer 50 mg of butylated hydroxytoluene
into a 1-L volumetric flask, and dissolve with 20 mL of
2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL
of 0.2% ammonium acetate solution, 455 mL of
acetonitrile, and about 450 mL of methanol. Allow the
solution to reach room temperature,and dilute with
methanol to volume.

Diluent: 50 ~g/mL of butylated hydroxytoluene in alcohol
System SUitability solution: Transfer 20 mgof USP Beta

Carotene System Suitability RS to a 50-mL volumetric flask.
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Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate
for 5 min. Dilute with Diluent to volume and sonicatefor
5 min. Cool to room temperature, pass the suspension
through a membrane filterof 0.45-~m pore size, and use
the clear filtrate.

Standard stock solution: 60 ~g/mL of USP Beta
Carotene RS in tetrahydrofuran

Standard solution A: Transfer 5.0 mL of the Standard stock
solution into a 1OO-mL volumetricflask, add 5.0 mL of
tetrahydrofuran, and dilute with Diluent to volume.
Determinethe concentration of Standard solution A from

the concentration of Standard solution Bas described
below.

Standard solution B: Transfer 5.0 mL of the Standard stock
solution into a 1OO-mL volumetric flask, and dilutewith
cyclohexane to volume. Prepare in triplicate.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane

Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL)

as all-trans-beta carotene (C4oHs6) in Standard solution B.
[NOTE-The concentration of Standard solution Bequals
the concentration of Standard solution A.]

Result =A/F

= average absorbance of the three preparationsof
Standard solution B

= absorptivity of pure all-trans-beta carotene in
cyclohexane, 250

Sample stock solution: Transfer an accuratelymeasured
volume of Oral Solution equivalent to 20 mg of beta
carotene to a 250-mL volumetricflask. Add 250 mg of
butylated hydroxytoluene, 120 mL of methylenechloride,
and 100 mL of alcohol. Shakethe flask until the sample is
completelydissolved or suspended. Letthe mixturestand
in the dark until it reaches room temperature (about 2 h).
Add methylene chloride to volume, and shake again
vigorously. .

Sample solution: Dilute a volume of the Sample stock
solution with a mixtureof methylene chlorideand Diluent
(1:1) to obtain the final concentration of beta carotene of
3 ~g/mL. Pass through a membrane filterof 0.45-~m
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm x 25-cm; 5-~m packing L68
Column temperature: 30°
Flowrate: 0.6 mL/min
Injection volume: 20 ~L

System suitability
Samples: System suitability solution and Standard solution A

[NOTE-The approximate relative retention timesof the
components inthe System suitability solution are listed
in Table 7.]

Table 1
Relative Relative

Retention Response
Name Time Factor

AII-trans-alpha carotene 0.9:3 1.1

Dietary Supplements / Vitamins 5355

Table 1 (continued)

Relative Relative
Retention Response

Name Time Factor

AII-trans-beta carotene 1.00 1

9-cis-Beta carotene 1.07 1

13-cis-Beta carotene 1.17 1.2

15-cis-Beta carotene 1.21 1.4

Suitability requirements
Chromatogram similarity: The chromatogram from the

System suitability solution issimilar to the reference
chromatogram 'provided with the lot of USP Beta
Carotene System Suitability RS being used.

Resolution: NLT 1.5 between beta carotene and alpha
carotene and between beta carotene and 9-cis-beta
carotene, System suitability solution

Tailing factor: NMT 2.0 for the beta carotene peak,
Standard solution A

Relative standard deviation: NMT 2.0% for the beta
carotene peakfrom replicate injections, Standard
solution A

Analysis
Samples: Standard solution A and Sample solution
'Calculate the percentage of all-trans-beta carotene in the

portion of Oral Solution taken:

Result = (ru/rs) x (Cs/Cu) x 100

ru = peak area of all-trans-beta carotene from the
Sample solution

rs =peak area of all-trans-beta carotene from
Standard solution A

Cs = concentration of all-trans-beta carotene in
Standard solution A as determined by the
spectrometric procedure

Cu = nominal concentration of beta carotene in the
Sample solution

Acceptance criteria: 90.00/0-150.0% ofthe labeledamount
of beta carotene (C4oHs6)

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611) (if present):

90.00/0-120.0% of the labeledamount of C2HsOH

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/mL, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/rnt,

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meetsthe
requirementsof the tests for absence of Salmonella species,
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, under an inert gas or with a minimum of
headspace.
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• LABELING:1 The label states that the product is Oil-Soluble
Vitamins OralSolution. The labelstates the quantity of each
vitamin present in a given volume of Oral Solutionand,
where necessary, the chemicalform in which a vitamin is
present. Where the product contains vitamin E, the label
indicates whether it is the d- or dl- form.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP AlphaTocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Beta Carotene RS
USP Beta Carotene System Suitability RS
USP Cholecalciferol RS
USP Ergocalciferol RS
usr Phytonadione RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS

IDENTIFICATION

STRENGTH
[NoTE-In the following assays, where more than one assay

method is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, with the method used being stated in
the labeling only ifMethod 7 is not used.]

DEFINITION

• VITAMIN A, Method 1
-';Pt2~:············· di

'~~~.<. .fI~qfl.
~JJ..bJRgi .. tQC~i~

Sample stock solution: Finely powder NLT 20 Tab ets.
Transfer a portion of the powder.equivalent to 5 Tablets,
to a container havinga polytef-Iined screw-cap.Add 10 mL
of dimethyl sulfoxide and 15 mL of n-hexane, and shakefor
45 min on a wrist-action shaker in a water bath maintained
at 60°. [NoTE-Setup the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and
thorouqhly.] Centrifuge at 3000 rpm for 10 min, and
transfer the hexane layer by means of a pipet to a 100-mL
volumetric flask. Add 15 mLof n-hexane to the dimethyl
sulfoxide layer, shake thoroughly for5 min, and transferthe,
hexane layerby means of a pipet to the 1OO-mL volumetric
flask. Repeat this extraction with 3 additional 15-mL
portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexaneto volume.

Sample solution: Dilute a 1O-mL volume of the Sample stock
solutionwith n-hexane to obtain a solution with a
concentration of 15 IJg/mL of vitaminAas retinol
(CZOH 300).

~\i*{I.J1-~~~iB~~Y~~~~~j
Acceptance criteria: 90.00/0-165.0% of the labeled amount

of vitamin A, as retinol (CZOH 300 )

Oil-Soluble Vitamins Tabletscontain. 2?rmo!eof the following
oil-soluble vitamins:Vitamin A,1'af!,e~iJ1yracetat~or:refjny(
palmitate;. (USP1.MaY-2020) Vitamin D as Ergocalciferol
(vitamin Dz) or Cholecalciferol (vitamin D3) , Vitamin E
RRR~

all-ra ':"
all-rac-al
Phytonadione (vitamin K1) , and Beta Carotene. Tablets
contain NLT 90.0%
amount of vitaminA
vitamin D as cholecatdterol
(CZSH440 ), vitamin 2R~a·lf)fi,l=tc;~~opJl;~rgtiJ~~~·1=M~;'~~7~)
(Cz9HsoOz), nh,~,tt'1,n;lrlirlnA

(C4oHs6) '

Oil-Soluble Vitamins Tablets contain no other vitaminsor any
minerals. Theymaycontain other labeledadded substances
that are generally recognized as safe, in amounts that are
unobjectionable.

Oil-Soluble Vitamins Tablets

Acceptance criteria: -90.0%-165.0% of the labeledamount
of vitamin A, as retinol (CZOH 300 )

Acceptance criteria: 90.0%-165.0%
of vitamin A, as retinol (CZOH 300 )

.Y'ITAMIN A, Method 2
,~,p

• VITAMIN A, Method 3
~;R

• VITAMIN 0 (CHOLECALCIFEROL OR ERGOCALCIFEROL),
Method 1

~I?

1 USP Unitsof activityfor vitamins, where such exist or formerly existed,
are equivalent to the corresponding international units, where such
formerly existed. The USP Unitfor Vitamin Ehas been discontinued.
International units (IU) for vitaminsalso have been discontinued; however,
the use of IU on the labels of vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Unitsor IU to mass isas follows. One USP Vitamin A
Unit=0.3 I-Ig of all-trans-retinol(vitamin Aalcohol) or 0.344 I-Ig of all
trans-retinyl acetate (vitamin A acetate) or 0.55 I-Ig of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 I-Ig of retinol (3.3 USP VitaminA
Units)=1 retinol equivalent (RE); 1 IU of beta carotene =0.6 IJgof all
trans-beta carotene; 1 USP VitaminD Unit=0.025 I-:Ig of ergocalciferolor
cholecalciferol; and 1 mg of dl-alphatocopherol =1.1 former USP VitaminE
Units,1 mg of dl-alpha tocopheryl acetate =1 former USP Vitamin EUnit,
1 mg of dl-alpha tocopheryl acid succinate =0.89 former USP Vitamin E
Unit, 1,mg of d-alpha tocopherol =1.49 former USP VitaminEUnits,1 mg
of d-alpha tocopheryl acetate =1.36 former USP Vitamin EUnits,and 1 mg
of d-alpha tocopheryl acid succinate =1.21 former USP VitaminEUnits. In
terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl
acetate =0.91, 1 mg of d-alpha tocopheryl acid succinate =0.81, 1 mg of
dl-alpha tocopherol =0.74, 1 mg of dl-alpha tocopheryl acetate =0.67,
and 1 mg of dl-alpha tocopheryl acid succinate =0.60.
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I',

Result :='{rJlrs)x:(C.sIC~) x Fx1 0.0
evant vitamin Eform from' the
levantvitamin 'I: form fronitne

Measurethe peak areas.
Calculate the percentage of the labeled amount of

alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31HS203), or alpha-tocopheryl acidsuccinate (C33Hs40S)
!~:cts'2J,?-alpn~~tcicopherol (~29H500;)~(USP1~Ma}'-2020) in the
portion of Tablets taken:

Result =(rulrs) x' (CsICu) X~F~(lJs~i-fVlay-i02b) x 100

t» =peak area of the relevantvitamin Eform from the
Sample solution

rs = peak area of the relevantvitamin Eform from the
Standard solution

Cs = concentration of

r
's A

solution (mg/mL) -
Cu =nominalconcentration ofthe correspondingform

of vitamin E
2 IA~s~~Ma~~2~intheSampk
solution (m

Acceptance criteria: 90.0%-165.0% of the labeledamount
of alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31Hs203), or alpha-tocopheryl acid succinate (C33Hs40S)
as ,~2R:,~lp~_a~tocppfterofi«us~ J~M~Y-?020)

• VITAMIN E, Method 2=peak area of cholecalciferol or ergocalciferol
from the Sample solution

=peak area of cholecalciferol or ergocalciferol
from the Standardsolution .

=concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(~g/mL)

=nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution(~g/mL)

Acceptance criteria: 90.0%-165.0% ofthe labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440 )

Sample solution: Prepareas directed for the Sample stock
solution in VitaminA, Method 1. Transfer NLT 20 mL of this
solutionto a suitablecontainer, and, ifnecessary, evaporate
under vacuum at room temperature to dryness. Transfer
the residue to a suitablevolumetric flask with the aid of
methanol, and dilute with methanol to volume to obtain a
concentration of 2 mg/mL of alpha-tocopherol,
alpha-tocopherylacetate, or alpha-tocopheryl acid
succinate.

[~~~r61rt]f~~~2br~)
Analysis

Samples: Standardsolutionand Sample solution

Sample solution: Prepareas directed for the Sample stock
solution in Vitamin A, Method 1. Transfer NLT 20 mL of this
solutionto a suitablecontainer, and, ifnecessary, evaporate
under vacuum at room temperature to obtain a
concentration of 2 ~g/mL of cholecalciferol or
ergocalciferol.

,,::-V'::,i ....
k'j, (USRHvlay-2020)
Acceptance criteria: 90.0%-165.0% ofthe labeledamount

of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440)

• VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL),
Method 2

;4Proc~eaasHirect~ .
. ;(J[hromatographic
Acceptance criteria: 90.0%-165.0% ofthe labeledamount

of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440)

• VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL),
Method 3

4Pro:Ceecfas'<:t
- i~h[0f!1(]t()

fttnaly~is~ 2020)

Analysis
Samples: Standardsolutionand Sample solution
Measurethe peak areas of vitamin D.
Calculatethe percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C28H440) in the
portion of Tablets taken:

Result =(ru/rs) x (CsICu) x 100.

• VITAMIN E, Method 1
'4:
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Acceptance criteria: 90.0%-165.0% of the labeled amount
of alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31Hs203), or alp~a-tocop~e.rylacid succinate (C33Hs40S)
as A2R::alpha-to_c9pberotl._(USP1~Miy~29.20)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of alpha-tocopherol (C29H5002), alpha-tocopheryl acetate

(C311-i?~~3~'<~~c~lse~'~:i~~';~~i~J:i~I!~~~~7~i~ccinate (C33H540S)
as i>gl1::,~!PD,~::~g~,g~,D~,~gl~;;(!,I~J~Zl5:M~~t~Q49~

• PHYTONADIONE, Method 1 .
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Methanol and water (19: 1)
Standard stock solution: 200 IJg/mL of USP

Phytonadione RS in methanol. Dissolvewith the aid of
sonication if necessary.

Standard solution: 20 IJg/mL of USP Phytonadione RS from
Standard stock solution diluted with methanol

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 IJg/mL of USP
Phytonadione RS from Standard stock solution diluted with
methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS in a portion of methanol, add the Standard stock
solution, and then dilute with methanol to volurne.]

Sample solution: Prepare asdirected for the Sample stock
solution in Vitamin A, Method 1. Transfer NLT 20 mL of this
solution to a suitable container, and evaporate under
vacuum at room temperature to dryness. Transfer the
residue with the aid of methanol to a suitable volumetric
flask, and dilute with methanol to volume to obtain a
contentration of 20 IJg/mL of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm

rs

Column: 8-mm x 10-cm; 5-lJm packing L1
Flow rate: 2 mL/min
Injection volume: 100 IJL

System suitability
Samples: Standard solution and System suitability solution

[NOTE-The relative retention times for
alpha-tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.)

Suitability requirements
Resolution: NLT 5 between alpha-tocopheryl acetate

and phytonadione, System suitability solution
Relative standard deviation: NMT 3.0% Standard

solution '
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of

phytonadione (C31H4602) in the portion of Tablets taken:

Result=(ru/rs) x (CslCu) x 100

= peak area of phytonadione from the Sample
solution .

= peak area of phytonadione from the Standard
solution

=concentration of USP Phytonadione RS in the
Standard solution (lJg/mL)

= nominal concentration of phytonadione in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of phytonadione (C31H4602)

• PHYTONADIONE, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.)
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of
~ethylen7 chloride, 0.1 mL of glacial acetic acid, 1.36 g of
zinc chloride, and 0.41 g of sodium acetate.

Internal standard solution: 5 IJg/mL of menaquinone 4
(vitamin K2) in Solvent. [NOTE-A concentrated stock
solution of menaquinone 4 (100 IJg/mL) can be stored for
2 months in a refrigerator.)

Standard stock solution: 5 IJg/mL of USP
PhytC?nadi?ne RS, prepare~ b~ dissolving in methylene
chloride with the aid of sonicatlon, and diluting with Solvent
to final volume

Standard solution: Transfer 1.0 mL of the Standard stock
solution and 1.0 mL of the Internal standard solution to a
sUitableflask.and dilute with Solv~ntto5 mL. Pass through a
membrane filter of 0.45-lJm or finer pore size.

Sample solution: Finely powder NLT 20 Tablets. To a
centrifuge tube, fitted with a cap, transfer an amount of
powder, not exceeding 800 mg and equivalent to an .
amount of phytonadione not exceeding 50 IJg.Add 4 mL
of "Yater. Insert t~e ~topper, and mix using a vortex mixer
until the sample IS dispersed. Place the tube in a water bath
at 60° for 5 min. Remove from the bath, and again shake
?r ~ix using a vortex mixer for 1 min while the preparation
IS stili hot. Add 8 mL of alcohol, and swirl the contents to
mix. Placethe tube in a water bath at 60° for 5 min. Remove
from th~ bat~, and again sha,ke ~r mix using a vortex mixer
for 2 min while the preparation IS still hot. Cool to room
temperature. Add a volume of Internal standard solution
equivalent to 1.0 mL per each 5 IJgof the expected amo~nt
of phytonadione in the aliquot taken. Add 20.0 ml of
petroleum ether, and cap the tube tightly. Shake or mix
using a vortex mixer for 15 min to thoroughly mix the
contents. Centrifuge to separate the 2 layers.Transfer a

rv

F

rs
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volume of the top layer of petroleum ether, equivalent to
5-50 IJg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35°-45°,
and evaporate the solvent under a stream of nitrogen until
an oily residue is left. Dissolve the residue in a volume of
Solvent to obtain a concentration of 1 IJg/mL of
phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorometric

Excitation wavelength: 320 nm
Emission wavelength: 420 nm

Column: 4.6-mm x 25-cm; 5-lJm, end-capped packing L1,
and a postcolumn reactor constituted with a 4.6-mm x
3-cm PEEK column tightly packed with zinc powder.
[NOTE-Prepare the postcolumn reactor daily, or as
necessary, to meet the System suitability requirements.]

Flow rate: 1 mL/min
Injection volume: 25 IJL

System suitability
Sample: Standard solution

[NOTE-The relative retention times for the internal
standard and phytonadione are 1.0 and 1A,
respectively.]

Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the

phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

phytonadione (C31H460Z) in the portion of Tablets taken:

Result = (Ru/ Rs) x (CsfCu) x 100

= peak response ratio of phytonadione to that of
the internal standard from the Sample solution

= peak response ratio of phytonadione to that of
the internal standard from the Standard solution

= concentration of USP Phytonadione RS in the
Standard solution (lJg/mL) ,

= nominal concentration of phytonadione in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-165.0% of labeled amount of
phytonadione (C31H460Z)
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Table"

Tirii~ ~olutionA Solutiori B
OIl!") (%) (%)

~ 100 a
r~ a 100

1.l 0 100

2~ 100 0

gO 100 0

es of Vitamin A
solution,

ione
ICflask and
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c,u

Calculatethe percentage ofth
p, as.cholt~cakiferol( .
and phytonadione (C
ta~en:' .

Result =.(rY7.!s) x~(Cs(f~) xlO~

Result = (AulF) x (100/eu)

== p~ak;:lrea ··ofthe'relat~a::vit~rriln:t(ofT.i.tffle~d~RJ~
solution

=pE:!a~ area·oft~erelateavTtal1'lir(f"orn~oe~~t~~~g~q
solution

='concentration" Qf..elateq5/itar:nn:Kih-7tFie·(~t(;ifi(;{(ii((jso/uti '.' _.. ..

=nomi:re]~teCl;vr~ar:nlj1Ji1:Wll.~
SClmp ...

f\~ceptaJ1cecriteria:·~([()%... -elect.amount
of. eachindividuarvitarnin... (u~

• BETA CAROTENE
[NOTE-Use low-actinic qlassware throughout this

procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of

potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane.

[NoTE-Prepare this solutionfresh daily]
. Sample solution: Weigh NLT 20 Tablets. Grind the Tablets

to a fine powder, and transfer a quantity of the powder,
equivalent to 2 mg of beta carotene, to a 500-mL
saponification flask. Add 100 mL of alcohol, 6 mL of
Potassium hydroxide solution, and a magnetic stirring bar.
Attach an air condenser to the flask, and heat under reflux
for 45 min with constant stirring. Cool to room
temperature, add 170 mL of solventhexane, and stir for
30 min. Quantitatively transferthe contents of the flask to a
500-mLseparatoryfunnel with portionsof solventhexane.
Allow the layers to separate for 5-10 min, and transferthe
upper organic layerto a 500-mL volumetric flask. Transfer
the lower aqueous layerinto the saponification flask, add
170 mL ofsolventhexane, and stirforan additional20 min.
Quantitatively transfer the contents of the saponification
flask to the separatoryfunnel with the aid of portionsof
solvent hexane. Allow the layers to separate for 10 min.
Drain the loweraqueous layer, and discard.Transfer the
organic layerto the volumetric flask containing the
previously collectedorganic layer. Rinse the separatory
funnel with small portions of solventhexane, and transfer
the washingsto the volumetric flask. Dilute the hexane
extracts with solventhexane to volume, add 3 g of
anhydrous sodium sulfate, shake, and allowtosettle.
Quantitatively transfera volumeof this solution, equivalent
to 100 I-Ig of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and
immediately add cyclohexane. Add2 mL of Iodine solution,
and heat for 15 minina water bath maintainedat 65°.Cool
rapidly, and dilute with cyclohexane to volume.

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Determinethe absorbance against the Blank.
Calculate the percentage of the labeledamount of beta

carotene (C4oHs6) in the portion ofTabletstaken:' .

in

Result ~ (ruIFs) x(tltiJ)~ Fx~lQ6

e-Ievant\'-iti3h, in Eform:frorri the

elevant\litainin~~fof;mfr9m~he

fS

F

Au = absorbance of the Sample solution
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F
Cu

= absorptivity of beta carotene at 452 nm, 223
=nominal concentration of beta carotene in the

Sample solution (mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of beta carotene (C4oHs6)

Oil-Soluble Vitamins with Minerals
Capsules

DEFINITION
Oil-Soluble Vitamins with Minerals Capsules contain two or

more of the following oil-soluble vitamins: Vitamin A, as
retinol or esters of retinol in the form of retinyl acetate or
retinyl palmitate; Vitamin Das ergocalciferol (Vitamin D2) or
cholecalciferol (Vitamin D3); Vitamin E, as alpha tocopherol,
alpha tocopherylacetate, or alpha tocopherylacidsuccinate;
Phytonadione(Vitamin K1); beta carotene; and one or more
mineralsderived from substances generally recognizedas

.safe, furnishing one or more of the following elements in
ionizable form: boron, calcium, chromium,copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium,selenium, tin, vanadium, and zinc.
Capsules contain NLT 90.0% and NMT 165.0% of the
labeled amounts of vitamin A, as retinol equivalent
(C2oH300); vitamin D, as cholecalciferol (C27H440) or
ergocalciferol (C28H440); vitamin E, as alpha tocopherol
(C29HsoO~), alpha tocopheryl acetate (C31HS20 3), or alpha
tocopheryl acid succinate (C33Hs40S); phytonadione
(C31H4602); and beta carotene (C4oHs6); NLT 90.0% and NMT
125.0% of the labeledamount ofcalcium (Ca),copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus
(P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeledamounts of boron (B), chromium(Cr),
fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni),
selenium(Se), tin (Sn), and vanadium (V).

They may contain other labeled added substances that are
generally recognized as safe, in amounts that are
unobjectionable.

STRENGTH
• VITAMIN A

[NoTE-Use low-actinic glassware throughout this
procedure.]

Mobile phase: n-Hexane
Standard solution 1: 13 IJg/mL of retinol from USP Retinyl

Acetate RS in n-hexane
Standard solution 2: 13 IJg/mL of retinol from USP Retinyl

Palmitate RS in n-hexane
System suitability solution: Mix equal volumesof Standard

solution 1 and Standardsolution2.
Sample stock solution: Transfer the contents of NLT 20

Capsules to a suitablecontainer, mix, and weigh. Transfer a
portion of the mixture, equivalentto 5 Capsules, to a
container havinga polytef-Iined screwcap. [NoTE-For hard
gelatin Capsules, remove, as completely as possible, the
contents of NLT 20 Capsules by cutting open the Capsule
shells, transferring the shells and their contents to a suitable
container, and triturating to a homogeneous mass.
Transfer a portion of the mass, equivalentto 5 Capsules,
to a container havinga polytef-Iined screwcap.]Add10 mL
ofdimethylsulfoxide and 15 mL of n-hexane, and shakefor
45 min in a water bath maintainedat 60°. Centrifuge at
3000 rpm for 10 min, and transferthe hexane layerby
means of a pipet to a 1OO-mL volumetric flask. Add 15 mL
of n-hexane to the dimethylsulfoxide layer, shake
thoroughly for 5 min, and transferthe hexane layerby
meansofa pipet to the 1OO-mL volumetric flask. Repeatthis

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Disintegration:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3000 du/g, and the
combined moldsand yeasts count does not exceed
300 cfu/g. .

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITiONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

• LABELING:1 Label the Tablets to state that the product is
Oil-Soluble Vitamins Tablets.The label also states the
g~~~tity of each vitamin.t'iJ:iiiro9kJ!~I:iL~~1i~~tlgZ
m9.~!~f~.(lJ~g·lfM~Y*ZQZQ) and where necessary the chemical
form in which it is present. Where the product contains
vitamin E,the label indi~~~~1~.~heth~ri~is the
~8B.lj~(tJ$e/17MaYfZo49) - or '''',9ll06gg'''(f.lSP/lfM9Y~4!JZQ)- form.Where
more than one assaymethod isgiven for a particular
vitamin, the labeling states the assay method used only if
Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS

The USPUnit for Vitamin E has been discontinued.
(IU) for vitamins also have been discontinued; however,

the use of IU on the labels of vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationship of the USPUnits or IU to mass is asfollows. One USPVitamin A
Unit =0.3 lJg of all-trans-retinol (vitamin A alcohol) or 0.344 lJg of all
trans-retinyl acetate (vitamin A acetate) or 0.55 lJg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 lJg of retinol (3.3 USPVitamin A
Units) =1 retinol equivalent (RE); 1 IU of beta carotene =0.6 lJg of all
trans-beta carotene; 1 USPVit~m.i.~.8~.~i.~;'i';~0~~? lJg of ergocalciferol or
cholecalciferol; and 1 mg of .~(JIf..r(J!='J..(U$~t,Mi1fio~m-alpha-tocopherol =1.1
former USPVitamin EUnits; 1m9c..?t;~!g~.~;~~~~gheryl acetate =1 former
USPVitamin Eunit; 1 mg of~qU\rfi€~i(QSf'1±M;jY~?9?pralpha-tocopheryl acid
succinate =0.89 former USPVitamin EUnits; 1 mg of
~;B!Vl'f!(i5~~ . '-alp~~;~~copherol =1.49 former USPVitamin EUnits;
1 mg of~K..ayr294()i-alp.b.~~~~;.~p~;~~.::~~etate =1.36 former USP
Vitamin EUnits; and 1 mg of~:BRB4"Mf'r'MiIY:.?p:?oj-alpha-tocopheryl acid
succinate =1.21 former USPVitamin EUnits. In terms of

-alpha-tocopherol equivalents, 1 mg of
-alpha-tocopheryl acetate =0.91; 1 mg of
alpha-tocopheryl acid succinate ==.?81; 1 mg of

alpha-tocopherol =0.74; 1 mg of ~gllt ..
-alpha-tocopheryl acetate =0.67; and 1mg of

alpha:tocop~e,ryl~~i~~~s~i~~te =0.60.
<?l..•........... /.. .......~~~i.~i~~i(IPM).illpg.~?t~~8p.~~~
(jlpm~~(,")~?R·/r~Ji=;}!1"g/ofBBBc"!9IPf\il:.tP~QPb.~
t()§9pb~r()li A' (IJSP1.May:2020)
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extraction with three additional 15-mL portions of
n-hexane. Dilute the extracts in the volumetric flask with
n-hexane to volume.

Sample solution: Dilute the Sample stock solution with
n-hexane to obtain a solution with a concentration of 13
IJg/mL of vitamin A as retinol (C2oH300 ).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between all-trans-retinyl acetate and
aII-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution 7 or Standard solution 2 and
Sample solution

Calculate the percentage of the labeled amount of vitamin
A, as retinol (C2oH300 ), in the portion of Capsulestaken:

Result=(r vir s) x (C siCv) x 100

r u = peak area of the all-trans-retinyl ester from the
Sample solution

r s =peak area of the all-trans-retinyl ester from the
appropriate Standard solution

C s =concentration of retinol in the appropriate
Standard solution (lJg/mL)

C u =nominal concentration of vitamin A, as retinol,
in the Sample solution (lJg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin A as retinol equivalent (C2oH300)

• VITAMIN D
[NOTE-Where vitamin D (cholecalciferol or

ergocalciferol) is specified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP Reference Standard. Uselow-actinic
glassware throughout this procedure.] .

Mobile phase: n-Hexane and isopropyl alcohol (99: 1)
Standard solution: 2 IJg/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard

solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Sample solution: Transfer NLT 20 mL of a solution prepared
as directed for the Sample stock solution in Vitamin A to a
suitable container, and concentrate, if necessary, in vacuum
at room temperature to obtain a solution with an expected
concentration of 2 IJg/ml of cholecalciferol or
ergocalciferol.

Chromatographic system
(See Chromatography (621), SystemSuitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Flow rate: 1 rnt/mln
Injection volume: 100 IJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NlT 10 between the vitamin D form present
and its corresponding precursor

USP 43

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C2sH440) in the
.portion of Capsules taken:

Result= (r vir s) x (C siCv) x Fx 100

r u = peak area of cholecalciferol or ergocalciferol
from the Sample solution

r s =peak area of cholecalciferol or ergocalciferol
from the Standard solution

C s =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg/mL)

Cu =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/ml)

F =correction factor to account for the average
amount of pre-vitamin D present in the Sample
solution, 1.09

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D ascholecalciferol (C27H440 ) or ergocalciferol
(C2sH440)

• VITAMIN E
[NOTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) isspecified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/ml of USP Alpha Tocopherol RS,

USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

Sample solution: Transfer NlT 20 mL of the solution
prepared asdirected for the Sample stock solution in Vitamin
A to a suitable container, and evaporate in vacuum at room
temperature to dryness.Transfer the residue with the aid of
methanol to a suitable volumetric flask, and dilute with
methanol to volume to obtain a concentration of 2 mg/ml
of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 291 nm
Column: 4.6-mm x 15-cm; 5-lJm packing l1
Flow rate: 1 rnt/rnln
Injection volume: 50 IJl

System suitability
Sample: Standard solution
Suitability requirements

Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha

tocopherol (C29Hso02), alpha tocopheryl acetate
(C31HS203),or alpha tocopheryl acid succinate (C33Hs40S)
in the portion of Capsulestaken:

Result=(rvir s) x (C siCv) x 100

r u =peak areaof the relevant vitamin Eform from the
Sample solution
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r s =peakarea of the relevantvitamin Eformfrom the
Standard solution

C s =concentration of the corresponding USP
Reference Standard in the Standard solution (mgl
mL)

Cu =nominal concentrationofthe corresponding form
of vitamin E in the Sample solution (mg/ml)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin E

• PHYTONADIONE (VITAMIN K,)
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 J-Ig/ml of USP

Phytonadione RS in methanol. Dissolve with the aid of
sonication ifnecessary.

Standard solution: 20 J.lg/mL of USP Phytonadione RS
from the Standard stock solution diluted with methanol

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 J.lg/mL of USP
Phytonadione RS from the Standard stock solution diluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS ina portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Sample solution: Transfer NlT 20 ml of the solution
prepared asdirectedfor the Sample stock solution in Vitamin
Ato a suitablecontainer, and evaporate in vacuumat room
temperature to dryness. Transfer the residuewiththe aid of
methanol to a suitablevolumetric flask, and dilutewith
methanol to volumeto obtain a concentration of 20 J-Ig/mL
of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-J.lm packing L1
Flow rate: 1 mL/min
Injection volume: 50 J-IL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NlT5 between alpha tocopherylacetate and
phytonadione, System suitability solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

phytonadione (C31H4602) in the portion of Capsules
taken:

Result =(r ulr s) x (C siC u) x 100

r u = peakarea from the Sample solution
r s = peakarea from the Standard solution
Cs = concentration of USP Phytonadione RS in the

Standard solution (J-Ig/mL)
Cu =nominal concentration of phytonadione in the

Sample solution (J.lg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of phytonadione (C31H4602)

• BETA CAROTENE
[NOTE-Use low-actinic glassware.]

Mobile phase: Transfer 50 mg of butylated hydroxyt61uene
into a 1-L volumetric flask, and dissolve with 20 ml of
2-propanol.Add0.2 mL of N-ethyldiisopropylamine, 25 ml
of 0.2% ammonium acetate solution, 455 mL of

Dietary Supplements / Vitamins 5363

acetonitrile, and about 450 mL of methanol. Allow the
solution to reach to room temperature, and dilute with
methanol to volume.

Diluent: 50 J-Ig/ml of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta

Carotene System SUitability RS to a 50-ml volumetric flask.
Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate
for 5 min. Dilute with Diluentto volume, and sonicatefor
5 min. Cool to room temperature, pass the suspension
through a membrane filter of 0,45-J.lm pore size, and use
the clear filtrate.

Standard stock solution: 60 J-Ig/mL of USP Beta
Carotene RS in tetrahydrofuran

Standard solution A: Transfer 5.0 ml of the Standard stock
solution into a 1OO-ml volumetric flask, add 5.0 mL of
tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A from
the concentration of Standard solution Bas described
below.

Standard solution B: Transfer 5.0 mL of the Standard stock
solution into a 1OO-ml volumetric flask, and dilute with
cyclohexane to volume. Prepare in triplicate.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane

Analysis
Sample: Standard solution B
Calculatethe concentration of total beta carotene (mg/mL)

as all-trans-beta carotene (C4oHs6) in Standard solution B.
[NOTE-The concentration of Standard solution Bequals
the concentration of Standard solution A.]

Result = AIF

A = average absorbance of the three preparations of
Standard solution B

F =absorptivity of pure all-trans-beta carotene in
cyclohexane, 250-

Sample solution: Transfer NLT 20 ml of the solution
prepared as directed for the Sample stock solution in Vitamin
Ato a suitablecontainer, and evaporate invacuum at room
temperature to dryness. Dissolve the residueina mixtureof
methylene chlorideand Diluent (1 :1), and dilute with the
same mixtureto obtain a concentration of 3 J.lg/mL of beta
carotene. Pass through a membrane filter of 0,45-J.lm pore
size if necessary.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing l68
Column temperature: 30°
Flowrate: 0.6 ml/min
Injection volume: 20 J.lL

System suitability
Samples: System suitability solution and Standard solution A

[NOTE-The approximate relative retention times of
the components in the System SUitability solution are
listed in Table 1.]

Table 1

Relative Relative
Retention Response

Name Time Factor

AII-trans-Alpha carotene 0.93 1.1
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Table 1 (continued)

Relative Relative
Retention Response

Name Time Factor

AII-trans-Beta carotene 1.00 1

9-cis-Beta carotene 1.07 1

13-cis-Beta carotene 1.17 1.2

15-cis-Beta carotene 1.21 1.4

Suitability requirements
Chromatogram similarity: The chromatogram from the

System suitability solution is similar to the reference
chromatogram provided with the lot of USP Beta
Carotene System SUitabilityRS being used.

Resolution: NLT1.5 between beta carotene and alpha
carotene and between beta carotene and 9-cis-beta
carotene, System suitability solution

Tailing factor: NMT 2.0 for the beta carotene peak,
Standard solution A

Relative standard deviation: NMT 2.0% for.the beta
carotene peak from replicate injections, Standard
solution A

Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the

portion of Capsules taken: .

Result =(r ulr s) x (C siC u) x 100

r u =peak area of all-trans-beta carotene from the
Sample solution .

r s =peak area of all-trans-beta carotene from
Standard solution A

C s =concentration of all-trans-beta carotene in
Standard solution A as determined by
spectrometric procedure

C u =nominal concentration of beta carotene in the
Sample solution

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of beta carotene (C4oHs6)

• CALCIUM, Method 1
lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
Calcium standard solution: 400 IJg/ml of calcium. Dissolve

1.001 g of calcium carbonate, previously dried at 300 0 for
3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute
with water to 1000 mL.

Standard stock solution: 100 IJg/mL of calcium from the
Calcium standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standard stock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and
3.0 IJg/mL of calcium.

Polysorbate 80 solution: Polysorbate 80 and alcohol
(1:10)

Sample solution: Transfer 5 Capsules to a 100-mL
volumetric flask. [NOTE-For hard gelatin Capsules, weigh
NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container.
Remove any contents adhering to the empty shells by
washing with several portions of ether. Discard the
washings, and allow the Capsule shells to dry. Weigh the
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empty Capsule shells, calculate the net weight of the
Capsule contents, and transfer a portion of the Capsule
contents, equivalent to 5 Capsules, to a 1OO-mL volumetric
flask.] Add 15 mLof water, 10 mL of 6 N hydrochloric acid,
and 1 mL of Polysorbate 80 solution to the flask. Heat on a
hot plate or steam bath, with intermittent swirling, until the
Capsules are completely disintegrated or the contents are
dissolved. Boil gently for an additional 15 min. Cool, dilute
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid, to obtain a concentration of 2 IJg/mL of calcium,
adding 1 mL of Lanthanum chloride solution per 100 mL of
the final volume.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at

422.7 nm
lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: 0.125 N hydrochloric acid containing 1 ml of

Lanthanum chloride solution per 100 ml
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of calcium, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, (,
in mg/mL, of calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Capsules taken:

Result = «(/Cu) x 100

C = measured concentration of calcium in the Sample
solution (lJg/mL)

C u = nominal concentration of calcium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca)

• CHROMIUM, Method 1
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 120 0 for 4 h
in water. Store in a polyethylene bottle.

Standard stock solution: 10 IJg/mL of chromium from
Chromium standard solution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standard stock solution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standard stock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 IJg/mL of chromium.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 2.5 IJg/mL
of chromium and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at

357.9 nm .
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versus the concentration, in uq/rnl; of chromium, and
draw the straight line best fitting the four plotted points.
From the graph so obtained, determine the
concentration, (, in ~g/mL, of chromium in the Sample
solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Capsulestaken:

Result= «(/Cu) x 100

=measured concentration of chromium in the
Sample solution(~g/mL)

=nominal concentration of chromium in the
Sample solution(~g/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

• COPPER, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil

in a minimum volume of a 50% solution of nitric acid, and
dilute with a 1% solution of nitric acid to 1000 mL. This
solutionc:ontains 1000 ~g/mL of copper.

Standard stock solution: 100 ~g/mL of copper from the
Copper standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standard stock
solution. Dilute with 0.125 N hydrochloric acid to volume
to obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0
~g/mL of copper.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain 2 ~g/mL
of copper and omit the use of the Lanthanumchloride
solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air-acetylene .
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in ~g/mL, of copper, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Capsules taken:

Result= (CIC u) x 100

= measured concentration of copper in the Sample
solution(~g/mL)

=nominal concentration of copper in the Sample
solution(~g/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of copper (Cu)

• FLUOR'DE, Method 1
[NOTE-Store all solutions in plastic containers.]

3 M sodium acetate solution: Dissolve 408 g of sodium
acetate in 600 mL of water contained in a 1000-mL
volumetric flask. Allow the solution to equilibrate to room
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temperature, and dilute with water to volume. Adjust with a
few drops of acetic acid to a pH of 7.0.

Sodium citrate solution: Dissolve222 g of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 ~g/mL of fluoride
from a quantity of sodium fluoride in water, previously
dried at 100° for 4 h and cooled in a desiccator

Intermediate stock solution A: 100 ~g/mL of fluoride from
the Fluoride standardstock solutiondiluted with water

Intermediate stock solution B: 10 ~g/mL of fluoride from
the Fluoride standardstock solutiondiluted with water

Standard solutions: To five separate 1OO-mL volumetric
flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate stock
solution Band 5.0 and 10.0 mL of Intermediate stock solution
A.To each flask add 10.0 mL of 1 N hydrochloric acid,
25 mL of 3 M sodium acetate solution, and 25.0 mL of
Sodium citrate solution. Dilute the contents of each flask
with water to volume to obtain concentrations of 0.3, 0.5,
1.0, 5.0, and 10.0 ~g/mL of fluoride.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 ~g of fluoride, to a 100-mL
volumetric flask. Add 10.0 mL of 1 N hydrochloric acid,
25.0 mL of 3 M sodium acetate solution, and 25.0 mL of

. Sodium citrate solution. Dilute with water to volume.
Analysis

Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standard solutions and the Sample solution. Measure the
potentials (seepH (791»), in mV, of the Standard solutions
and the Sample solution, with a pH meter capable of a
minimum reproducibility of ±0.2 mV and equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NOTE-When taking measurements,
immerse the electrodes in the solution, stir on a magnetic
stirrer having an insulated top until equilibrium is attained
(1-2 min), and record the potential. Rinse and dry the
electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in ~g/mL,

of the Standardsolutions versuspotential, in mY. From the
standard response curve so obtained and the measured
potential of the Sample solution, determine the
concentration, C, in mg/mL, of fluoride in the Sample
solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Capsulestaken:

Result= (CIC u) x 100

C =measured concentration of fluoride in the Sample
solution (~g/mL)

C u =nominal concentration of fluorine in the Sample
solution (pq/rnl.)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NOTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water

(20:5:175)
Standard stock solution: 220 uq/rnl, of USP Sodium

Fluoride RS in water. This solution contains 100 ~g/mL of
fluoride.
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Standard solution: [NoTE-Condition the solid-phase
extraction column specifiedfor use in the Standardsolution
and the Sample solution in the following manner. Using a
vacuum at a pressure not exceeding 5 mm of mercury,
wash the column with one column volume of methanol
followed by one column volume of pH 70.0 buffer. Do not
allow the column top to dry. Ifthe top of the column
becomes dry, recondition the column.] Transfer 10.0 mLof
the Standardstock solution to a 1OO-mL volumetricflask.
Add 75 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.4 ± 0.1. Dilute with water to
volume. Filter, discarding the first 15 mLof the filtrate.
Transfer25.0 mLof the filtrate to a 50-mLvolumetricflask,
add 15.0 mLof water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 70.0 buffer to
volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that
isconnected through an adaptor to a second solid-phase
extraction column containing sulfonylpropyl strong
cation-exchange packing. Discard the first 3 mL of the
eluate, and collect the rest of the eluate in a suitable flask
for injection into the chromatograph.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without loss of shell
material, and transfer the contents to a 1OO-mL container.
Ifnecessary, remove any contents adhering to the empty
'shells by washingwith severalportionsof ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shellsin the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfera portion of the Capsule
contents, equivalent to 1 mg of fluorine, to a 100-mL
volumetricflask. Add 15 mLofwater, and shakevigorously.
Rinse the sides of the flask with 15 mLof water, and allow
to stand for 10 min. Dilutewith water to 85 mL, adjust with
1 Nsodium hydroxide to a pHof 10.4 ± 0.1, and dilutewith
water to 100 mL. Proceed as directed for tlie Standard
solution, beginning with "Filter, discarding the first 15 mL
of the filtrate."

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.5 mL/min
Injection volume: 100 lJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas for fluoride.
Calculate the percentage of the labeled amount offluorine

(F) in the portion of Capsulestaken:

Result =(r vIr s) x (C sIC v) x 100

r u =peak area from the Sample solution
r 5 =peak area from the Standardsolution
C5 =concentration of fluoride in the Standard solution

(uq/rnl)
C u: = nominal concentration of fluorine in the Sample

solution (lJg/mL)

Acceptance criteria: 90.00/0-160.0% of the labeledamount
of fluorine (F)
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• IODIDE, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered

bottle add 100 mL of water. Insertthe stopper into the
bottle, and shake. Allow to stand for 30 min, and use the
supernatant.

Analysis
Sample: Capsules
Remove the contents of Capsules by cutting open the

Capsules. Mix, and determine the weight of the contents.
Transfera quantity of the contents, equivalent to 3 mg of
iodine, to a nickel crucible.Add5 g of sodium carbonate,
5 mLof 50% (w/v) sodium hydroxidesolution, and 10 mL
of alcohol, taking care that the entire specimen is
moistened. Heat the crucibleon a steam bath to
evaporate the alcohol, then dry the crucible at 100° for
30 min to prevent spattering upon subsequent heating.
Transferthe cruciblewith its contents to a furnace heated
to 500°, and heat the cruciblefor 15 min. [NOTE-Heating
at 500° is necessaryto carbonize any organic matter
present; a higher temperature may be used, if necessary,
to ensure complete carbonization of all organic matter.]

Cool the crucible, add 25 mL of water, cover the crucible
with a watchglass, and boil gently for 10 min. Filter the
solution, and wash the cruciblewith boiling water, .
collecting the filtrate and washings in a beaker. Add
phosphoric acid until the solution is neutral to methyl
orange, then add 1 mLexcessof phosphoric acid. Add
excess of Bromine water, and boilthe solution gently until
colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20°. Add 1 mLof
phosphoric acid and 0.5 g of potassiumiodide, and titrate
the liberated iodine with 0.005 N sodium thiosulfateVS,
adding starch TS when the liberated iodine color has
nearly disappeared.

Calculate the percentage of the labeled amount of iodine
(I) in the portion of Capsules taken:

Result = V x N A X Fx I me X (A wlW) x (100IL)

V =volume of sodium thiosulfateconsumed (mL)
N A =actual normalityof the sodium thiosulfate

solution used
F = correction factor to convert mg to lJg, 1000

lJg/mL
I me = milliequivalent of I, 21.16 mg/meq
A w =average weight of the Capsulescontent
W =weight of the sample of Capsulescontent taken
L = labeled amount of iodine (lJg/Capsule)

Acceptance criteria: 90.0°/0-160.0% ofthe labeled amount
of iodine (I)

• IODIDE, Method 2
Analysis: Proceed as directed.
Acceptance criteria: 90.0%-160.0% Of the labeled amount

of iodine (I)
• IRON, Method 1

Iron standard stock solution: Transfer 100 mg of iron
powder to al OOO-mL volumetric flask. Dissolve in 25 mLof
6 N hydrochloric acid, dilute with water to volume,
and mix.

Standard solutions: To separate 1OO-mL volumetricflasks
transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of Iron standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
2.0, 4.0, 5.0, 6.0, and 8.0 lJg/mL of iron.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain a
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concentration of 5 IJg/mL of iron and omit the use of the
Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versusthe concentration, in IJg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in IJg/
mL, of iron in the Sample solution.

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Capsulestaken:

Result= (C/( u) x 100

( =measured concentration of iron in the Sample
solution (lJg/mL)

Cu =nominal concentration of iron in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of iron (Fe)

• MAGNESIUM, Method 1
Lanthanum chloride solution: Prepare asdirected in

Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of

magnesium ribbon to a 1OOO-mL volumetric flask, dissolve
in 50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a known
concentration of 1000 IJg/mL of magnesium.

Standard stock solution: 20 IJg/mL of magnesium from
Magnesium standardsolution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 004, 0.5, and
0.6 IJg/mL of magnesium.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solutionto contain OAlJg/mL
of magnesium.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at

285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 mL
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of magnesium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of magnesium in the Sample
solution.
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Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Capsulestaken:

Result=(C/( u) x 100

( =measured concentration of magnesium in the
Sample solution (lJg/mL)

( u =nominal concentration of magnesium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: Transfer 1.00 g of

manganese to a 1OOO-mL volumetric flask. Dissolve in
20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration
of 1000 IJg/mL of manganese.

Standard stock solution: 50 IJg/mL of manganese from the
Manganese standardstock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 IJg/mL of
manganese.

Polysorbate 80 solution: Prepare as directed in Cakium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 1 IJg/mL
of manganese and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at

279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of manganese, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of manganese in the Sample
solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Capsulestaken:

Result=(C/( u) x 100

( =measured concentration of manganese in the
Sample solution (lJg/mL)

( u = nominal concentration of manganese in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute
with water to volume, and mix to obtain a solution with a
concentration of 1000 IJg/mL of molybdenum.
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Standard stock solution: 100 ~g/mL of molybdenum from
the Molybdenum standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 10.0, and 25.0 mL of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solution in each flask for 15 min, cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrations of 5.0, 10.0, and 25.0 ~g/mL of
molybdenum.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
7, except take a number of Capsules or a portion of Capsule
contents equivalent to 1000 ~g of molybdenum and make
appropriate dilutions to obtain a final concentration of 10
~g/mL of molybdenum, omitting the addition of the
Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at

313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of molybdenum, and
draw the straight line best fitting the three plotted points.
From the graph so obtained, determine the
concentration, C, in ~g/mL, of molybdenum in the Sample
solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Caps~les taken:

Result =(CIC v) x 100

C =measured concentration of molybdenum in the
Sample solution(~g/mL) .

C u = nominal concentration of molybdenum in the
Sample solution (~g/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of molybdenum (Mo)

• MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 mL of water to 109 of

sodium fluoride, stir until the solution is saturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in
water

Potassium thiocyanate solution: 200 mg/mL of potassium
thiocyanate in water

20% Stannous chloride solution: Transfer 40 mg of
stannous chloride to a beaker, add 20 mL of 6.5 N
hydrochloric acid solution, and heat the solution until the
stannous chloride is dissolved. Cool, and dilute with water
to 100 mL.

Diluted stannous chloride solution: 20% Stannous chloride
solution diluted with water (1 in 25). Prepare this solution
fresh at the time of use.

Standard solution: 20 ~g/mL of molybdenum in water
Sample: Remove the contents of a counted number of

Capsules by cutting open the Capsules. Mix,and determine
the weight of the contents. Use a quantity of the Capsule
contents, equivalent to 40 ~g of molybdenum.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
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Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1 em
Blank: Amyl alcohol

Analysis
Samples: Standard solutionand Sample
Transfer the Sample and 2.0 mL of the Standard solutionto

separate 200-mL beakers. Add 20 mLof nitric acid to each
beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 mL of perchloric acid, cover the
beakers with a watchglass, and continue the heating until
digestion is complete, as indicated when the liquid
becomes colorless or pale yellow. Evaporate the solutions
in the beakers to dryness. Rinsethe sides of the beakers
and the watchglasses with water, and add more water to
complete 50 mL in each beaker. Gently boil the water
solution for a few min. Cool to room temperature. Add 2
drops of methyl orange TS, and neutralize with
ammonium hydroxide, Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to
separate 1OO-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding
volumetric flasks, and dilute with water to volume.
Transfer 50.0 mL of each solution to separatory funnels.
To each separatory funnel add 1.0 mL of Sodium fluoride
solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL of
Potassium thiocyanate solution, 1.5 mL of 20% Stannous
chloride solution, and 15.0 mL of amyl alcohol, and shake
the separatory funnel for 1 min. Allow the layers to
separate, and discard the aqueous layers. Add 25 mL of
Dilutedstannous chloride solution to each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers. Transfer the
organic layer from each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine
the absorbances of the organic phases obtained from the
Standardsolutionand the Sample, and correct with the
Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result =(A vIA 5) x [(V x Cs)IM v] x 100

A u = absorbance of the Sample
A 5 =absorbance of the Standard solution
V = volume of the Standardsolutionanalyzed, 2.0 mL
C 5 = concentration of molybdenum in the Standard

solution(~g/mL)
M u = nominal amount of molybdenum in the Sample

(~g)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of molybdenum (Mo)

• PHOSPHORUS, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL 'of

ammonium molybdate in Sulfuric acidsolutionand water
(2:3). [NOTE-Dissolve in water first, and then dilute with
the Sulfuric acidsolution to volume.]

Hydroquinone solution: 5 mg/mL of hydroquinone in
water. Add one drop of sulfuric acid per 100 mLof solution.

Sodium bisulfite solution: 200 rnq/rnl, of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 9 of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mLof sulfuric acid
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as a preservative, dilute with water to volume, and mixto
obtain a solution with a concentration of 1000 ~g/mL of
phosphorus.

Standard solution: 20 ~g/mL of phosphorus from the
Phosphorus standardstock solutiondiluted with water

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
ofthe contents. Transfer a quantity ofthe Capsulecontents,
equivalentto 100 mg of phosphorus, to 25 mL of nitric acid,
and digest on a hot plate for 30 min. Add 15 mL of
hydrochloric acid, and continue the digestion to the
cessation of brownfumes. Cool, and transfer the contents
ofthe flask to a 500-mL volumetric flask with the aidofsmall
portions of water. Dilute with water to volume.Transfer
10.0 mL of this solution to a 1OO-mL volumetric flask, and
dilute with water to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analyticalwavelength: 650 nm
Cell: 1 cm

Analysis
Samples: Standard solutionand Sample solution
To three separate 25-mL volumetric flasks transfer5.0 mL

each of the Standard solution, the Sample solution, and
water to provide the blank.Toeach of the three flasks add
1.0 mL each of Ammonium molybdate solution,
Hydroquinone solution, and Sodium bisulfite solution, and
swirl to mix. Dilute the contents of each flask with water
to volume, and allowthe flasks to stand for 30 min.
Determinethe absorbances of the solutions against the
blank.

Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Capsules taken:

Result =(A viA s) x (CsiCv) x 100

A u =absorbance of the Sample solution
A s =absorbance of the Standard solution
Cs =concentration of phosphorus in the Standard

solution(~g/mL)
Cu =nominal concentration of phosphorus in the

Sample solution (~g/mL)

Acceptance criteria: 90.00/0-125.0% ofthe labeledamount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 ~g/mL of potassium
from potassium chloride, previously dried at 105° for 2 h,
in water

Standard stock solution: 10 ~g/mL of potassiumfrom the
Potassium standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 rnl,of the Standard stock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 ~g/mL of potassium.

Polysorbate 80 solution: Prepareas directed in Calcium,
Method 7.

Sample solution: Proceedas directed in Calcium, Method
7,except prepare the Sample solutionto containl.5 ~g/mL

of potassium and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission lineat

766.5 nm
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Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Blank: Water

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of potassium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in ~g/mL, of potassium in the Sample
solution.

Calculate the percentage of the labeled amount of
potassium (K) in the portion of Capsules taken:

Result = (CIC v) x 100

= measured concentration of potassium in the
Sample solution(~g/mL)

=nominal concentration of potassium in the
Sample solution(~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeledamount
of potassium (K)

• SELENIUM, Method 1
Diluent: Prepare as directed in Molybdenum, Method 7.
·Selenium standard solution: [CAUTION-Selenium istoxic;

handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness, add
2 mL of water, and evaporate to dryness. Repeatthe
addition of water and the evaporation to drynessthree
times. Dissolve the residuein 3 N hydrochloric acid, transfer
to a 1OOO-mL volumetric flask, and dilute with 3 N
hydrochloric acid to volume to obtain a concentration of
1000 ~g/mL of selenium.

Standard stock solution: 100 ~g/mL of seleniumfrom the
Selenium standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volume to
obtain solutionswith concentrationsof 5.0, 10.0, and 25.0
~g/mL of selenium.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
ofthe contents. Transfer a quantityofthe Capsulecontents,
equivalent to 1000 ~g of selenium, to a suitableflask, and
add 12 mLof nitricacid. [NoTE-The volume of nitric acid
may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the test
specimen. Sonicatefor 10 min or until the test specimen is
completely dissolved. Gentlyboilthe solutionfor 15 min,
and cool to room temperature. Carefully add 8 mL of
perchloric acid to the flask, heat the flask until perchloric
acid fumes appear, and swirl the flask to dissipatethe
fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the
aid of the Diluent, and dilute with Diluent to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analyticalwavelength: Selenium emission lineat

196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Blank: Diluent and perchloric acid (20:1)

www.webofpharma.com

https://nhathuocngocanh.com/



5370 Vitamins / Dietary Supplements

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of selenium, and draw
the straight line best fitting the three plotted points. From
the graph so obtained, determine the concentration, C,
in IJg/mL, of selenium in the Sample solution.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Capsulestaken:

Result=(C/C v) x 100

C = measured concentration of selenium in the
Sample solution (lJg/mL)

C u =nominal concentration of selenium in the Sample
solution (uq/rnt)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of selenium (Se)

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with

water (1 in 10)
50% Ammonium. hydroxide solution: Ammonium

hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of

hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to
volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatory funnel, and add 200 ml of 0.1 N
hydrochloric acid. Wash the solution with three 40-ml
portions of cyclohexane, and discard the cyclohexane layer.
Filter the solution into a brown bottle, and cover the
solution with a t-ern layer of cyclohexane. This solution is
stable for 1 week if stored in a refrigerator..

Standard stock solution: [CAUTIoN-Selenium is toxic;
handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporateto dryness, add
2 mL of water, and evaporate to dryness..Repeatthe
addition of water and evaporation to dryness three times.
Dissolvethe residue in 3 N hydrochloric acid, transfer to a
1OOO-ml volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a solution with a concentration of
1000 IJg/ml of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 IJg/mL of selenium.

Standard solution: Transfer 10 mL of the Standard stock
solution to a glass-stoppered flask. Add 1 ml of perchloric
acid and 1 ml of Hydrochloric acidsolution, and dilute with
water to 20 mL.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsulecontents,
equivalent to 20 IJg of selenium, to a suitable flask. Add
10 ml of nitric acid, and warm gently on a hot plate.
Continue heating until the lnltlal nitric acid reaction has
subsided, then add 3 mL of perchloric acid.
[CAUTIoN-Exercise care at this stage, becauseperchloric

acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of

white fumes of perchloric acid or until the digest begins
to darken. Add 0.5 mL of nitric acid, and resume heating,
addlnq additional amounts of nitric acid if further
darkening occurs. Digest for 10 min after the first
appearance of perchloric acid fumes or until the digest
becomes colorless. Cool the flask. Add 2.5 ml of
Hydrochloric acid solution, and return the flask to the hot
plate to expel residual nitric acid. Heat the mixture for
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3 min after it begins to boil. Cool the flask to room
temperature, and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL
Analysis

Samples: Standardsolutionand Sample solution
Treat the Sample solution, the Standard solution, and the

Blankasfollows. Add 5 mL of Reagent A to each flask, and
swirl gently to mix. Adjust the solution in each flask with
50% Ammoniumhydroxide solutionto a pH of 1.1 ± 0.1.
Add 5 ml of Reagent B to each flask, and swirl gently to
mix. Placethe flasks in a water bath maintained at 50°,
and equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube; and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbancesof the solutions obtained
from the Samples against the solution obtained from the
Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Capsules taken:

Result= (A viA s) x [(Vx Cs)/M v] x 100

A u = absorbances of the cyclohexane layer from the
Sample solution

A s = absorbances of the cyclohexane layer from the
Standardsolution

V =volume of the Standard stock solution used to
prepare the Standard solution, 10 ml

Cs = concentration of selenium in the Standardstock
solution (lJg/mL)

M u = nominal amount of selenium in the Sample
solution (pq)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of selenium (Se)

• ZINC, Method 1
Zinc standard stock solution: 1000 pq/rn], of zinc from zinc

oxide in 5 M hydrochloric acid (3.89 mg/mL) and diluted
with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then
dilute to final volume.]

Standard stock solution: 50 IJg/ml of zinc from Zinc
standardstock solutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standardstock solution to separate 100-ml
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain
concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of zinc.

Polysorbate 80 solution: Prepare asdirected in Calcium,
Method 1.

Sample solution: Proceed asdirected in Calcium, Method
1, except prepare the Sample solutionto contain 2 uq/rnl,
of zinc and omit the useof the Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
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lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in f./g/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in f./g/
mL, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Capsules taken:

Result =(ClC u) x 100

e = measured concentration of zinc in the Sample
solution (uq/rnt)

e u = nominal concentration of zinc in the Sample
solution (f./g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, and VANADIUM, Method 1; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NoTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aquaregia solution and
water (1 :9) by adding one volume of Stock aquaregia
solution to two volumes of water. Dilute with additional
water to volume, and mix well.

System suitability solution: Prepare a mixture of 1000 mg/
L of yttrium in 5% nitric acid solution, 1000 mg/L of
scandium in 5% nitric acid solution, and Diluent (1:1 :198),
and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn):
[NOTE-It is only necessary to include the minerals of

interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
nitric acid solution, pipet the appropriate amount of
element standard solution into a volumetric flask, and dilute
with 5% nitric acid solution to obtain a solution having final
concentrations of about 1000 mg/L of calcium, 100 mg/L
of copper, 250 mg/L of iron, 500 mg/L of magnesium,
100 mg/L of manganese, 800 mg/L of phosphorus, and
250 mg/L of zinc.

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It is only necessary to include the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20%
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% hydrochloric acid solution to obtain a
solution having final concentrations of about 200 mg/L of
boron, and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standard stock
solution 7 and Standard stock solution 2, as required, in
Diluent, to prepare a six-point calibration curve to bracket
the concentration range of each mineral of interest.

Sample, solution: Weigh, then transfer 5 Capsules to a
250-mL volumetric flask, and heat gently on a hot plate
until the contents begin to release. Cautiously add 25 mL
of Stock aquaregia solution in 5-mL increments, and swirl.
Heat, continue to swirl until the Capsules dissolve into the
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acid, immediately remove from the heat source, and add
150 mL of water. Cool, and dilute with water to volume.
Filter about 30 mL into a centrifuge tube, using a 5-f./m pore
size nylon syringe filter. If necessary, make any further
adjustments using the Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry, using a

spectrometer set to measure the emission of each mineral
of interest at about the corresponding wavelength.
[NOTE-The operating conditions may be developed and
optimized based on the manufacturer's recommendation.
The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]

System suitability
[NoTE-Analyze the System suitability solution, and

obtain the response as directed in the Analysis.]
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the

Standard solutions and Sample solution with an inductively
coupled plasma system using the Diluent asthe blank. Plot
the emission of the Standard solutions versus the
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph so obtained, determine the concentration, C,
in mg/L, for each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral taken:

Result = C x (V/W) x Fx (C w/L) x 100

e =measured concentration of the Sample solution
(mg/L)

V =volume of the Sample solution (L)
W =sample weight (mg)
F = dilution factor of the Sample solution
ew = average Capsule weight (mg)
L =labeled amount per Capsule (mg)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), and zinc (Zn); and
90.0%-160.0% of the labeled amounts of boron (B),
chromium (Cr), molybdenum (Mo), nickel (Ni), selenium
(Se), tin (Sn), and vanadium (V)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040): Meet the

requirements for Dissolution
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):

Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
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• LABELING:1 The label states that the product is Oil-Soluble
Vitamins with Minerals Capsules. The label also states the
quantity of each vitamin and mineral per dosage unit and,
where necessary, the chemical form in which a vitamin is
present and also states the salt form of the mineral used as
the source of each element. Where the product contains
vitamin E, the label indicates whether it is the d- or dt-form.
Where more than one assaymethod is given for a particular
vitamin or mineral, the labeling states with which assay
method the product complies only if Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Beta Carotene RS
USP Beta Carotene System Suitability RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Retinyl Palmitate RS
USP Sodium Fluoride RS
USP Vitamin A RS

Oil-Soluble Vitamins with Minerals
Oral Solution

DEFINITION
Oil-Soluble Vitamins with Minerals Oral Solution contains two

or more of the following oil-soluble vitamins: Vitamin A, as
retinol or esters of retinol in the form of retinyl acetate or
retinyl palmitate; Vitamin D as ergocalciferol (Vitamin D2) or
cholecalciferol (Vitamin D3); Vitamin E, as alpha tocopherol,
alpha tocopheryl acetate, or alpha tocopherylacid succinate;
Phytonadione (Vitamin K1); beta carotene; and one or more
minerals derived from substances generally recognized as
safe, furnishing one or more of the following elements in
ionizable form: chromium, fluorine, iodine, iron,
magnesium, manganese, molybdenum, and zinc. It contains
NLT 90.0% and NMT 150.0% of the labeled amounts of
vitamin A, as retinol equivalent (C2oH300); vitamin D, as
cholecalciferol (C27H440) or ergocalciferol (C2sH440); vitamin
E, as alpha tocopherol (C29Hso02)' alpha tocopheryl acetate
(C31HS203), or alpha tocopheryl acid succinate (C33Hs40S);
phytonadione (C31H4602); and beta carotene (C4oHs6); NLT
90.0% and NMT 160.0% of the labeled amounts of
chromium (Cr), fluorine (F), iodine (I), and molybdenum

1 USP Units of activityfor vitamins, where such exist or formerly existed,
are equivalent to the corresponding international units, where such
formerly existed. The USP Unit for Vitamin Ehas been discontinued.
International units (IU) for vitamins also have been discontinued; however,
the use of IU on the labels of vitamin products continues. Where articles
are labeled in terms of Unitsin addition to the required labeling, the
relationship of the USP Unitsor IU to mass isas follows.One USP Vitamin A
Unit=0.3 J.Ig of all-trans-retinol (vitamin Aalcohol) or 0.344 J.Ig of all
trans-retinyl acetate (vitaminA acetate) or 0.55 J.Ig of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 J.Ig of retinol (3.3 USP Vitamin A
Units)=1 retinol equivalent (RE); 1 IU of beta carotene =0.6 J.Ig of all
trans-beta carotene; 1 USP Vitamin D Unit=0.025 J.Ig of ergocalciferol or
cholecalciferol; and 1 mg of dl-alphatocopherol =1.1 former USP Vitamin E
Units, 1 mg of dl-alpha tocopheryl acetate =1 former USP VitaminEUnit,
1 mg of dl-alpha tocopheryl acid succinate =0.89 former USP Vitamin E
Unit, 1.mg of d-alpha tocopherol =1.49 former USP VitaminEUnits, and
1 mg of d-alpha tocopheryl acetate =1.36 former USP Vitamin EUnits,
1 mg of d-alpha tocopheryl acid succinate =1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha
tocopheryl acetate = 0.91, 1 mg of d-alpha tocopheryl acid succinate =
0.81, 1 mg of dl-alpha tocopherol =0.74, 1 mg of dl-alphatocopheryl
acetate =0.67, and 1 mg of dl-alphatocopheryl acid succinate =0.60.
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(Mo); and NLT 90.0% and NMT 125.0% of the labeled
amounts of iron (Fe), magnesium (Mg), manganese (Mn),
and zinc (Zn).

STRENGTH
• VITAMIN A

[NoTE-Use low-actinic glassware throughout this
procedure.]

Mobile phase: n-Hexane
Standard solution 1: 13 IJg/mL of retinol from USP Retinyl

Acetate RS in n-hexane
Standard solution 2: 13 IJg/mL of retinol from USP Retinyl

Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard

solution 1 and Standard solution 2.
Sample solution: Transfer an accurately measured volume

of Oral Solution, equivalent to 3.25 mg of retinol, to a
separatory funnel containing 10 mL of water and 20 mL of
dehydrated alcohol. Add 100 mL of n-hexane, insert the
stopper, and shake for 1 min. Allow the layers to separate,
drain the aqueous layer into another separatory funnel, and
repeat the extraction with 100 mL of n-hexane. Discard the
aqueous layer,and combine the hexane extracts. Wash the
combined extracts with 25 mL of water, allow the layers to
separate, and discard the aqueous layer. Filter the washed
hexane layer through anhydrous sodium sulfate into a
250-mL volumetric flask. Rinse the funnel and sodium
sulfate with n-hexane, and add the rinsing to the hexane
solution in the flask. Dilute the extracts in the volumetric
flask with n-hexane to volume to obtain a solution with a
concentration of 13 IJg/mL of vitamin A as retinol
(C2oH300).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
. Sample: System suitability solution

Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and

all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution 1 or Standard solution 2 and

Sample solution
Calculate the percentage of the labeled amount of vitamin

A, as retinol (C2oH300), in the portion of Oral Solution
taken:

Result = (rufrs) x (Cs/Cu) x 100

ru =peak area of the all-trans-retinyl ester from the
Sample solution

ts =peak area of the all-trans-retinyl ester from the
appropriate Standard solution

C5 =concentration of retinol in the appropriate
Standard solution (lJg/mL)

Cu =nominal concentration of vitamin A, as retinol,
in the Sample solution (lJg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of vitamin A as retinol equivalent (C2oH300)

• VITAMIN D
[NOTE-Where vitamin D (cholecalciferol or

ergocalciferol) isspecified in the following procedure,
use the chemical form present in the formulation and
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the relevant USP Reference Standard. Uselow-actinic
glassware throughout this procedure.]

Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 jJg/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard

solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Sample stock solution: Using an accurately measured
volume of Oral Solution, equivalent to 5.0 mg of
cholecalciferol or ergocalciferol, proceed asdirected for the
Sample solution in Vitamin A to obtain a solution with a
concentration of 20 jJg/mL of cholecalciferol or
ergocalciferol in n-hexane.

Sample solution: Transfer 5.0 mL of the Sample stock
solution to a container having a polytef-Iined screw cap.
Heat, with constant shaking, for 1 h in a water bath
maintained at 60° to obtain a solution containing vitamin D
(cholecalciferol or ergocalciferol) and its corresponding
precursor. Cool, and dilute with n-hexane to obtain a
solution containing 2 jJg/mL of cholecalciferol or
ergocalciferol.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 3-jJm packing LB
Flow rate: 1 mL/min
Injection volume: 100 jJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor

Relative standard deviation: NMT 3.0%
Analysis .

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C2sH440) in the
portion of Oral Solution taken:

Result=(rvlrs) x (CslCv) x F x. 100

= peak area of cholecalciferol or ergocalciferol
from the Sample solution

=peak area of cholecalciferol or ergocalciferol
from the Standardsolution

=concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standardsolution
(pq/rnl)

=nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (jJg/mL)

=correction factor to account for the average
amount of pre-vitamin D present in the Sample
solution, 1.09

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C2sH440 )

• VITAMIN E
[NOTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
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Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

Sample solution: Transfer NLT 20 mL of the solution
prepared as directed for the Sample solution in VitaminA
to a suitable container, and evaporate in vacuum at room
temperature to dryness.Transfer the residuewith the aid of
methanol to a suitable volumetric flask, and dilute with
methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 15-cm; 5-jJm packing L1
Flow rate: 1 mL/min
Injection volume: 50 jJL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of alpha

. tocopherol (C29Hso02), alpha tocopheryl acetate
(C31HS203) , or alpha tocopheryl acid succinate (C33Hs40S)
in the portion of Oral Solution taken:

Result=(rvlrs) x (CsICv) x 100

to =peak area of the relevant vitamin Eform from the
Sample solution

ts =peak area of the relevant vitamin Eform from the
Standardsolution

Cs = concentration of the corresponding USP
Reference Standard in the Standard solution(mgl
mL)

Cu =nominal concentration of the corresponding form
of vitamin E in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of vitamin E

• PHYTONADIONE (VITAMIN K1)

[NOTE-Use low-actinic glassware throughout this
procedure.]

Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 jJg/mL of USP

Phytonadione RS in methanol. Dissolvewith the aid of
sonication if necessary.

Standard solution: 20 jJg/mL of USP Phytonadione RS
from the Standardstock solution diluted with methanol

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 jJg/mL of USP
Phytonadione RS from the Standardstock solution diluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS in a portion of methanol, add the Standardstock
solution, and then dilute with methanol to volume.]

Sample solution: Transfer NLT 20 mL of the solution
prepared as directed for the Sample solution in Vitamin A
to a suitable container, and evaporate in vacuum at room
temperature to dryness.Transfer the residue with the aid of
methanol to a suitable volumetric flask, and dilute with
methanol to volume to obtain a concentration of 20 uq/rn],
of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
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Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-J,Jm packing L1
Flow rate: 1 mL/min
Injection volume: 50 J,JL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 5 between alpha tocopheryl acetate and
phytonadione, System suitability solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solutiori and Sample solution
Calculate the percentage of the labeled amount of

phytonadione (C31H4602) in the portion of Oral Solution
taken:

Result = (rulrs) x (CslCu) x 100

to =peak area from the Sample solution
rs =peak area from the Standard solution
Cs = concentration of USP Phytonadione RS in the

Standard solution (J,Jg/mL)
Cu =nominal concentration of phytonadione in the

Sample solution (J,Jg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of phytonadione (C31H460 2)

• BETA CAROTENE
[NOTE-Use low-actinic glassware.]

Mobile phase: Transfer 50 mg of butylated hydroxytoluene
into a 1-Lvolumetric flask, and dissolve with 20 mL of
2-propanol. Add 0.2 mLof N-ethyldiisopropylamine, 25 mL
of 0.2% ammonium acetate solution, 455 mL of
acetonitrile, and about 450 mL of methanol. Allow the
solution to reach room temperature, and dilute with
methanol to volume.

Diluent: 50 J,Jg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta

Carotene System Suitability RS to a 50-mL volumetric flask.
Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate
for 5 min. Dilute with Diluent to volume, and sonicate for
5 min. Cool to room temperature, pass the suspension
through a membrane filter of 0,45-J,Jm pore size, and use
the clear filtrate.

Standard stock solution: 60 J,Jg/mL of USP Beta
Carotene RS in tetrahydrofuran

Standard solution A: Transfer 5.0 mL of the Standard stock
solution into a 1OO-mL volumetric flask, add 5.0 mL of
tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A from

the concentration of Standard solution Bas described
below.

Standard solution B: Transfer 5.0 mL of the Standard stock
solution into a 1OO-mL volumetric flask, and dilute with
cyclohexaneto volume. Prepare in triplicate.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 457 nm
Cell path: 1 em
Blank: Cyclohexane

Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL)

as- all-trans-beta carotene (C4oH s6) in Standard solution B.
[NOTE-The concentration of Standard solution Bequals
the concentration of Standard solution A]

Result =A/F

USP 43

A =average absorbance of the three preparations of
Standard solution B

F =absorptivity of pure all-trans-beta carotene in
cyclohexane, 250

Sample solution: Transfer NLT 20 mL of the solution
prepared as directed for the Sample solution in Vitamin A
to a suitable container, and evaporate in vacuum at room
temperature to dryness. Dissolvethe residue in a mixture of
methylene chloride and Diluent (1:1), and dilute with the
same mixture to obtain a concentration of 3 J,Jg/mL of beta
carotene. Pass through a membrane filter of 0,45-J,Jm pore
size if necessary.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm x 25-cm; 5-J,Jm packing L68
Column temperature: 30°
Flow rate: 0.6 mL/min
Injection volume: 20 J,JL

System suitability
Samples: System suitability solution and Standard solution A

[NOTE-The approximate relative retention times of the
components in the System suitability solution are listed
in Table 1.]

Table 1
Relative Relative

Retention Response
Name Time Factor

AII-trans-alpha carotene 0.93 1.1

AII-trans-betacarotene 1.00 1

9-cis-Beta carotene 1.07 1

13-cis-Beta carotene 1.17 1.2

15-cis-Beta carotene 1.21 1.4

Suitability requirements
Chromatogram similarity: The chromatogram from the

System suitability solution is similar to the reference
chromatogram provided with the lot of USP Beta
Carotene System Suitability RS being used.

Resolution: NLT 1.5 between beta carotene and alpha
carotene and between beta carotene and 9-cis-beta
carotene, System suitability solution

Tailing factor: NMT 2.0 for the beta carotene peak,
Standard solution A

Relative standard deviation: NMT 2.0% for the beta
carotene peak from replicate injections, Standard
solution A

Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the

portion of Oral Solution taken:

Result =(ru/rs) x (CslCu) x 100

tu =peak area of all-trans-beta carotene from the
Sample solution

rs = peak area of all-trans-beta carotene from
Standard solution A

Cs =concentration of all-traris-beta carotene in
Standard solution A as determined by
spectrometric procedure

Cu =nominal concentration of beta carotene in the
Sample solution
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Acceptance criteria: 90.0%-150.0% of the labeled amount
of beta carotene (C4oHs6)

• CHROMIUM
Chromium standard solution: 1000 J..Ig/mL of chromium

from potassium dichromate, previously dried at 1200 for 4 h
in water. Store in a polyethylene bottle.

Standard stock solution: 10 J..Ig/mL of chromium from the
Chromium standardsolution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstock solution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standardstock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 J..Ig/mL of chromium.

Sample solutlon; Dilute an accurately measured volume of
Oral Solution to obtain a solution equivalent to 2.5 J..Ig/mL
of chromium in 0.125 N hydrochloric acid.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 357.9 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in J..Ig/mL, of chromium, and draw
the straight line best fitting the four plotted points. From
the graph so obtained, determine the concentration, C,
in J..Ig/mL, of chromium in the Sample solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Oral Solution taken:

Result=(C/Cu) x 100

C =concentration of chromium in the Standard
solution (J..Ig/mL)

Cu = nominal concentration of chromium in the
Sample solution (J..Ig/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of chromium (Cr)

• FLUORIDE
[NOTE-Use plastic containers throughout this

procedure.]
Ascorbic acid solution: 70 mg/mL of ascorbic acid in water
Mobile phase: Alcohol, water, and 1 N sulfuric acid

(50:449:1 )
Standard stock solution: 220 J..Ig/mL of USP Sodium

Fluoride RS in water. This solution contains 100 J..Ig/mL of
fluoride.

Standard solution: Transfer 5.0 mL of the Standardstock
solution to a 1OO-mL volumetric flask. Add 2 mL of Ascorbic
acid solution, 10 mL of alcohol, and about 70 mL of water,
and mix. Adjust with 1 N sodium hydroxide to a pH of 4.25
± 0.05. Dilute with water to volume, and mix to obtain 5
J..Ig/mL of fluoride solution.

Sample solution: Transfer an accurately measured volume
of the Oral Solution, equivalent to 0.5 mg of fluoride, to a
1OO-mL volumetric flask. Add 1 drop of hydrochloric acid,
10 rnl, of alcohol, and about 75 ml of water, and mix.
Adjust with 1 N sodium hydroxide to a pH of 4.25 ± 0.05.
Dilute with water to volume.

Chromatographic system '
(See Chromatography (621), System SUitability.)
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Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.6 mL/min
Injection volume: 100 J..IL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasof fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Oral Solution taken:

Result=(ru/rs) x (CslCu) x 100

ru =peak area of fluoride from the Sample solution
ts =peak area of fluoride from the Standardsolution
Cs =concentration of fluoride in the Standardsolution

(J..Ig/mL)
Cu =nominal concentration of fluorine in the Sample

solution (J..Ig/ml)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

• IODIDE, Method J
Mobile phase: Dissolve 5.15 9 of tetrabutylammonium

bromide in 320 mL of acetonitrile. Dilute with water to
2000 mL.

System suitability solution: Transfer 0.1 3 9 of potassium
iodide and 0.5 9 of potassium iodate to a 100-mL
volumetric flask. Dissolve in Mobilephase, using sonication
if necessary, dilute with Mobilephaseto volume, and mix.
Transfer 1.0 mL of this solution to a 1OO-mL volumetric
flask, dilute with Mobilephaseto volume, and mix. Transfer
25.0 mL of this solution to a 1OO-mL volumetric flask, and
dilute with Mobilephaseto volume.

Standard stock solution: 1.3 mg/mL of potassium iodide in
Mobilephase. This solution has a concentration of 1 mg/mL
of iodide.

Standard solution: 2.5 J..Ig/mL of iodide from the Standard
stock solution in Mobilephase

Sample solution: Dilute an accurately measured volume of
the Oral Solution to obtain a solution with a concentration
of 2.5 J..Ig/mL of iodine in Mobilephase.

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 J..IL

System suitability
Samples: System suitability solution and Standardsolution

[NOTE-The relative retention times for iodate and
iodide are about 0.32 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System

suitabilitysolution
Relative standard deviation: NMT 2.0% for the iodide

peak, Standardsolution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of iodine

(I) in the portion of Oral Solution taken:

www.webofpharma.com

https://nhathuocngocanh.com/



C

5376 Vitamins / Dietary Supplements

Result= (ru/rs) x (CslCu) x 100

t» =peak area of iodide from the Sample solution
rs = peak area of iodide from the Standardsolution
Cs =concentration of iodide in the Standardsolution

(pq/rnt)
Cv = nominal concentration of iodine in the Sample

solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of iodine (I)

- IODIDE, Method 2
Analysis: Proceed as directed.
Acceptance criteria: 90.00/0-160.0% of the labeled amount

of iodine (I)
-IRON

Iron standard stock solution: Transfer 100 mg of iron
powder to a 1OOO-mL volumetric flask. Dissolve in 6 N
hydrochloric add, and dilute with water to volume.

Standard solutions: To separate 1OO-mL volumetric flasks,
transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of Ironstandardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
2.0, 4.0, 5.0, 6.0, and 8.0 IJg/mL of iron.

Sample solution: 6lJg/mL of iron from the Oral Solution in
0.125 N hydrochloric acid

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 248.3 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in IJg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the
graph soobtained, determine the concentration, C, in IJg/
mL, of iron in the Sample solution. . .

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Oral Solution taken:

Result = (C/ Cu) x 100

C =concentration of iron in the Sample solutionfrom
the graph (lJg/mL)

Cu =nominal concentration of iron in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of iron (Fe)

- MAGNESIUM
Magnesium standard solution: Transfer 1.00 g of

magnesium ribbon to a 1OOO-mL volumetric flask. Dissolve
in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.

Standard stock solution: 20 IJg/mL of magnesium from
Magnesium standardsolution in 0.125 N hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 7.5, 10.0, 12.5, and 15.0 mL of Standardstock
solution. Dilute with 0.125 N hydrochloric acid to volume
to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0
IJg/.mLof magnesium.

Sample solution: 2.5 IJg/mL of magnesium from the Oral
Solution in 0.125 N hydrochloric acid

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
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Mode: Atomic absorption spectrophotometer
Analytical wavelength: 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in IJg/mL, of magnesium, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in IJg/mL, of magnesium in the Sample solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Oral Solution taken:

Result= (C/Cu) x 100

C = concentration of magnesium in the Sample
solution from the graph (uq/rnl)

Cu =nominal concentration of magnesium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

- MANGANESE
. Manganese standard solution: Transfer 1.0 g of

manganese to a 1OOO-mL volumetric flask. Dissolve in
20 mL of nitric acid, and dilute with 6 N hydrochloric acid
to volume.

Standard stock solution: 50 IJg/mL of manganese from the
Manganese standardstock solution in 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions havinq
known concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0
IJg/mL of manganese.

Sample solution: Dilute an accurately measured volume of
the Oral Solution to obtain 1.5 IJg/mL of manganese in
0.125 N hydrochloric acid.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in IJg/mL, of manganese, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in IJg/mL, of manganese in the Sample solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Oral Solution taken:

Result= (C/Cu) x 100

=concentration of manganese in the Sample
solution from the graph (lJg/mL)

=nominal concentration of manganese in the
Sample solution (uq/rnl)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of manganese (Mn)
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• MOLYBDENUM
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute
with water to volume.

Standard stock solution: 100 IJg/mL of molybdenum from
the Molybdenumstandard solution in water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 0.5, 1.0, 1.5, 2.0, and 3.0 mL of the Standardstock
solution.Add 0.125 N hydrochloric acid to volume, and mix
to obtain the solutions having known concentrations of
about 0.5, 1.0, 1.5, 2.0,and 3.0 IJg/mL of molybdenum.

Sample solution: Dilute an accurately measured volume of
the Oral Solution to obtain 1.5 IJg/mL of molybdenum from
the Oral Solution in 0.125 N hydrochloric acid.

Instrumental conditions
(See Atomic AbsorptionSpectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in IJg/mL, of molybdenum, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of molybdenum in the Sample
solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Oral Solution taken:

Result=(C/Cu) x 100

C =concentration of molybdenum in the Sample
solution from the graph (lJg/mL)

Cu = nominal concentration of molybdenum in the
Sample solution (uq/ml)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of molybdenum (Mo)

• ZINC
Zinc standard solution: Transfer 311 mg of zinc oxide to a

250-mL volumetric flask, and add 80 mL of 6 N
hydrochloric acid, warming if necessary to dissolve. Cool,
dilute with water to volume, and mix to obtain a solution
having a known concentration of 1000 IJg/mL of zinc.

Standard stock solution: 50 IJg/mL of zinc from the Zinc
standard solution in 0.125 N hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standardstocksolution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain
concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of zinc.

Sample solution: Dilute an accurately measured volume of
Oral Solution to obtain 1.5 IJg/mL of zinc in 0.125 N
hydrochloric acid.

Instrumental conditions
(SeeAtomic AbsorptionSpectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Sample solution
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Determine the absorbances of the solutions against the
Blank. Plot the absorbances of the Standardsolutions
versus concentration, in IJg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in IJg/
mL, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Oral Solution taken:

Result=(C/Cu) x 100

C =concentration of zinc in the Sample solution from
the graph (lJg/mL)

Cu =nominal concentration of zinc in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method 1(611) (if present):

90.0%-120.0% of the labeled amount of C2HsOH

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/mL, and the
combined molds and yeasts count does not exceed 3 x

. 102 cfu/mL.
• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the

requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, under an inert gas or with a minimum of
headspace.

• LABELING:1 The label states that the product is Oil-Soluble
Vitamins with Minerals Oral Solution. The label states the
quantity of each vitamin and mineral in a given volume of
the Oral Solution and, where necessary, the chemical form
in which a vitamin is present, and states also the salt form
of the mineral used as the source of each element. Where
the product contains vitamin E, the label indicates whether
it is the d- or dl- form. Where more than one assay method
is given for a particular mineral, the labeling states with
which assay method the product complies only if Method 1
is n9J used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS

1 USP Units of activity for vitamins, where such exist or formerlyexisted,
are equivalent to the corresponding international units, where such
formerly existed. The USP Unitfor Vitamin Ehas been discontinued.
Internationalunits (IU) for vitaminsalso have been discontinued. However,
the use of IU on the labelsof vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass isasfollows. One USP Vitamin A
Unit=0.3 I-Ig of all-trans-retinol (vitaminAalcohol)or 0.344 I-Ig of all
trans-retinyl acetate (vitamin Aacetate) or 0.55 I-Ig of all-trans-retinyl
palmitate (vitaminApalmitate), and 1 I-Ig of retinol (3.3 USP Vitamin A
Units) =1 retinol equivalent (RE); 1 IU of beta carotene =0.6 I-Ig of all
trans-beta carotene; 1 USP Vitamin D Unit=0.025 I-Ig of ergocalciferol or
cholecalciferol; and 1 mg ofdl-alphatocopherol =1.1 former USP Vitamin E
Units, 1 mg of dl-alphatocopheryl acetate =1 former USP Vitamin EUnit,
1 mg of dl-alphatocopheryl acid succinate =0.89 former USP Vitamin E
Unit,1 mg of d-alpha tocopherol =1.49 former USP Vitamin EUnits, 1 mg
of d-alphatocopherylacetate =1.36 former USP Vitamin EUnits, and 1 mg
of d-alpha tocopheryl acid succinate=1.21 former USP Vitamin EUnits. In
terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl
acetate =0.91, 1 mg of d-alpha tocopheryl acid succinate =0.81, 1 mg of
dl-alphatocopherol =0.74, 1 mg of dl-alphatocopheryl acetate =0.67,
and 1 mg of dl-alphatocopheryl acid succinate = 0.60.
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Sample solution: Prepare as directed for the Sample stock
solution in VitaminA, Method 7. Transfer NLT 20 mL of this
solution to a suitable container, and, if necessary, evaporate
under vacuum at room temperature to obtain a
concentration of 2 IJg/mL of cholecalciferol or

.e...r..g.oca.l.c..i..f.e..r...o.....1...•.
•.~.•.•• ·• •.>·i/.;}>;./>.•.t·y7. /«.'>.•.•.• >
•...•·.,A.(I..I,sPJ·"fvIl1Y£2P2Q)
Acceptance criteria: 90.00/0-165.0% of the labeled amount

of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C2sH440)

• VITAMIN A, Method 1
~R'

11lQ.
Sample solution: Prepared as directed for the Sample stock

solution in Vitamin A, Method 1. Transfer NLT 20 mL of this
solution to a suitable container, and evaporate under
vacuum at room temperature to dryness. Transfer the
residue with the aid of methanol to a suitable volumetric
flask, and dilute with methanol to volume to obtain a
concentration of 2 mg/mL of alpha-tocopherol,
alpha-tocopheryl acetate, or alpha-tocopheryl acid
succinate.

...>ii>j····.• t.i·
?,A. (l..I,sp J'-MaY-2(20)

Analysis .
Samples: Standardsolution and Sample solution
Measure the peak areas.

·1

y< " )

Sample stoc solution: Finely power NLT 20 Ta lets. To a
portion of the powder, equivalent to 5 Tablets, add 15 mL
of water, and sonicate for 5 min. Add 15 mL of n-hexane,
and shake for 15 min in a water bath maintained at 60°.
Add 10 mL of dimethyl sulfoxide, and shake for an
additional period of 30 min in a water bath maintained at
60°. Centrifuge at 3000 rpm for 10 min, and transfer the
hexane layer by means of a pipet to a 1OO-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide
layer, shake thoroughly for 5 min, and transfer the hexane
layer by means of a pipet to the 1OO-mL volumetric flask.
Repeat this extraction with 3 additional 15-mL portions of
n-hexane.

Sample solution: Dilute the Sample stock solutionwith
n-hexane to obtain a solution with a concentration

. equivalent to 13 IJg/mL of retinol (C2oH300).

1',~?iQ~eC;ijl~9~~[~~5
Acceptance criteria: 90.00/0-165.0% of the labeled amount

of vitamin A, as retinol (C2oH300)

• VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL),

• VITAMIN E, Method 1
.AprO

Oil-Soluble Vitamins with Minerals
Tablets

DEFINITION

USP Beta Carotene RS
USP Beta Carotene System Suitability RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
USP Sodium Fluoride RS

Oil-Soluble Vitamins Tablets contain 2 or more of the following
oil-soluble vitamins: Vitamin AAasretinyl acetateoqetinyl
palmitate>A (USP l-fvIay-2(20) Vitamin D as Ergocalciferol
(vitamin D2) or Cholecalciferol (vitamin D3) , Vitamin E
R .
a '-rac-a p. '.. '
al/:-rac-alpha-tocophery 0)

Phytonadione (vitamin Kl ) , and Beta Carotene; and one or
more minerals derived from substances generally
recognized as safe, furnishing one or more of the following
elements in ionizable form: boron, calcium, chromium,
copper, fluorine, iodine, iron, magnesium, manganese,
molybdenum, nickel, phosphorus, potassium, selenium,
tin, vanadium, and zinc. Tablets contain NLT 90.0% and
NMT 165.0% of th~ labeled amount of vitamin A :4as
retinoI A (uSP1 -May-i o20) (C2oH300), vitamin D ascholecillCiferol
(C27H440) or ergocalciferol (C2sH440), vitamin EAas
2R-alpha-tocopherol~ (USPT-M~Y~2020) (C29Hso02),
phytonadione (C3l H4602), and beta carotene (C4oHs6); NLT
90.0% and NMT 125.0% of the labeled amount of calcium
(Ca), copper (Cu), iron (Fe), manganese (Mn), magnesium
(Mg), phosphorus (P), potassium (K), and zinc (Zn); and
NLT 90.0% and NMT 160.0% of the labeled amount of
boron (B), chromium (Cr), fluorine (F), iodine (I),
molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and
vanadium (V).

Oil-Soluble Vitamins Tablets may contain other labeled added
substances that are generally recognized as safe, in
amounts that are unobjectionable.

IDENTIFICATION

STRE~GTH
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Suitability requirements
Resolution: NLT5 between alpha tocopherylacetate and

phytonadione, System suitabilitysolution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of the labeledamount of

phytonadione (C31H4602) in the portion of Tablets taken:

Result = (rulrs) x (CsiCu) x 100

ru =peak area from the Sample solution
ts =peak area from the Standard solution
Cs =concentration of USP Phytonadione RS in the

Standard solution (lJg/mL)
Cu = nominal concentration of phytonadione in the

Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-165.0% of the labeledamount
of phytonadione (C31H4602)

Table"

Xlm~ $Qlijl!Qn\j\ 'x ,

~Y't~6)'
,'Q

(min) , '(%)

0 100 0

1~ 0 10,0

27 0 moo
~'~ 3\0(;> 0

30 lIOO ()

solution(mg/mL)
Cu =nominalconcentrationofthe correspondingform

of vitamin E
2 in the Sample
solution (m ImL)

to =peak area of the relevant vitamin Eformfrom the
Sample solution

rs =peak area of the relevantvitamin Eformfrom the
Standard solution

c, =c?ncentration of

Calculate the percentage of the labeledamount of alpha
tocopherol (C29Hso02), alpha tocopheryl acetate
(C31HS203), or alpha tocopherylacid succinate
.las·.2k:afpha~~QCop~-eroi.(C2;H·-s~O;;)~ (D~1~1~~fIy1~i~·
portion of Tabletstaken: .

Result =(rulrs) x (CsICu)

• PHYTONADIONE, +~~~lt:lili~€0~I~tl~~~jYfl~;~~~1~Q~
[NOTE-Use IO\A,-a("t1nIC olassware

procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 IJg/mL of USP

Phytonadione RS in methanol. Dissolve with the aid of
sonication if necessary.

Standard solution: 20 IJg/mL of USP Phytonadione RS
from the Standard stock solutiondiluted with methanol

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 IJg/mL of USP
Phytonadione RS from the Standard stock solutiondiluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS ina portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Sample solution: Prepareas directed for the Sample stock
solution in Vitamin A, Method 7. Transfer NLT 20 mL of this
solution to a suitable container, and evaporate under
vacuum at room temperature to dryness. Transfer the
residuewith the aid of methanol to a suitablevolumetric
flask, and dilute with methanol to volume to obtain a
concentration of 20 IJg/mL of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1 mL/min
Injection volume: 50 IJL

System suitability
Samples: Standard solutionand System suitabilitysolution
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• BETA CAROTENE
[NOTE-Use low-actinic glassware.]

Mobile phase: Transfer50 mg of butylated hydroxytoluene
into a l-L volumetric flask, and dissolvewith 20 mL of
2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL
of 0.2% ammonium acetate solution, 455 mL of
acetonitrile, and about 450 mL of methanol. Allow the
solution to reach room temperature, and dilute with
methanol to volume.

S
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Diluent: 50 J.lg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta

Carotene SystemSuitability RS to a 50-mL volumetric flask.
Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate
for5 min. Dilute with Diluent to volume, and sonicate for
5 min. Cool to room temperature, pass the suspension
through a membrane filter of 0.45-J.lm pore size, and use
the clear filtrate.

Standard stock solution: 60 J.lg/mLof USP Beta
Carotene RS in tetrahydrofuran

Standard solution A: Transfer 5.0 mL of the Standard stock
solution into a 1OO-mL volumetric flask, add 5.0 mL of
tetrahydrofuran, and dilute with Diluent to volume.

Standard solution B: Transfer 5.0 mL of the Standard stock
solution into a 1OO-mL volumetric flask, and dilute with
cyclohexane to volume. Prepare in triplicate.
Determine the concentration of Standard solution A from

the concentration of Standard solution B.
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 457 nm
Cell path: 1 cm ,
Blank: Cyclohexane

Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL)

as all-trans-beta carotene (C4oHs6) in Standard solution B.
[NoTE-The concentration of Standard solution Bequals
the concentration of Standard solution A.]

Result= A/F

A =average absorbance of the 3 preparations of
Standard solution B

F = absorptivity of pure all-trans-beta carotene in
cyclohexane, 250

Sample solution: Prepare asdirected for the Sample stock
solution in Vitamin A. Transfer NLT 20 mL of this solution
to a suitable container, and evaporate under vacuum at
room temperature to dryness. Dissolve the residue in a
mixture of methylene chloride and Diluent (1:1), and dilute
with the same mixture to obtain a concentration of 3
uq/rnl, of beta carotene. Pass through a membrane filter of
0.45-J.lm pore size, if necessary.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm x 25-cm; 5-J.lm packing L68
Column temperature: 300

Flow rate: 0.6 mL/min
Injection volume: 20 J.lL

System suitability
Samples: System suitability solution and Standard solution A

The approximate relative retention times of the
suitability solution are listed in

,T""" ••" dYi',i,Ci',

'i, '~""'i~~'l'!.~r r~lVIay,,,y,,y}

Relative Relative
Retention Response

Name Time Factor

all-trans-Alpha carotene 0.93 1.1

all-trans-Beta carotene 1.00 1

9-cis-Beta carotene 1.07 1

13-cis-Beta carotene 1.17 1.2
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"'.oi:II~i~"iL ,ill;~",,,,,,i.""i" ;"r,; ntlnued)
Relative Relative

Retention Response
Name Time Factor

15-cis-Betacarotene 1.21 1.4

Suitability requirements
Chromatogram similarity: The chromatogram from the

System suitability solution is similar to the reference
chromatogram provided with the USP Beta Carotene
System Suitability RS being used.

Resolution: NLT 1.5 between beta carotene and alpha
carotene and between beta carotene and 9-cis-beta
carotene, System suitability solution

Tailing factor: NMT 2.0 for the beta carotene peak
Standard solution A '

Relative standard deviation: NMT 2.0% for the beta
carotene peak from replicate injections, Standard
solution A

Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the

portion of Tablets taken:

Result=(rufrs) x (Cs/Cu) x 100

= peak area of all-trans-beta carotene in the Sample
solution

=peak area of all-trans-beta carotene in Standard
solution A

=concentration of all-trans-beta carotene in
Standard solution A asdetermined by
spectrometric procedure

=nominal concentration of beta carotene in the
Sample solution

Acceptance criteria: 90.0%-165.0% of the labeled amount
of beta carotene (C4oHs6)

• CALCIUM, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
Calcium standard solution: 400 J.lg/mL of calcium. Dissolve

1.001 g of calcium carbonate, previously dried at 3000 for
3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute
with water to 1000 mL.

Standard stock solution: 100 J.lg/ml of calcium from the
Calcium standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standard stock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and
3.0 IJg/mL of calcium.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 5 Tablets, to a
porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 0 for 6-12 h, and cool. Add 60 mL of
hydrochloric acid, and boil gently on a hot plate or steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 6 N hydrochloric acid. Cool, and
quantitatively transfer the contents of the crucible to a
1OO-mL volumetric flask. Rinse the crucible with small
portions, of 6 N hydrochloric acid, and add the rinsings to
the flask. Dilute with water to volume, and filter, discarding
the first 5 mL of the filtrate. Dilute this solution
quantitatively, with 0.125 N hydrochloric acid, to obtain a
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concentration of 2 IJg/mL of calcium, adding 1 mL of
Lanthanumchloride solutionper 100 mL of the final volume..

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Calcium emission line at

422.7 nm
lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 mL
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions, against the

Blank. Plot the absorbances of the Standardsolutions
versusthe concentration, in IJg/mL, of calcium, and draw
the straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in IJg/mL, of
calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of calcium in the Sample
solution (lJg/mL)

Cu = nominal concentration of calcium in the Sample
solution (pq/rnt)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca)

• CHROMIUM, Method 1
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 1200 for 4 h
in water. Store in a polyethylene bottle.

Standard stock solution: 10 IJg/mL of chromium from the
Chromium standardsolution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstock solution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standardstock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the 4 flaskswith 0.125 N hydrochloric
acid to volume to obtain concentrations of 1.0,'2.0, 3.0,
and 4.0 IJg/mL of chromium.

Sample solution: Prepare as directed for Calcium, Method
7,except obtain a concentration of 2.5 IJg/mL of chromium
and omit the use of the Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at

357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Samplesolution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of chromium, and
draw the straight line best fitting the 4 plotted points.
From the graph, determine the concentration (C), in
IJg/mL, of chromium in the Sample solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Tablets taken:

Result=(C/Cu) x 100

USP 43

C =measured concentration of chromium in the
Sample solution (lJg/mL)

Cu =nominal concentration of chromium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

• COPPIER, Method 1
Copper standard solution: Dissolve 1.00 9 of copper foil

in a minimum volume of a 50% solution of nitric acid, and
dilute with a 1% solution of nitric acid to 1000 mL. This
solution contains 1000 IJg/mL of copper.

Standard stock solution: 100 IJg/mL of copper from the
Copper standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standardstock
solution. Dilute with 0.125 N hydrochloric acid to volume
to obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0
IJg/mL of copper.

Sample solution: Prepareas directed for Calcium, Method
7, except obtain a concentration of 2 IJg/mL of copper and
omit the useof the Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Copper emission line at 324.7 nm
lamp: Copper hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versus the concentration, in IJg/mL, of topper, and draw
the straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in IJg/mL, of
copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Tablets taken:

Result= (C/Cu) x 100

C =measured concentration of copper in the Sample
solution (lJg/mL)

Cu =nominal concentration of copper in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of copper (Cu)

• FLUORIDIE, Method 1
[NOTE-Store all solutions in plastic containers.]

3 M sodium acetate solution: Dissolve 408 9 of sodium
acetate in 600 mL of water contained in a 1000-mL
volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a
few drops of acetic acid to a pH of 7.0.

Sodium citrate solution: Dissolve222 9 of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 IJg/mL of fluoride
from a quantity of sodium fluoride in water, previously
dried at 1000 for 4 h and cooled in a desiccator

Intermediate stock solution A: 100 IJg/mL of fluoride from
the Fluoride standardstock solutiondiluted with water

Intermediate stock solution B: 10 IJg/mL of fluoride from
the Fluoride standardstock solutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 3.0, 5.0, and 10.0 mL of Intermediate stock solution
Band 5.0 and 10.0 mL of Intermediate stock solutionA. To
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each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of
3 M sodium acetatesolution, and 25.0 mL of Sodium citrate
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and
i 0.0 IJg/mL of fluoride.

Sample solution: Transfer a quantity of the finely powdered
Tablets, equivalent to 200 IJg of fluoride, to a 100-mL
volumetric flask. Add 10.0 mL of 1 N hydrochloric acid,
25.0 mL of 3 M sodium acetatesolution, and 25.0 mL of
Sodium citrate solution, and dilute with water to volume.

Analysis
Samples: Standardsolutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standardsolutions and the Sample solution. Measure the
potentials (see pH (791», in mV, of the Standardsolutions
and the Sample solution, with a pH meter capable of a
minimum reproducibility of ±0.2 mV and equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NoTE-When taking measurements,
immerse the electrodes in the solution, stir on a magnetic
stirrer having an insulated top until equilibrium isattained
(1-2 min), and record the potential. Rinse and dry the
electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in IJg/mL,
of the Standardsolutions versuspotential, in mV. From the
standard response curve and the measured potential of
the Sample solution, determine the concentration (C), in
IJg/mL, of fluoride in the Sample solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Tablets taken:

Result= (C/Cu) x 100

C = measured concentration of fluoride in the Sample
solution (lJg/mL) .

Cu = nominal concentration of fluorine in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NoTE-Use plastic containers and deionized water

throughout this procedure.] .
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water

(20:5:175)
Standard stock solution: 220 IJg/mL of USP Sodium

Fluoride RS in water. This solution contains 100 IJg/mL of
fluoride.

Standard solution: [NOTE-Condition the solid-phase
extraction column specified for use in the Standardsolution
and the Sample solution in the following manner. Using a
vacuum at a pressure not exceeding 5 mm of mercury,
wash the column with one column volume of methanol
followed by one column volume of pH 70.0 buffer. Do not
allow the column top to dry. If the top of the column
becomes dry, recondition the column.] Transfer 10.0 mL of
Standardstock solution to a 1OO-mL volumetric flask. Add
75 mL of water, and adjust with 0.1 N sodium hydroxide
to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL
of the filtrate to a 50-mL volumetric flask, add 15.0 mL of
water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 70.0 bufferto volume. Elute a portion
of this solution through a 3-mL solid-phase extraction
column containing L1 packing that is connected through
an adaptor to a second solid-phase extraction column
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containing sulfonylpropyl strong cation-exchange packing.
Discard the first 3 mL of the eluate, and collect the rest of
the eluate in a suitable flask for injection into the
chromatograph.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of powdered Tablets, equivalent to 1 mg of
fluorine, in 15 mL of water, and shakevigorously. Rinse the
sidesof the flask with 15 mL of water, and allow to stand
for 10 min. Dilute with water to 85 mL, adjust with 1 N
sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with
water to 100 mL. Prepare as directed for the Standard
solution, beginning with "Filter, discarding the first 15 mL
of the filtrate."

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Conductivity
Column

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.5 mL/min
Injection volume: 100 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasfor fluoride.
Calculate the percentage of the labeled amount of fluorine

(F) in the portion of Tablets taken:

Result=(ru/rs) x (Cs/Cu) x 100

ru = peak area from the Sample solution
rs = peak area from the Standardsolution
Cs =concentration of fluoride in the Standardsolution

(lJg/mL)
Cu =nominal concentration of fluorine in the Sample

solution (lJg/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

• IODIDE, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered

bottle add 100 mL of water. Insert the stopper into the
bottle, and shake. Allow to stand for 30 min, and usethe
supernatant.

Analysis
Sample: Tablets
Transfer an amount of finely powdered Tablets, equivalent

to 3 mg of iodide, to a nickel crucible. Add 5 g of sodium
carbonate, 5 mL of 50% (w/v) sodium hydroxide solution,
and 10 mL of alcohol, taking care that the entire specimen
is moistened. Heat the crucible on a steam bath to
evaporate the alcohol, then dry the crucible at 100° for
30 min to prevent spattering upon subsequent heating.
Transfer the crucible with its contents to a furnace heated
to 500°, and heat the crucible for 15 min. [NOTE-Heating
at 500° is necessary to carbonize any organic matter
present; a higher temperature may be used, if necessary,
to ensure complete carbonization of all organic matter.]

Cool the crucible, add 25 mL of water, cover the crucible
with a watchglass, and boil gently for 10 min. Filter the
solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add
phosphoric acid until the solution is neutral to methyl
orange, then add 1 mL excess of phosphoric acid. Add
excess of Bromine water, and boil the solution gently until
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colorless for 5 min longer. Add a few crystals of salicylic
acid, and cool the solution to 200

• Add 1 mL of phosphoric
acid and 0;5 g of potassium iodide, and titrate the
liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has
nearly disappeared.

Calculate the percentage of the labeled amount of iodine
(I) in the portion of Tablets taken:

Result= Vx NA X Fx Ime x (AwlW) x (100IL)

V =volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate

solution used
F = correction factor to convert mg to IJg, 1000

IJg/mL
Ime = milliequivalent weight of iodine, 21.16 mg/meq
Aw = average weight of the Tablets
W = weight of the portion of Tablets taken
L =labeled amount of iodine (lJg/Tablet)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of iodine (I)

• IODIDE, Method 2: Proceed as directed.
Acceptance criteria: 90.0%-160.0% of the labeled amount

of iodine (I)
• IRON, Method 1

Iron standard stock solution: Transfer 100 mg of iron
powder to a 1OOO-mL volumetric flask. Dissolvein 25 mL of
6 N hydrochloric acid, dilute with water to volume,
and mix.

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of the Iron standard
stocksolution.Dilute the contents of eachflaskwith 0.125 N
hydrochloric acid to volume to obtain concentrations of
2.0, 4.0, 5.0, 6.0, and 8.0 IJg/mL of iron.

Sample solution: Prepare as directed for Calcium, Method
7, except obtain a concentration of 5 IJg/ml of iron and
omit the use of the Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode .
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in IJg/mL, of iron, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in IJg/mL, of
iron in the Sample solution.

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Tablets taken:

Result= (C/eu) x 100

C = measured concentration of iron in the Sample
solution (lJg/mL)

Cu = nominal concentration of iron in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of Iron (Fe)

• MAGNESIUM, Method 1
Lanthanum chloride solution: Prepareasdirected in

Calcium, Method 7•
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Magnesium standard solution: Transfer 1.0 g of
magnesium ribbon to a 1OOO-mL volumetric flask, dissolve
in 50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a known
concentration of 1000 IJg/mL of magnesium.

Standard stock solution: 20 IJg/mL of magnesium from the
Magnesium standardsolution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 mL of Lanthanumchloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 0.4, 0.5, and
0.6 IJg/mL of magnesium.

Sample solution: Prepare as directed for Calcium, Method
7, except obtain a concentration of 0.4 IJg/mL of
magnesium.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at

285.2 nm
lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 ml
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of magnesium, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
IJg/mL, of magnesium in the Sample solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Tablets taken:

Result= (C/Cu) x 100

C = measured concentration of magnesium in the
Sample solution (lJg/mL)

Cu =nominal concentration of magnesium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: Transfer 1.00 g of

manganese to a 1OOO-mL volumetric flask. Dissolve in
20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration
of 1000 IJg/mL of manganese.

Standard stock solution: 50 IJg/mL of manganese from the
Manganese standardstock solutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 ml of the Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 IJg/ml of
manganese.

Sample solution: Proceed as directed for Calcium, Method
. 7,except obtain a concentration of 1 IJg/mL of manganese
and omit the use of the Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Manganese emission line at

279.5 nm
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lamp: Manganesehollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plotthe absorbances of the Standardsolutions
versus the concentration, in fJg/mL, of manganese, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
fJg/mL, of manganese in the Sample solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Tablets taken:

Result =(C/Cu) x 100

C = measured concentration of manganese in the
Sample solution (fJg/mL)

Cu = nominal concentration of manganese in the
Sample solution (fJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeledamount
of manganese (Mn)

• MOLYBDENUM, Method 7
Diluent: 20 mg/mLof ammonium chloride in water
Molybdenum standard solution: Transfer1.0 g of

molybdenum wire to a 1OOO-mL volumetricflask, and
dissolve in50 mL of nitricacid,warming ifnecessary. Dilute
with water to volume, and mix to obtain a solutionwith a
concentration of 1000 fJg/mL of molybdenum.

Standard stock solution: 100 fJg/mL of molybdenumfrom
the Molybdenum standardsolution diluted with water

Standard solutions: To separate 1OO-ml volumetric flasks
transfer2.0, 10.0, and 25.0 mL of the Standardstock
solution, and add 5.0 mL of perchloricacid to each flask.
Gently boil the solution in each flask for 15 min, cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrationsof 5.0, 10.0, and 25.0 fJg/mL of
molybdenum.

Sample solution: Transfer a portion of the powder,
equivalent to 1000 fJg of molybdenum, to a.suitableflask,
and add 12 mL of nitricacid. [NOTE-The volume of nitric
acid may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the test
specimen. Sonicate for 10 min,or until the test specimen is
completelydissolved. Gentlyboil the solution for 15 min,
and cool to room temperature. Carefully add 8 mL of
perchloric acid, heat until perchloric acid fumes appear,
and swirl the flask to dissipate the fumes. Repeatthe
heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of
the flask to a 1OO-mL volumetric flask with the aid of the
Diluent, and dilutewith Diluent to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectroscopy
Analyticalwavelength: Molybdenum emission lineat

313.3 nm
lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: Diluentand perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plotthe absorbances of the Standardsolutions
versusthe concentration, in fJg/mL, of molybdenum,and
draw the straight line best fitting the 3 plotted points.
Fromthe graph, determine the concentration (C), in
uq/rn]; of molybdenum in the Sample solution.
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Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result =(C/Cu) x 100

C =measured concentration of molybdenum in the
Sample solution (fJg/mL)

Cu =nominal concentration of molybdenum in the
Sample solution (fJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of molybdenum (Mo)

• MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 mL of water to 109 of

sodium fluoride, stir until the solution issaturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/mLof ferrous sulfatein
water

Potassium thiocyanate solution: 200 mg/mLof potassium
thiocyanate in water

20% stannous chloride solution: Transfer 40 mg of
stannous chloride to a beaker, add 20 mL of 6.5 N
hydrochloric acid solution, and heat the solution until the
stannous chloride isdissolved. Cool, and dilute with water
to 100 mL.

Diluted stannous chloride solution: 20% stannous chloride
. solution diluted with water (1 in 25). Prepare this solution
fresh at the time of use.

Standard solution: 20 fJg/mL of molybdenum in water
Sample: Aportion offinely powderedTablets, equivalentto

40 fJg of molybdenum
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol

Analysis
Samples: Standardsolution and Sample
Transfer the Sample and 2.0 mL of the Standardsolutionto

separate 200-mL beakers. Add20 mL of nitric acid to each
beaker. Covereach beakerwith a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 mL of perchloric acid, cover the
beakerswith a watchglass, and continue the heating until
digestion is complete, as indicatedwhen the liquid
becomes colorless or pale yellow. Evaporate the solutions
in the beakers to dryness. Rinse the sides of the beakers
and the watchglasses with water, and add more water to
complete 50 mL in each beaker.Gently boil the water
solutionfor a few min. Coolto room temperature. Add 2
drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to
separate 1OO-mL volumetric flasks, rinsethe beakerswith
water, transfer the rinsings to the corresponding
volumetricflasks, and dilute with water to volume.
Transfer 50.0 mL of each solutionto separatory funnels.
To each separatoryfunnel add 1.0 mL of Sodium fluoride
solution, 0.5 mL of Ferrous sulfatesolution,4.0 mL of
Potassium thiocyanate solution, 1.5 mL of 20% stannous
chloride solution, and 15.0 mL of amyl alcohol, and shake
the separatory funnel for 1 min. Allow the layers to
separate, and discard the aqueous layers. Add 25 mL of
Dilutedstannous chloride solution to each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers. Transfer the
organic layerfrom each separatoryfunnel to a centrifuge
tube, and centrifugeat 2000 rpm for 10 min. Determine
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the absorbances of the organic phases obtained from the
Standardsolutionand the Sample, and correct with the
Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result= (Au/As) x [(Vx Cs)/Mu] x 100

Au =absorbance of the Sample
As =absorbance of the Standardsolution
V = volume of the Standardsolutionanalyzed, 2.0 mL
Cs =concentration of molybdenum in the Standard

solution (lJg/mL)
Mu =nominal amount of molybdenum in the Sample

(lJg)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of molybdenum (Mo)

• PHOSPHORUS, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of

ammonium molybdate in Sulfuric acidsolutionand water
(2:3). [NOTE-Dissolve in water first, and then dilute with
Sulfuric acidsolution to volume.]

Hydroquinone solution: 5 mg/mL of hydroquinone in
water. Add one drop of sulfuric acid per 100 mL of solution.

Sodium bisulfite solution: 200 mg/mL of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 9 of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolvein water, add 6 mL of sulfuric acid
as a preservative, dilute with water to volume, and mix to
obtain a solution with a concentration of 1000 IJg/mL of
phosphorus.

Standard solution: 20 IJg/mL of phosphorusfrom the
Phosphorus standardstock solution diluted with water

Sample solution: [NoTE-Finely powder and weigh a
counted number of Tablets.] Transfer a portion of the
powder, equivalent to 100 mg of phosphorus, to 25 mL of
nitric acid, and digest on a hot plate for 30 min. Add 15 mL
of hydrochloric acid, and continue the digestion to the
cessation of brown fumes. Cool, and transfer the' contents
of the flaskto a500-mL volumetric flaskwith the aid of small
portions of water. Dilute with water to volume. Transfer
10.0 mL of this solution to a 1OO-mL volumetric flask, and
dilute with water to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm

Analysis
Samples: Standardsolution and Sample solution
To 3 separate 25-mL volumetric flaskstransfer 5.0 mL each

of the Standardsolution, the Sample solution, and water to
provide the blank. To each of the 3 flasks add 1.0 mL
each of Ammoniummolybdatesolution, Hydroquinone
solution, and Sodium bisulfitesolution, and swirl to mix.
Dilute the contents of each flask with water to volume,
and allow the flasks to stand for 30 min. Determine the
absorbances of the solutions against the blank.

Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Tablets taken:

Result= (Au/As) x (Cs/Cu) x 100

Au =absorbance of the Sample solution

USP 43

=absorbance of the Standardsolution
=concentration of phosphorus in the Standard

solution (lJg/mL)
=nominal concentration of phosphorus in the

Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 IJg/mL of potassium

from potassium chloride, previously dried at 105° for 2 h,
in water

Standard stock solution: 10 IJg/mL of potassium from the
Potassium standardsolutiondiluted with 0.125 N
hydrochloric acid '

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mL of the Standard stock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of potassium.

Sample solution: Prepare as directed for Calcium, Method
7, except obtain a concentration of 1.5 IJg/mL of potassium
and omit the useof the Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at

766.5 nm
Lamp: Potassiumhollow-cathode
Flame: Air-acetylene
Blank: Water

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of potassium, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
IJg/mL, of potassium in the Sample solution.

Calculate the percentage of the labeled amount of
potassium (K) in the portion of Tablets taken:

Result = (ClCu) x 100

C =measured concentration of potassium in the
Sample solution(lJg/mL)

Cu =nominal concentration of potassium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of potassium (K)

• SELENIUM, Method 1
Diluent: Prepareasdirected in Molybdenum, Method 7.
Selenium standard solution: [CAUTIoN-Selenium is toxic;

handle it with care.] Dissolve1 9 of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness. Add
2 mL of water, and evaporate to dryness. Repeat the
addition of water and the evaporation to dryness 3 times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a concentration of 1000 IJg/mL of
selenium.

Standard stock solution: 100 IJg/mL of selenium from the
Selenium standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standardstock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volume to
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obtain solutions with concentrations of 5.0, 10.0, and 25.0
J.lg/mLof selenium.

Sample solution: Transfer a portion of the powder,
equivalent to 1000 J.lg of selenium, to a suitable flask, and
add 12 mL of nitric acid. [NoTE-The volume of nitric acid
may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the test
specimen. Sonicate for 10 min or until the test specimen is
completely dissolved. Gently boil the solution for 15 min,
and cool to room temperature. Carefully add 8 mL of
perchloric acid to the flask, heat the flask until perchloric
acid fumes appear, and swirl the flask to dissipate the
fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the
aid of the Diluent, and dilute with Diluent to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at

196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples; Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in J.lg/mL, of selenium, and draw
the straight line best fitting the 3 plotted points. From the
graph, determine the concentration (C), in J.lg/mL,of
selenium in the Sample solution.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of selenium in the
Sample solution (lJg/mL)

Cu =nominal concentration of selenium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of selenium (Se) .

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with

water (1 in 10)
50% ammonium hydroxide solution: Ammonium

hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of

hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to
volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatory funnel, and add 200 mL of 0.1 N
hydrochloric acid. Wash the solution with three 40-mL
portions of cyclohexane, and discard the cyclohexane layer.
Filter the solution into a brown bottle, and cover the
solution with a l-cm layer of cyclohexane. This solution is
stable for 1 week if stored in a refrigerator.

Standard stock solution: [CAUTIoN-Selenium is toxic;
handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness. Add
2 ml, of water, and evaporate to dryness. Repeat the
addition of water and evaporation to dryness 3 times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a solution with a concentration of
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1000 IJg/mL of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 IJg/mL of selenium.

Standard solution: Transfer 10 mL of the Standard stock
solutionto a glass-stoppered flask. Add 1 mL of perchloric
acid and 1 mL of Hydrochloric acidsolution, and dilute with
water to 20 mL.

Sample solution: Transfer a portion of finely powdered
Tablets, equivalent to 20 J.lg of selenium, to a suitable flask.
Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has
subsided, then add 3 mL of perchloric acid.
[CAUTION-Exercise care at this stage, becausethe

perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of

white fumes of perchloric acid or until the digest begins
to darken. Add 0.5 mL of nitric acid and resume heating,
adding additional amounts of nitric acid if further
darkening occurs. Digest for 10 min after the first
appearance of perchloric acid fumes or until the digest
becomes colorless. Cool the flask, add 2.5 mL of
Hydrochloric acidsolution, and return the flask to the hot
plate to expel residual nitric acid. Heat the mixture for
3 min after it begins to boil. Cool the flask to room
temperature, and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solutiondiluted with water to 20 mL
Analysis .

Samples: Standardsolutionand Sample solution
Treat the Sample solution, the Standard solution, and the

Blank asfollows. Add 5 mL of Reagent A to each flask, and
swirl gently to mix. Adjust the solution in each flask with
50% ammoniumhydroxide solutionto a pH of 1.1 ± 0.1.
Add 5 mL of Reagent B to each flask, and swirl gently to
mix. Placethe flasks in a water bath maintained at 50°,
and equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained
from the Samples against the solution obtained from the
Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result=(Au/As) x [(Vx Cs)/Mu] x 100

Au = absorbances of the cyclohexane layer from the
Sample solution

As = absorbances of the cyclohexane layer from the
Standard solution

V =volume of the Standard stock solutionused to
prepare the Standard solution, 10 mL

Cs = concentration of selenium in the Standard stock
solution (J.lg/mL)

Mu = nominal amount of selenium in the Sample
solution (J.lg)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of selenium (Se)
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• ZONC, Method .,
Zinc standard stock solution: 1000 ~g/mL of zinc from zinc

oxide in 5 M hydrochloric acid (3.89 mg/mL) and diluted
with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then
dilute to final volume.]

Standard stock solution: 50 ~g/mL of zinc from the Zinc
standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard stock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain
concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 ~g/mL of zinc.

Sample solution: Prepareasdirected for the Sample solution
in Calcium, Method 1, except obtain a concentration of 2
~g/mL of zinc and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in ~g/mL, of zinc, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in ~g/mL, of
zinc in the Sample solution. '

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of zinc in the Sample
solution (~g/mL)

Cu = nominal concentration of zinc in the Sample
solution (uq/rnl)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, and VANADIUM, Method"; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Preparea mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NOTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aquaregia solution and
water (1:9) by adding 1 volume of Stock aquaregia solution
to 2 volumes of water. Dilute with additional water to
volume, and mix well.

System suitability solution: Preparea mixture of 1000 mgt
L of yttrium in 5% nitric acid solution, 1000 mg/L of
scandium in 5% nitric acid solution, and Diluent (1:1:198),
and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn)
: ,[NOTE-It is only necessary to include the minerals of
interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
nitric acid solution, pipet the appropriate amount of
element standard solution into avolumetric flask,and dilute
with 5% nitric acid solution to obtain a solution having final
concentrations of about 1000 mg/L of calcium, 100 mg/L
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of copper, 250 mg/L of iron, 500 mg/L of magnesium,
100 mg/L of manganese, 800 mg/L of phosphorus, and
250 mg/L of zinc.

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It isonly necessary to include the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20%
hydrochloric acid solution, pipet the appropriate amount .
of element standard solution into a volumetric flask, and
dilute with 20% hydrochloric acid solution to obtain a
solution having final concentrations of about 200 mg/L of
boron, and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standard stock
solution 1 and Standard stock solution 2, as required, in
Diluent to prepare a 6-point calibration curve to bracket the
concentration range of each mineral of interest. '

Sample solution 1 (for Tablets containing minerals in
Standardstocksolution 1 and Standardstocksolution 2):
Weigh and finely powder NLT 20 Tablets. Transfer a
portion, equal to 3.5 times the averageTabletweight, to a
250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments followed by mixing.
[NOTE-If the sample contains a carbonate, bubbling will
occur. Wait until bubbling endsto proceed.] Bring the
solution to a boil on a hot plate. Continue to heat gently
until fumes cease (about 1 h). [NOTE-If the sample contains
selenium, digest for NMT 15 min.] Removefrom heat, cool,
and dilute with water to volume. Pass about 30 mL into a
centrifuge tube using a nylon syringe filter of 5-~m pore
size. If necessary, make any further dilutions using the
Diluent.

Sample solution 2 (for Tablets containing minerals only in '
Standard stocksolution 2): Weigh and finely powder NLT
20 Tablets. Transfer a portion, equal to 3.5 times the
averageTabletweight, to a 250-mL volumetric flask. Slowly
add 25 mL of Stock aquaregia solution in 5-mL increments
followed by mixing. [NOTE-If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to
proceed.] Bring the solution to a boil on a hot plate.
Continue to heat gently until fumes cease (about 1 h).
[NOTE-If the sample contains selenium, digest for NMT
15 min.] Removefrom heat, cool, and dilute with water to
volume. Pass about 30 mL into a centrifuge tube using a
nylon syringe filter of 5-~m pore size.If necessary, make any
further dilutions using the Diluent.

Sample solution 3 (for Tablets containing minerals only in
Standard stocksolution 1): Weigh and finely powder NLT
20 Tablets. Transfer a portion, equal to the average Tablet
weight, to a 250-mL volumetric flask. Slowly add 25 mL of
Stock aquaregia solution in 5-mL increments, followed by
mixing. [NOTE-If the sample contains a carbonate,
bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat
gently (about 1 h) until fumes cease. Remove from heat,
cool, and dilute with water to volume. Pass about 30 mL
into a centrifuge tube using a nylonsyringe filter of 5-~m
pore size. If necessary, make any further dilutions using the
Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry, using a

spectrometer set to measurethe emission ofeach mineral
of interest at about the corresponding wavelength.
[NoTE-The operating conditions may be developed and
optimized basedon the manufacturer's recommendation.
The wavelengths' selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]
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System suitability
Sample: System suitability solution

[NoTE-Analyze the System suitabilitysolution, and
obtain the response as directed in the Analysis.]

Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolutions and Sample solution
Determine the emission of each mineralof interest in the

Standardsolutions and Sample solutionwith an inductively
coupled plasmasystem usingthe Diluentas the blank.Plot
the emission of the Standardsolutions versus the
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph, determine the concentration (C), in mg/L, for
each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral taken:

Result =ex (VIW) x Fx (CwIL) x 100

C =measured concentration of the relevant element
in the Sample solution (mg/L)

V =volume of the Sample solution (L)
W =sample weight (mg)
F =dilution factor of the Sample solution
Cw =average weight (mg/Tablet)
L = label claim (mg/Tablet)

Acceptance criteria: 90.0%-125.0% of the labeledamount
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), and zinc (Zn); and
90.0%-160.0% of the labeled amount of boron (B),
chromium (Cr), molybdenum (Mo), nickel (Ni), selenium
(Se), tin (Sn), and vanadium 0/)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103du/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECDFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and
ABSENCE OF SPECIFDED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species: Meet the
requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

• LABELING:' The label states that the product is Oil-Soluble
Vitamins with Minerals Tablets.The label also states the

1 ~~.(6$;'1-~~Y-2()1()j The USPUnit for Vitamin Ehas been discontinued.
International units (IU) for vitamins also have been discontinued; however,
the use of IU on the labels of vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationship of the USPUnits or IU to massis asfollows. One USPVitamin A
Unit = 0.3' IJg of all-trans-retinol (vitamin A alcohol) or 0.344 IJg of all
trans-retinyl acetate (vitamin A acetate) or 0.55 IJg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 IJg of retinol (3.3 USPVitamin A
Units) =1 retinol equivalent (RE); 1 IU of beta carotene =0.6 IJg of all
trans-beta carotene; 1 USPVitarni~~~~it~.~'8~S IJg of ergocalciferol or
cholecalciferol; and 1 mg of J..qll-rqcA (USP1-May;2020)-alpha tocopherol =1.1
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q~~ntity of each vitamin and mineral oA:fo~mg,Q"'~pl~t{~r'l-Igl
~(lbl~tA:'(u~pr-ty1aY"20.to) and where necessarythe chemical
form in which a vitamin is present and also states the salt
form of the mineral used as the source of each element.
Where the product contains vitamin E, the label indicates
V\'~e!~~rit is theABB:B~i(qs~t~Ma}'''202m or
Jii.gll~igg~{({)$P"SM(lY~2.02.0) form. Where more than one assay
method isgiven for a particular mineral, the labelingstates
with which assay method the product complies only if
Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP Alpha TocopherylAcetate RS
USP AlphaTocopheryl Acid Succinate RS
. . j:'Beta Carotene RS
c _-~eta Carotene System SUitability RSi.. (USPr-MaY-2020)

USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
USP Sodium Fluoride RS

Oil- and Water-Soluble Vitamins
Capsules

DEFINITION
Oil-and Water-Soluble Vitamins Capsulescontain one or more

of the following oil-soluble vitamins: Vitamin A, vitamin Das
Ergocalciferol (vitamin D2) or Cholecalciferol (vitamin D3),
Vitamin E, Phytonadione (vitamin K1), and Beta Carotene;
and one or more of the following water-solublevitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbateor
SodiumAscorbate, Biotin, Cyanocobalamin, Folic Acid,
Niacin or Niacinamide, Dexpanthenol or Panthenol,
pantothenic acid (as Calcium Pantothenate or Racemic
Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin, and Thiamine Hydrochloride or Thiamine
Mononitrate. Capsules contain NLT 90.0% and NMT
165.0% of the labeled amounts of vitamin A(C2oH300) as
retinol or esters of retinol in the form of retinyl acetate
(C22H3202) or retinyl palmitate (C36H6002); vitamin D as
cholecalciferol (C27H440) or ergocalciferol (C2sH440);
vitamin Eas alpha tocopherol (C29HsoOi), alpha tocopheryl
acetate (C31HS203), or alpha tocopheryl acid succinate
(C33Hs40S); phytonadione (C31H4602); and beta carotene
(C4oHs6); and NLT 90.0% and NMT 150.0% ofthe labeled

former USPVitamin EUnits; 1 mg of -alpha tocopheryl acetate =1 former
USPVitamin E unit; 1 mg of Aafl-racJ.. (USP~-lylaY.202o)-alpha tocopheryl acid
succinate = 0.89 former USPVitamin E Units; 1 mg of
'"RRRJ.. (USP 20iwalpha tocopherol =1.49 former USPVitamin E Units;
1 mg of J.. 1.MaY.2020j-alpha tocopherylacetate =1.36 former USP
Vitamin EUnits; and 1 mg of "'RRRJ.. (USP1-t>'!ily-202o)-alpha tocopheryl acid
succinate =1.21 former USPVitamin EUnits. In terms of
"'- j-alpha tocopherol equivalents, 1 mg of

. alpha tocopheryl acetate =0.91; 1 mg of
ralpha tocopheryl acid succinate =0.81; 1 mg of

-alpha tocopherol = 0.74; 1 mg ofJ..afl-
j-alpha tocopheryl acetate =0.67i and 1 mg of Aall-

.~ J.. 2oj·alpha tocopheryl acid succinate =0.60. "'Note that 1.mg
of In$titute 0 Medicine (10M) alpha-tocopherol e~uivaLent0"; 1 mgof
RRR-al~ha~tocopherol=2 mg of afl-iac-alpha~tocopherol."'(USPol'May_2020)
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Injection volume: 40 IJL
System suitability

Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between all-trans-retinyl acetate and
all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the

Standard solution and the peak area for all-trans-retinyl
acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A
acetate or vitamin A palmitate, calculate the percentage
of the labeled amount of vitamin A, as retinol (C2oH 300),
in the portion of Capsules taken:

Result = (r virs) x (C siCv) x Fx 100

[NOTE-The molar responsesof retinyl acetate and retinyl
palmitate are equivalent.]

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin A, as retinol (C2oH300)

• VITAMIN A, Method 2
[NOTE-Where a vitamin A ester (retinyl acetate or

retlnyl palmitate) is indicated in the following
procedure, use the chemical form present in the
formulation. USP Vitamin A RS is retinyl acetate. It is
to be used where USP Vitamin A RS is specified. Use
low-actinic glassware throughout this procedure.]

3 N methanolic sulfuric acid solution: Cautiously add 9 mL
of sulfuric acid to 80 mL of methanol in a 100-mL
volumetric flask. Cool, and dilute with methanol to volume.

Sodium ascorbate-pyrogallol solution: Transfer 109 of
sodium ascorbate and 5 g of pyrogallol toa 100-mL
volumetric flask, and add sufficient water to dissolve. Add
1.7 mL of sulfuric acid, and dilute with water to volume.

Lecithin solution: 5 mg/mL of lecithin in
2,2,4-trimethylpentane

Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 J..Ig/mL of retinyl acetate from USP

Vitamin A RS in 2,2,4-trimethylpentane
System suitability stock solution: 15 IJg/mL of retinyl

palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the

System suitability stock solution and the Standard solution to
obtain concentrations of 7.5 IJg/mL each of retinyl acetate
and retinyl palmitate.

Sample solution: [NOTE-This preparation issuitable for the
determination of vitamin A, vitamin 0, and vitamin E when
present in the formulation.] Weigh NLT 20 Capsule; in a
tared weighing bottle. Using a sharp blade if necessary,
carefully open the Capsules, without loss of shell material
and transfer the contents to a 1OO-mL beaker. Remove any
contents adhering to the empty shells by washing with
several portions of ether. Discard the washings, and dry the

amounts of ascorbic acid (C6Hs06) or its salts as calcium
ascorbate (C12H14Ca012. 2H20) or sodium ascorbate
(C6H7Na06), biotin (CloH16N203S), cyanocobalamin
(C63HssCoN14014P), folic acid (C19H19N706), niacin
(C6HsN02) or niacinamide (C6H6N20), dexpanthenol
(C9H19N04) or panthenol (C9H19N04), calcium
pantothenate (ClsH32CaN201O), pyridoxine hydrochloride
(CSH11N03· HCI), riboflavin (C17H20N406), and thiamine
(C12H17CIN40S) as thiamine hydrochloride or thiamine
mononitrate.

They do not contain any minerals. They may contain other
labeled added substances that are generally recognized as
safe, in amounts that are unobjectionable.

STRENGTH
[NoTE-In the following assays, where more than one
assa~ method is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method 7 is not used.]

• VITAMIN A, Method 1
[NoTE-Where the use of a vitamin A ester (retinyl

acetate or retinyl palmitate) is specified in the
following procedure, use the chemical form present
in ,theformulation. USP Vitamin A RS is retinyl acetate.
It IS to be used where USP Vitamin A RS is specified.
Use low-actinic glassware throughout this
procedure.]

Mobile phase: n-Hexane
Standard solution: 15 IJg/mL of retinyl acetate from USP

Vitamin A RS in n-hexane .
System suitability stock solution: 15 IJg/mL of retinyl

palmitate in n-hexane
System suitability solution: Mix equal volumes of the

System suitability stock solution and the Standard solution to
obtain concentrations of 7.5 IJg/mL each of retinyl acetate
and retinyl palmitate.

Sample stock solution: Transfer the contents of NLT 20
Capsules to a suitable container, mix, and weigh. Transfer a
portion of the mixture, equivalent to 5 Capsules, to a
cont~iner with a polytef-Iined screw cap. [NoTE-For hard
gelatin Capsules, remove, as completely as possible, the
contents of NLT 20 Capsules by cutting open the Capsule
shells, transferring the shells and their contents to a suitable
container, and triturating to a homogeneous mass.
Transfer a portion of the mass, equivalent to 5 Capsules
to a container with a polytef-lined screw cap.] Add 10 ~L
of dimethyl sulfoxide and 15 mL of n-hexane, and shake for
45 min on a wrist-action shaker in a water bath maintained
at 60°. [NOTE-Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and
transfer t~e hexane layer by means of a pipet to a 100-mL
volumetric flask. Add 15 mL of n-hexane to the dimethyl
sulfoxide layer, shake thoroughly for 5 min, and transfer the
hexane layer by means of a pipet to the 1OO-mL volumetric
flask. Repeat this extraction with three additional 15-mL
portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexane to volume.

Sample solution: Dilute a volume of the Sample stock
solution with n-hexane to obtain a solution with a
concentration of 15 IJg/mL of vitamin A as retinol
(C2oH300).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Flow rate: 1 mL/min

F

=peak area of the all-trans-retinyl ester from the
Sample solution

= peak area of the all-trans-retinyl ester from the
Standard solution

=concentration of retinyl acetate (C22H3202) from
USP Vitamin A RS in the Standard solution
(lJg/ mL)

=nominal concentration of vitamin A, as retinol
(C2oH300), in the Sample solution (lJg/mL)

=factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872
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[NOTE-Account for the initial extraction volume of
26.5 mLof 2,2,4-trimethylpentane to calculate the

Capsuleshellswith the aid of a current of dry air.Weighthe
empty Capsule shells in the tared weighing bottle, and
calculatethe net weight of the Capsulecontents. Transfera
portion of the Capsulecontents, equivalent to 30 ~g of the
labeled amount of cholecalciferol or ergocalciferol (vitamin
D), to a container with a polytef-Iined screw cap. If
vitamin D is not present in the formulation, use a portion
equivalent to 90 mg of the labeled amount of vitamin E. If
vitamin E is not present in the formulation, use a portion
equivalent to 2.5 mg of the labeled amount of vitamin A,
as retinol.Add 0.5 g of sodium bicarbonate, 1.5 mLof
Lecithin solution, and 12.5 mLof 2,2,4-trimethylpentane,
and disperse on a vortex mixer. Add 6 mLof Sodium
ascorbate-pyrogallol solution, shake slowly, and allowthe
solution to degas. Continue shaking until the evolution of
gas has ceased, and then shake for an additional 12 min.
Add 6 mLof dimethyl sulfoxide, mix on a vortex mixer to
form a suspension, and shake for 12 min. Add 6 mLof 3 N
methanolic sulfuric acidsolution, mix on a vortex mixer to
form a suspension, and shake for 12 min. Add 12.5 mLof
2,2,4-trimethylpentane, mix on a vortex mixer to form a
suspension, and shakefor 10 min. Centrifugefor 10 min to
break up the emulsion and to clarify the supernatant.
[NOTE-The superna.tant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in
the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to
obtain a concentration close to that of the Standard
solution.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 25-cm; 5-~m packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 ~L

System suitability
Sample: System suitabilitysolution
Suitability requirements

Resolution: NLT 8.0 between aII-trans-retinyl acetate
and all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solutionand Sample solution
Measurethe peak area for all-trans-retinyl acetate from the

Standard solutionand the peak area of all-trans-retinyl
acetate or all-trans-retinyl palmitate from the Sample
solution.

Calculatethe percentage of the labeled amount of vitamin
A, as retinol (CZOH 300 ), in the portion of Capsules taken:

C v

F

Result = (r vir s) x (C siC v) x F x 100

= peak area of the all-trans-retinyl ester from the
Sample solution

= peak area of the aII-trans-retinyl ester from the
Standard solution

= concentration of retinyl acetate (CZZH 320Z) from
USP Vitamin A RS in the Standard solution
(uq/rnt)

= nominal concentration of vitamin A, as retinol
(CZOH 300 ), in the Sample solution(~g/mL)

= factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

nominal concentration. The molar responses of retinyl
acetate and retinyl palmitate are equivalent.]

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin A, as retinol (CZOH 300 )

• VITAMIN A, Method 3
[NoTE-Where a vitaminAester (retinyl acetate or

retinyl palmitate) is indicated in the following
procedure, use the chemicalform present in the
formulation. USP Vitamin A RS is retinyl acetate. It is
to be used where USP Vitamin A RS is specified. Use
low-actinic glasswarethroughout this procedure.]

Extraction solvent: n-Hexane and methylene chloride
(3:1 )

Potassium hydroxide solution: 800 mg/mL of potassium
hydroxide in water. [NoTE-Cautiously add potassium
hydroxide to the water. Mix, and cooL]

Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 ~g/mL of retinyl acetate from

USP Vitamin A RS in Diluent. [NOTE-This solution may be
stored in a refrigeratorfor 1 week.]

Standard solution: Dilute a volume of the Standard stock
solutionwith Diluent to obtain a concentration of 1 ~g/mL

of retinyl acetate from USP Vitamin A RS. Transfer10.0 mL
of this solution to a stoppered 125-mLflask, and add 5 mL
of water, 5 mLof Diluent, and 3 mLof Potassium hydroxide
'solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5°, and cool to room
temperature. Add 7 mLof water and 25.0 mLof Extraction
solvent. Insert the stopper tightly, and shake vigorously for
60 s. Rinse the sides of the flask with 60 mLof water, and
allowto stand for 10 min until the layers separate.
Withdraw a portion of the organic layerfor injection into
the chromatograph. ThisStandard solutioncontains 0.34
~g/mL of retinol.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules,without loss of shell
material, and transfer the contents to a 1OO-mL beaker.
Remove any contents adhering to the empty shells by
washing with several portions of ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfera portion of the Capsule
contents, equivalent to 1.5 mg of retinyl acetate, to a
stoppered 125-mLflask. Add 5 mLof water, 15 mLof
Diluent, and 3 mL of Potassium hydroxide solution. Insertthe
stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5°, and cool to room temperature. Add
7 mLof water and 25.0 mL of Extraction solvent. Insert the
stopper tightly, and shake vigorously for 60 s or longer, if
necessary, for complete extraction. Rinse the sides of the
flask with 60 mLof water, and allowto stand for 10 min
until the layers separate. [NOTE-Do notshake, because an
emulsion may form.] Withdraw a portion of the organic
layer, and dilute quantitatively, and stepwise if necessary,
with Extraction solvent to obtain a concentration of0.34 ~gl

mLof retinol.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm x 8-cm; packing L3
Column temperature: 40°
Flow rate: 4 mL/min
Injection volume: 50 ~L

System suitability
Sample: Standard solution

www.webofpharma.com

https://nhathuocngocanh.com/



5392 Vitamins / Dietary Supplements

[NOTE-The relative retention times for 13-cis-retinol
and all-trans-retinol are about 0.92 and 1.0,
respectively.]

Suitability requirements
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areasfor all-trans-retinol and

13-cis-retinol. Calculate the percentage of the labeled
amount of vitamin A, as retinol (C2oH300 ), in the portion
of Capsulestaken:

Result=(r T1lr T2) x (C siC v) x Fx 100

r T1 =sum of the areas of the all-trans-retinol and
13-cis-retinol peaks from the Sample solution

r T2 =sum of the areasof all-trans-retinol and
13-cis-retinol peaks from the Standard solution

C s =concentration of retinyl acetate (Cz3H320 2) from
USP Vitamin A RS in the Standard solution
(lJg/mL)

C u =nominal concentration of vitamin A, as retinol
(C2oH300 ), in the Sample solution (lJg/mL)

F =factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin A, as retinol (CZOH300 )

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D),
Method 1

[NoTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP ReferenceStandard. Uselow-actinic
glassware throughout this procedure.]

Mobile phase: n-Hexane and isopropyl alcohol (99: 1)
Standard solution: 2 IJg/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard

solutionat 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor. .

Sample solution: Proceed as directed for the Sample stock
solution in VitaminA, Method 1. Transfer NLT 20 mL of this
solution to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to obtain a
concentration of 2 IJg/mL of cholecalciferol or
ergocalciferol.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Flow rate: 1 mL/min
Injection volume: 100 IJL

System suitability
Samples: Standardsolution and System sUitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor, System suitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areasfor vitamin D. Calculate the

percentage of the labeled 'amount of cholecalciferol

USP 43

(C27H440 ) or ergocalciferol (C2sH440 ) in the portion of
Capsulestaken:

Result= (r vir s) x (C siC v) x Fx 100

r u = peak area of cholecalciferol or ergocalciferol
from the Sample solution

rs =peak area of cholecalciferol or ergocalciferol
from the Standard solution

Cs =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standardsolution
(lJg/mL)

C u =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

F =correction factor to account for the average
amount of previtamin D present in the Sample
solution, 1.09

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D ascholecalciferol (C27H440 ) or ergocalciferol
(C2sH440)

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D),
Method 2

[NOTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
use the chemical form present in the formulation and
the relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

3 N methanolic sulfuric acid solution, Sodium ascorbate
pyrogallol solution, Lecithin solution, and Sample
solution: Proceed as directed in VitaminA, Method 2.

Mobile phase: n-Hexaneand tertiary butyl alcohol (98.75:
1.25)

Standard solution: 1 IJg/mL of USP Cholecalciferol RS or
USP Ergocalciferol RS in 2,2,4-trimethylpentane

System suitability solution: Heat a volume of the Standard
solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L24
Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
Samples: Standardsolutionand System suitability solution
Suitability requirements

Resolution: NLT 4.0 between the vitamin Dform present
and its corresponding precursor, System sUitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution
Measure the peak areas for vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(C27H440 ) or ergocalciferol (C2sH440 ) in the portion of
Capsules taken:

Result= (r vir s) x (C siC v) x 100

r u = peak area of cholecalciferol or ergocalciferol
from the Sample solution

r s =peak area of cholecalciferol or ergocalciferol
from the Standard solution
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C s =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg/mL)

Cu = nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440 ) or ergocalciferol
(C28H440)

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D),
Method 3

[NoTE-Where vitamin D (cholecalciferol or
ergocalciferol) is specified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP ReferenceStandard. Use low-actinic
glassware throughout this procedure.]

Diluted acetic acid: Glacial acetic acid solution (1 in 10) in
water

Phenolphthalein solution: 10 mg/mL of phenolphthalein
in alcohol

Potassium hydroxide solution: Slowly dissolve 14 g of
potassium hydroxide in a mixture of 31 mL of dehydrated
alcohol and 5 mL of water. Preparefresh daily.

Extraction solvent: Methylene chloride and isopropyl
alcohol (99.8: 0.2)

Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP

Cholecalciferol RS or USP Ergocalciferol RS in dehydrated
alcohol. [NoTE-Prepare fresh every 4 weeks. Store in a
freezer.]

Standard solution: [NoTE-Condition the solid-phase
extraction column specified for use in the Standard solution
and the Sample solution by initially washing the column
with 4.0 mL of a mixture of methylene chloride and
isopropyl alcohol (4:1), followed by 5.0 mL of Extraction
solvent. Do not allow the column to dry.] Dilute a volume
of the Standard stock solution with dehydrated alcohol to
obtain a concentration of 5 IJg/mL of USP Cholecalciferol RS
or USP Ergocalciferol RS. Prepare this solution fresh daily.
Transfer 2.0 mL of this solution to a stoppered 125-mL flask.
Add 15.0 mL of water and 15.0 mL of Potassium hydroxide
solution, insert the stopper, and shakefor 30 min in a water
bath maintained at 60°. Allow to cool to room temperature,
and transfer the contents of the flaskto a 250-mL separatory
funnel. Add 15.0 mL of water to the flask, insert the stopper,
shake vigorously, and transfer this solution to the
separatory funnel. Rinse the flask with 60 mL of n-hexane,
and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for
15 min until the layers separate. Drain and discard the
aqueous layer. Add 15.0 mL of water to the hexane layer in
the separatory funnel, insert the stopper, and shake
vigorously. Allow to stand for 10 min until the layers
separate, and discard the aqueous layer. Add 1 drop of
Phenolphthalein solution and 15.0 mL of water to the
separatory funnel. Add Diluted acetic aciddropwise, with
shaking, until the washing is neutral. Allow to stand for
10 min until the layers separate. Drain and discard the
aqueous layer. Filter the hexane layer through anhydrous
sodium sulfate supported by a small pledget of cotton into a
1OO-mL round-bottom flask. Rinse the funnel and sodium
sulfate with a few mL of n-hexane, and collect the rinsings
in the same flask. Evaporate the hexane in the flask on a
rotary evaporator at 50° to dryness. Immediately add
2.0 mL of Extraction solvent to dissolve the residue. Transfer
this solution to a freshly conditioned solid-phase extraction
column containing silica packing with a sorbent
mass-to-column volume ratio of 500 mg to 2.8 mL or
equivalent, rinse the round-bottom flask with 1.0 mL of

Dietary Supplements / Vitamins 5393

Extraction solvent, and transfer to the column. Elute the
column with 2.0 mL of Extraction solvent, and discard this
fraction. Elute the column with 7.0 mL of Extraction
solvent, and collect the eluate in a suitable flask. Place the
flask in a warm water bath maintained at 42°, and
evaporate the solvent with the aid of a stream of nitrogen.
Immediately add 2.0 mL of acetonitrile to the residue, and
use the solution for injection into the chromatograph.

Sample solution: Proceed as directed in Vitamin A, Method
3, through "calculate the net weight of the Capsule
contents." Transfer a portion of the Capsule contents,
equivalent to 10 IJgof cholecalciferol or ergocalciferol, to a
stoppered 125-mL flask, and proceed as directed for the
Standard solution, beginning with "Add 15.0 mL of water
and 15.0 mL of Potassium hydroxide solution".

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 2]0
Flow rate: 0.7 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 4.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(C27H440 ) or ergocalciferol (C28H440 ) in the portion of
Capsules taken:

Result= (r vIr s) x (C siC v) x 100

r v =peak area of cholecalciferol or ergocalciferol
from the Sample solution

rs =peak area of cholecalciferol or ergocalciferol
from the Standard solution

C s =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg!mL)

C u =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440 ) or ergocalciferol
(C28H440)

• VITAMIN E, Method 7
[NoTE-Where vitamin E (alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL

solution of USP Ergocalciferol RS in methanol. Transfer
1.0 mL of this solution to a 1OO-mL volumetric flask
containing 100 mg of USP Alpha Tocopheryl Acetate RS.
Dissolve in 30 mL of methanol, with the aid of sonication if
necessary, and dilute with methanol to volume. Store this
solution in a refrigerator.

Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol
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Sample solution: Proceed as directed for the Sample stock
solution in Vitamin A, Method 7.Transfer NLT 20 mL of this
solution to a suitable container, and evaporate ifnecessary,
under vacuum at room temperature to dryness. Transfer
the contents of the flask to a suitable volumetricflask with
the aid of methanol, and dilute with methanol to volume
to obtain a concentration of 2 mg/mL of alpha tocopherol,
alpha tocopheryl acetate, or alpha tocopheryl acid
succinate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-l..lm packing L1
Flow rate: 2 mL/min
Injection volume: 100 I..lL

System suitability
Samples: System suitability solution and Standard solution

[NoTE-The relative retention times for ergocalciferol.
and alpha tocopheryl acetate are about 0.5 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha

tocopheryl acetate, System suitability solution
Tailing factor: Between 0.8 and 1.2, System SUitability

solution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31HS203), or alpha tocopheryl acid
succinate (C33Hs40S) in the portion of Capsulestaken:

Result =(r vIrs) x (CsIC v) x 100

r u = peak area of the relevantvitamin Eform from the
Sample solution

r s = peak area of the relevantvitamin Eform from the
Standard solution .

Cs = concentration of the corresponding USP
Reference Standard in the 'Standard solution (mgl
m~ .

C u = nominalconcentration ofthe correspondingform
of vitamin Ein the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin Eas alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31HS203), or alpha tocopheryl acid
succinate (C33Hs40S)

• VITAMIN E, Method 2
[NoTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) isspecifiedin the following procedure, use
the chemicalform present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Mobile phase: Mix 240 mLof methanol with 10 mLof
water, followed by 0.5 mLof 50% phosphoric acid, and
dilute with acetonitrile to 1000 mL.

System suitability solution: 2 mg/mL each of USP Alpha
Tocopherol RS, USP Alpha Tocopheryl Acetate RS, and USP
AlphaTocopherylAcidSuccinate RS in methanol

Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,
USP AlphaTocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

3 N methanolic sulfuric acid solution: Cautiously mix
sulfuric acid and methanol (9 in 100) in a 100-mL
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volumetricflask. [NOTE-Dissolve in a portion of methanol,
cool, and then dilute to final volume.]

Sodium ascorbate-pyrogallol solution: Transfer 109 of
sodium ascorbate and 5 g of pyrogallol to a 100-mL
volumetricflask. Add sufficient water to dissolve. Add
1.7 mL of sulfuric acid, and dilute with water to volume.

Lecithin solution: 5 mg/mL of lecithin in
2,2,4-trimethylpentane

Sample solution: Proceed as directed for the Sample
solution in Vitamin A, Method 2, through "calculate the net
weight of the Capsule contents." Transfer a portion of the
Capsule contents, equivalent to 55 mg of vitamin E, to a
container with a polytef-Iined screw cap. Add 0.5 g of
sodium bicarbonate, 1.5 mL of Lecithin solution, and
12.5 mLof 2,2,4-trimethylpentane, and disperse on a
vortex mixer.Add 6 mLof Sodium ascorbate-pyrogallol
solution, shake slowly, and allowthe solution to degas.
Continue shaking until the evolution ofgas has ceased, and
then shake for an additional 12 min.Add 6 mL of dimethyl
sulfoxide, mixon a vortex mixerto form a suspension, and
shake for 12 min. Add 6 mL of 3 N methanolic sulfuric acid
solution, mix on a vortex mixerto form a suspension, and
shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane,
mix. on a vortex mixer to form a suspension, and shake for
10 min. Centrifugefor 10 minto breakup the emulsionand
to clarify the supernatant layer. Transfer a volume of the
supernatant 2,2,4-trimethylpentane layerto a suitable
volumetric flask, the volume of the specimen withdrawn
from the 2,2,4-trimethylpentane layerand the sizeof the
volumetricflask being such that the final concentration of
the Sample solution is equivalent to that of the Standard
solution. Evaporate nearlyto dryness, add several mL of
methanol, and evaporate the remaining
2,2,4-trimethylpentane. Dilute with methanol to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV·280 nm
Column: 4.6-mm x 25-cm; 5-l..lm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 I..lL

System suitability
Samples: System suitability solution and Standard solution

[NOTE-The relative retention times for alpha
tocopheryl acid succinate, alpha tocopherol, and
alpha tocopheryl acetate are about 0.6, 0.8, and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid

succinate and alpha tocopherol and NLT 3.0 between
alpha tocopherol and alpha tocopheryl acetate, System
suitability solution .

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31Hs203), or alpha tocopheryl acid
succinate (C33Hs40S) in the portion of Capsules taken:

Result = (r vIrs) x (C sIC u) x 100

ru = peak area of the relevantvitamin Eform from the
Sample solution . .

r s = peak area of the relevantvitamin Eform from the .
. Standard solution
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= concentration of the corresponding USP
Reference Standard in the Standard solution (mgl
mL)

=nominal concentration of the corresponding form
of vitamin Ein the Sample solution (mg/mL)

[NOTE-Account for the initial extraction volume of
26.5 mL of 2,2,4-trimethylpentane and the dilution
factor to exchange the solvent from
2,2,4-trimethylpentane to methanol to calculate the
nominal concentration.]

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin Eas alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31HS203), or alpha tocopheryl acid
succinate (C33Hs40S)

• VITAMIN E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:

46.5: 7.0)
Standard solution: 0.3 mg/mL of USPAlpha Tocopherol RS

in methanol
Sample solution: Proceed as directed in Vitamin A, Method

3, through "calculate the net weight of the Capsule
contents." Transfer a portion of the Capsule contents,
equivalent to 8.0 mg of alpha tocopherol, to a
glass-stoppered conical flask. Add 25.0 mL of water,
25.0 mL of dehydrated alcohol, and 3.5 g of potassium
hydroxide pellets. Shake for 1 h in a water bath maintained
at 55°. Cool, and transfer with the aid of a minimum volume
of water to a 125-mL separatory funnel. Rinse the flaskwith
50 mL of n-hexane, and add the rinsing to the separatory
funnel. Insert the stopper, shake vigorously for 60 s, and
allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous
layer, and combine the hexane extracts. Wash the
combined extracts with 25 mL of water, allow the layers to
separate, and discard the aqueous laye~. Add 3 drops of
glacial acetic acid, and repeat the washing procedure two
more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom
flask. Rinse the funnel and sodium sulfate with a few mL of
n-hexane, and add the rinsing to the hexane solution. in the
flask. Place the flask in a water bath maintained at 50°, and
evaporate the hexane solution with the aid of a rotary
evaporator to dryness. Immediately add 25.0 mLof Diluent,
and swirl to dissolve the residue.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 40°
Flow rate: 3 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of vitamin E, as alpha tocopherol
(C29Hso02), in the portion of Capsules taken:

Result =(r ulrs) x (C siCu) x 100

r u =peak area of alpha tocopherol from the Sample
solution
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r s =peak area of alpha tocopherol from the Standard
solution

C s = concentration of alpha tocopherol in the Standard
solution (mg/mL)

C u =nominal concentration of vitamin E, as alpha
tocopherol, in the Sample solution (mg/mL)

[NOTE-Calculate the nominal amount of vitamin Eas
alpha tocopherol (C29Hso02) by multiplying the
content of alpha tocopheryl acetate (C31HS203)or
alpha tocopheryl acid succinate (C33Hs40S), in mgl
Capsule by the factor 0.91 or 0.81, respectively.]

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin Eas alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31HS20 3), or alpha tocopheryl acid
succinate (C33Hs40S)

• PHYTONADIONE
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 IJg/mLof USP

Phytonadione RS in methanol. Dissolve with the aid of
sonication if necessary.

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 IJg/mLof USP
Phytonadione RS from the Standard stock solution diluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS in a portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Standard solution: 20 IJg/mL of USP Phytonadione RS
from the Standard stock solution diluted with methanol

Sample solution: Transfer NLT 20 mLof the solution
retained as specified in the directions for the Sample stock
solution in Vitamin A, Method 1 to a suitable container, and
evaporate, if necessary, under vacuum at room
temperature to dryness. Transfer the contents of the flask
to a suitable volumetric flask with the aid of methanol, and
dilute With methanol to volume to obtain a concentration
of 20 IJg/mL of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-lJm packing L1
Flow rate: 2 mL/min
Injection volume: 100 IJL

System suitability
Samples: System suitability solution and Standard solution

[NOTE-The relative retention times for alpha
tocopheryl acetate and phytonadione are about
0.68 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and

phytonadione, System suitability solution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of phytonadione (C31H4602)in the portion
of Capsules taken:

Result =(r vir s) x (C siCv) x 100

r u =peak area for phytonadione from the Sample
solution

r s = peak area for phytonadione from the Standard
solution
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= concentration of USP Phytonadione RS in the
Standardsolution (lJg/mL)

= nominal concentration of phytonadione in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of phytonadione (C31H4602)

• BETA CAROTENE
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of

potassium hydroxide in 50 mL of water.
Iodine solution: Transfer10 mg of iodine to a 100-mL

volumetricflask. Dissolve in cyclohexane,and dilute with
cyclohexane to volume. Dilute 10 mLof this solution with
cyclohexane to 100 mL. [Nors-Prepare this solution fresh
daily.]

Sample solution A (for preparations containing beta.
carotene in oilsolutions): Proceedas directed in VitaminA,
Method 1, except use cyclohexane instead of n-hexane as
the extraction solvent, and dilute the filtered extracts with
cydohexane, to obtain a concentration of 2 IJg/mL of beta
carotene.

Sample solution B(for preparations containing beta
carotene in dry powder): Remove the contents of NLT 20
Capsulesbycutting open the Capsules. Mix, and determine
the weight of the contents. Transfer a quantity of the
Capsulecontents, equivalent to 2 mg of beta carotene, to a
500-mLsaponificationflask. Add 100 mL of alcohol, 6 mL
of Potassium hydroxide solution, and a magnetic stirring bar.
Attach an air condenser to the flask, and heat under reflux
for 45 min with constant stirring. Cool to room
temperature. Add 170 mL of solvent hexane, and stir for
30 min. Quantitativelytransferthe contents of the flask to a
500-mLseparatory funnel with portions of solvent hexane.
Allow the layers to separate for 5-10 min, and transfer the
upper organic layer to a 500-mLvolumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add
170 mLofsolvent hexane, and stirfor an additional20 min.
Quantitativelytransfer the contents of the saponification
flask to the separatory funnel with the aid of portions of
solvent hexane. Allow the layers to separate for 10 min.
Drain the lower aqueous layer, and discard.Transfer the
organic layerto the volumetricflask containing the
previously collected organic layer. Rinse the separatory
funnel with small portions of solvent hexane, and transfer
the washings to the volumetricflask. Dilute the hexane
extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allowto settle.
Quantitativelytransfer a volumeof this solution,equivalent
to 100 IJg of beta carotene, to a 50-mLvolumetricflask.
Evaporateunder a stream of nitrogen to dryness, and
immediatelyadd cyclohexane.Add 2 mL of Iodine solution,
and heat for 15 min in a water bath maintained at 65°. Cool
rapidly, and dilute with cyclohexaneto volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane

Analysis . .
Samples: Sample solutionA or Sample solution B
Determine the absorbance against the Blank. Calculatethe

percentage of the labeled amount of beta carotene
(C4oHs6) in the portion of Capsules taken:

Result =(A vi F) x (1 OO/C v)
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= absorbance of Sample solution A or Sample
solutionB

=absorptivityof beta carotene at 452 nm, 223
=nominalconcentration of beta carotene inSample

solution A or Sample solution B(mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of beta carotene (C4oHs6) .

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NoTE-For labeling purposes, consider Method1

Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%-150.0% of the labeledamount

of ascorbic acid (C6Hs06) or its salts as calcium ascorbate
(C12H14Ca012 . 2H20) or sodium ascorbate (C6H7Na06)

• BIOTIN, Method 1
[NoTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Mix 85 mLof acetonitrile, 1 g of sodium

perchlorate, and 1 mLof phosphoric acid, and dilute with
water to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 IJg/mL of USP Biotin RS prepared by
diluting the Standardstock solution in water

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells
by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsuleshellswith the
aid of a current of dry air untilthe odor of ether isno longer
perceptible. Weigh the empty Capsuleshells in the tared
weighing bottle, and calculate the average net weight per
Capsule. Proceed as directed in Ascorbic Acid through
"calculate the average net weight per Capsule." Transfer a
portion of the Capsule contents, equivalent to 1 mg of
biotin, to a 200-mLvolumetricflask. Add 3 mLof dimethyl
sulfoxide, and swirl to wet the contents. Place the flask in a
water bath at 60°-70° for 5 min. Sonicatefor 5 min, dilute
with water to volume, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solutionand Sample solution
Measurethe peak areas of biotin. Calculatethe percentage

of the labeled amount of biotin (CloH16N203S) in the
portion of Capsulestaken:

Result = (r vir s) x (CsiC v) x 100

= peak area of biotin from the Sample solution
=peak area of biotin from the Standardsolution
= concentration of USP Biotin RS in the Standard

solution(lJg/mL)
=nominal concentration of biotin in the Sample

solution (lJg/mL)
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Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (CloH16Nz03S)

• BIOTIN, Method Z
[NoTE-Use low-actinic glassware throughout this

procedure.]
Dehydrated mixtures yielding formulations similar to the

media described herein may be'used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 50 J.Ig/mL of USP Biotin RS in 50%
alcohol. Store this solution in a refrigerator. ,

Standard solution: 0.1 ng/mL of USP Biotin RS in water,
prepared by dilution of the Standardstock solutionwith
water on the day of the assay

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
100 J.Ig of biotin, to a 200-mL volumetric flask. Add 3 mL
of 50% alcohol, and swirl to wet the contents. Heat the flask
in a water bath at 60°-70° for 5 min. Sonicate for 5 min,
dilute with 50% alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if
necessary, with water to obtain a solution having a
concentration of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter.· Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
o,L-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°. ,

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 J.Ig/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 J.Ig/mL of
riboflavin and 10 J.Ig/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 J.Ig/mL of p-aminobenzoic acid, 50 J.Ig/mL of
niacin, and 40 J.Ig/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500.mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve109 of magnesium sulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid, and mix. Store under toluene.
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Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 1, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 1

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
5 mLtion

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve2.0 g of
'yeastextract in 100 mL of water. Add 500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
of agar, and heat the mixture on a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121° for 15 min, and allow the tubes to cool
in an upright position. Preparestab cultures in three or
more of the tubes, using a pure culture of Lactobacillus
plantarum, 1 incubating for 16-24 h at a temperature
between 30° and 3r held constant to within ±0.5°. Store
in a refrigerator. Preparea fresh stab of the stock culture
every week, and do not use for Inoculum if the culture is
more than 1 week old.

Culture medium: To each of aseries of test tubes containing
5.0 mL of Basal mediumstock solution add 5.0 mL of water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between. 30° and
3r held constant to within ±0.5°. The cell suspension so
obtained is the Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0,4.0, and 5.0 mL of the Standard solution. To
each tube and to four similar empty tubes add 5.0 mL of
the Basal mediumstock solution and sufficient water to
make 10 mL.

To similar test tubes add, in duplicate, volumes of the
Sample solution corresponding to three or more of the
levelsspecified for the Standardsolution, including the
levelsof 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstock solution and sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate

1 ATCC No. 8014 is suitable. This strain was formerly known as
Lactobacillus arabinosus 17-5.
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set in a second rackor section of a rack, preferably in
random order.

Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclaveat 121° for 5 min. Cool.Add
1 drop of Inoculum to each tube, except two of the four
tubes containing no Standardsolution(the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 3JO held constant to within±0.5°until, following 16
24 h of incubation, there has been no substantialincrease
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determinethe transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximatelythe same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. If there isevidenceof contaminationwith a foreign
microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicatevaluesof the
transmittance (L s)as the difference, y = 2.00 - L s- Plotthis
responseon the ordinate of cross-section paper against the
logarithm of the mL of Standardsolutionper tube on the
abscissa, usingfor the ordinate either an arithmetic or a
logarithmic scale,whichevergives the better
approximation to a straight line. Draw the straight lineor
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 - L v, adding together the

two transmittances (L v) for each level of the Sample
solution. Read from the standard curvethe logarithm of
the volumeofthe Standardsolutioncorrespondingto each
of those values of y that falls within the range of lowest
and highest points plotted for the Standard.Subtractfrom
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valges of X for each of
three or more dosage levels to obtain X, whichequals the
log-relative potency, M', of the Sample solution.
Determinethe quantity, in IJg, of biotin (ClOH16N203S) in
the portion of Capsules taken:

antilog M =antilog (M' + log R)

R =number of IJg of biotinassumedto be present in
the portion of Capsules taken

Calculate the percentage of the labeled amount of biotin
(ClOH16N203S) in the portion of Capsules taken:

Result =[(antilog M)IN] x 100

N =nominalamount of biotin in the portion of
Capsules taken (lJg)

Replication: Repeatthe entire determination at least once,
usinqseparatelyprepared Sample solutions. If the difference
~tween the two log-potencies Mis NMT 0.08, their mean,
M,is the assayedlog-potencyofthe test material (seeDesign
and Analysis of Biological Assays (111), The Confidence
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Interval and Limits of Potency). If the two determinations
differ by more than 0.08, conduct one or more additional
determinations. From the mean of two or more values of M
that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.00/0-150.0% of the labeledamount
of biotin (CloH16N203S)

• CYANOCOBALAMIN, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 IJg/mL of USP

Cyanocobalamin (Crystalline) RS inwater. [NOTE-Store this
stock solution in a dark place, and discardafter 1 week.]

Standard solution: 1 IJg/mL of USP Cyanocobalamin
(Crystalline) RS from the Standard stock solution diluted
with water

Sample solution: Weigh NLT 30 Capsules in a tared
weighing bottle. Open the Capsules, without the loss of
shell material, and transferthe contents to a 100-mL
beaker. Remove any contents adhering to the empty shells
by washing, ifnecessary, with several portions of ether.
Discard the washings, and dry the Capsuleshells with the
aid of a current ofdryairuntilthe odor ofether isno longer
perceptible.Weigh the empty Capsuleshells in the tared
weighing bottle, and calculatethe average net weight per
Capsule. Transfer a portion of the Capsulecontents,
equivalentto 100 IJg ofcyanocobalamin, to a 250-mL flask.
Quantitatively add 100.0 mL ofwater, and carefully extract
for 2 min. Filter 10 mL of the extract, and use the clear
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flowrate: 0.5 mL/min
Injection volume: 200 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measurethe peak areas of cyanocobalamin. Calculate the

percentage of the labeledamount of cyanocobalamin
(C63HssCoN14014P) in the portion of Capsules taken:

Result = (r vir s) x (CsiC v) x 100

r u = peak area of cyanocobalamin from the Sample
solution

r s =peak area of cyanocobalamin from the Standard
solution

Cs = concentration of USP Cyanocobalamin
(Crystalline) RS in the Standard solution (lJg/mL)

Cu =nominalconcentration of cyanocobalamin in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-150.0% of the labeledamount
of cyanocobalamin (C63HssCoN14014P)

• CYANOCOBALAMIN, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Standard stock solution: 1.0 IJg/mL of USP

Cyanocobalamin (Crystalline) RS in25% alcohol.Storeina
refrigerator.

Standard solution: Dilute a suitablevolume of Standard
stock solution with water to a measuredvolume such that
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Table 2 (continued)

Tomato juice pr~p~ration: Centrifuge commercially
canned tomato JUice so that most of the pulp is removed.
Suspen~ 5 gIL o.fanalytical filter aid in the supernatant, and

. pass,. with .the aid of r~duced pressure, through a layer of
the filter ald. Repeat, If necessary, until a clear
straw-colored filtrate is obtained. Store under 'toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
con~tituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juicepreparationand 1 mL of
Polysorbate 80 solution. Adjust with 1 N sodium hydroxide
to a pH of 6.8, and dilute with water to 100 mL. Place10-mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 121° for
15 min. Cool asrapidly aspossible to avoid color formation
resulting from overheating the medium.

Suspension medium: Dilute a measured volume of the
Basal mediumstock solutionwith an equal volume of water.
Place1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.

Stock culture of Lactobacillusleichmannii: To 100 mL of
Culture mediumadd 1.0-1.5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves. Place
1O-mL portions of the hot solution in test tubes, cover the
tubes, sterilize at 121° for 15 min in an autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transfer of a pure culture of
Lactoba~iIIus.'eichmannii.2 [Nets-Before first using a fresh
culture In this assay, make NLT 10 successive transfers of
the culture in a 2-week period.] Incubate for 16-24 h at a
temperature between 30° and 40°' held constant to within
±0.5°. Store in a refrigerator.
Preparefresh stab cultures at least three times each week,

and do not use them for preparing the Inoculum if more
~han 4 days old ..The act!vity of the microorganism can be
Increased by dally or twice-daily transfer of the stab
culture, to the point where definite turbidity in the liquid
Inoculumcan be observed 2-4 h after inoculation. A

L-Tryptophan 0.059

1 N hydrochloric acid 10 ml

Adenine-guanine-uracil solution 5 ml

Xanthinesolution 5 ml

Vitamin solutionA 10 ml

Vitamin solutionB 10 ml

SaltsolutionA 5 ml

Saltsolution B 5 ml

Asparagine solution 5 ml

Acid-hydrolyzed caseinsolution 25 ml

Dextrose, anhydrous 10 9

Sodiumacetate, anhydrous 59

Ascorbic acid 1 9

Polysorbate 80 solution 5 ml

a~er the in.cubation period asdescribed in the Analysis, the
difference In transmittance between the inoculated blank
and the 5.0-mL level of the Standardsolution is NLT that
which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and
0.04 ng/mL of the Standardsolution. Prepare this solution
fresh for each assay.

Sample solution: Proceed as directed in Biotin Method 7
through "calculate the average net weight p~r Capsule."
Transfer a portion of the Capsule contents, equivalent to
1.0 IJgofcyanocobalamin, to an appropriate vessel
containing, for each g of Capsule contents taken, 25 mL of
an aqueous extracting solution prepared just before useto
contain 12.9 mg/mL of dibasic sodium phosphate,
11.0 mg/mL of anhydrous citric acid, and 10 mg/mL of
sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved particles of the extract to
settle, and filter or centrifuge, if necessary. Dilute an aliquot
of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to
that of the Standard solution.

Acid-hydrolyzed casein solution: Prepare asdirected in
Calcium Pantothenate, Method 2.

Asparagine solution: Dissolve 2.0 g of L-asparagine in water
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepare as directed in
Calcium Pantothenate, Method 2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve 4.0 g of magnesium sulfate 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0~20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vit~min solution A: Dissolve 10 mg of riboflavin, lO mg of
thiamine hydrochloride, 100 IJg of biotin, and 20 mg of
niacin in 0.02 N acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic
acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hy~rochlor!de, ~O mg of p~ridoxal hydrochloride, 8 mg of
pyrldoxamlne dlhydrochlorlde, and 2 mg of folic acid in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully

dissolving Cystine and Tryptophan in the hydrochloric acid
before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the Dextrose,
Sodium acetate, and Ascorbic acid. Filter, if necessary.
Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5-6.0, and dilute with Purified
Water to 250 mL.

IL-Cystine

Table 2
0.19

2 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekil)
may be obtained as No. 7830 from ATCC, 10801 University Blvd.,
Manassas, VA 20110-2209 (www.atcc.org).
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slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmannii may be used as the stockculture, providedit
yields an Inoculum comparable to a fresh culture.] Transfer
cells fromthe Stock culture ofLactobacillus leichmanniito two
steriletubes containing 10 mL each of the Culture medium.
Incubate these culturesfor 16-24 h at a temperature
between 30°and 40° held constant to within±0.5°.Under
aseptic conditions, centrifuge the cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile
Suspension medium, adjust the volumeso that a l-in-20
dilution in salineTS produces 70% transmittancewhen
read on a suitablespectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and
read against saline TS set at 100% transmittance. Preparea
l-in-400 dilution of the adjusted suspension using sterile
Basal medium stock solution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test
response.] The cell suspensionso obtained isthe Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically, usinga standard
wavelengthcell or other suitabledevice. Before readingany
tests, calibratethe spectrophotometer for 0% and 100%
transmittance, usingwater, and with the wavelength set at
530 nm.

Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to

minute amounts of vitamin B12activity and to traces of
many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250°for 2 h,
using hard-glass 20-mm x 150-mm test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standard solution. Toeach of these
tubes and to four similar empty tubes add 5.0 mL of the
Basal medium stock solution and sufficient waterto make
10 mL.

To similar separate test tubes add, in duplicate, 1.0,1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rackand
the duplicate set in a second rack or section of a rack,
preferably in random order.

Coverthe tubes to prevent bacterial contamination, and
sterilize in an autoclaveat 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclave ifnecessary. Coolas rapidly as possible to avoid
colorformation resulting from overheating the medium.
Take precautionsto maintain uniformity of.sterilizing and
coolingconditionsthroughout the assay, becausepacking
the tubes too closely in the autoclaveor overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so
prepared, except two of the four containing no Standard
solution (the uninoculatedblanks). Incubatethe tubes at a
temperature between 30° and 40°, held constant to
within ±0.5°,for 16-24 h.

Terminategrowth by heating to a temperature NLT 80°for
5 min. Cool to room temperature. After agitating
contents, readthe transmittanceat 530 nm when a steady
state is reached. This steady state isobserved a few
seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same
time interval for the reading on each tube.

USP 43

With the transmittanceset at 100% for the uninoculated
blank, read the transmittanceof the inoculated blank. If
the difference isgreater than 5%, or ifthere isevidenceof
contamination with a foreign microorganism, disregard
the results of the assay.

Withthe transmittanceset at 100% for the uninoculated
blank, read the transmittanceof each of the remaining
tubes. Disregard the results of the assayifthe slope of the
standard curve indicates a problemwith sensitivity.

Calculation: Prepare a standard concentration-response
curve by the following procedure.Testfor and replace any
aberrant individual transmittances. Foreach level of the
Standard, calculate the responsefrom the sum of the
duplicate values of the transmittances (L s) as the
difference, y = 2.00 - L r- Plotthis responseon the ordinate
of cross-section paper against the logarithm of the mL of
Standard solution per tube on the abscissa, using for the
ordinate either an arithmeticor a logarithmic scale,
whichevergives the better approximation to a straight line.
Drawthe straight line or smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 - L u, adding toqether the

two transmittances(L u) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volumeofthe Standard solution corresponding to each
ofthose values of ythat falls withinthe range ofthe lowest
and highest pointsplottedforthe Standard. Subtractfrom
each logarithmso obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valuesof X for each of
three or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.

Determinethe quantity, in I-'g, of cyanocobalamin
(C63H88CoN14014P) in the portion of Capsules taken:

antilog M = antilog (M' + log R)

R =number of I-'g of cyanocobalamin assumed to be
present in the portion of Capsules taken

Calculate the percentage of the labeledamount of
cyanocobalamin (C63H88CoN14014P) in the portion of
Capsules taken:

Result = [(antilog M)jNJ x 100

N =nominal amount of cyanocobalamin in the
portion of Capsules taken (I-'g)

Replication: Repeat the entire determination at least once,
usingseparatelyprepared Sample solutions. Ifthe difference
between the two log-potencies Mis NMT 0.08, their mean,
M, isthe assayed log-potencyof the test material (see
Vitamin B12 Activity in Design andAnalysis ofBiologicalAssays
(111), The Confidence Interval and Limits of Potency). If the
two determinationsdiffer by more than 0.08, conduct one
or more additional determinations. From the mean of two
or more values of Mthat do not differ by more than 0.15,
compute the mean potencyofthe preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of cyanocobalamin (C63H88CoN14014P)

• FOLIC ACID, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Reagent A: 25% solution of tetrabutylammonium

hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL
volumetric flask. Using sonication ifnecessary, dissolve in
and dilute with 1 N sodium hydroxide to volume.
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Mobile phase: 2 g of monobasic potassium phosphate in
650 mL of water. Add 12.0 mL of Reagent A, 7.0 mL of 3 N
phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS
to a pH of 7.0, dilute with water to 1000 mL, and filter.
Recheck the pH before useby adding water or methanol to
the prepared Mobilephaseto obtain baseline separation of
folic acid and the internal standard. The pH may be
increased up to 7.15 to obtain better separation.
[NOTE-The methanol and water content may be varied
(between 1% and 3%).]

Internal standard solution: Transfer 40 mg of
methylparaben to a 1OOO-mL volumetric flask, and add
220 mL of methanol to dissolve. Dissolve2.0 g of
monobasic potassium phosphate in 300 mL of water in a
separate beaker, quantitatively transfer this solution to the
flask containing the methylparaben solution, and add an
additional 300 mL of water. Add 19 mL of Reagent A, 7 mL
of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust with
ammonia TS to a pH of 9.8, bubble nitrogen through the
solution for 30 min, dilute with water to volume, and mix.

Standard solution: 0.016 mg/mL of USP Folic Acid RS in
Internalstandardsolution

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer an amount of Capsule contents to a suitable
centrifuge tube, and add a volume of the Internalstandard
solutionto obtain a nominal concentration of 0.016 mg/rnL
of folic acid. Shakeby mechanical means for 10 min, and
centrifuge. Filter a portion of the clear supernatant, and use
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 I...IL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for folic acid and
methylparaben are about 0.8 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolutionand Sample solution
Measure the peak areas for folic acid and methylparaben.

Calculate the percentage of the labeled amount of folic
acid (C19H19N706) in the portion of Capsulestaken:

Result=(R viR s) x (C siC v) x 100

Ru =peak area ratio of folic acid to methylparaben
from the Sample solution

Rs =peak area ratio of folic acid to methylparaben
from the Standard solution

C s =concentration of USP FolicAcid RS in the Standard
solution (pq/rnl)

C u =nominal concentration of folic acid in the Sample
solution (l...Ig/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of folic acid (C19H19N706)

• FOLIC ACID, Method 2
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Diluent: 60 I...Ig/mL of ammonium. hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
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volumetric flask, and dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 60 I...Ig/mL of USP Folic Acid RS in
Diluent. Prepare this solution fresh daily.

Standard solution: Mix 5.0 mL of the Standard stock
solutionwith 10.0 mL of a mixture of methanol and glacial
acetic acid (9:1) and 30.0 mL of a mixture of methanol and
ethylene glycol (1:1). Shakefor 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate.

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
0.3 mg of folic acid, to a 125-mL stoppered flask. Add
10.0 mL of a mixture of methanol and glacial acetic acid
(9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shakefor 15 min in a water bath maintained
at 60°, and cool. Filter, discarding the first few mL of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
injection volume: 51...1L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis.

Samples: Standardsolution and Sample solution
Measure the areasof the major peaks. Calculate the

percentage of the labeled amount of folic acid
(C19H19N706) in the portion of Capsules taken:

Result = (r ulr s) x (C siC u) x 100

r u =peak area of folic acid from the Sample solution
r s =peak area of folic acid from the Standard solution
C s =concentration of USP FolicAcid RS in the Standard

solution (lJg/mL)
C u =nominal concentration of folic acid in the Sample

solution (l...Ig/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of folic acid (C19H19N706)

• DEXPANTHENOL OR PANTHENOL
[NOTE-The following procedure is applicable also to

the determination of the dextrorotatory component
of racemic panthenol in preparations containing
panthenol.]

Dehydrated mixtures yielding formulations similar to the
media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 800 I...Ig/mL of USP
Dexpanthenol RS, or 1600 I...Ig/mL of USP Racemic
Panthenol RS in water. Store in a refrigerator, protected
from light, and use within 30 days. .

Standard solution: On the day of the assay, prepare a
dilution of 1.2 I...Ig/mL of dexpanthenol or 2.4 I...Ig/mL of
panthenol from the Standardstock solution diluted with
water.. .

Sample solution: Weigh NLT 30 Capsules in a tared .
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents as completely as
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Table 3 (continued)

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Pyridoxal-calcium pantothenate solution 5 mL

Polysorbate 4D-oleic acid solution 5 mL

Double-strength modified pantothenate medium:
Prepare as directed in Modifiedpantothenatemedium but
make the final dilution to 125 mL instead of 250 mL.'
Prepare fresh.

Stock culture of Pediococcus acidilactici: Dissolve in800 mL
of water,.wit.h the aid of heat, 6.0 g of peptone, 4.0 g of
pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g of
b~ef extract, 1..0 g of dext~ose, and 15.0 g of agar. Adjust
With 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pH of 6.5-6.6, and dilute with water to 1000 mL. Add
1O-mL portions of the solution to culture tubes, place caps
on the tubes, and sterilize in an autoclave at 121° for
15 min. Coolon a slant, and store ina refrigerator. Preparea
stock culture of Pediococcus ocidiiactkl" on a slant of this
medium. Incubate at 35° for 20-24 h, and store in a
refrigerator. Maintain the stockculture by monthly transfer'
onto fresh slants.

Inoculum: Inoculatethree 250-mLportions of sterile
Modifiedpantothenatemediumfrom a stock culture slant
and incubate at 35°for 20-24 h. Centrifugethe suspensi~n
from the combined portions, and wash the cellswith sterile
Mo~i~ied pant~t~enate medium. Resu~pend the cells in
sufflclent Modifiedpantothenatemediumso that a l-in-50
dilution, when tested in a 13-mm diameter test tube gives
80% light transmission at 530 nm. Transfer1.2-mLp~rtions
of this stock suspension to sterileglass ampuls seal freeze
in liquid nitrogen, and store in a freezer. On the day of the
assay, allowthe ampuls to reach room temperature mix
the contents, and dilute 1 mLof thawed culture with sterile
salineTS to 150 mL. [NOTE-This dilution may be altered
when necessary to obtain the desired test response.]

Analysis: Prepare in triplicatea series of eight culture tubes
by adding the following quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5,
1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standardsolution.
Prepare in ~uplicate ~ ~eries of five culture tubes by adding

the followtnq quantities of water to the tubes within a set:
4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mLof
the Sample solution.

Add 5.0 mLof Double-strength modified pantothenate
medium to each tube. Coverthe tubes with metal caps
and sterilize in an autoclave at 121° for 5 min. Cool to '
room temperature in a chilled water bath, and inoculate
each tube with 0.5 mL of the Inoculum. Allow to incubate
at 3r for 16 h. Terminate growth by heating to a
temperature NLT 80°, such as bysteaming at atmospheric
pressure in a sterilizer for 5-10 min. Cool, and determine
the percentage transmittance of the suspensions, in cells

3 ATCC No. 8042 is suitable.

possible to a beaker. Remove any contents adhering to the
empty c;apsuleshells by washing with several portions of
ether: Discard the washings,and drythe Capsuleshells with
the aid of a current of dry air until the odor of ether is no
longer p~rc~ptible. Weighthe empty Capsule shellsin the
tared weighing bottle, and calculatethe average net weight
per Capsule. Dissolve a portion of the Capsule contents
nominallyequivalent to 1.2 mg of dexpanthenol or 2.4 (y,g
of p~ntheno!, in 10.0.0 n:L of water. Qua~titatively dilute a
portion of thissolutionwith water to obtain a concentration
Of 1.2 IJg/mL of dex~anthen?1 or 2.~ IJg/mL of panthenol.

ACld-~yd~olyzed casein solution: MIX 100 g ofvitamin-free
ca.seln with 500 mLof 6 N hydrochloric acid, and reflux the
mixturefor 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in about
500mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to
1000 mL. Add 20 g of activated charcoal stir for 1 hand
filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10°..
Filter the solution ifa precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of .
D,L-tryptophan) in 700-800 mL of water, heat to 75 ± 5°,
and add hydrochloric acid solution (1 in 2) dropwise with
stirring, until the solidsare dissolved. Cool, and dilut~ with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine:-guanine-uracil. solution: Dis~olve 200 mg each
of ad~nlne sUlfa~e, guanine hydrochloride, and uracil, with
the aid of heat, In 10 mL of 4 N hydrochloric acid. Cool
and dilute with water to 200 mL. Store under toluene i~ a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol .

Riboflavin-thiamine hydrochloride-biotin solution: 20
IJg/mL of riboflavin, 10 IJg/mL of thiamine hydrochloride,
and 0.04 IJg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
s?lu.tion: 10 IJg/mL of p-a~ino~enzoic acid, 50 IJg/mL of
ruacm, and 40 IJg/mL of pyridoxine hydrochloride in
neutral 25% alcohol. Store in a refrigerator. .

Salt solution A: 50 mg/mL of monobasic potassium
phosphate and 50 mg/mL of dibasic potassium phosphate
In water. Add 10 drops of hydrochloric acid per Lof
solution. Store under toluene.

Salt solution B: 20 mg/mL of magnesium sulfate 1 mg/mL
of sodium chloride, 1 mg/mL of ferrous sulfate, ~nd 1 mg/
mLof manganese sulfate in water. Add 10 drops of
hydrochloricacid per Lof the solution.Store under toluene.

Pyri~oxal-calcium pa!'1tothenate solution: 200 IJg/mL of
pyridoxal hydrochlorideand 1.875 IJg/mLof calcium
pantothenate in 10% alcohol. Store in a refrigerator and
use within 30 days. ... '

Polysorbate 40-oleic acid solutiori: 50 mg/mL of
polysorbate 40 and 0.5 mg/mLofoleicacid in20% alcohol.
Store in a refrigerator, and use within 30 days.

Modified pantothenate medium: Dissolve anhydrous
Dextrose and Sodium acetate in the solutions previously
mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Finally, dilute with water to
250 mL.

Table 3

Acid-hydrolyzed casein solution

Cystine-tryptophan solution
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of equal path length, on asuitable spectrophotometer, at a
wavelength of 530 nm.

Calculation: Draw a dose-responsecurve on arithmetic
graph paper by plotting the average response, in
percentage of transmittance, for each set of tubes of the
standard curve against the standard level concentrations.
The curve is drawn by connecting each adjacent pair of
points with a straight line. From this standard curve,
determine by interpolation the potency of each tube
containing portions of the Sample solution. To obtain the
individual responses divide the potency of each tube by the
amount of the Sample solution added to it. Calculate the
mean response by averaging the individual responses that
vary from their mean by NMT 15%, using NLT half the total
number of tubes. Calculate the potency of the portion of
the material taken for the assay, by multiplying the mean
response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of

dexpanthenol or panthenol (C9H,9N04) in the portion of
Capsules taken:

Result=(PIN) x 100

P =potency of dexpanthenol or panthenol in the
portion taken (mg)

N =nominal amount of dexpanthenol or panthenol
in the portion taken (mg)

Acceptance criteria: 90.0%-150.0% of the labeled amount
. of dexpanthenol or panthenol (C9H,9N04)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: BO mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 g of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in the Internal standard solution

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
To a centrifuge tube transfer an amount of mixed Capsule
contents and a volume of Internal standard solution to
obtain a concentration of 0.6 mg/mL in the Sample solution.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC -
Detector: UV 210 nm
Column: 3.9-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution

[NoTE-The relative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the

internal standard. Calculate the percentage of the labeled
amount of calcium pantothenate (C'SH32CaN20,o) in the
portion of Capsules taken:

Result=(R ulR s) x (C siC u) x 100

= peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution
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Rs =peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

C s =concentration of USP Calcium Pantothenate RS in
the Standard solution (mg/mL)

C u = nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (C'SH32CaN20,o)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dark
over phosphorus pentoxide and protected from absorption
of moisture while weighing, in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume, to obtain a concentration of 50
IJg/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of Standard stock solution with water to obtain a
concentration of 0.01-0.04 IJg/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in the Analysis, 2.0 and
4.0 mL of the Standard solution being used, are within the

. linear portion of the log-concentration response curve.
Sample solution: Proceed as directed in Biotin, Method 1

through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
50 mg of calcium pantothenate, to a 1OOO-mL volumetric
flaskcontaining 500 mL of water. Add 10 mL of 0.2 N acetic
acid and 100 mL of sodium acetate solution (16.66 mgl
mL), dilute with water to volume, and filter. Dilute a volume
of this solution to obtain a solution with approximately the
same concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for B-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Storeunder toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of i-cystlne
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
D,L-tryptophan) in 700-BOO mL of water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved.Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
IJg/mL of riboflavin, 10 IJg/mL of thiamine hydrochloride,
and 0.04 IJg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 IJg/mL of p-aminobenzoic acid, 50 IJg/mL of
niacin, and 40 IJg/mL of pyridoxine hydrochloride in a
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mixture of neutralized alcohol and water (1 :3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesiumsulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfatein water to make500 mL. Add5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetatein the solutions
previously mixedaccordingto Table 4, and adjustwith 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 4

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5mL

Salt solution A 5 mL

Salt solution B 5mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mL ofwater. Add500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
ofagar, and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, closeor coverthe tubes, sterilize
in an autoclaveat 121° for 15 min, and allow the tubes to
cool in an upright position. Preparestab cultures in three
or more of the tubes, using a pure culture of Lactobacillus
planiarum' incubatingfor 16-24 h at a temperature
between 30° and 37° held constant to within±0.5°.Store
in a refrigerator. Preparea fresh stab of the stock culture
everyweek, and do not use for Inoculum ifthe culture is
more than 1 week old.

Culture medium: Toeach ofa series oftest tubes containing
5.0 mL of Basal mediumstock solutionadd 5.0 mL of water
containing 0.2 I-Ig of calcium pantothenate. Plug the tubes
with cotton, sterilize in an autoclave at 121° for 15 min,
and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stockculture, providedit
yields an Inoculumcomparable to a fresh culture.] Transfer
cells from the Stock cultureofLactobacillus plantarum to a
steriletube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°.The cell suspension so
obtained isthe Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standardsolution. To
each tube and to four similar empty tubes add 5.0 mL of
Basal mediumstock solution and sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solution corresponding to three or more of
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the levels specified forthe Standard solution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal medium stock solutionand sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rack or sectionof a rack, preferably in
random order.

Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool, and
add 1 drop of Inoculum to each tube, except two of the
four tubes containing no Standard solution (the
uninoculatedblanks). Incubatethe tubes at a temperature
between 30°and 3r, held constant to withih±0.5° until,
following 16-24 h of incubation, there has been no
substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.

Determinethe transmittanceof the tubes in the following
manner. Mix the contents ofeach tube, and transferto an
optical container ifnecessary. Read the transmittance
between 540 and 660 nm when a steady state is reached.
This steady state isobserved a few seconds after agitation
when the galvanometerreadingremainsconstant for 30 s
or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittanceof the inoculated blank.
With the transmittanceset at 1.00 for the inoculated
blank, read the transmittancefor each of the remaining
tubes. If there isevidenceofcontaminationwith a foreign
microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicate values of the
transmittance (~ s) as the difference, y =2.00 - ~ s- Plotthis
responseon the ordinate ofcross-section paper against the
logarithmof the mL of Standard solution per tube on the
abscissa, usingfor the ordinate either an arithmetic or a
logarithmic scale, whichever gives the better
approximationto a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculate the response, y =2.00 - ~ v, adding together the

two transmittances (~ v) for each level of the Sample
solution. Read from the standard curve the logarithmof
the volumeofthe Standardsolutioncorrespondingto each
of those values of y that falls withinthe range ofthe lowest
and highestpointsplottedforthe Standard. Subtractfrom
each logarithmso obtained the logarithm of the volume,
in mL, of the Sample solutionto obtain the difference, X,
for each dosage level. Average the valQes of X for each of
three or more dosage levels to obtain X, whichequals the
log-relative potency, M', of the Sample solution.
Determinethe quantity, in mg, of calcium pantothenate
(ClsH32CaN2010) in the portion of Capsules taken:

antilog M = antilog (M' + log R)

R = number of mg of calcium pantothenate assumed
to be present in the portion of Capsules taken

Calculate the percentage of calcium pantothenate
(ClsH32CaN2010) in the portion of Capsules taken:

Result = [(antilog M)/N] x 100

N =nominal amount of calcium pantothenate in the
portion of Capsules taken (mg)

Replication: Repeat the entire determination at least once,
usingseparatelyprepared Sample solutions. If the difference
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between the two log-potencies Mis NMT 0.08, their mean,
M, is the assayed log-potency of the test material (see
Design andAnalysis of BiologicalAssays (111), The Confidence
Intervaland Limits of Potency). If the two determinations
differ by more than 0.08, conduct one or more additional
determinations. From the mean of two or more valuesof M
that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClaH3zCaNzOlO)

• CALCIUM PANTOTHENATE, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in 2000 mLofwater, and adjust with phosphoric
acid to a pH of 3.5. .

Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium

Pantothenate RS in water. Prepare fresh every 4 weeks.
Store in a refrigerator.

Standard solution: 40 ~g/mL of USP Calcium
Pantothenate RS from the Standard stock solutiondiluted
with water

Sample solution: Proceed asdirected in Biotin, Method 7
through"calculate the net weight of the Capsulecontents."
Transfer a portion of the Capsule contents, equivalent to a
nominal amount of 10 mg of calcium pantothenate, to a
250-mL volumetric flask. Add 10 mL of methanol, and swirl
the flask to disperse the Capsulescontents. Dtlute with
water to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-~m packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 ~L

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the peak areasfor calcium pantothenate..Calculate

the percentage of the labeled amount of calcium
pantothenate (ClaH3ZCaNzOlO) in the portion of Capsules
taken:

Result=(r vir s) x (C sICv) x 100

=peak area of calcium pantothenate from the
Sample solution

= peak area of calcium pantothenate from the
Standard solution

=concentration of USP Calcium Pantothenate RS in
the Standard solution(mg/mL)

= nominal concentration of calcium pantothenate
in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClaH3ZCaNz010)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 1

[NoTE-Use low-actinic glassware throughout this
procedure.]

Diluent: Acetonitrile, glacial acetic acid, and water
(5:1 :94)

Mobile phase: A mixture of methanol, glacial acetic acid,
and water (27:1 :73) containing 140 mg of sodium
1-hexanesulfonate per 100 mL
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Standard solution: [NoTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°-70° for 10 min
with regular shaking or using a vortex mixer, until all the
solid materials are dissolved. Chill rapidly in a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Proceed asdirected in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a
50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the
powder. Immerse the centrifuge tube in a hot water bath
maintained at 65°-70°, heat for 5 min, and mix on a vortex
mixer for 30 s. Return the tube to the hot water bath, heat
for another 5 min, and mix on a vortex mixer for 30 s.
Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [NoTE-Use the filtrate within 3 h
of filtration.]

. Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for niacinamide,
pyridoxine, riboflavin, and thiamine are about 0.3,
0.5, 0.8, and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solutionand Sample solution
Measure the peak areasfor niacin or niacinamide,

pyridoxine, riboflavin, and thiamine. Calculate the
percentage of the labeled amount of niacinamide
(C6H6NzO) in the portion of Capsulestaken:

Result = (r vir s) x (C sICv) x 100

r u = peak areaof niacinamide from the Sample solution
r s =peak area of niacinamide from the Standard

solution
C s =concentration of USP Niacinamide RS in the

Standard solution(mg/mL)
Cu =nominal concentration of niacinamide in the

Sample solution(mg/mL)

For formulations containing niacin:

Result = (r vIr s) x (C siCv) x 100

=peak area of niacin from the Sample solution
=peak area of niacin from the Standard solution
=concentration of USP Niacin RS in the Standard

solution(mg/mL)
=nominal concentration of niacin in the Sample

solution(mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (CaH11N03· HCI), riboflavin
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(C17HzoN406), and thiamine hydrochloride (C1zH17CIN40S
. HCI) in the portion of Capsulestaken:

Result= (r vir s) x (C siC v) x 100

= peak area of the corresponding vitamin from the
Sample solution

=peak area of the corresponding vitamin from the
Standardsolution

= concentration of the relevant ,USP Reference
Standard in the Standard solution (mg/mL)

=nominal concentration of the corresponding
vitamin in the Sample solution(mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine .
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

100.0 mL of Extraction solvent, and mix for 20 min, using a
wrist-action shaker. Immerse the flask in a water bath
maintained at 70°-75 0

, and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter.
Use the clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 J.JL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
[NOTE-If necessary, flush the column with methanol

between injections.]
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas of niacin. Calculate the percentage

of the labeled amount of niacin (C6HsNOz) in the portion
of Capsules taken:

Result= (r vir s) x (C siCv) x 100

r u = peak area.of niacin from the Sample solution
r s = peak area of niacin from the Standardsolution
C s =concentration of USP Niacin RS in the Standard

solution(mg/mL)
C v· =nominal concentration of niacin in the Sample

solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsNOz)

• NIACINAMIDE, Method 2
[NOTE-Use low-actinic glasswarethroughout this

procedure.] .
Extraction solvent, Mobile phase, Standard stock

solution, Standard solution, Sample solution, and
Chromatographic system: Using USP Niacinamide RS in
place of USP Niacin RS, proceed asdirected in Niacin,
Method 2.

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areas of niacinamide. Calculate the

percentage of the labeled amount of niacinamide
(C6H6NzO) in the portion of Capsules taken:

Result= (r vir s) x (C siC v) x 100

r v =peak areaof niacinamide from the Sample solution
r ~ =peak area of niacinamide from the Standard

solution
C s =concentration of USP Niacinamide RS in the

Standardsolution(mg/mL)
C u =nominal concentration of niacinamide in the

Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6NzO)

• PYRIDOXINE HYDROCHLORIDE, Method 2 .
[NOTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent, Mobile phase, and Sample solution:

Prepare as directed in Niacin, Method2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in Extraction solvent

Result = (r vir s) x (C siCv) x (M rtiM r2) X 100

=peak area of thiamine from the Sample solution
=peak area of thiamine from the Standardsolution
= concentration of USP Thiamine Hydrochloride RS

in the Standardsolution(mg/mL)
=nominal concentration of thiamine mononitrate

in the Sample solution(mg/mL)
= molecular weight of thiamine mononitrate,

327.36
=molecular weight of thiamine hydrochloride,

337.27

M r1

Mr2

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsNOz) or niacinamide (C6H6NzO), pyridoxine
hydrochloride (CaH11N03 • HCI), riboflavin (C17HzoN406),
and thiamine as thiamine hydrochloride (C12H17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

• NIACIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Solution A: Transfer.1 mL of glacial acetic acid and 2.5 g of

edetate disodium to a 1OO-mL volumetric flask. Dissolve in
and dilute with water to volume.

Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL

of sodium acetate in water). Adjust with acetic acid to a pH
of 5.4. [NOTE-A small amount of methanol (up to 1%) may
be added to the Mobilephaseto improve resolution.]

Standard stock solution: 1 mg/mL of USP Niacin RS in
Extraction solvent

Standard solution: Transfer 5.0 mL of the Standardstock
solution to a 25-mL volumetric flask, and dilute with
Extraction solventto volume.

Sample solution: [NOTE-This preparation issuitable for the
determination of niacin or niacinamide, pyridoxine, and
riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle, Open the Capsules,
without loss of shell material, and transfer the contents to a
beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule
contents, equlvalentto 2 mg of riboflavin, to a 200-mL
volumetric flask. If riboflavin is not present in the
formulation, usea portion equivalent to 2 mg ofpyridoxine.
If pyridoxine is not present in the formulation, usea portion
equivalent to 20 mg of niacin or niacinamide. Add
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Standard solution: Transfer 20 ~g/mL of USP Pyridoxine
Hydrochloride RS from the Standardstock solution, and
dilute with Extraction solvent to volume.

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasof pyridoxine. Calculate the

percentage of the labeled amount of pyridoxine
hydrochloride (CSH ll N03 • HCI) in the portion of Capsules
taken:

Result= (r vir s) x (C siC v) x 100

=peak area of pyridoxine from the Sample solution
= peakareaof pyridoxine from the Standardsolution
= concentration of USP Pyridoxine

Hydrochloride RS in the Standardsolution
(mg/mL)

= nominal concentration of pyridoxine
hydrochloride in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of pyridoxine hydrochloride (CSH11N0 3 • HCI)

• RIBOFLAVIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent and Sample solution: Prepareas

directed in Niacin, Method 2.
Solution A: 6.8 giL of sodium acetate in water
Mobile phase: Preparea mixture of Solution A and methanol

(13:7). Add 2 mL of triethylamine per L of the mixture, and
adjust with glacial acetic acid to a pH of 5.2.

Standard stock solution: Transfer 20 mg of USP .
Riboflavin RS to a 200-mL volumetric flask, and add
180 mL of Extraction solvent. Immerse the flask for 5 min
in a water bath maintained at 65°-75°. Mix well, and repeat
if necessary until dissolved. Chill rapidly in a cold water bath
to room temperature, and dilute with Extraction solventto
volume.

Standard solution: Dilute 5.0 mL of the Standardstock
solution with Extraction solvent to 25.0 mL.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasof riboflavin. Calculate the

percentage of the labeled amount of riboflavin
(C17H2oN406) in the portion of Capsules taken:

Result=(r vir s) x (C siC v) x 100
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r u =peak area of riboflavin from the Sample solution
r s =peak area of riboflavin from the Standardsolution
C s = concentration of USP Riboflavin RS in the

Standardsolution (mg/mL)
C u =nominal concentration of riboflavin in the Sample

solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17H2oN406)

• THIAMINE, Method 2
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A: 1.88 giL of sodium 1-hexanesulfonate in 0.1%

phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine

Hydrochloride RS in 0.2 N hydrochloric acid .
Standard solution: 0.02 mg/mL of USP Thiamine

Hydrochloride RS from the Standard stock solution diluted
with 0.2 N hydrochloric acid

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the net weight of the Capsulecontents."
Mix a portion of the Capsule contents with a volume of
0.2 N hydrochloric acid to obtain a concentration of
0.02 mg/mL of thiamine. Shakefor 15 min with a
wrist-action shaker, and heat to boiling for 30 min. Cool to

. room temperature, and filter. Usethe clear filtrate.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas for the major peaks. For products

containing thiamine hydrochloride, calculate the
percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S . HCI) in the portion of
Capsulestaken:

Result= (r vir s) x (C siCv) x 100

r u =peak area of thiamine from the Sample solution
r s =peak area of thiamine from the Standardsolution
Cs =concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/mL)
C v = nominal concentration of thiamine hydrochloride

in the Sample solution (mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

Result=(r vir s) x (C siC v) x (M rdM r2) X 100

r u = peak area of thiamine from the Sample solution
r s = peak area of thiamine from the Standardsolution
C s =concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/mL)
C u = nominal concentration of thiamine mononitrate

in the Sample solution (mg/mL)

www.webofpharma.com

https://nhathuocngocanh.com/



5408 Vitamins / Dietary Supplements

M rl =molecular weight of thiamine mononitrate,
327.36

M r2 =molecular weight of thiamine hydrochloride,
337.27

Acceptance criteria: 90.0%-150.0% of the labeled amount
of thiamine as thiamine hydrochloride (C12H17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3

[NoTE-Use low-actinic glassware throughout this
procedure.]

Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/mL of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and
0.24 mg/mL of USP Thiamine Hydrochloride RS in the
Reagent, with heating if necessary

Standard solution: Transfer 5.0 mL of the Standard stock
solution to a stoppered 125-mL flask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1) and
30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate.

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine
hydrochloride, to a stoppered 125-mL flask. Add 10.0 mL
of a mixture of methanol and glacial acetic acid (9:1), and
30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 ~L

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the peak areasof niacin or niacinamide. Calculate

the percentage of the labeled amount of niacin
(C6HsN02)or niacinamide (C6H6N20) in the portion of
Capsules taken: .

Result=(r ulr s) x (C siC u) x 100

=peak area of niacin or niacinamide from the
Sample solution

=peak area of niacin or niacinamide from the
Standard solution

=concentration of USP Niacin RS or USP
Niacinamide RS in the Standard solution
(mg/mL)

USP 43

C u =nominal concentration of niacin or niacinamide
in the Sample solution(mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (CgH"N03 • HCI), riboflavin
(C17H20N406), and thiamine hydrochloride (C'2H17CIN40S
. HCI) (for products containing thiamine hydrochloride) in
the portion of Capsulestaken:

Result= (r ulr s) x (C siC u) x 100

ru = peak area of the corresponding vitamin from the
Sample solution

rs = peak area of the corresponding vitamin from the
Standard solution

C s = concentration of the relevant USP Reference
Standard in the Standard solution(mg/mL)

C u =nominal concentration of the corresponding
vitamin in the Sample solution(mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C'2H17NS04S) in the portion of Capsules
taken:

Result= (r ulr s) x (C siC u) x (M rtiM r2) X 100

r u =peak area of thiamine from the Sample solution
r s = peak area of thiamine from the Standard solution
C s = concentration of USP Thiamine Hydrochloride RS

in the Standard solution (mg/mL)
C u = nominal concentration of thiamine mononitrate

in the Sample solution(mg/mL)
M r1 = molecular weight of thiamine mononitrate,

327.36
M r2 = molecular weight of thiamine hydrochloride,

337.27

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacin (C6HsN02)or niacinamide (C6H6N20), pyridoxine
hydrochloride (CgH"N03 • HCI), riboflavin (C17H20N406),
and thiamine as thiamine hydrochloride (C12H,7CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution .

. • WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 du/g, and the
combined molds and yeasts count does not exceed 3 x
102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli -.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
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• LABELlNC: 4 The label states that the product is Oil- and
Water-Soluble Vitamins Capsules. The label alsostates the
quantity of eachvitamin per dosageunit and, where
necessary, the chemical form in which it is present.Where
the product contains vitamin E, the label indicateswhether
it is the d- or dl- form. Where more than one assay method
is given for a particular vitamin, the labeling states with
which assay method the product complies only if Method 1
is not used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS .
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS

1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro
2-oxo-, 3aS-(3aa.,4~,6aa.)-;

(3aS,4S,6aR)-Hexahydro-2-oxo-1 H-thieno[3,4-d]
imidazole-4-valericacid.

C1oH16Nz03S 244.31
USP Calcium Pantothenate RS
~-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-,

calcium salt (2:1), (R)-;
Calcium D-pantothenate (1:2).
C1sH32CaNzOlO 476.53

USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3~,5Z,7E)-;

Cholecalciferol.
C27H440 384.64

USP Cyanocobalamin (Crystalline) RS
Vitamin B12.
C63HssCoN140'4P 1355.37

USP Oexpanthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3

dimethyl-, (R)-;
D-(+)-2,4-0ihydroxy-N-(3-hydroxypropyl)-3,3

dimethylbutyramide.
C9H,9N04 205.25

USP Ergocalciferol RS
9,10-Secoergosta-5,7,10(19),22-tetraen-3-ol, (3~,5Z,7E,

22E)-;
Ergocalciferol.
C2sH440 396.65

USP FolicAcid RS
L-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6

pteridinyl)methyl]amino]benzoyl]-;
Folicacid;
N-[p-[[ (2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]

benzoyl]-L-glutamic acid.
C'9H19N706 441.40

4 USP Unitsof activity for vitamins,where such existor formerly existed,
are equivalent to the corresponding international units (IU), where such
formerlyexisted. The USP Unitfor Vitamin Ehas been discontinued.
Internationalunits (IU) for vitaminsalso have been discontinued;however,
the use of IU on the labelsof vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationshipof the USP Units or IU to mass isasfollows. One USP Vitamin A
Unit= 0.3 I1g of all-trans-retinol (vitaminAalcohol)or 0.344 IJg of all
trans-retinylacetate (vitaminAacetate) or 0.55 I1g of all-trans-retinyl
palmitate (vitaminApalmitate), and 1 I1g of retinol (3.3 USP Vitamin A
Units) =1 retinol equivalent (RE); 1 IU of beta carotene =0.6 I1g of all
trans-betacarotene; 1 USP Vitamin D Unit=0.025 I1g of cholecalciferol or
ergocalciferol; and 1 mg of dl-alphatocopherol =1.1 former USP Vitamin E
Units, 1 mg of dl-alphatocopheryl acetate =1 former USP Vitamin EUnit,
1 mg of dl-alphatocopheryl acid succinate =0.89 former USP Vitamin E
Unit,1 mg of d-alpha tocopherol =1.49 former USP Vitamin EUnits, and
1 mg of d-alpha tocopherylacetate =1.36 former USP Vitamin EUnits, and
1 mg of d-alpha tocopheryl acid succinate =1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha
tocopheryl acetate =0.91, 1 mg of d-alpha tocopheryl acid succinate=
0.81, 1 mg of dl-alphatocopherol =0.74, 1 mg of dl-alphatocopheryl
acetate =0.67, and 1 mg of dl-alpha tocopheryl acid succinate=0.60.
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USP Niacin RS
3-Pyridinecarboxylicacid;
Nicotinic acid.
C6HsNOz 123.11

USP Niacinamide RS
3-Pyridinecarboxamide;
Nicotinamide.
C6H6NzO 122.12

USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3, 7,11,15-tet

ramethyl-2-hexadecenyl)-, [R-[R*, R*-(E)]]-;
Phylloquinone. .
C31H460Z 450.70

USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-,

hydrochloride;
Pyridoxol hydrochloride.
CSHllN03· HCI 205.64

USP Racemic Panthenol RS
USP Riboflavin RS

Riboflavine.
C17HzoN406 376.36

USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)

methyl]-5-(2-hydroxyethyl)-4-methyl-, chloride,
monohydrochloride;

Thiamine monohydrochloride.
C,zH17CIN40S. HCI 337.27

USP Vitamin A RS

Oil- and Water-Soluble Vitamins Oral
Solution
DEFINITION
Oil- and Water-SolubleVitamins Oral Solution contains one or

more of the following oil-soluble vitamins: Vitamin A,
vitamin 0 asErgocalciferol (vitamin Oz) or Cholecalciferol
(vitamin 0 3), and Vitamin E; one or more of the following
water-soluble vitamins: AscorbicAcid or its equivalent as
Calcium Ascorbate or Sodium Ascorbate, Cyanocobalamin,
Niacin or Niacinamide, Oexpanthenol or Panthenol,
pantothenic acid (as Calcium Pantothenate or Racemic
Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavinor Riboflavin-5'-Phosphate Sodium, and Thiamine
Hydrochloride or Thiamine Mononitrate. It contains NLT
90.0% and NMT 250.0% of the labeledamounts of vitamin A
(C2oH300) as retinol or esters of retinol in the form of retinyl
acetate (CZZH3Z0Z) or retinyl palmitate (C36H600Z)' vitamin 0
asergocalciferol (CZSH440) or cholecalciferol (C27H440),
vitamin Easalpha tocopherol (Cz9HsoOz) or alpha tocopheryl
acetate (C31HSZ03) or alpha tocopheryl acid succinate
(C33Hs40S), ascorbicacid (C6Hs06) or its salts ascalcium
ascorbate(C12H,4Ca01Z . 2HzO) or sodium ascorbate
(C6H7Na06), and thiamine (C1zH17CIN40S) asthiamine
hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of calcium
pantothenate (C,sH32CaN20,o),dexpanthenol (C9H,9N04) or
panthenol (C9H19N04), nlacln (C6HsNOz) or niacinamide
(C6H6NzO), pyridoxine hydrochloride (CsH"N03· HCI), and
riboflavin (C17HzoN406) or rlboflavln-Svphosphate sodium
(C17H20N4Na09P); and NLT 90.0% and NMT 450.0% of the
labeled amount of cyanocobalamin (C63HssCoN,40'4P),
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STRENGTH
[NoTE-In the following assays, where more than one

assay method is given for an individual ingredient the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method 1 is not used.]

• VITAMIN A
[NoTE-Use low-actinic glassware throughout this

procedure.]
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:

46.5: 7.9)
Standard solution: 0.33 mg/mL of retinol (C2oH300) from

USP Vitamin A RS in Diluent. [NOTE-USP Vitamin A RS is
retinyl acetate. Useit to analyze Oral Solution that contains
vitamin A as retinol, retinyl acetate, or retinyl palmitate.]

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 3.3 mg of retinol, to a
500-mL separatory funnel containing 10 mL of water and
20 mL of dehydrated alcohol. Add 150 mL of solvent
hexane, insert the stopper, and shake for 1 min. Add
another 150 mL of solvent hexane, insert the stopper,
shake,and allow the layersto separate. Discardthe aqueous
layer, and filter the solvent hexane extract through
anhydrous sodium sulfate into a 500-mL round-bottom
flask. Evaporate the solution to dryness with the aid of a
rotary evaporator over a water bath maintained at about
65°. Immediately add 10.0 mL of Diluent, swirl to dissolve
the residue, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 50-cm (prepared from two

concatenated 4.6-mm x 25-cm columns); packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min .
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis .

Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of

vitamin A as retinol (C2oH300) in the portion of Oral
Solution taken:

Result=(rulrs) x (Cs/Cu) x Fx 100

to = peak area of retinol or retinyl ester from the
Sample solution

ts =peak area of retinyl acetate from the Standard
solution

Cs =concentration of retinyl acetate (C22H3202) in the
Standard solution (lJg/mL)

Cu = nominal concentration of vitamin A as retinol
(C2oH300 ) in the Sample solution(lJg/mL)

F = factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

Acceptance criteria: 90.0%-250.0% of the labeled amount
of vitamin A as retinol (C2oH300)

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D)
[NoTE-Where vitamin D (cholecalciferol or

ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and

USP 43

the relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Diluent and Mobile phase: Prepareasdirected in Vitamin A.
Standard solution: 5 IJg/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in Diluent
Sample solution: Transfer an accurately measured volume

of Oral Solution, equivalent to 50 IJgof cholecalciferol or
ergocalciferol, to a 500-mL separatory funnel containing
10 mL of water and 20 mL of dehydrated alcohol. Add
150 mL of solvent hexane, insert the stopper, and shakefor
1 min. Add another 150 mL of solvent hexane, insert the
stopper, shake,and allow the layersto separate. Discard the
aqueous layer. Drain the solvent hexane extract through
anhydrous sodium sulfate into a 500-mL round-bottom
flask. Evaporate the solution to dryness with the aid of a
rotary evaporator over a water bath maintained at about
65°. Immediately add 10.0 mL of Diluent, swirl to dissolve
the residue, and filter.

Chromatographic system: Prepareasdirected in Vitamin A.
System suitability

Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas of vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(C27H440) or ergocalciferol (C28H440) in the portion of
Oral Solution taken:

Result= (rulrs) x (Cs/Cu) x F x 100

ru = peak areasof cholecalciferol or ergocalciferol
from the Sample solution

rs =peak areasof cholecalciferol or ergocalciferol
from the Standard solution

Cs = concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg/mL)

Cu =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

F =correction factor to account for the average
amount of previtamin D present in the
formulation, 1.09

Acceptance criteria: 90.00/0-250.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440)

• VITAMIN E
[NOTE-Use low-actinic glassware throughout this

procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution: Transfer 90 g of potassium

hydroxide pellets to a 1OO-mL volumetric flask containing
60 mL of water. Mix to dissolve, cool, and dilute with water
to volume.

Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:
46.5: 7.0)

Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS
in Diluent .

Sample solution: Transfer an amount of Oral 'Solution,
equivalent to 1.5 mg of alpha tocopherol, to a 125-mL
conical flask fitted with a ground-glass joint, and add
25.0 mL of dehydrated alcohol. Attach a reflux condenser,
and reflux in a boiling water bathfor 1 min. Cautiously add
3 mL of the Potassium hydroxide solution through the
condenser, and continue to reflux for 30 min. Remove the
flask from the bath, and rinse the condenser with about
15 mL of water. Cool, and transfer with a minimum volume
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of water to a 250-mL separatory funnel. Rinse the flask with
50 mL of n-hexane, and add the rinsings to the separatory
funnel. Insert the stopper, shakevigorously for 1 min, and
allow the layersto separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous
layer, and combine the hexane extracts. Wash the
combined extracts with 25 mL of water, allow the layers to
separate, and discard the aqueous layer. Add 3 drops of
glacial acetic acid, and repeat the washing procedure two
more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom
flask. Rinse the funnel and sodium sulfate with n-hexane,
and add the rinsing to the hexane solution in the flask.
Evaporate the hexane solution to dryness with the aid of a
rotary evaporator over a water bath maintained at about
50°. Immediately add 5.0 mL of Diluent, and swirl to
dissolve the residue.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 40°
Flow rate: 3.0 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of vitamin Easalpha tocopherol
(Cz9HsoOz) in the portion of Oral Solution taken:

Result= (rulrs) x (CslCu) x 100

ru =peak area of alpha tocopherol from the Sample
solution

t, =peak area of alpha tocopherol from the Standard
solution

Cs =concentration of alpha tocopherol in the Standard
solution(mg/mL)

Cu =nominal concentration of vitamin E, as alpha
tocopherol, in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-250.0% of the labeled amount
of vitamin E

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
.[NoTE-For labeling purposes, consider Method1

Titrimetric Method as Method 7.]
Acceptance criteria: 90.0%-250.0% of the labeled amount

of ascorbic acid (C6Hs06), calcium ascorbate (C12H14Ca012

. 2HzO) or sodium ascorbate (C6H7Na06)
• CYANOCOBALAMIN

['NOTE-Use low-actinic glasswarethroughout this
procedure.]

Standard stock solution: 1.0 IJg/mL of cyanocobalamin
from USP Cyanocobalamin (Crystalline) RS in 25% alcohol.
Store in a refrigerator.

Standard solution: Dilute a suitable volume of Standard
stock solutionwith water to a measured volume such that
after the incubation period asdescribed in Analysis, the
difference in transmittance between the inoculated blank
and the 5.0-mL level of the Standard solution is NLT that
which corresponds to a difference of 1.25 mg in dried cell
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weight. This concentration usually falls between 0.01 and
0.04 ng/mL of the Standard solution. Preparethis solution
fresh for each assay.

Sample solution: Transfer an accurately measured volume
of Oral Solution, assumed to contain 1.0 I-Ig of
cyanocobalamin, to an appropriate vessel containing, for
each mL of the Oral Solution taken, 25 mL of an aqueous
extracting solution prepared just before use to contain, in
each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite.
Autoclave the mixture at 121° for 10 min. Allow any
undissolved particles of the extract to settle, and filter or
centrifuge if necessary. Dilute an aliquot of the clear
solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the
Standard solution.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,

. adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20g of
activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Asparagine solution: Dissolve2.0 g of L-asparagine in water
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a '
refrigerator.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve4.0 g of magnesium sulfate, 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under
toluene.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol. Store in a refrigerator.

Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine
hydrochloride, 100 IJg of biotin, and 20 mg of niacin in
0.02 N acetic acid to make 400 mL. Store under toluene
protected from light in a refrigerator.

Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg
of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 mg of folic acid in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, In a refrigerator.

Basal medium stock solution: Preparethe medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 7, carefully

dissolving Cystine and Tryptophan in the hydrochloric acid
before adding the next eight solutions in the resulting
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solution. In the resulting solution, add 100 mL ofwater,
and dissolve Dextrose, Sodium acetate, and Ascorbic acid.
Filter if necessary. Add the Polysorbate 80 solution, adjust
with 1 N sodium hydroxide to a pH of 5.5-6.0, and dilute
with Purified Water to 250 mL.

Table 1

L-Cystine 0.1 9

L-Tryptophan 0.05 9

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5 mL

Vitamin solution A 10mL

Vitamin solution B 10mL

Salt solution A .5mL

Salt solution B 5 mL

Asparagine solution 5 mL

Acid-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 g

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge commercially
canned tomato juice so that most of the pulp is removed.
Suspend 5 giL of analytical filteraid in the supernatant, and
filterwith the aid of reduced pressure, through a layerof
the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a
refrigerator. .

Culture medium: [NOTE-A dehydrated mixturecontaining
the same ingredients may be used provided that, when
constituted as directed in the labeling, it yieldsa medium
equivalent to that obtained from the formula given
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous Dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mLof Tomato juice preparation and 1 mLof
Polysorbate 80 solution. Adjustwith 1 N sodium hydroxide
to a pHof 6.8, and dilute with water to 100 mL. Place 10-mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 1210 for
15 min. Coolas rapidlyas possibleto avoid colorformation
resulting from overheating the medium.

Suspension medium: Dilutea measured volume of the
Basal medium stock solution with an equal volume of water.
Place1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed in Culture medium.

Stock culture of Lactobacillus leichmannii: To100 mL of the
Culture mediumadd 1.0-1.5 g ofagar, and heat the mixture
on a steam bath, with stirring,until the agar dissolves. Place
1O-mL portions of the hot solution·in test tubes, coverthe
tubes, sterilize at 1210 for 15 min in an autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transfer of a pure culture of
Lactobacillus leichmannil.' [NoTE-Before first using a fresh
culture in this assay, make NLT 10 successive transfersof
the culture in a 2-week period.]

1 Pure cultures of Lactobacillus lekhmanni! (listed as Lactobacillus
delbrueckil) may be obtained as No. 7830 from ATCC, 10801 University
Blvd., Manassas, VA 20110-2209 (www.atcc.org).
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Incubate for 16-24 h at a temperature between 300 and 400

held constant to within ±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week,

and do not use them for preparing the Inoculum if more
than 4 days old. The activity of the microorganism can be
increased by-daily or twice-daily transfer of the stab
culture to the point where definite turbidity in the liquid
Inoculum can be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspensionof Lactobacillus
leichmannii may be used as the stockculture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cellsfrom the Stock culture ofLactobacillus leichmanniito two
steriletubes each containing 10 mL of the Culture medium.
Incubate these cultures for 16-24 h at a temperature
between 30° and 40° held constant to within ± 0.5°. Under
aseptic conditions centrifuge the cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile
Suspension medium, adjust the volume so that a 1-in-20
dilution in salineTS produces 70% transmittance when
read on a suitablespectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and
read against salineTS set at 100% transmittance. Prepare a
1-in-400 dilution of the adjusted suspension using sterile
Basal medium stock solution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test
response.] The cellsuspensionso obtained is the Inoculum.

Calibration of spectrophotometer: Check the wavelength
of the spectrophotometer periodically using a standard
wavelength cellor other suitabledevice. Before reading any
tests calibrate the spectrophotometer for 0% and 100%
transmittance using water and with the wavelength set at
530 nm.

Analysis
Samples: Standard solution and Sample solution

Because of the high sensitivity of the test organism to
minimum amounts of vitamin B12 activity and to traces
of many cleansing agents, cleanse meticulously by
suitable means, followed preferably by heating at 2500

for 2 h, using hard-glass20-mm x 150-mm test tubes
and other necessaryglassware.

To separate test tubes add, induplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standard solution. Toeach ofthese
tubes and to four similar empty tubes add 5.0 mL of the
Basal medium stock solution and sufficient water to make
10 mL.

To similarseparate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mLof the Sample solution. Toeach tube
add 5.0 mLof the Basal medium stock solution and
sufficientwater to make 10 mL. Place one complete set
of Standard and sample tubes together in one tube rack
and the duplicateset ina second rackor section ofa rack,
preferably in random order.

Cover the tubes to preventbacterial contamination, and
sterilize in an autoclave at 121° for 5 min arranging to
reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Coolas rapidly as possible to
avoid color formation resulting from overheating the
medium. Take precautions to maintain uniformity of
sterilizing and cooling conditions throughout the assay,

.because packing the tubes too closely in the autoclave
or overloading it may cause variation in the heating rate.

Aseptically add 0.5 mL of the Inoculum to each tube so
prepared, except two of the four containing no Standard
solution (the uninoculated blanks). Incubate the tubes
at a temperature between 30°and 40°, held constant to
within ±0.5°, for 16-24 h.
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Terminate growth by heating to a temperature NLT 80°
for 5 min. Cool to room temperature. After agitating the
contents, read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a
few seconds after agitation when the reading remains
constant for 30 s or more. Allowapproximately the same
time interval for the reading on each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference is greater than 5% or if there is evidence
of contamination with a foreign microorganism,
disregard the results of the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assay if the slope of
the standard curve indicates a problem with sensitivity.

Calculation: Prepare a standard concentration-response
curve by the following procedure. Test for and replace any
aberrant individual transmittances. For each level of the
Standard, calculate the response from the sum of the
duplicate values of the transmittances (Ls) as the
difference, y=2.00 - Ls. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of
the Standardsolution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight
line. Draw the straight line or smooth curve that best fits
the plotted points.
Calculate the response, y= 2.00 - Lu, adding together the

two transmittances (Lu) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolution corresponding to
each of those values of ythat fallswithin the range of the
lowest and highest points plotted for the Standard.
Subtract from each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
values Qf X for each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Determine the quantity, in IJg, of cyanocobalamin
(C63HssCoN14014P) in the portion of Oral Solution
taken:

antilog M = antilog (M' + log R)

R = IJg of cyanocobalamin assumed to be present in
the portion of Oral Solution taken

Calculate the percentage of the labeled amount of
cyanocobalamin (C63HssCoN14014P) in the portion of
Oral Solution taken:

Result = [(antilog M)IN] x 100

N =nominal amount of cyanocobalamin in the
portion of Oral Solution taken

Replication: Repeat the entire determination at least once
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08
their mean, M, is the assayed log-potency of the test
material (see Design and Analysis of Biological Assays (111),
The Confidence Interval and Limitsof Potency, Vitamin B12
Activity). If the two determinations differ by more than
0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not
differ by more than 0.15, compute the mean potency of
the preparation under assay.
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Acceptance criteria: 90.0%-450.0% of the labeled amount
of cyanocobalamin (C63HssCoN14014P)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: 0.2 M monobasic sodium phosphate and

methanol (97:3). Adjust with 1.7 M phosphoric acid to a
pH of 3.2 ± 0.1.

Standard solution: 80 IJg/mL of USP Calcium
Pantothenate RS in Mobilephase

System suitability solution: 80 IJg/mL of USP Racemic
Panthenol RS in Mobilephase. Mix the resulting solution
and the Standardsolution (1:1).

Sample solution: Equivalent to 80 IJg/mL of calcium
pantothenate from Oral Solution in Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standardsolution and System suitability solution
Suitability requirements

Resolution: NLT 1.5 between panthenol and calcium
pantothenate, System suitability solution

Tailing factor: Nrv:tT 2.0 for both the calcium
pantothenate and the panthenol peaks, Standard
solution

Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standardsolution and Sample solution

Measure the peak areas for calcium pantothenate.
Calculate the percentage of the labeled amount of
calcium pantothenate (ClsH32CaN2010) in the portion of
Oral Solution taken:

Result = (rulrs) x (CslCu) x 100

ru =peak area of calcium pantothenate from the
Sample solution

rs = peak area of calcium pantothenate from the
Standardsolution

Cs =concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

Cu =nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaN201O)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dark
over phosphorus pentoxide and protected from absorption
of moisture while weighing, in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
IJg/mL of USPCalcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of the Standardstock solution with water to obtain a
concentration of 0.01-0.04 IJg/mL of calcium
pantothenate, the exact concentration being such. that the
responses obtained as directed in Analysis, 2.0 and 4.0 mL
of the Standardsolution being used, are within the linear
portion of the log-concentration response curve.

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 50 mg of calcium
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2 ATCC No. 8014 is suitable. This strain was formerly known as Lactobacillus
arabinosus 17-5.

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mL of water. Add500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
of agar, and heat the mixtureon a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, close or cover the tubes, sterilize
in an autoclave at 121° for 15 min, and allowthe tubes to
cool in an upright position. Preparestab cultures in three
or more of the tubes, using a pure culture of Lactobacillus
ptantarum.? incubating for 16-24 h at a temperature
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stock culture
every week, and do not use for the Inoculum if the culture
is more than 1 week old.

Culture medium: Toeach ofa seriesof test tubes containing
5.0 mLof the Basal medium stock solution add 5.0 mL of
water containing 0.2 jJg of calcium pantothenate. Plugthe
tubes with cotton, sterilize in an autoclave at 121° for
15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cellsfrom the Stock culture of Lactobacillus plantarumto a
sterile tube containing 10 mL of the Culture medium.
Incubate this culturefor 16-24 h at a temperature between
30° and 3r held constant to within ±0.5°. The cell
suspension so obtained is the Inoculum.

Analysis
Samples: Standard solution and Sample solution

To similarseparate test tubes add, in duplicate,
1.0 and/or 1.5, 2.0, 3.0,4.0, and 5.0 mLof the Standard
solution. To each tube and to four similar empty tubes
add 5.0 mLof the Basal medium stock solution and
sufficientwater to make 10 mL.

To similarseparate test tubes add, in duplicate, volumes
of the Sample solution corresponding to three or more of
the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add
5.0 mLof the Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of
Standard and sample tubes together In one tube rack
and the duplicate set ina second rackor section ofa rack,
preferably in random order.

Cover the tubes of both seriesto prevent contamination,
and sterilize in an autoclaveat 121°forS min. Cool.Add
1 drop of the Inoculum to each tube, except two of the
four tubes containing no Standard solution (the
uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37°, held constant to
within ±0.5° until, following 16-24 h of incubation,
there has been no substantial increasein turbidity in the
tubes containing the highest level of Standard during a
2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to
an optical container ifnecessary. Read the transmittance
between 540 and 660 nm when a steady state is
reached. Thissteady state isobserveda few seconds after
agitation when the galvanometer reading remains
constant for 30 s or more. Allow approximatelythe same
time interval for the reading on each tube. '

5 mL

5 mL

Table 2 (continued)

Salt solution B

ISalt solution A

Table 2

pantothenate, to a 1OOO-mL volumetricflask containing
500 mL of water. Add 10 mLof 0.2 N acetic acid and
100 mLof sodium acetate solution (1 in 60), dilute with
water to volume, and filter. Dilute a measured volume of
this solution quantitatively, and stepwise if necessary, with
water to obtain a solution with about the same
concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 g ofvitamin-free
caseinwith 500 mLof 6 N hydrochloric acid, and reflux the
mixturefor 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature"NLT 10°. Filter the solution ifa
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of t-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
D,L-tryptophan) in 700-800 mLof water, heat to 70°-80°,
and add dilute hydrochloricacid (I in 2) dropwise, with
stirring, until the solidsare dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat in 10 mLof 4 N hydrochloric acid. Cool,and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
jJg/mL of riboflavin, 10 jJg/mL of thiamine hydrochloride,
and 0.04 uq/rnl, of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 jJg/mL of p-aminobenzoic acid, 50 uq/rn], of
niacin, and 40 jJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1 :3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 2, and adjust with1.N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenlne-quanlne-uracll solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL
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With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittancefor each of the remaining
tubes. If there isevidenceof contamination with a
foreign microorganism, disregardthe resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicate valuesof the
transmittance (Ls) as the difference, y=2.00 - Ls. Plotthis
response on the ordinate of cross-section paper against
the logarithmof the mL of the Standardsolution per tube
on the abscissa, usingforthe ordinate either an arithmetic
or a logarithmic scale,whichever givesthe better
approximation to a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculate the response,y=2.00 - Lu, adding together the

two transmittances (Lu) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standard solution corresponding to
each of those valuesof ythat falls within the range of the
lowest and highest points plotted for the Standard.
Subtractfrom each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
valuesQf Xfor each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Determinethe quantity, in mg, of USP Calcium
Pantothenate RS correspondingto calcium
pantothenate (C,sH3ZCaNzO,o) in the portion of Oral
Solution taken:

antilog M = antilog (M' + log R)

R =number of mg of calcium pantothenate assumed
to be present inthe portionof Oral' Solution taken

Calculate the percentage of the labeled amount of
calciumpantothenate (C,sH3ZCaNzOlO) in the portion of
Oral Solution taken:

Result = [(antilog M)/N]x 100

N = nominal amount of calcium pantothenate in the
portion of Oral Solution (mg)

Replication: Repeatthe entiredetermination at leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, isthe assayed log-potency of the test
material(see Design andAnalysis ofBiological Assays (111),
The Confidence tntervo!and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or
more additionaldeterminations. From the mean of two or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (C,sH32CaNzO,o)

• DEXPANTHENOL OR PANTHENOL, Method 1
Mobile phase and Chromatographic system: Proceed as

directed in the assayfor Calcium Pantothenate, Method 1.
Standard solution: 80 ~g/mL of USP Dexpanthenol RS or

US'p Racemic Panthenol RS in the Mobilephase. [NOTE-Use
USP Dexpanthenol RS to analyze OralSolution that
contains dexpanthenol and USP Racemic Panthenol RS to
analyze Oral Solution that contains panthenol.]
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System suitability solution: 80 ~g/mL of USP Calcium
Pantothenate RS in Mobilephase. Mix the resulting solution
and Standardsolution (1:1).

Sample solution: Equivalent to 80 ~g/mL of dexpanthenol
or panthenol from the OralSolution in the Mobilephase

Analysis
Samples: Standardsolution and Sample solution

Measure the areas for panthenol. Calculate the
percentage of the labeled amount of dexpanthenol or
panthenol (C9H,9N04) in the portion of Oral Solution
taken:

Result =(ru/rs) x (CslCu) x 100

r u = peakarea ofdexparithenolor panthenol fromthe
Sample solution

r s =peakarea ofdexpanthenol or panthenol fromthe
Standardsolution

Cs = concentration of USP Dexpanthenol RS or USP
Racemic Panthenol RS in the Standardsolution
(mg/mL) .

Cu =nominalconcentration of dexpanthenol or
panthenol in the Sample.solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of dexpanthenol or panthenol (C9H,9N04)

. • DEXPANTHENOL OR PANTHENOL, Method 2
[NoTE-The following procedure isapplicable alsoto

the determination of the dextrorotatory component
of racemic panthenol in preparationscontaining
panthenol.]

Dehydrated mixtures yielding formulations similar to the
mediadescribedherein may be used providedthat, when
constituted as directed, they have growth-promoting
propertiesequal to or superiorto those obtained with the
media prepared as described herein.

Standard stock solution: 800 uq/rnl, of USP
Dexpanthenol RS or 1600 ~g/mL of USP Racemic
Panthenol RS in water. Store in a refrigerator, protected
from light, and use within 30 days. [NOTE-Use USP
Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze
Oral Solution that contains panthenol.]

Standard solution: On the day of the assay, prepare 1.2 ~g/

mL of dexpanthenol or 2.4 ~g/mL of racemic panthenol
from the Standardstock solution with water.

Sample solution: 1.2 ~g/mL of dexpanthenol or 2.4 ~g/mL

of panthenol from Oral Solution in water
Acid-hydrolyzedcasein solution: Mix 100 g ofvitamin-free

casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixturefor 8-12 h. Remove the hydrochloric acidfrom the
mixture by distillation under reduced pressure untila thick
paste remains. Redissolve the resulting paste in about
500 mL of water, adjust the solutionwith 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to
1000 mL. Add 20 g of activated charcoal, stirfor 1 h, and
filter. Repeatthe treatment with activated charcoal.Store
under toluene in a cool place at a temperature NLT 10°.
Filter the solution ifa precipitateforms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solutionof 1.0 g of L-tryptophan (or 2.0 g of
o,L-tryptophan) in 700-800 mL of water, heat to 75 ± 5°,
and add 6 M hydrochloric acid solution dropwise, with
stirring, until the solids are dissolved. Cool, dilute with
water to 1000 mL, and mix. Store under toluene in a cool
placeat a temperature NLT 10°.

Adenine-:guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,

www.webofpharma.com

https://nhathuocngocanh.com/



5416 Vitamins / Dietary Supplements

dilute with water to 200 ml, and mix. Store under toluene
in a refrigerator.

Polysorbate 80 solution: 100 mg/ml of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution:
Prepare a solution of riboflavin, thiamine hydrochloride,
and biotin in 0.02 N acetic acid containing 20 ~g/ml of
riboflavin, 10 ~g/ml of thiamine hydrochloride, and 0.04
~g/ml of biotin. Store under toluene, protected from light,
in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: Prepare a solution in neutral 25% alcohol
containing 10 ~g/ml of p-aminobenzoic acid, 50 ~g/ml of
niacin, and 40 ~g/ml of pyridoxine hydrochloride. Store
in a refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and·25 g of dibasic potassium phosphate in
water to make 500 ml. Add 5 drops of hydrochloric acid,
and mix. Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid, and mix. Store under toluene.

Pyridoxal-calcium pantothenate solution: Dissolve40 mg
of pyridoxal hydrochloride and 375 ~g of calcium

, pantothenate in 10% alcohol to make 200 ml, and mix.
Store in a refrigerator, and use within 30 days.

Polysorbate 40-oleic acid solution: Dissolve 25 g of
polysorbate 40 and 0.25 g of oleic acid in 20% alcohol to
make 500 ml, and mix. Store in a refrigerator, and use
within 30 days.

Modified pantothenate medium: Dissolve anhydrous
Dextrose and Sodium acetate in the solutions previously
mixed according to Table 3, adjust with 1 N sodium
hydroxide to a pH of 6.8, dilute with water to 250 ml,
and mix.

Table 3

Acid-hydrolyzed caseinsolution 25 ml

Cystine-tryptophansolution 25 ml

Polysorbate 80 solution 0.25 ml

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 ml

Riboflavin-thiamine hydrochloride-biotin solution 5ml

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 ml

SaltsolutionA 5ml

Saltsolution B 5 ml

Pyridoxal-calcium pantothenate solution 5 ml

Polysorbate 40-oleic acid solution 5 ml

Double-strength modified pantothenate medium:
Prepare as directed in Modifiedpantothenatemedium, but
make the final dilution to 125 ml instead of 250 ml.
Prepare fresh.

Stock culture of Pediococcus acidilactici: Dissolvein 800 ml
of water, with the aid of heat, 6.0 g of peptone, 4.0 g of
pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g of
beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust
with 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pH between 6.5 and 6.6, dilute with water to 1000 ml,
and mix.Add 1O-ml portions of the solution to culture
tubes, place caps on the tubes, and sterilize in an autoclave
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at 121 ° for 15 min. Coolon a slant, and store in a
refrigerator. Prepare a stock culture of Pediococcus
acidilactiCl'3 on a slant of this medium. Incubate at 35° for
20-24 h, and store in a refrigerator. Maintain the stock
culture by monthly transfer onto fresh slants.

Inoculum: Inoculate three 250-mL portions of sterile
Modifiedpantothenatemediumfrom a stock culture slant,
and incubate at 35° for 20-24 h. Centrifuge the suspension
from the combined portions, and wash the cells with sterile
Modifiedpantothenate medium. Resuspend the cells in
sufficient Modifiedpantothenatemediumso that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives
80% light transmission at 530 nm. Transfer 1.2-mL portions
of this stock suspension to glass ampuls, seal, freeze in liquid
nitrogen, and store in a freezer. On the day of the assay,
allow the ampuls to reach room temperature, mix the
contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 ml. [NOTE-This dilution may be altered
when necessary to obtain the desired test response.]

Analysis: Prepare in triplicate a series of eight culture tubes
by adding the following quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0,2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5,
1.0, 1.5,2.0, 3.0,4.0, and 5.0 mLof the Standardsolution.
Prepare in duplicate a series of five culture tubes by adding

the following quantities of water to the tubes within a set:
. 4.0, 3.5, 3.0, 2.0, and 1.0 ml. To these same tubes, and

in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of
the Sample solution.

Add 5.0 ml of Double-strength modified pantothenate
medium to each tube, and mix. Cover the tubes with
metal caps,and sterilize in an autoclave at 121 ° for 5 min.
Cool to room temperature in a chilled water bath, and
inoculate each tube with 0.5 mLof the Inoculum.Allow to
incubate at 3r for 16 h. Terminate growth by heating
to a temperature NLT 80°, such as by steaming at
atmospheric pressure in a sterilizer for 5-10 min. Cool,
and concomitantly determine the percentage
transmittance of the suspensions, in cells of equal
pathlength, on a suitable spectrophotometer at a
wavelength of 530 nm.

Calculation: Draw a dose-response curve on arithmetic
graph paper by plotting the average response, in percent
transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is
drawn by connecting each adjacent pair of points with a
straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of
each tube containing portions of the Sample solution.
Divide the potency of each tube by the amount of the
Sample solution added to it to obtain the individual
responses. Calculate the mean response by averaging the
individual responses that vary from their mean by NMT
15%, using NlT half the total number of tubes.
Calculate the potency of the portion of the material taken

for assay by multiplying the mean response by the
appropriate dilution factor. Calculate the percentage of
the labeled amount of dexpanthenol or panthenol in the
portion of Oral Solution taken:

Result = (PIN) x 100

P =calculated potency of dexpanthenol or panthenol
in the portion of Oral Solution taken (mg)

N =nominal amount of dexpanthenol or panthenol
in the portion of Oral Solution taken (mg)

3 ATCC No. 8042 issuitable. Thisstrain was formerlyknown as Lactobacillus
arabinosus 17-5.

j
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Acceptance criteria: 90.0%-150.0% of the labeled amount
of dexpanthenol or panthenol (C9H,9N04)

II NIACIN OR NIACINAMIDE
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Mix 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol, and dilute with
0.008 M sodium 1-hexanesulfonate to 2000 mL.

Standard solution: 0.10 mg/mL of USP Niacin RS or USP
Niacinamide RS in Diluent. [NoTE-Use USP Niacin RS for
Oral Solution that contains niacin, and USP Niacinamide RS
for Oral Solution that contains niacinamide.]

Sample solution: Dilute an accurately measured volume of
Oral Solution with Diluent to obtain a solution with a
concentration of 0.1 mg/mL of niacin or niacinamide.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cmi packing L7
Flow rate: 2 mL/min
Injection volume: 5 ~L

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of niacin

(C6HsN02)or niacinamide (C6H6N20) in the portion of
Oral Solution taken:

Result= (rulrs) x (CsICu) x 100

=peak area of niacin or niacinamide from the
Sample solution .

=peak area of niacin or niacinamide from the
Standard solution

= concentration of USP Niacin RS or USP
Niacinamide RS in the Standard solution
(mg/mL)

= nominal concentration of niacin or niacinamide
in the Sample solution(mg/mL) .

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsN02)or niacinamide (C6H6N20)

II PYRIDOXINE HYDROCHLORIDE
Diluent, Mobile phase, and Chromatographic system:

Proceed as directed in Niacin or Niacinamide.
Standard solution: Equivalent to 24 ~g/mL of USP

Pyridoxine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 ~g/mL of Pyridoxine

Hydrochloride from Oral Solution in Diluent
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of the labeled amount of

pyridoxine hydrochloride (CsH"N03 • Hel) in the
portion of Oral Solution taken:

Result= (rufrs) x (CslCu) x 100

to =peak area of pyridoxine hydrochloride from the
Sample solution

rs =peak area of pyridoxine hydrochloride from the
Standard solution

Cs =concentration of USP Pyridoxine
Hydrochloride RS in the Standard solution
(mg/mL)
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Cu = nominal concentration of pyridoxine
hydrochloride in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of pyridoxine hydrochloride (CSH ll N03 • HCI)

II RIBOFLAVIN-5'-PHOSPHATE SODIUM, Method 1
[NOTE-Riboflavin-5'-phosphate sodium is quantitated

against USP Riboflavin RS in this procedure. In the
chromatogram of the Sample solution, the riboflavin
5'-phosphate peak is the only peak measured for
calculation.]

Diluent, Mobile phase, and Chromatographic system:
Proceed as directed in Niacin or Niacinamide.

Standard solution: Equivalent to 8 uq/rnt, of USP
Riboflavin RS in Diluent, by heating if necessary

Sample solution: Equivalent to 8 ~g/mL of riboflavin from
Oral Solution in Diluent

Analysis
Samples: Standard solutionand Sample solution

[NOTE-The relative retention times for riboflavin
5'-phosphate and riboflavin are about 0.18 and 1.0,
respectively.]

Calculate the percentage of the labeled amount of
riboflavin (C17H20N406) in the portion of Oral Solution
taken:

Result= (rulrs) x (CsICu) x Fx 100

tu =peak area of riboflavin-5'-phosphate from the
Sample solution

rs =peak area of riboflavin from the Standard solution
Cs = concentration of USP Riboflavin RS in the

Standard solution(mg/mL)
Cu =nominal concentration of riboflavin in the Sample

solution(mg/mL)
F =factor for converting the responseobtained for

riboflavin-5'-phosphate to riboflavin, 1.493.
[NOTE-Riboflavin phosphate sodium is a mixture
of isomeric monophosphates and diphosphates
containing an average amount of 67% of
riboflavin-5'-monophosphate, which separates in
this chromatographic system. The factor 1.493
assumes 67% of riboflavin-5'-monophosphate.]

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17H20N406)

• RIBOFLAVIN OR RIBOFLAVIN-5'-PHOSPHATE SODIUM,
Method 2

[NOTE-Use low-actinic glassware throughout this
procedure.]

Solvent blank: 1 N hydrochloric acid, 2.5 M sodium
acetate, and water (1:2:97)

Standard stock solution: Transfer 16 mg of USP
Riboflavin RS to a 1OO-mL volumetric flask, dissolve in
1.0 mL of 1 N hydrochloric acid and 2.0 mL of 2.5 M
sodium acetate, and dilute with water to volume. Transfer
10.0 mL of this solution to a 1OO-mL volumetric flask, and
dilute with water to volume.

Standard solution: Transfer 5.0 mL of the Standard stock
solution to a 500-mL volumetric flask, add 5.0 mL of 1 N
hydrochloric acid and 10.0 mL of 2.5 M sodium acetate,
and dilute with water to volume.

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 0~8 mg of riboflavin, to a
1OO-mL volumetric flask, and dilute with water to volume.
Transfer 10.0 mL of the resulting solution to a 500-mL
volumetric flask, add 5.0 mL of 1 N hydrochloric acid and
10.0 mL of 2.5 M sodium acetate, and dilute with water to
volume.
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Instrumental conditions
(See Fluorescence Spectroscopy (853).)
Mode: Fluorescence
Analytical wavelengths

Excitation: 440 nm
Emission: 530 nm

Blank: Solvent
Analysis

Samples: Standardsolution and Sample solution
Determine the maximum fluorescence intensities, Is and 'UI

of the Standardsolution and the Sample solution,
respectively. Calculate the percentage of the labeled
amount of riboflavin (C17HzoN406) in the portion of Oral
Solution taken:

Result= (Iu/Is) x (Cs/Cu) x 100

= fluorescence intensity from the Sample solution
= fluorescence intensity from the Standardsolution
= concentration of USP Riboflavin RS in the

Standardsolution (mg/mL)
= nominal concentration of riboflavin in the Sample

solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of riboflavin (C17HzoN406)

• THIAMINE
Diluent, Mobile phase, and Chromatographic system:

Proceed as directed in Niacin or Niacinamide.
Standard solution: Equivalent to 24 J,Jg/mL of USP

Thiamine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 J,Jg/mL of thiamine

hydrochloride from Oral Solution in Diluent
Analysis

Samples: Standardsolution and Sample solution
Measure the areas for the major peaks. Calculate the

percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S . HCI) or thiamine
mononitrate (ClzH17Ns04S) in the portion of Oral
Solution taken:

Result = (ru/rs) x (Cs/Cu) x Fx 100

= peak area of thiamine from the Sample solution
= peak area of thiamine from the Standardsolution
= concentration of USPThiamine Hydrochloride RS

in the Standardsolution (mg/mL)
= nominal concentration of thiamine hydrochloride

or thiamine mononitrate in the Sample solution
(mg/mL)

= 1 (for products containing thiamine
hydrochloride) and 0.97 (for products containing
thiamine mononitrate)

Acceptance criteria: 90.0%-250.0% of the labeled amount
of thiamine hydrochloride (C12H17CIN40S . HCI) or
thiamine mononitrate (ClzH17Ns04S)

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611) (if present):

90.0%-120.0% of the labeled amount of CzHsOH

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

micr.obial count does not exceed 3 x 103cfu/mL, and the
combined .molds and yeasts count does not exceed 3 x
10z cfu/mL. .
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• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers under an inert gas or with a minimum of
headspace.

• lABEUNG:4 The label states that the product is Oil- and
Water-Soluble Vitamins Oral Solution. The label states the
quantity of each vitamin present in a given volume of Oral
Solution and, where necessary, the chemical form in
which a vitamin is present. Where the product contains
vitamin E,the label indicates whether it is the d- or dl- form.
Where the product is labeled to contain panthenol, the
label states the equivalent content of dexpanthenol. Where
more than one assay method is given for a particular
vitamin, the labeling states with which assay method the
product complies only if Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USPAlpha Tocopherol RS
USP Calcium Pantothenate RS
~-Ala~ine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, .

calcium salt (2:1), (R)-.
ClsH32CaNz010 476.53

USP Cholecalciferol RS
9,10-Secocholesta-5,7,l 0(19)-trien-3-0I, (3~,5Z,7E)-.

Cz7H440 384.64
USP Cyanocobalamin (Crystalline) RS

Vitamin B12•

C63HssCoN14014P 1355.37
USP Dexpanthenol RS

D-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3-3
dimethylbutyramide.

C9H19N04 205.25
USP Ergocalciferol RS

9,1 0-Secoergosta-5, 7,10(19),22-tetraen-3-0I, (3~,5Z,7E,

22E)-.
CZSH 440 396.65

USP Niacin RS
3-Pyridinecarboxylic acid.
C6HsNOz 123.11

USP Niacinamide RS
3-Pyridinecarboxamide.
C6H6NzO 122.12

USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-,

hydrochloride.
CSH11N03· HCI 205.64

4 USP Units of activityfor vitamins, where such existor formerly existed
are equivalent to the corresponding internationalunits (IU), where such
formerly existed.The USP Unitfor Vitamin Ehas been discontinued. IU for
vitaminsalso have been discontinued;however,the use of IU on the labels
of vitaminproducts continues. Wherearticles are labeled in terms of Units
in addition to the required labeling, the relationship of the USP Units or IU
to mass isas follows. One USP Vitamin AUnit= 0.3 J.lg of all-trans-retinol
(vitaminAalcohol)or 0.344 J.lg of all-trans-retinyl acetate (vitaminA
acetate) or 0.55 J.lg of all-trans-retinyl palmitate (vitaminApalmitate),and
1 J.lg of retinol (3.3 USP Vitamin A Units) =1 retinolequivalent (RE); 1 IU
of beta carotene =0.6 J.lg of all-trans-beta carotene; 1 USP Vitamin D Unit
=0.025 J.lg of ergocalciferol or cholecalciferol; and 1 mg of dl-alpha
tocopherol =1.1 former USP Vitamin EUnits, 1 mg of dl-alphatocopheryl
acetate =1 former USP Vitamin EUnit,1 mg of dl-alpha tocopheryl acid
succinate=0.89 former USP Vitamin EUnit, 1 mg of d-alpha tocopherol =
1.49 former USP Vitamin EUnits, 1 mg of d-alpha tocopheryl acetate =
1.36 former USP Vitamin EUnits; and 1 mg of d-alpha tocopheryl acid
succinate=1.21 former USP Vitamin EUnits. Intermsof d-alphatocopherol
equivalents,1 mg of d-alpha tocopheryl acetate =0.91, 1 mg of d-alpha
tocopherylacidsuccinate= 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg
of dl-alpha tocopheryl acetate =0.67, and 1 mg of dl-alpha tocopherylacid
succinate =0.60.

ii I
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"./i•••...Z .. /c.ZQ.;.. !! .iii .. ,i.,. aY,4040)
Sample solution: Proceed as directed for the Sample stock

solution in Vitamin A, Method 7.Transfer NLT 20 mL of this
solution to a suitable container, and, if necessary, evaporate
under vacuum at room temperature to obtain a
concentration of 2 IJg/mL of cholecalciferol or
ergocalciferol.

~;·tiE:i'i.Si;;iB";;Ei;!;0;;;;!!;i;
;ii!~;(I,JS~;,1dYlaY~~Q.zO)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D as cholecalciferol (Cz7H440) or ergocalciferol
(CZSH 440 )

s
.. Uf< _20)

Acceptance criteria: 90.0%-165.0% oft e labeled amount
of vitamin A as retinol (CZOH 300)

e
"".i, ,,;,./... ......., i.... .<.e_ •.! "e.; '" , ... ,.;.... , ,,'...l .~();l9)

Sample stock solution: Finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to 5 Tablets,
to a container having a polytef-Iined screw-cap. Add 10 mL
of dimethyl sulfoxide and 15 mL of n-hexane, and shakefor
45 min on a wrist-action shaker in a water bath maintained
at 60°. [NoTE-Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and
transfer the hexane layer by means of a pipet to a 100-mL
volumetric flask. Add 15 mL of n-hexane to the dimethyl
sulfoxide layer, shakethoroughly for 5 min, and transfer the
hexane layer by means of a pipet to the 1OO-mL volumetric
flask. Repeat this extraction with 3 additional 15-mL
portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexane to volume.

Sample solution: Dilute a 1O-mLvolume of the Sample stock
solution with n-hexane to obtain a solution with a
concentration of 15 IJg/mL of vitamin A as retinol
(CZOH300).

)~II17/(~;~IJ[~~~~l~a~l5)
Acceptance criteria: 90.0%-165.0% of the labeled amount

of vitamin A as retinol (CZOH300)

method used being stated in the labeling only if Method
7 is not used.]

• VITAMIN AI Method 1

-VITAMIN AI Method.3

- VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL)I
Method 1

USP Racemic Panthenol RS
USP Riboflavin RS

Riboflavine.
C17HzoN406 376.36

USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)

methyl]-5-(2-hydroxyethyl)-4-methyl-, chloride,
monohydrochloride.

C1zH17CIN40S . HCI 337.27
USP Vitamin A RS

3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl)
2,4,6,8-nonatetraen-1-01 acetate (vitamin A acetate).

Ph'.Itr\ln:lriil'"\r~o (vitamin K1), and Beta Carotene; and one or
more of the following water-soluble vitamins: Ascorbic Acid
or its equivalent asCalcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide,
pantothenic acid (as Calcium Pantothenate or Racemic
Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin, and Thiamine Hydrochloride or Thiamine
Mononitrate. Tablets contain NLT 90.0% and NMT 165.0%
of the labeled amount of vitamin A~~~F/~iff,~~II~~$m!jf~~fg~Q~6j
(CZOH 300); vitamin D as cholecalciferol (C27H440) or
ergocalciferol (CZSH 440); vitamin Ei~~$

gR.r~lpm[tfQ·~9P!"!~,r91i~f~Q~~fji+~~~1~~~~) (Cz9HSOOZ);
phytonadione (C31H460Z) ; and beta carotene (C40Hs6); and
NLT 90.0% and NMT 150.0% of the labeled amount of
ascorbic acid (C6Hs06);~/17i(Q~~~~I~fgtQ~Q) biotin
(Cl0H16Nz03S), cyanocobalamin (C63HssCoN14014P), folic
acid (C19H19N706), niacin or niacinamide

calcium 1"'\""",tl'"\tl-l"."",·l-o

011- and Water-Soluble Vitamins Tablets

DEFINITION

Oil- and Water-Soluble Vitamins Tablets contain
A ~'~iCn~lt~~

They any They may contain other
labeled added substances that are generally recognized as
safe, in amounts that are unobjectionable.

IDENTIFICATION

STRENGTH
[NoTE-Where more than one assay method is given for an

individual ingredient, the requirements may be met by
following anyone of the specified methods, with the
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RestJlt~ (r;Irs) :,;,.(tJc'u}xt.;xJbQ

evailtvitamin E~ortri;fromt~e

evantvitaminE form from the

from
Succin
solutfon(mg/mL)

= nominalconcentration ofthe corresponding form
of vitamin E' .
:2R-alpha~to eralJ.(USP1.May.2020) in the Sample
solutio,r1 (l11g/mL)

=co .

=peak area of the relevantvitaminEform from the
Sample solution

=peak area of the relevantvitaminEform from the
Standard solution

=concentration of

F

Acceptance criteria: 90.0%-165.0% of the labeledamount
of alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31Hs203), or alpha-tocopheryl acid succinate (C33Hs40S)
,.'as 2R~alpha.,tocopherol J.'(USP1:MaY~2020)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of alpha-tocopherol (C29Hso02)' alpha-tocopheryl acetate
(C31HS203),or alpha-tocopheryl acid succinate (C33Hs40S)
'+'as 2R~alpha-tocopherolJ. (USP1.M~y-2020)

ssay,
f for~h~

Change to read:

• VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL),
Method 3

..Proceed as directed in'Vitamin DAsSClY (5
Chromatographic Methods; Procedure 3,
Analysis.A(usP 1·May·20~O)

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C28H440) in the
portion of Tablets taken:

Result =(rulrs) x (Cs/Cu) x 100

= peak area of cholecalciferol or ergocalciferol
from the Sample solution

= peak area of cholecalciferol or ergocalciferol
from the Standard solution

=concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(jJg/mL)

= nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (jJg/mL)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440 )

Change tQread: .

• VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL),
Method 2

..Proceed asdirected 'in' Vjtamin~pAssay
Chromatographic Methods, Procedure

Acceptance criteria: 90.00/0-165.0% of the labeledamount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C28H440)

Change to read:

• VITAMIN E, Method 1
'+'Proceed as dire ed in Vitami

Procedure 1 ept for the
Analysis..+. (U ay-2020)

Sample solution: Prepare as directed for the Sample stock
solution in Vitamin A, Method 1.Transfer NLT 20 mL of this
solution to a suitable container and, if necessary, evaporate
under vacuum at room temperature to dryness. Transfer
the residue to a suitable volumetric flask with the aid of
methanol, and dilute with methanol to volume to obtain a
concentration of 2 mg/mL of alpha-tocopherol,
alpha-tocopheryl acetate, or alpha-tocopheryl acid
succinate.

A .. (l,ISP1.May.2020)
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of

alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31HS203), or alpha-tocopheryl acid succinate (C33Hs40S)
J.as 2R-alpha-tocopheror(C29Hso02)" (USP 1~MaY~~0265 in the
portion of Tablets taken: .

Result =(rulrs) x (CsICu) }.x F.+. (USP1~MaY~202oj x 100
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rtJ

Acceptance criteria: 90.00/0-165.0% of the labeledamount
of alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
i~S~I,~~~~~~!~~,~le~i~~tocopheryl acid succinate (C33Hs40S)

~c~~jc~!~;;;9Im,~!~~~p~~P~\c~jG~J~JriQ~i~£j~~~~~2~!~~~)
• PHYTONADIONE, Metho 1

[NoTE-Use low-actinic glassware throughout this
procedure.] .

Mobile phase: Methanoland water (19:1)
Standard stock solution: 200 IJg/ml ofUSP .

Phytonadione RS in methanol. Dissolve with the aid of
sonication if necessary.

System suitability solution: 0.65 mg/ml of USP Alpha
Tocopheryl Acetate RS and 20 IJg/ml of USP
Phytonadione RS from the Standard stock solution diluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS in a portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Standard solution: 20 IJg/ml of USP Phytonadione RS
from the Standard stock solution diluted with methanol

Sample solution: Transfer NlT 20 ml of the solution
retained as directed for the Sample stock solution in Vitamin
A, Method 7 to a suitablecontainer, and, if necessary,
evaporate under vacuum at room temperature to dryness.
Transfer the residueto a suitablevolumetric flask with the
aid of methanol, and dilute with methanol to volume to
obtain a concentration of 20 IJg/ml of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-lJm packing L1
Flow rate: 2 mL/min
Injection volume: 100 IJl

System suitability
Samples: System suitability solution and Standard solution

Dietary Supplements / Vitamins 5421

[NOTE-The relative retention times for
alpha-tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]

Suitability requirements
Resolution: NlT 5 between alpha-tocopheryl acetate
and phytonadione, System suitability solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measurethe peak areas. Calculate the percentage of the

labeledamount ofphytonadione(C31H4602) inthe portion
of Tablets taken:

Result =(ru/rs) x (Cs/Cu) x 100

=peak area of phytonadionefrom the Sample
solution

=peak area of phytonadionefrom the Standard
solution

= concentration of USP Phytonadione RS in the
Standard solution (lJg/mL)

=nominal concentration of phytonadione in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-165.0% ofthe labeledamount
of phytonadione (C31H4602)

• PHYTONADIONE, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 ml of methanol, 200 mL of

methylene chloride, 0.1 mL of glacial acetic acid, 1.36 g of'
zinc chloride, and 0.41 g of sodium acetate.

Internal standard solution: 5 IJg/ml of menaquinone 4
(vitamin K2) in Solvent. [NOTE-A concentrated stock
solutionof menaquinone 4 (100 IJg/ml) can be stored for
2 months in a refrigerator.]

Standard stock solution: 5 IJg/mL of USP
Phytonadione RS, prepared by dissolving in methylene
chloridewith the aidofsonication, and dilutingwith Solvent
to final volume.

Standard solution: Transfer 1.0 ml of the Standard stock
solution and 1.0 mL of the Internal standard solution to a
suitableflask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-lJm or finer pore size.

Sample solution: Finely powder NlT 20 Tablets. To a
centrifugetube fitted with a cap transferan amount of
powder not exceeding 800 mg and equivalentto an
amount of phytonadione not exceeding 50 IJg. Add4 ml
of water. Insertthe stopper, and mix using a vortex mixer
until the sample isdispersed. Place the tube ina water bath
at 60° for 5 min. Remove from the bath, and again shake
or mixusinga vortexmixerfor 1 minwhilethe preparation
isstill hot. Add 8 ml of alcohol, and swirl the contents to
mix. Place the tube ina water bath at 60°for5 min.Remove
fromthe bath, and again shakeor mixusinga vortexmixer
for 2 min whilethe preparation isstill hot. Cool to room
temperature. Add a volume of the Internal standard
solution, equivalentto 1.0 mL for each 5 IJg of the expected
amount of phytonadione in the aliquottaken. Add20.0 ml
of petroleum ether, and cap the tube tightly. Shake or mix
usinga vortex mixerfor 15 min to thoroughly mixthe
contents. Centrifuge to separate the 2 layers. Transfer a
volume of the top layerof petroleum ether, equivalentto
5-50 IJg ofthe nominalamount of phytonadione, to an
appropriate flask. Place the flask ina water bath at 35°-45°,
and evaporate the solventunder a stream of nitrogen until
an oily residueis left. Dissolve the residue in a volume of
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l'ald¢>.1 (continued)

tim)~ SolUtiorlA Sc5I.Utic5ft~
(olin) (%) (o/~) .

2:7 0 199
28 100 Q

30 100 (}

100o
o
19

Solvent to obtain a concentration of 1 uq/rn], of
phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Fluorometric detector

Excitation wavelength: 320 nm
Emission wavelength: 420 nm

Column: 4.6-mm x 25-cm; 5-jJm, end-capped packing L1,
and a postcolumn reactor constituted with a 4.6-mm x
3-cm PEEK column tightly packed with zinc powder.
[Note-Prepare the postcolumn reactor daily, or as
necessary, to meet the System suitability requirements.]

Flow rate: 1 mL/min
Injection volume: 25 jJL

System suitability
Sample: Standard solution

[NOTE-The relative retention times for the internal
standard and phytonadione are 1.0 and 1.4,
respectively.]

Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the

phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

phytonadione (C31H460 Z) in the portion of Tablets taken:

Result = (Ru/Rs) x (Cs/Cu) x 100

Ru =peak response ratio of phytonadione to that of
the internal standard from the Sample solution

Rs =peak response ratio of phytonadione to that of
the internal standard from the Standard solution

Cs = concentration of USP Phytonadione RS in the
Standard solution (pq/rnl)

Cu = nominal concentration of phytonadione in the
Sample solution (jJg/mL)

Acceptance criteria: 90.0%-165.0% of labeled amount of
phytonadione (C31H460 Z)

Time
(min)
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Result =(Au/F) x (1 aO/Cu)

=absorbance of the Sample solution
= absorptivity of beta carotene at 452 nm, 223
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F
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~cceptanc

ofeachind u
• BETA CAROTENE

[NOTE-Use low-actinic glassware throughout this
procedure.]

Potassium hydroxide solution: Dissolve 58.8 g of
potassium hydroxide in 50 mL of water.

Iodine solution: 0.01 mg/mL of iodine in cyclohexane.
[NOTE-Prepare this solutionfresh daily.]

Sample solution: Weigh NLT 20 Tablets. Grind the Tablets
to a fine powder, and transfer a quantity of the powder,
equivalent to 2 mg of beta carotene, to a 500-mL
saponification flask. Add 100 mL of alcohol, 6 mL of
Potassium hydroxide solution, and a magnetic stirring bar.
Attach an air condenser to the flask, and heat under reflux
for 45 min with constant stirring. Cool to room
temperature. Add 170 mL of solvent hexane, and stirfor
30 min. Quantitatively transferthe contents of the flask to a
500-mLseparatoryfunnel with portions of solvent hexane.
Allow the layers to separate for 5-10 min, and transfer the
upper organic layerto a 50a-mLvolumetric flask. Transfer
the loweraqueous layerinto the saponification flask. Add
170 mL ofsolventhexane, and stirforan additional 20 min.
Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of
solvent hexane. Allow the layers to separate for 10 min.
Drain the lower aqueous layer, and discard. Transfer the
organic layerto the volumetric flask containing the
previously collected organic layer. Rinse the separatory
funnel with small portions of solvent hexane, and transfer
the washings to the-volumetric flask. Dilute the hexane
extracts with solvent hexane to volume.Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle.
Quantitatively transfera volumeof this solution, equivalent
to 100 J.lg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and
immediately add cyclohexane. Add2 mL of Iodine solution,
and heat for 15 min ina water bath maintainedat 650

• Cool
rapidly, and dilute with cyclohexane to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analyticalwavelength: 452 nm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Determinethe absorbance against the Blank. Calculate the

percentage of the labeledamount of beta carotene
(C40Hs6) in the portion of Tablets taken:

=peak ar , alJ:t,.af1s.,retiny! este!Jrom tile
Sample

= peak area 0 -ifans-retinyl.este({r.omtHe
Standard.sou Ion

= concentration of nitinol intheStql1aardsofutib"n
(mg/mLf .' . . '. , ',,'.,' ,.,." '

= nominal concentration ofvitamin A, as retinol;
in the Sample solution (mgfmL) , ., ,

Calculatethe' percentage of 'tile label'
E, as 2R-alpha-tocopherol (C29Hso02
Tablets taken: '

Cu

Injection volume: ,,20 J.lL
System suitability,.. '. , -, . " .." '.:

Salnples:". Sample solution· 1;Sample solL/tion '?~ .and
Standard solution

Suitability requiremeflts .' . . ... .. ..~ ... , "
Relative standa tion: NMT2.0% for each

individual pea rdso' "
Peak purity of

palmit"te): Monit
solution mp
any peak
Sample. solu .
vitamin 0 (
Sample solu
correspon .
265 nm, r
because 0

(cryptoxanthiha
formulation. Us
for analysis of .I rm

,palmitate) ifthe syst
Analysis , ", '.., . " ... '" .. ;...

Samples:. S olution 7, Sa.mp/~ ~01lJtlori2,anp
Standard sou on

Calculatethe percenta th ele'
vitaminAactivity, as reol (20 300
Tabletstaken:

Result =(ru/rs) x (Cs/Cuyx)OO

ResuIt=(ru/rs) x:(CsiCurx fx ~1()0

ru =peak area of ttlereleva~t vitan1in~Eforrri fr9lT1~the
Sample sol . n

rs =peak area elevaD(vitall1inE.f9rIT!:f~orn!fle
Standards

Cs =concentra .
either US
Tocophe
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• BIOTIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]

\ Dehydrated mixtures yielding formulations similar to the
media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared asdescribed herein.

Standard stock solution: 50 ~g/mL of USP Biotin RS in 50%
alcohol. Store this solution in a refrigerator.

Standard solution: 0.1 ng/mL of USP Biotin RS in water,
prepared by diluting the Standardstocksolution with water
on the day of the assay

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 100 ~g of biotin, to a
200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at
60°-70° for 5 min. Sonicate for 5 min, dilute with 50%
alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to
obtain a solution with a concentration of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to make 1000 mL. Add 20 9
of activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature not below 10°. Filter the
solution if a precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 9 of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 9 of
D,L-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool,.and dilute with
water to make 1000 mL. Store under toluene in a cool place
at a temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, inl 0 mL of 4 N hydrochloric acid. Cool,
and add water to make 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 ~g/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 ~g/mL of
riboflavin and 10 ~g/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator. .

Salt solution A: Dissolve25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous sulfate, and 0.5 9 of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
dextrose and anhydrous Sodiu~.~.~~~~~~ in the solutions
previously mixed according to.&f7,Tg1J:Jg·f~~~;(tl$~lf(jl\ifilYS?Q~J:lJand
adjust with.1 N sodium hydroxide to a pH of 6.8. Dilute
with water to 250 mL.

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NoTE-For labeling purposes, consider 580, Method

L_ Titritr'Jetric Met~od as Method 7;

Cu = nominal concentration of beta carotene in the
Sample solution (mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of beta carotene (C4oHs6)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of ascorbic acid (C6Hg06), calcium ascorbate (C12H,4Ca012
. 2H20), or sodium ascorbate (C6H7Na06)

• BIOTIN, Method 1
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 9 of sodium

perchlorate, 1 mL of phosphoric acid, and dilute with water
to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 ~g/mL of USP Biotin RS prepared by
diluting the Standardstocksolution in water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 1 mg of biotin, to a
200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Placethe flask in a water bath
at 60°-70° for 5 min. Sonicate for 5 min, dilute with water
to volume, and filter.

Chromatographic system
(See Chromatography(621)/ System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 15-cm; 3-~m packing L7
Flow rate: 1.2 mL/min .
Injection volume: 100 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas of biotin. Calculate the percentage

of the labeled amount of biotin (CloH16N203S) in the
portion of Tablets taken:

Result= (ru/rs) x (CslCu) x 100

t» =peak area of biotin from the Sample solution
ts = peak area of biotin from the Standardsolution
Cs = concentration of USP Biotin RS in the Standard

solution (pq/rnt)
Cu = nominal concentration of biotin in the Sample

solution (~g/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of biotin (ClOH,6N203S)
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Acid-hydrolyzed caseinsolution 25 mL

Cystine-tryptophan solution 25mL

Polysorbate80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine
hydrochloride solution 5 mL

Salt solution A 5mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add500 mg ofanhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g
ofagar, and heat the mixtureon a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121°for 15 min, and allowthe tubes to cool
in an upright position. Prepare stab cultures in 3 or more of
the tubes, using a pure culture of Lactobacillus plantarum, 1
incubating for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. Store in a refrigerator.
Preparea fresh stab of the stock culture everyweek, and do
not use for Inoculum ifthe culture is more than 1 week old.

Culture medium: Toeach of a seriesoftest tubes containing
5.0 mLof Basal mediumstock solution add 5.0 mLof water
containing 0.5 ng of biotin. Plugthe tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an inoculum comparable to a fresh culture.]
Transfer cellsfrom the Stock cultureof Lactobacillus

plantarum to a sterile tube containing 10 rnt of Culture
medium. Incubate this culture for 16-24 h at a
temperature between 30°and 37° held constant to within
±0.5°. The cell suspension is the Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mLof the Standardsolution. To
each tube and to 4 similarbut empty tubes add 5.0 mLof
Basal mediumstocksolution and sufficient water to make
10 mL.

To similar test tubes add, in duplicate, volumes of the
Sample solution corresponding to three or more of the
levels specifiedfor the Standardsolution, includingthe
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal medium-stock solution and sufficient water to
make 10 mL. Placeone complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rack or section of a rack, preferably in
random order.

Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool.Add
1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standardsolution (the uninoculated
blanks). Incubate the tubes at a temperature of between
30° and 3r held constant to within ±0.5° until,following

1ATCC #8014 is suitable. This strain was formerly known as Lactobacillus
arabinosus 17-5.
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16-24 h of incubation, there has been no substantial
increase in turbidity in the tubes containing the highest
level of Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Placethe cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. Thissteady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time intervalfor the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere isevidenceof contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (LS) as the difference, y =2.00 - LS' Plotthis
response on the ordinate of cross-section paper against the
logarithm of the milliliter of Standardsolution per tube on
the abscissa, usingfor the ordinate either an arithmetic or a
logarithmic scale, whichevergives the better
approximation to a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 - LUI adding together the

2 transmittances (LV) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume ofthe Standard solutioncorresponding to each
of those values of y that falls within the range of lowest
and highest pointsplotted for the Standard. Subtractfrom
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the values of Xfor each of
three or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.
Determine the quantity, in I-Ig, of biotin (Cl0H16N203S) in
the portion of Tablets taken:

antilog M = antilog (M' + log R)

R =amount of biotin assumed to be present in the
portion of Tablets taken (I-Ig)

Calculate the percentage of the labeled amount of biotin
(ClOH16N203S) in the portion of the Tablets taken:

Result = [(antilog M)/N] x 100

N = nominal amount of biotin in the portion of the'
Tablets taken (I-Ig)

Replication: Repeatthe entire determination at least once,
usingseparately prepared Sample solutions. Ifthe difference
between the two log-potenciesMis NMT 0.08, their mean,
M, is the assayed log-potency of the test material (see
Design andAnalysis of Biological Assays (1 11), The Confidence
Interval and Limitsof Potency). If the two determinations
differby more than 0.08, conduct one or more additional
determinations. From the mean of two or more valuesof M
that do not differby more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (ClOH16N203S)
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• BIOTIN, Method 3
[NoTE-Use low-actinic glasswarethroughout this

procedure.] ,
Solution A: Transfer 800 mL of water and 100 mL of

triethylamine to a 1OOO-mL volumetric flask. Add 80 mL of
85% phosphoric acid, and dilute with water to volume.

Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of
Solution A to a 1OOO-mL volumetric flask. Dilute with water
to volume.

Standard solution: 0.6 f-lg/mL of USP Biotin RS in water.
[NOTE-A portion of the Standard solution will be used to
determine the percent recovery of biotin from the
Solid-phase extraction procedure.]

Sample solution: Finely powder NLT20 Tablets. Transferan
amount of powdered Tablets to a volumetric flask to
obtain a nominal concentration of 0.6 f-lg/mLof biotin. Add
water up to 80% of the flask capacity, and sonicate for 30
40 min, with occasional mixing, to dissolve. Dilute with
water to volume, and filter. Adjust the pH of the solution
with either dilute acetic acid or 0.1 N sodium hydroxide to a
pH of 6.0-7.0.

Solid-phase extraction: [NOTE-Condition the extraction
column specified in this procedure in the following manner.
Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet
5.0 mL each of the Sample solution and Standard solution
into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass
of 60 mg. [NOTE-The mixed-mode packing consists of
anion-exchange and reversed-phase sorbents. The
reverse-phase component is a copolymer of
N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino qroup."]
Wash the column with 10 mL of 30% (v/v) methanol in

water. Apply an appropriate volume (4.9 mL) of 30%
(v/v) methanol in 0.1 N hydrochloric acid to the column.
Collect the eluate in a 5-mL volumetric flask, containing
100 ul, of 40% (w/v) sodium acetate in water, and dilute
with 30% (v/v) methanol in 0.1 N hydrochloric acid to
volume.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 ul,

System suitability
Samples: Standard solution and a portion of the Standard

solution that has undergone Solid-phase extraction
Suitability requirements

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard

solution and Standard solution that has undergone
Solid-phase extraction

Recovery: 95%-100%, Standard solution that has
undergone Solid-phase extraction

Analysis
Samples: Standard solution and Sample solution that have

both undergone Solid-phase extraction
Measure the peak area of biotin. Calculate the percentage

of the labeled amount of biotin (ClOH16Nz03S) in the
portion of Tablets taken:

Result= (ru/rs) x (Cs/Cu) x 100

2 Asuitable cartridge isthe WatersOasisMAX VacRe, particlesize 30 urn,
part #186000371.
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ru = peak area of biotin from the Sample solution
rs = peak area of biotin from the Standard solution
Cs = concentration of USP Biotin RS in the Standard

solution (f-lg/mL)
Cu = nominal concentration of biotin in the Sample

solution (f-lg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of biotin (ClOH16Nz03S)

• CYANOCOBALAMIN, Method 1
[NOTE-Uselow-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 f-lg/mL of USP

Cyanocobalamin (Crystalline) RS in water. [NOTE-Store in a
dark place, and discard after 1 week.]

Standard solution: 1 f-lg/mL of USP Cyanocobalamin
(Crystalline) RS from the Standard stock solution diluted
with water

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 100 ~g ~f
cyanocobalamin, to a 250-mL flask. Ouantitativelyadd
100.0 mL of water, and carefully extract for 2 min. Filter
10 mL of the extract, and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-f-lm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 ul,

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak area of cyanocobalamin. Calculate the

percentage of the labeled amount of cyanocobalamin
(C63HaaCoN14014P) in the portion of Tablets taken:

Result=(ru/rs) x (CslCu) x 100

= peak area of cyanocobalamin from the Sample
solution

= peak area of cyanocobalamin from the Standard
solution

= concentration of USP Cyanocobalamin
(Crystalline) RS in the Standard solution (f-lg/mL)

= nominal concentration of cyanocobalamin in the
Sample solution (f-lg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of cyanocobalamin (C63HaaCoN14014P)

• CYANOCOBALAMIN, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Standard stock solution: 1.0 f-lg/mL of USP .

Cyanocobalamin (Crystalline) RS in 25% alcohol. Store In a
refrigerator.

Standard solution: Dilute a suitable volume of the Standard
stock solution with water to a measured volume sLicb that
after the incubation period asdescribed i~'the Anqlysis, the
difference in transmittance between the Inoculated blank
and the 5.0-mL level of the Standard solution i~NLT, that
which corresponds to a difference of 1.25 rnq m dried cell
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weight. This concentration usually falls between 0.01 and
0.04 ng/mL of Standard solution. Preparethis solution fresh
for each assay.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powdered Tablets, equivalent to 1.0 I-Ig of
cyanocobalamin, to an appropriate vessel containing, for
each gram of powdered Tablets taken, 25 mL of an aqueous
extracting solution prepared just before use to contain, in
each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite.
Autoclave the mixture at 121° for 10 min. Allow any
undissolved particles of the extract to settle, and filter or
centrifuge if necessary. Dilute an aliquot of the clear
solution with water to obtain a final solution containing
vitamin B12 activity equivalent to the nominal activity of the
Standard solution.

Acid-hydrolyzed casein solution: Prepare as directed in
Biotin, Method 2.

Asparagine solution: Dissolve2.0 g of L-asparaginein water
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepare as directed in
Biotin, Method 2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and
dilute with water to make 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL. Add 2 drops of hydrochloric acid.
Store this solution under toluene.

Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 9
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of
thiamine hydrochloride, 100 I-Ig of biotin, and 20 mg of
niacin in 0.02 N acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic
acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 mg of folic acid in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable to that obtained
from the formula given herein. ,X"iX)'

A~~ii~~~iXiD!~,~~gi~!Dtsin the order listed in ,~hqQl~
~1'~(t[sP!l't~~Y".29.2(»carefully dissolving cystine and
tryptophan in the 1 N hydrochloric acid before adding the
next 8 solutions to the resulting solution. Add 100 mL of
water, and dissolve thedextros, sodium acetate, and
ascorbic acid. Filter, if necessary. Add the Polysorbate 80
solution, adjust with 1 N sodium hydroxide to a pH 5.5
6.0, and dilute with Purified Water to make 250 mL.

·'.t.""ii'ii·;"'X,,;i';~iI. S'ix;·!:h..i",~;"(

L-Cystin~ 0.1 9

L-Tryptophan 0.05 g

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5mL
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~""~JJI~~l..;,·,,~'..r12[,';;;";'~J (continued)

Xanthine solution 5 mL

Vitamin solution A 10 mL

Vitamin solution B 10 mL

Salt solution A 5mL

Salt solution B 5mL

Asparagine solution 5mL

Acid-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge commercially
canned tomato juice so that most of the pulp is removed.
Suspend 5 giL of analytical filter aid in the supernatant, and
pass,with the aid of reduced pressure, through a layer of
the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given
herein.] Dissolve 0.75 g of yeast extract, 0.75g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juice preparation and 1 mL of
Polysorbate 80 solution. Adjust with 1 N sodium hydroxide
to a pH of 6.8, and dilute with water to make 100 mL. Place
1O-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at
121° for 15 min. Cool as rapidly as possible to avoid color
formation resulting from overheating the medium.

Suspension medium: Dilute a measured volume of Basal
medium stock solution with an equal volume of water. Place
1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture medium add 1.0-1.5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves.Place
1O-mL portions of the hot solution in test tubes, cover the
tubes, sterilize at 121° for 15 min in an autoclave, and allow
the tubes to cool in an upright position. Inoculate 3 or more
of the tubes by stab transfer of a pure culture of Lactobacillus
teicnmannu.' [NOTE-Before first using a fresh culture in this
assay, make NLT 10 successive transfers of the culture in a
2-week period.] Incubate for 16-24 h at a temperature of
between 30° and 40° held constant to within ±0.5°. Store
in a refrigerator.
Prepare fresh stab cultures at least 3 times each week, and

do not use them for preparing the Inoculum if more than
4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab
culture, to the point where definite turbidity in the liquid
Inoculum can be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus
delbruecsit; may be obtained as No. 7830 from ATCC, 10801 University
Blvd., Manassas, VA 20110-2209 (www.atcc.org).
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Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmanniimay be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.]
Transfer cells from the Stock cultureof Lactobacillus

leichmanniito 2 sterile tubes containing 10 mLeach of the
Culture medium. Incubate these cultures for 16-24 h at a
temperature of between 30° and 40 0 held constant to
within ±0.5°. Under aseptic conditions centrifuge the
cultures, and decant the supernatant. Suspend the cells
from the culture in 5 mLof sterile Suspension medium, and
combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces
70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of
530 nm, equipped with a 10-mm cell, and read against
saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal
mediumstock solution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test
response.] The cell suspension is the Inoculum.

Calibration of spectrophotometer: Check the wavelength
of the spectrophotometer periodically, using a standard
wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100%
transmittance, using water and with the wavelength set at
530 nm.

Analysis
Samples: Standardsolution and Sample solution
Because of the high sensitivity of the test organism to

minute amounts of vitamin B12activity and to traces of
many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250° for 2 h,
using hard-glass 20-mm x 150-mm test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standardsolution. To each of these
tubes and to 4 similar but empty tubes add 5.0 mLof Basal
mediumstock solutionand sufficient water to make 10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard
and sample tubes together in one tube rack and the
duplicate set in a second rack or section of a rack,
preferably in random order.

Cover the tubes to prevent bacterial contamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid
color formation resulting from overheating the medium.
Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing
the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so
prepared, except 2 of the 4 containing no Standard
solution (the uninoculated blanks). Incubate the tubes at a
temperature of between 30° and 40°, held constant to
within ±0.5° for 16-24 h.

Terminate growth by heating to a temperature NLT80 0 for
5 min. Cool to room temperature. After agitating its
contents, read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few
seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same
time interval for the reading on each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference is greater than 5%, or ifthere is evidence of
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contamination with a foreign microorganism, disregard
the results of the assay.

With the transmittance set at 100% for the uninoculated
blank read the transmittance of each of the remaining
tubes: Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.

Calculation: Prepare a standard concentration-response
curve by the following procedure. Test for and replace any
aberrant individual transmittances. For each level of the
Standard, calculate the response from the sum of the
duplicate values of the transmittances (LS) as the
difference, y=2.00 - LS' Plot this response on the ordinate
of cross-section paper against the logarithm of the
milliliterof the Standardsolution per tube on the abscissa,
using for the ordinate either an arithmetic or a logarithmic
scale, whichever gives the better approximation to a
straight line. Draw the straight line or smooth curve that
best fits the plotted points.
Calculate the response, y=2.00 - LU' adding together the

two transmittances (LU) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolution corresponding to
each of those values of ythat fallswithin the range of the
lowest and highest points plotted for the Standard.
Subtract from each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
y'alues of X for each of 3 or more dosage levels to obtain
X, which equals the log-relative potency, M', of the
Sample solution. Determine the quantity, in I-Ig, of
cyanocobalamin (C63HssCoN14014P) in the portion of
Tablets taken:

antilog M = antilog (M' + log R)

R =amount of cyanocobalamin assumed to be
present in the portion of Tablets taken (I-Ig)

Calculate the percentage of the labeled amount of
cyanocobalamin (C63HssCoN14014P) in the portion of
Tablets taken:

Result =[(antilog M)/N] x 100

N = nominal amount of cyanocobalamin in the
portion of the Tablets taken (I-Ig)

Replication: Repeat the entire determination at least once,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Vitamin B12 Activity in Design and Analysis of
Biological Assays (111), The Confidence Intervaland Limits
of Potency). Ifthe two determinations differ by more than
0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not
differ by more than 0.15, compute the mean potency of
the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of cyanocobalamin (C63HssCoN14014P)

rrl1r,:orl,,· "'7',,-\j,-,"--, 50.0% of the labeled amount
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pantothenate, the exact concentration being such that the
responses obtained asdirected in the Analysis, 2.0 and
4.0 mL of the Standard solution, arewithin the linear portion
of the log-concentration response curve.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 50 mg of calcium
pantothenate, to a 1OOO-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and
100 mL of sodium acetate solution (1 in 60), dilute with
water to volume, and filter. Dilute a volume of this solution
to obtain a solution having approximately the same
concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to make 1000 mL. Add 20 9
of activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature not below 10°. Filter the
solution if a precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 9 of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 9 of
o,L-tryptophan) in 700-800 mL of water, heat to 70°-80°,

" and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to make 1000 mL. Store under toluene in a cool place
at a temperature not below 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to make 200 mL. Store under toluene
in a refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol .

Riboflavin-thiamine hydrochloride-biotin solution: 20
IJg/mL of riboflavin, 10 IJg/mL of thiamine hydrochloride,
and 0.04 IJg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 IJg/mL of p-aminobenzoic acid, 50 IJg/mL of
niacin, and 40 IJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve 25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous sulfate, and 0.5 9 of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolvethe anhydrous
dextrose and anhydrous sodium/a5et~~e in the solutions
previously mixed according to "'i'1Iqt:!1g11:i:"'/(l.!$~;lH"'1aY*2.()2()and
adjust with 1 N sodium hydroxide to a pH of 6.8. Dilute
with water to 250 mL.

Polysorbate 80 solution

Dextrose, anhydrous

Cystine-tryptophan solution

Acid-hydrolyzed caseinsolution

Sodiumacetate, anhydrous

= peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution

= peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

= concentration of USP Calcium Pantothenate RS in
the Standard solution (mg/mL)

=nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaNz010)

• FOLIC ACID, Method 2
.! pro.geeet./a.s.Jqir~7t~~ip;~~litrtl~ia.4$$q~<4J,jJ'>';f~$$qy~

Proceclure.. :2~.!(U$Pl~M~Y~2020)
Acceptance criteria: 90.0%-150.0% of the labeled amount

of folic acid (C19H,9N706)
• CALCIUM PANTOTHENATE, Method 1

Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 9 of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in Internal standard solution

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 15 mg of calcium
pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shakevigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.

Chromatographic system
(See Chromatography (621>, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm x 15-cmi packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution

[NOTE-The relative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the

internal standard. Calculate the percentage of the labeled
amount of calcium pantothenate (C,sH32CaNzO,o) in the
portion of Tablets taken:

Result= (Ru/Rs) x (Cs/Cu) x 100

USP 43

• CALCIUM PANTOTHENATE, Method 2
Standard stock sol~~~.~~;.,.~i~~~J:~e50 mg of USP Calcium

Pantothenate RS~"(QsP'1~May:i:04pj in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
IJg/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of the Standard stock solution with water to obtain a
concentration of 0.01-0.04 IJg/mL of calcium

www.webofpharma.com

https://nhathuocngocanh.com/



5430 Vitamins / Dietary Supplements

t!t:~I:i'~i.4;C0S:T70Ci0;'i0Z;;;;'7ZH;;;;C}, (continued)

Adenine-guanine-uracil solution 5 ml

Riboflavin-thiamine hydrochloride-biotin solution 5 ml

p-Aminobenzoic acid-niacin-pyrldoxine
hydrochloride solution 5 ml

Salt solution A 5 ml

Salt solution B 5 ml

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mL ofwater.Add500 mg ofanhydrous
dextrose, 500 mg of anhydroussodium acetate, and 1.5 g
of a,9ar, and hea.t the mixtureon a steam bath, withstirring,
untll.the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, closeor cover the tubes, sterilize
in an autoclave at 121° for 15 min, and allow the tubes to
cool in an upright position. Preparestab cultures in 3 or
more of the tubes, usinga pure culture of Lactobacillus
plantarum, 1 incubatingfor 16-24 h at a temperature
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stockculture
everyweek, and do not use for Inoculum ifthe culture is
more than 1 week old.

Culture medium: Toeach ofa series oftest tubes containing
5.0 mL of Basal medium stock solution add 5.0 mL of water
containing 0.2 IJg of calcium pantothenate. Plug the tubes
with cotton, sterilize in an autoclaveat 121 0 for 15 min,
and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.]
Transfer cells from the Stock cultureof Lactobacillus

plantarum to a sterile tube containing 10 mL of Culture
medium. Incubate this culturefor 16-24 h at a
temperature between 30°and 370 heldconstant to within
±0.5°.The cell suspension isthe Inoculum..

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5,2.0, 3.0,4.0, and 5.0 mL of the Standardsolution. To
each tube and to 4 similar but empty tubes add 5.0 mL of
Basal mediumstock solutionand sufficient water to make
10 mL. .

To similar separate test tubes add, in duplicate, volumes
of the Sample solutioncorresponding to 3 or more of the
levels specified for the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 1210 for 5 min. Cool, and
add 1 drop of Inoculumto each tube, except 2 of the 4
tubes containing no Standard solution (the unlnoculated
blanks). Incubate the tubes at a temperature between 30°
and 37°,held constant to within±0.5°until, following 16
24 h of incubation,there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period. .

Determine the transmittance of the tubes in the following
manner. Mix the contents ofeach tube, and transferto an
optical container ifnecessary. Read the transmittance
between 540 and 660 nm when a steady state is reached;
This steady state isobserveda few seconds after agitation
when the galvanometerreading remains constant for 30 s
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or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
.blank, read the transmittancefor each of the remaining
tubes. If there isevidenceof contamination with a foreign
microorganism, disregardthe result of the assay.

Calculation: Preparea standard concentration-response
curveas follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicatevalues of the
transmittance (Ls) as the difference, y = 2.00 - Ls. Plotthis
responseon the ordinate of cross-section paper against
the logarithmof the milliliter ofStandard solutionper tube
on the abscissa, usingfor the ordinateeitheran arithmetic
or a logarithmic scale,whichever gives the better
approximationto a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 - Lv, adding together the

two transmittances (Lv) for each level of the Sample
solution. Read from the standard curvethe logarithm of
the volume of the Standardsolutioncorrespondingto
each of those values of y that falls within the range ofthe
lowestand highest points plotted for the Standard.
Subtractfrom each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
y'alues of X for each of 3 or more dosage levels to obtain
X, which equals the log-relative potency, M', of the
Sample solution. Determine the quantity, in mg, of
calcium pantothenate (ClsH32CaN201O) in the portion of
Tablets taken:

antilog M =antilog (M' + log R)

R = amount of calcium pantothenate assumed to be
present in the portion of the Tablets taken (mg)

Calculate the percentage of calcium pantothenate
(ClsH32CaN2010) in the portion of Tablets taken:

Result = [(antilog M)/N] x 100

N = nominalamount of calcium pantothenate in the
portion of Tablets taken (mg)

Replication: Repeatthe entiredetermination at leastonce,
usingseparatelyprepared Sample solutions. Ifthe
difference between the two log-potencies Mis NMT 0.08,
their mean, M, isthe assayed log-potency of the test
material (see Design and Analysis of Biological Assays (111),
The Confidence Intervaland Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or
more additionaldeterminations. From the mean of two or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (ClsH32CaN2010)

• CALCIUM PANTOTHENATE, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in2000 mL ofwater, and adjustwith phosphoric
acid to a pH of 3.5.

Mobile phase: Methanol and Buffer solution (1 :9)
Standard stock solution: 0.25 mg/mLof USP Calcium

Pantothenate RS in water. Prepare fresh every 4 weeks.
Store in a refrigerator.
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centrifuge tube in a hot water bath maintained at 65°-70°,
heat for 5 min, and mix on a vortex mixer for 30 s. Return
the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the
solution, cool to room temperature, and usethe clear
filtrate. [NoTE-Use the filtrate within 3 h of filtration.]

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 ~L

System suitability
Sampl~:§tC1ncigrdsolution

:li~t(Q$~~~rkt~yffi~Q~()5
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Sam les: ,t",nrlnrrl

)
Acceptance criteria: 90.0%-150.0% of the labeled amount

of niacin (C6HsN02)

DietarySupplements / Vitamins 5431

• NIACIN, Method 2

• NIACINAMIDE, Method 2

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6N20)

• PYRIDOXINE HYDROCHLORIDE, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent, Mobile phase, and Sample solution:

Prepareasdirected in Niacin, Method2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in Extraction solvent

Cu

Result= (rufrs) x (Cs/Cu) x 100

= peak area of calcium pantothenate from the
Sample solution

= peak area of calcium pantothenate from the
Standardsolution

=concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

=nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)·

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (C1SH32CaN2010)

Standard soluti~n: 40 ~g/mL of USP Calcium
Pantothenate RS from the Standard stock solutiondiluted
with water

Sample solution: Finely powder NLT 20 Tablets.Transfer a
portion of the powder, equivalent to 10 mg of calcium
pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water
to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-~m packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution .
Measurethe peak areas of calcium pantothenate. Calculate

the percentage of the labeled amount of calcium
pantothenate (C1SH32CaN2010) in the portion of Tablets
taken:

USP 43

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 1
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water

(5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid,

and water (27:1 :73) containing 140 mg of sodium
1-hexanesulfonate per 100 mL .

Standard solution: [NoTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°-70° for 10 min
with regular shaking or using a vortex mixer, until all the
solid materials are dissolved. Chill rapidly in a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 10 mg of niacinamide
and 2.5.mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube.
Add 25.0 mL of Diluent, and mix using a vortex mixer for
30 s to completely suspend the powder. Immerse the
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labeled amount

30.0 mLof a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
millilitersof the filtrate.

Sample solution: Weigh and finely powder NlT 20 Tablets.
Transfer a portion of the powder, equivalent to 7.5 mg of
niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride
to a stoppered 125-mL flask. Add 10.0 ml of a mixture of
methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the
stopper, shake for 15 min in a water bath maintained at 60°,
and cool. Filter, discarding the first few millilitersof the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 270 nm
Column: 4.6-mm x 25-cmi packing l7
Column temperature: 50°
Flow rate: 2.0 mL/min
Injection volume: 5 JJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
·Analysis

Sam•

Result =(rufrs) x (CslCu) x 100

ru =peak area of pyridoxine from 'the Samplesolution
rs =peak area of pyridoxine from the Standard solution
Cs =concentration of USP Pyridoxine

Hydrochloride RS in the Standard solution
(mg/ml)

Cu =nominal concentration of pyridoxine
hydrochloride in the Sample solution (mg/ml)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of pyridoxine hydrochloride (CSH'lN03' HC/)

Standard solution: Transfer 5.0 ml of the Standard stock
solution to a 25-ml volumetric flask, and dilute with
Extraction solvent to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cmi packing l1
Flow rate: 1 ml/min
Injection volume: 20 JJl

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the

percentage of the labeled amount of pyridoxine
hydrochloride (CaH"N03· HC/) in the portion of Tablets
taken:

• RIBOFLAVIN, Method 2
A Proceed as di

Chromatogli
Acceptance criteria: 90.0%-150.0% of the labeled amount fsof riboflavin (C17HzoN406)

• NIACIN OR NIACINAMIDE, PVRIDOXINE HVDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3
[NOTE-Use low-actinic glassware throughout this

procedure.]
Reagent: 25 mg/ml of edetate disodium in water
Mobile phase: Transfer 0.4 ml of triethylamine, 15.0 ml of

glacial acetic acid, and 350 ml of methanol to a 2000-ml
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/ml of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/ml of USP Pyridoxine
Hydrochloride RS, 0.08 mg/ml of USP Riboflavin RS, and
0.24. mg/ml of USPThiamine Hydrochloride RS in the
Reagent, with heating if necessary

Standard solution: Transfer 5.0 ml of the Standard stock
solution to a stoppered 125-ml flask. Add 10.0 ml of a
mixture of methanol and glacial acetic acid (9:1) and
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USP Riboflavin RS
. Riboflavine.

C17HzoN406' 376.36

• USP REFERENCE STANDARDS (11)
USP AlphaTocopherol RS
USP AlphaTocopheryl Acetate RS
~~~_ •.~I~b~>.!8;~pb~I)'I~~_i~~.~~~ig~~e RS
~··~~.g!y~~g9rl:?J(fLlJ"c:.i9 ...B·~lt.(USR:1·~M{W-2()20)
USP Biotin RS

1H-Thieno[3,4-dlimidazole-4-pentanoic acid, hexahydro
2-oxo-, 3aS-[(3aa,4~,6aa)]-;

(3aS,4S,6aR)-Hexahydro-2-oxo-1 H-thieno[3,4-dl
imidazole-4-valeric acid.

C'OH'6NZ03S 244.31
USP Calcium Pantothenate RS
~-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-,

calcium salt (2:1), (R)-;
Calcium D-pantothenate (1:2).
C,sH3ZCaNzO,o 476.53

USP Cholecalciferol RS
9,10-Secocholesta-5, 7,10(19)-trien-3-ol, (3~,5Z, 7£)-;
Cholecalciferol.
Cz7H440 384.64

USP Cyanocobalamin (Crystalline) RS
Vitamin B,z.
C63HssCoN,40'4P 1355.37

. USP Ergocalciferol RS
9,10-Secoergosta-5,7,10(19),22-tetraen-3-ol, (3~,5Z,7E,

22£)-;
Ergocalciferol.
CZSH440 396.65

USP Folic Acid RS
L-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6

pteridinyl)methyl]amino]benzoyl]-;
Folic acid;
N-[p-[[(2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]

benzoyl]-L-glutamic acid.
C'9H'9N706 441.40

USP Niacin RS
3-Pyridinecarboxylic acid;
Nicotinicacid.
C6HsNOz 123.11

USP Niacinamide RS
3-Pyridinecarboxamide;
Nicotinamide.
C6H6N20 122.12

USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15

tetramethyl-2-hexadecenyl)-, [R-[R*,R*-(£)]]-;
Phylloquinone.
C3,H460Z 450.70

USP Pyridoxine Hydrochloride RS .
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-,

hydrochloride;
Pyridoxol hydrochloride.
CsH"N03· HCI 205.64

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS. (2021): The total aerobic

microbial count does not exceed 3 x 103cfu/g, and the
combined molds and yeasts count does not exceed 3 x
1oz cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

• LABELlNG:4 The label states that the product is Oil-and
Water-Soluble Vitamins Tablets. The label also states the
qy~ntity of each vitaminl.iH>rngl~~~!~~~~~;~~g~
]7apl~t4i(lJS~\lhM~y44Q2(» and, where necessary, the .chemical
form in which it is present. Where the product contains
vitamin E, the label indicates whether it is the
ARB'RI.-(USPT-MaY"2Q20) or"'i:1}17~Ci~"'4(US~;:l~M~Yf~()6Q) form. Where
more than one assay method isgiven for a particular
vitamin, the labeling states with which assay method the
product complies only if Method 1 is not used. .

4 A A (USP l-May-20io)Where articlesare labeled in terms of Units in addition to
the required labeling, the relationshipof the USP Units or IU to mass is as
follows. One USP Vitamin A Unit=0.3 IJg of all-trans-retinol (vitaminA
alcohol)or 0.344 IJg of all-trans-retinyl acetate (vitamin Aacetate) or 0.55
IJg of all-trans-retinyl palmitate (vitaminApalmitate),and 1 IJg of retinol
(3.3 USP Vitamin AUnits) =1 retinolequivalent(RE); 1 IU of beta carotene
=0.6 IJg of all~trans-beta carotene; 1 USP Vitamin D Unit=0.025 9 of
ergocalciferol or cholecalciferol; and 1 mg of -alpha-
toco herol = 1.1 former USP Vitamin EUnits; 1 mg of

~alpha-tocopheryl acetate =1 former USP Vitamin Eunit;
m. oj-alpha-tocophe Iacid succinate=0.89

formerUSPVitamin~ Uni.ts; 1 mg ofARR al ha-tocopherol
=1.49 former USP Vitamin EUnits; 1 mg alpha-
toco he Iacetate =1.36 former USP Vitamin EUnits; and 1 mg of

alpha-toco herylacid succinate=1.21 former USP
-alpha-tocopherol

-alpha-tocopheryl acetate =0.91;
pha-tocopheryl acid succinate=0.81;
alpha-tocopherol=0.74; 1 mg of
erylacetate.» 0.67; and 1 m of
erylacidsuccinate=0.60.
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USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)

methyl]-5-(2-hydroxyethyl)-4-methyl-, chloride,
monohydrochloride;

Thiamine monohydrochloride.
C12H17CIN40S. HCI 337.27

Acc i , ' ,
A (USP1·May.·2020)

Oil- and Water-Soluble Vitamins with
Minerals Capsules

DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Capsules

contain one or more of the following oil-soluble vitamins:
Vitamin A, vitamin D as Ergocalciferol (vitamin D2) or
Cholecalciferol (vitamin D3),Vitamin E, Phytonadione
(vitamin 1(1), and BetaCarotene; one or moreof the following
water-soluble vitamins: Ascorbic Acid or its equivalent as
Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide,
Dexpanthenol or Panthenol, vantothenic vcid (as Calcium
Pantothenate or RacemicCalcium Pantothenate), Pyridoxine
Hydrochloride, Riboflavin, and Thiamine Hydrochloride or
Thiamine Mononitrate; and one or more minerals derived
from substances generally recognized assafe, furnishing one
or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron,
magnesium, manganese, molybdenum, nickel, phosphorus,
potassium, selenium, tin, vanadium, and zinc. Capsules
contain NLT 90.0% and NMT 165.0% of the labeled
amounts of vitamin A (C2oH300) as retinol or esters of retinol
in the form of retinyl acetate (C22H3202) or retinyl palmitate
(C36H6002); vitamin D as cholecalciferol (C27H440) or
ergocalciferol (C2sH440); vitamin Eas alpha tocopherol
(C2gHso02) or alpha tocopheryl acetate (C31HS203)or alpha
tocopheryl acid succinate (C33Hs40S); phytonadione
(C31H4602);and beta carotene (C4oHs6);NLT 90;0% and NMT
150.0% of the labeled amounts of ascorbic acid (C6Hs06) or
its salts ascalcium ascorbate (C12H14Ca012 . 2H20) or sodium
ascorbate (C6H7Na06); biotin (C1oH16N203S);
cyanocobalamin (C63HssCoN14014P); folic acid (C1gH19N706);
niacin (C6HsN02) or niacinamide (C6H6N20); dexpanthenol
(C9H19N04) or panthenol (C9H19N04); calcium
pantothenate (C1sH32CaN201O); pyridoxine hydrochloride
(CSH11N03· HCI); riboflavin (C17H20N406); and thiamine
(C12H17CIN40S) as thiamine hydrochloride or thiamine
mononitrate; and NLT 90.0% and NMT 125.0% of the
labeled amount of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P),
potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr),
fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V).

They may contain other labeled added substances that are
generally recognized as safe, in amounts that are
unobjectionable.

STRENGTH
[NoTE-In the following assays, where more than one

assaymethod is given for an individual ingredient, the
requirements may be met by following.any one o! the
specified methods, the method used bemg stated m the
labeling only if Method 7 is riot used.]

DietarySupplements / Vitamins ~435

• VITAMIN A, Method 1
[NoTE-Where the use of a vitamin A ester (retinyl

acetate or retinyl palmitate) is specified in the
following procedure, use the chemical form present
in the formulation. USP Vitamin A RS is retinyl acetate.
It is to be used where USP Vitamin A RS is specified.
Use low-actinic glassware throughout this
procedure.]

Mobile phase: n-Hexane
Standard solution: 15 IJg/mL of retinyl acetate from USP

Vitamin A RS in n-hexane
System suitability stock solution: 15 IJg!mL of retinyl

palmitate in n-hexane
System suitability solution: Mix equal volumes of System

suitability stock solution and the Standard solution to obtain
concentrations of 7.5 IJg/mL each of retinyl acetate and
retinyl palmitate.

Sample stock solution: Transfer the contents of NLT 20
Capsules to a suitable container, mix, and weigh. Transfer a
portion of the mixture, equivalent to 5 Capsules, to a
container with a polytef-Iined screw cap. [NoTE-For hard
gelatin Capsules, remove, as completely as possible, the
contents of NLT 20 Capsules by cutting open the Capsule
shells, transferring the shellsand their contents to a suitable
container, and triturating to a homogeneous mass.
Transfer a portion of the mass, equivalent to 5 Capsules,
to a container with a polytef-lined screw cap.] Add 10 mL
of dimethyl sulfoxide and 15 mL of n-hexane, and shake for
45 min on a wrist-action shaker in a water bath maintained
at 60°. [NOTE-Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and
transfer the hexane layer by means of a pipet to a 100-mL
volumetric flask. Add 15 mL of n-hexane to the dimethyl
sulfoxide layer, shake thoroughly for 5 min, and transfer the
hexane layer by means of a pipet to the 1OO-mL volumetric
flask. Repeat this extraction with three additional 15-mL
portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexane to volume.

Sample solution: Dilute a volume of the Sample stock
solution with n-hexane to obtain a solution with a
concentration of 15 IJg/mL of vitamin A as retinol
(C2oH300).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 10 between all-trans-retinyl acetate and
all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the

Standard solution and the peak area for all-trans-retinyl
acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A
acetate or vitamin A palmitate, calculate the percentage
of the labeled amount of vitamin A, as retinol (C2oH300),
in the portion of Capsules taken:

Result =(r ulr s) x (C siC u) x Fx 100
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r u = peak area of the all-trans-retinyl ester from the
Sample solution

r s =peak area of the all-trans-retinyl ester from the
Standard solution

C s = concentration of retinyl acetate (C22H320 2) from
USPVitamin A RS in the Standard solution
(~g/mL)

C u =nominal concentration of vitamin A, as retinol
(C2oH300 ), in the Sample solution (~g/mL)

F = factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

[NOTE-The molar responsesof retinyl acetate and retinyl
palmitate are equivalent.]

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin A, as retinol (C2oH300 )

• VITAMIN A, Method Z
[NoTE-Where a vitamin A ester (retinyl acetate or

retinyl palmitate) is indicated in the following
procedure, use the chemical form present in the
formulation. USPVitamin A RS is retinyl acetate. It is
to be used where USP Vitamin A RS is specified. Use
low-actinic glassware throughout this procedure.]

3 N methanolic sulfuric acid solution: Cautiously add 9 mL
of sulfuric acid to 80 mL of methanol in a 100-mL
volumetric flask. Cool, and dilute with methanol to volume.

Sodium ascorbate-pyrogallol solution: Transfer 109 of
sodium ascorbate and 5 g of pyrogallol to a 100-mL
volumetric flask, and add sufficient water to dissolve. Add
1.7 mL of sulfuric acid, and dilute with water to volume.

lecithin solution: 5 mg/mL of lecithin in
2,2,4-trimethylpentane

Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 uq/ml, of retinyl acetate from USP

Vitamin A RS in 2,2,4-trimethylpentane
System suitability stock solution: 15 ~g/mL of retinyl

palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the

System suitability stock solution and the Standard solution to
obtain concentrations of 7.5 ~g/mL each of retinyl acetate
and retinyl palmitate.

Sample solution: [Nora-This preparation issuitablefor the
determination of vitamin A, vitamin D, and vitamin E, when
present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary,
carefully open the Capsules, without loss of shell material,
and transfer the contents to a 1OO-mL beaker. Remove any
contents adhering to the empty shells by washing with
several portions of ether. Discard the washings, and dry the
Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a
portion of the Capsule contents, equivalent to 30 ~g of the
labeled amount of cholecalciferol or ergocalciferol (vitamin
D), to a container with a polytef-Iined screw cap. If
vitamin D is not present in the formulation, use a portion,
equivalent to 90 mg of the labeled amount of vitamin E. If
vitamin Eis not present in the formulation, use a portion,
equivalent to 2.5 mg of the labeled amount of vitamin A,
as retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of
Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane,
and disperse on a vortex mixer. Add 6 mL of Sodium
ascorbate-pyrogallol solution, shake slowly, and allow the
solution to degas. Continue shaking until the evolution of
gas has ceased, and then shake for an additional 12 min.
Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to
form a suspension, and shake for 12 min. Add 6 mL of 3 N
methanolic sulfuric acid solution, mix on a vortex mixer to

USP 43

form a suspension, and shake for 12 min. Add 12.5 mL of
2,2,4-trimethylpentane, mix on a vortex mixer to form a
suspension, and shakefor 10 min. Centrifuge for 10 min to
break up the emulsion and to clarify the supernatant.
[NoTE-The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in
the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to
obtain a concentration close to that of the Standard
solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 25-cm; 5-~m packing L24 .
Flow rate: 1.5 mL/min
Injection volume: 40 ~L

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 8.0 between all-trans-retinyl acetate
and all-trans-retinyl palmitate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the

Standard solution and the peak area of all-trans-retinyl
acetate or all-trans-retinyl palmitate from the Sample
solution.

Calculate the percentage of the labeled amount of vitamin
A, as retinol (C2oH 300 ), in the portion of Capsules taken:

Result = (rvirs) x (C siCu) x Fx 100

r u =peak area of the all-trans-retinyl ester from the
Sample solution

r s = peak area of the all-trans-retinyl ester from the
Standard solution

Cs =concentration of retinyl acetate (C22H320 2) from
USPVitamin A RS in the Standard solution
(~g/mL)

C u =nominal concentration of vitamin A, as retinol
(C2oH 300 ), in the Sample solution (uq/rnt)

F =factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

[NOTE-Account for the initial extraction volume of
26.5 mL of 2,2,4-trimethylpentane to calculate the
nominal concentration. The molar responses of retinyl
acetate and retinyl palmitate are equivalent.]

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin A, as retinol (C2oH300 )

• VITAMIN A, Method 3
[NOTE-Where a vitamin A ester (retinyl acetate or

retlnylpalmitate) is indicated in the following
procedure, use the chemical form present in the
formulation. USP Vitamin A RS is retinyl acetate. It is
to be used where USP Vitamin A RS is specified. Use
low-actinic glassware throughout this procedure.]

Extraction solvent: n-Hexane and methylene chloride
(3:1 )

Potassium hydroxide solution: 800 mg/mL of potassium
hydroxide in water. [NOTE-Cautiously add potassium
hydroxide in water. Mix, and cool.]

Diluent: 10 mg/mL of pyrogallol in alcohol" "
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
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Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin A, as retinol (C2oH300)

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D),
Method .,

[NOTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP Reference Standard. Uselow-actinic
glassware throughout this procedure.]

Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 lJg/mL of USP Cholecalciferol RS or

USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume ofthe Standard

solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Sample solution: Transfer NLT 20 mL of the solution
. prepared asdirected for the Sample stock solution in Vitamin

A, Method 7 to a suitable container, and evaporate, if
necessary, under vacuum at room temperature to obtain a
solution with an expected concentration of 2 lJg/mL of
cholecalciferol or ergocalciferol.

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L8
Flow rate: 1 mL/min
Injection volume: 100 lJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 10 between the vitamin D form present
and its corresponding precursor, System suitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areasfor vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(C27H440) or ergocalciferol (C2sH440) in the portion of
Capsules taken:

Result=(r ulrs) x (C siCu) x Fx 100

USP 43

Standard stock solution: 30 lJg/mL of retinyl acetate from
USP Vitamin A RS in Diluent. [NOTE-This solution may be
stored in a refrigerator for 1 week.]

Standard solution: Dilute a volume of Standard stock
solution with Diluent to obtain a concentration of 1 lJg/mL
of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL
of this solution to a stoppered 125-mL flask, and add 5 mL
of water,S mL of Diluent, and 3 mL of Potassium hydroxide
solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5°, and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction
solvent. Insert the stopper tightly, and shake Vigorously for
60 s. Rinse the sidesof the flask with 60 mL of water, and
allow to stand for 10 min until the layers separate.
Withdraw a portion of the organic layer for injection into
the chromatograph. This Standard solution contains 0.34
lJg/mL of retinol.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents to a 1OO-mL beaker.
Remove any contents adhering to the empty shellsby
washing with several portions of ether. Discard the
washings, and dry the Capsuleshells with the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsulec::ontents. Transfer a portion of the Capsule
contents, equivalent to 1.5 mg of retinyl acetate, to a
stoppered 125-mL flask. Add 5 mL of water, 15 mL of
Diluent, and 3 mL of Potassium hydroxide solution. Insert the
stopper tightly, shakefor 15 min over a water bath
maintained at 60 ± 5°, and cool to room temperature. Add
7 mL of water and 25.0 mL of Extraction solvent. Insert the
stopper tightly, and shake Vigorously for 60 s or longer, if
necessary, for complete extraction. Rinse the sidesof the
flask with 60 mL of water, and allow to stand for 10 min
until the layers separate. [NOTE-Do not shake, becausean
emulsion may form.] Withdraw a portion of the organic
layer, and dilute quantitatively, and stepwise if necessary,
with Extraction solvent to obtain a concentration of 0.34 lJgI
mL of retinol.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm x 8-cm; packing L3
Column temperature: 40°
Flow rate: 4 mL/min
Injection volume: 50 lJL

System suitability
Sample: Standard solution

[NOTE-The relative retention times for 13-cis-retinol
and all-trans-retinol are about 0.92 and 1.0,
respectively.]

Suitability requirements
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and

13-cis-retinol.
Calculate the percentage of th~ labeled amount of vitamin

A, as retinol (C2oH300), in the portion of Capsules taken:

Result=(r nlrd x (C siCu) x Fx 100

= sum of the areas of the all-trans-retinol and
13-cis-retinol peaksfrom the Sample solution

= sum of the areas of all-trans-retinol and
13-cis-retinol peaksfrom the Standard solution

C u

F

F
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= concentration of retinyl acetate (C23H3202) from
USP Vitamin A RS in the Standard solution
(uq/rnt)

= nominal concentration of vitamin A, as retinol
(C2oH300), in the Sample solution (lJg/mL)

= factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872

=peak area of cholecalciferol or ergocalciferol
from the Sample solution

= peak area of cholecalciferol or ergocalciferol
from the Standard solution

= concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg/mL)

= nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

= correction factor to account for the average
amount of previtamin D present in the Sample
solution, 1.09
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Acceptance criteria: 90.00/0-165.0% of the labeled amount
of vitamin D ascholecalciferol (C27H440 ) or ergocalciferol
(C2sH440)

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D),
Method 2

[NoTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
use the chemical form present in the formulation and
the relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

3 N methanolic sulfuric acid solution, Sodium ascorbate
pyrogallol solution, lecithin solution, and Sample
solution: Proceed as directed in Vitamin A, Method 2.

Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:
1.25)

Standard solution: 1 JJg/mLof USP Cholecalciferol RS or
USP Ergocalciferol RS in 2,2,4-trimethylpentane

System suitability solution: Heat a volume of the Standard
solution at 60° for 1 h to partially isomerize vitamin D
(cholecalciferol or ergocalciferol) to its corresponding
precursor.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-JJm packing L24
Flow rate: 1 mL/min
Injection volume: 40 JJL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 4.0 between the vitamin D form present
and its corresponding precursor, System suitability
solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areasfor vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(C27H440 ) or ergocalciferol (C2sH440 ) in the portion of
Capsules taken:

Result= (r vir s) x (C siCv) x 100

ru =peak area of cholecalciferol or ergocalciferol
from the Sample solution

rs =peak area of cholecalciferol or ergocalciferol
from the Standard solution

C s =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(JJg/mL)

C u = nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (JJg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440 ) or ergocalciferol
(C2sH440)

• CHOLECALCIFEROL or ERGOCALCIFEROL (VITAMIN D),
Method 3

[NoTE-Where vitamin D (cholecalciferol or
ergocalciferol) isspecified in the following procedure,
usethe chemical form present in the formulation and
the relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Diluted acetic acid: Glacial acetic acid solution (1 in 10) in
water

Phenolphthalein solution: 1Orng/mL of phenolphthalein
in alcohol

USP43

Potassium hydroxide solution: Slowly dissolve 14g of
potassium hydroxide in a mixture of 31 rnl, of dehydrated
alcohol and 5 mL of water. Preparefresh daily.

Extraction solvent: Methylene chloride and isopropyl
alcohol (99.8: 0.2)

Mobile phase: Acetonitrile and methanol (91 :9)
Standard stock solution: 0.2 mg/mL of USP

Cholecalciferol RS or USP Ergocalciferol RS in dehydrated
alcohol. [Nora-Prepare fresh every 4 weeks. Store in a
freezer.]

Standard solution: [NoTE-Condition the solid-phase
extraction column specified for use in the Standard solution
and the Sample solution by initially washing the column
with 4.0 mL of a mixture of methylene chloride and
isopropyl alcohol (4:1), followed by 5.0 mL of Extraction
solvent. Do not allow the column to dry.] Dilute a volume
of Standard stock solution with dehydrated alcohol to
obtain aconcentration of 5 IJg/mL of USP Cholecalciferol RS
or USP Ergocalciferol RS. Preparethis solution fresh daily.
Transfer 2.0 mL of this solution to a stoppered 125-mL flask.
Add 15.0 mL of water and 15.0 mL of Potassium hydroxide
solution, insert the stopper, and shakefor 30 min in a water
bath maintained at 600~ Allow to cool to roomtemperature,
and transfer the contents of the flaskto a 250-mL separatory
funnel. Add 15.0 mL of water to the flask, insert the stopper,
shakevigorously, and transfer this solution to the
separatory funnel. Rinse the flask with 60 mL of n-hexane,
and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for
15 min until the layers separate. Drain, and discard the
aqueous layer. Add 15.0 mL of water to the hexane layer in
the separatory funnel, insert the stopper, and shake
vigorously. Allow to stand for 10 min until the layers
separate, and discard the aqueous layer. Add 1 drop of
Phenolphthalein solution and 15.0 mL of water to the
separatory funnel. Add Diluted acetic aciddropwise, with
shaking, until the washing is neutral. Allow to stand for
10 min until the layers separate. Drain, and discard the
aqueous layer. Filter the hexane layer through anhydrous
sodium sulfate supported by a small pledget of cotton into a
1OO-mL round-bottom flask. Rinse the funnel and sodium
sulfate with a few mL of n-hexane, and collect the rinsings
in the same flask. Evaporate the hexane in the flask on a
rotary evaporator at 50° to dryness. Immediately add
2.0 mL of Extraction solvent to dissolve the residue. Transfer
this solution to a freshly conditioned solid-phase extraction
column containing silica packing with a sorbent
mass-to-column volume ratio of 500 mg to 2.8 mL or
equivalent, rinse the round-bottom flask with 1.0 mL of
Extraction solvent, and transfer to the column. Elute the
column with 2.0 mL of Extraction solvent, and discard this
fraction. Elute the column with 7.0 mL of Extraction
solvent, and collect the eluate in a suitable flask. Placethe
flask in a warm water bath rnalntainedat 42°, and
evaporate the solvent with the aid of a stream of nitrogen.
Immediately add 2.0 mL of acetonitrile to the residue, and
use the solution for injection into the chromatograph.

Sample solution: Proceed as directed in Vitamin A, Method
3, through "calculate the net weight of the Capsule
contents." Transfer a portion of the Capsule contents;
equivalent to 10 IJgof cholecalciferol or ergocalciferol, to a
stoppered 125-mL flask, and proceed as directed for the
Standard solution, beginning with "Add 15.0 mL of water
and 15.0 mL of Potassium hydroxide solution".

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 25-cm; 5-JJm packing L1
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Column temperature: 27°
Flow rate: 0.7 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 4.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areasfor vitamin D. Calculate the

percentage of the labeled amount of cholecalciferol
(C27H440) or ergocalciferol (C2sH440) in the portion of
Capsules taken:

Result =(r vir s) x (C siCv) x 100

r u =peak area of cholecalciferol or ergocalciferol
from the Sample solution

r s =peak area of cholecalciferol or ergocalciferol
from the Standard solution _

C s =concentration of USP Cholecalciferol RS orUSP
Ergocalciferol RS in the Standard solution
(lJg/ ml)

C u =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C2sH440)

• VITAMIN E, Method 1
[NoTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USPReference Standard. Use low-actinic
glassware throughout this procedure.]

Solution A: Phosphoric acid solution (1 in 100) ·in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL

solution of USPErgocalciferol RS in methanol. Transfer
1.0 mL of this solution to a 1OO-mL volumetric flask
containing 100 mg of USP Alpha Tocopheryl Acetate RS.
Dissolve in 30 mL of methanol, with the aid of sonication if
necessary, and dilute with methanol to volume. Store this
solution in a refrigerator.

Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

Sample solution: Transfer NLT 20 mL of the s?lu~ion. .
prepared asdirected for the Sample stock solution In Yitamin
A, Method 7 to a suitable container, and evaporate, under
vacuum at room temperature to dryness. Transfer the
contents of the flask to a suitable volumetric flask with the
aid of methanol, and dilute with methanol to volume, to
obtain a solution with an expected concentration of 2 mgl
mL of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-lJm packing L1
Flow rate: 2 mL/min
Injection volume: 100 IJL

System, suitability
Samples: System suitability solution and Standard solution

[NoTE-The relative retention times for ergocalciferol
and alpha tocopheryl acetate are about 0.5 and 1.0,
respectively. ]
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Suitability requirements .
Resolution: NLT 12 between ergocalciferol and alpha

tocopheryl acetate, System suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability

solution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31HS203), or alpha tocopheryl acid
succinate (CnH s40s) in the portion of Capsules taken:

Result = (r virs) x (C siCv) x 100

=peak area of the relevant vitamin Eform from the
Sample solution

= peak area of the relevant vitamin Eform from the
Standard solution

= concentration of the corresponding USP
ReferenceStandard in the Standard solution (mgl
mL)

= nominal concentration of the corresponding form
of vitamin Ein the Sample solution (mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount
of vitamin E as alpha tocopherol (C29Hso02), alpha
tocopheryl acetate (C31Hs203), or alpha tocopheryl acid
succinate (C33Hs40S)

• VITAMIN E, Method 2
[NOTE-Where vitamin E(alpha tocopherol, alpha

tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use
the chemical form present in the formulation and the
relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Mobile phase: Mix 240 mL of methanol with 10 ml of
water, followed by 0.5 ml of 50% phosphoric acid, and
dilute with acetonitrile to 1000 mL.

System suitability solution: 2 mg/ml each of USP Alpha
Tocopherol RS, USP Alpha Tocopheryl Acetate RS, and USP
Alpha Tocopheryl Acid Succinate RS in methanol

Standard solution: 2 mg/mL of USP Alpha Tocopherol RS,
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
Acid Succinate RS in methanol

3 N methanolic sulfuric acid solution: Cautiously mix
sulfuric acid and methanol (9 in 100) in a 100-ml
volumetric flask. [NOTE-Dissolve in a portion of methanol,
cool, and then dilute to final volume.]

Sodium ascorbate-pyrogallol solution: Transfer 109 of
sodium ascorbate and 5 g of pyrogallol to a 100-ml
volumetric flask. Add sufficient water to dissolve. Add
1.7 ml of sulfuric acid, and dilute with water to volume.

Lecithin solution: 5 mg/mL of lecithin in
2,2,4-trimethylpentane

Sample solution: Proceed as directed in Vitamin A, Method
2, through "calculate the net weight of the Capsule
contents." Transfer a portion of the Capsule contents,
equivalent to 55 mgof vitamin E, to a container with a
polytef-Iined screw cap. Add 0.5 g of sodium bicarbonate,
1.5 ml of Lecithin solution, and 12.5 ml of
2,2,4-trimethylpentane, and disperse on a vortex mixer.
Add 6 mL of Sodium ascorbate-pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking
until the evolution of gas has ceased, and then shakefor an
additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min.
Add 6 ml of 3 N methanolic sulfuric acid solution, mix on a
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vortex mixerto form a suspension, and shakefor 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mixon a vortex
mixerto form a suspension, and shakefor 10 min.
Centrifugefor 10 min to break up the emulsion and to
clarify the supernatant layer. Transfer a volumeof the
supernatant 2,2,4-trimethylpentane layerto a suitable
volumetric flask, the volume of the specimen withdrawn
from the 2,2,4-trimethylpentane layerand the size of the
volumetric flask being such that the final concentration of
the Sample solution is equivalent to that of the Standard
solution. Evaporate nearlyto dryness, add several mL of
methanol, and evaporate the remaining
2,2,4-trimethylpentane. Dilute with methanol to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Flowrate: 1.5 mLlmin
Injection volume: 25 ~L

System suitability
Samples: System sUitability solution and Standard solution

[NoTE-The relative retention times for alpha
tocopheryl acid succinate, alpha tocopherol, and
alpha tocopheryl acetate are about 0.6, 0.8, and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid
succinate and alpha tocopherol and NLT 3.0 between
alpha tocopherol and alpha tocopheryl acetate, System
suitability solution

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of alpha tocopherol (Cz9Hso02), alpha
tocopheryl acetate (C31HS203), or alpha tocopheryl acid
succinate (C33Hs40S) in the portion of Capsules taken:

Result =(r vIrs) x (C sIC v) x, 100

r u = peak area of the relevantvitamin Eformfrom the
Sample solution .

r s = peak area of the relevantvitamin Eformfrom the
Standard solution

C s = concentration ofthe corresponding USP
Reference Standard in the Standard solution (mgl
mL)

Cu = nominalconcentration ofthe correspondingform
of vitamin Ein the Sample solution (mg/mL)

[NOTE-Account for the initial extractionvolumeof
26.5 mL of 2,2,4-trimethylpentane and the dilution
factor to exchange the solventfrom
2,2,4-trimethylpentane to methanol to calculate the
nominal concentration.]

Acceptance criteria: 90.0%-165.0% ofthe labeled amount
of vitamin Eas alpha tocopherol (Cz9HsoOz), alpha
tocopheryl acetate (C31Hsz03), or alpha tocopheryl acid
succinate (C33Hs40S)

• VITAMIN E, Method 3
Diluent: Acetonitrile and ethyl acetate (1 :1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:
46,5: 7.0)

Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS
in methanol

Sample solution: Proceed as-directed in Vitamin A, Method
3, through "calculate the net weight of the Capsule
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contents." Transfer a portion of the Capsule contents,
equivalent to 8.0 mg of alpha tocopherol, to a
glass-stopperedconical flask. Add25.0 mL of water,
25.0 mL of dehydrated alcohol, and 3.5 g of potassium
hydroxidepellets. Shake for 1 h ina water bath maintained

_at 55°.Cool, and transferwith the aidofa minimum volume
ofwater to a 125-mL separatoryfunnel. Rinse the flask with
50 mL of n-hexane, and add the rinsing to the separatory
funnel. Insertthe stopper, shakevigorously for 60 s, and
allowthe layers to separate. Drain the aqueous layerinto a
second 250-mL separatoryfunnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous
layer, and combine the hexane extracts.Wash the
combined extractswith 25 mL of water, allow the layers to
separate, and discard the aqueous layer. Add 3 drops of
glacial acetic acid, and repeat the washing procedure two
more times. Filter the washed hexane layer through
anhydrous sodium sulfateinto a 250-mL round-bottom
flask. Rinse the funnel and sodium sulfatewith a few mL of
n-hexane, and add the rinsing to the hexanesolutioninthe
flask. Place the flask in a water bath maintainedat 50°, and
evaporate the hexane solutionwith the aid of a rotary
evaporator to dryness. Immediately add 25.0 mL of Diluent,
and swirl to dissolve the residue.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 40°
Flow rate: 3 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas.Calculate the percentage of the

labeled amount of vitamin E, as alpha tocopherol
(Cz9HsoOz), in the portion of Capsules taken:

Result = (r vIrs) x (C sIC v) x 100

r u = peak area of alpha tocopherol from the Sample
solution

r s = peak area of alpha tocopherol from the Standard
solution

Cs = concentrationofalpha tocopherolinthe Standard
solution (mg/mL)

Cu = nominalconcentration of vitaminE, as alpha
tocopherol, in the Sample solution. (mg/mL)

[NoTE-Calculate the alpha tocopherol equivalent '
(Cz9HsoOz) ofalphatocopherylacetate (C31HSZ03) oralpha
tocopheryl acid succinate (C33Hs40S) by multiplying their
contents by the factors 0.91 or 0.81, respectively.]

Acceptance criteria: 90.00/0-165.0% ofthe labeledamount
of vitamin E

• PHYTONADIONE
[NOTE-Use low-actinic glassware throlighout this

procedure.]
Mobile phase: Methanol and water (19:cl )' .:
Standard stock solution: 200 IJg/mL ofUSP" . -

Phytonadione RS in methanol. Dissolve''Ni~h,!theaid of
sonication if necessary. .i"",'

System suitability solution: 0.65.mg/ml.:of:USPAlpha
Tocopheryl Acetate RS and 20 IJg/mLoftJ~P-::>-i
Phytonadione RS from Standard stock solution diluted with
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methanol. [NOTE-Dissolve USP Alpha Tocopheryl
AcetateRS in a portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Standard solution: 20 ~g/mL of USP Phytonadione RS from
Standard stock solutiondiluted with methanol

Sample solution: Transfer NLT 20 mL of the solution
prepared as directedfor the Sample stock solutionin Vitamin
A, Method 1 to a suitable container, and evaporate, if
necessary, under vacuum at room temperature to dryness.
Transfer the contents of the flask to a suitablevolumetric
flask with the aid of methanol, and dilutewith methanol to
volumeto obtain a solutionwithan expected concentration
of 20 ~g/mL of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm x 1O-cm; 5-~m packing L1
Flowrate: 2.0 mL/min
Injection volume: 100 ~L

System suitability
Samples: System suitability solutionand Standard solution

[NOTE-The relative retention times for alpha
tocopheryl acetate and phytonadione are about
0.68 and 1.0, respectively.]

Suitability requirements
Resolution: NLT5 between alpha tocopherylacetate and

phytonadione, System suitabilitysolution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standardsolutionand Sample solution
Measurethe peak areas. Calculatethe percentage of the

labeledamount of phytonadione (C31H4602) inthe portion
of Capsules taken:

Result =(r vIr s) x (C sIC v) x 100

r u =peak area from the Sample solution
r s = peak area from the Standard solution
C s =concentration of USP Phytonadione RS in the

Standard solution (~g/mL)

C u =nominal concentration of phytonadione in the
Sample solution (~g/mL) -

Acceptance criteria: 90.00/0-165.0% of the labeledamount
of phytonadione (C31H4602)

• BETA CAROTENE
[NOTE-Use low-actinic glassware throughout this

procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of

potassium hydroxide in 50 mL of water.
Iodine solution: Transfer 10 mg of iodine to a 100-mL

volumetricflask. Dissolve in cyclohexane, and dilute with
cyclohexane to volume. Dilute 10 mL of this solution with
cyclohexane to 100 mL. [NOTE-Prepare this solutionfresh
daily.]

Sample solution A (for preparations containing beta
carotene in oilsolutions): Proceedas directed in Vitamin A,
Method 1, except use cyclohexane instead of n-hexane as
the extraction solvent, and dilute the filtered extractswith
cyclohexane, to obtain a concentration of 2 ~g/mL of beta
carotene.

Sample solution B(for preparations containing beta
carotene in dry powder): Remove the contents of NLT 20
Capsulesby cutting open the Capsules. Mix, and determine
the weight of the contents. Transfer a quantity of the
Capsulecontents, equivalentto 2 mg of beta carotene, to a
500-mLsaponification flask. Add 100 mL of alcohol, 6 mL
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of Potassium hydroxide solution, and a magnetic stirring bar.
Attach an air condenser to the flask, and heat under reflux
for 45 min with constant stirring. Cool to room
temperature. Add 170 mL of solvent hexane, and stir for
30 min. Quantitatively transferthe contents of the flask to a
500-mLseparatoryfunnelwith portions of solvent hexane.
Allow the layers to separate for 5-10 min, and transferthe
upper organic layerto a 500-mL volumetric flask. Transfer
the loweraqueous layerinto the saponification flask. Add
170 mL ofsolventhexane,and stirforan additional20 min.
Quantitatively transferthe contents of the saponification
flask to the separatoryfunnelwith the aid of portions of
solvent hexane. Allow the layers to separate for 10 min.
Drain the loweraqueous layer, and discard. Transfer the
organic layerto the volumetric flask containing the
previously collected organic layer. Rinse the separatory
funnel with small portionsof solvent hexane, and transfer
the washings to the volumetric flask. Dilute the hexane
extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allowto settle.
Quantitatively transfera volumeof this solution,equivalent
to 100 ~g of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and
immediately add cyclohexane. Add2 mL of Iodinesolution,
and heat for 15 min ina water bath maintainedat 65°.Cool
rapidly, and dilute with cyclohexane to volume.

.Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analyticalwavelength: 452 nm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Determinethe absorbance against the Blank. Calculate the

percentage of the labeledamount of beta carotene
(C4oH s6) in the portion of Capsules taken:

Result =(A vIF) x (1 OO/C v)

A u = absorbance of the Sample solution
F =absorptivity of beta carotene at 452 nm, 223
C u = nominalconcentration of beta carotene in the

Sample solution(mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of beta carotene (C4oHs6)

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NOTE-For labeling purposes, consider Method1

Titrimetric Method as Method 1.]
Acceptance criteria: 90.00/0-150.0% of the labeledamount

of ascorbic acid (C6H806) or its saltsas calcium ascorbate
(C12H14Ca012 • 2H20) or sodium ascorbate (C6H7Na06)

• BIOTIN, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium

perchlorate, and 1 mL of phosphoricacid, and dilute with
water to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 ~g/mL of USP Biotin RS prepared by
diluting the Standard stock solution in water

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without the loss of
shell material, and transferthe contents to a 100-mL
beaker. Remove any contents adhering to the empty shells
by washing, if necessary, with several portions of ether.
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Discard the washings, and dry the Capsule shells with the
aid of a current of dry air until the odor of ether is no longer
perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per
Capsule. Transfer a portion of the Capsule contents,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask.
Add 3 mL of dimethyl sulfoxide, and swirl to wet the
contents. Place the flask in a water bath at 60°-70° for
5 min. Sonicate for 5 min, dilute with water to volume, and
filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 15-cm; 3-lJm packing L7
Flow rate: 1.2 rnl./rnin
Injection volume: 100 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage

of the labeled amount of biotin (ClOH'6N203S) in the
portion of Capsules taken:

Result =(r vir s) x (C siCv) x 100

r u = peak area of biotin from the Sample solution
r s =peak area of biotin from the Standard solution
Cs = concentration of USP Biotin RS in the Standard

solution (lJg/mL)
C u = nominal concentration of biotin in the Sample

solution (lJg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (ClOH,6N203S)

• BIOTIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.] .
Dehydrated mixtures yielding formulations similar to the

media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein .

.Standard stock solution: 50 IJg/mLof USP Biotin RS in 50%
alcohol. Store this solution in a refrigerator.

Standard solution: 0.1 ng/mL of USPBiotin RS in water,
prepared by dilution of the Standard stock solution with
water on the day of the assay

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
100 IJg of biotin, to a 200-mL volumetric flask. Add 3 mL
of 50% alcohol, and swirl to wet the contents. Heat the flask
in a water bath at 60°-70° for 5 min. Sonicate for 5 min,
dilute with 50% alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if
necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
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treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
D,L-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT10°.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 IJg/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 IJg/mL of
riboflavin and 10 IJg/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 IJg/mL of p-aminobenzoic acid, 50 IJg/mL of
niacin, and 40 IJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: 25 g of monobasic potassium phosphate
and 25 g of dibasic potassium phosphate in water to make
500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.

Salt solution B: 109 of magnesium sulfate, 0.5 g of sodium.
chloride, 0.5 g of ferrous sulfate, and 0.5 g of manganese
sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 7, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 1

Acid-hydrolyzed casein solution 25 ml

Cystine-tryptophan solution 25 ml

Polysorbate 80 solution 0.25 ml

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5ml

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add 500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
of agar, and heat the mixture on a steam bath,with stirring,
until the agar dissolves. Add 1O-mL portionsofthe hot
solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 ° for 15 min, and allowthe tubes to cool
in an upright position. Prepare stab cultures-in threeor
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more of the tubes, using a pure culture of Lactobacillus
plantarum, 1 incubating for 16-24 h at a temperature of
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stock culture
every week, and do not use for Inoculum if the culture is
more than 1 week old.

Culture medium: To each of a series of test tubes containing
5.0 mL of Basal mediumstocksolution add 5.0 mL of water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 ° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature of between 30°
and 3r held constant to within ±0.5°. The cell suspension
so obtained is the Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standardsolution. To
each tube and to four similar empty tubes add 5.0 mL of
Basal mediumstock solution and sufficient water to make
10 mL.

To similar test tubes add, in duplicate, volumes of the
Sample solution corresponding to three or more of the
levels specified for the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstocksolution and sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool. Add
1 drop of Inoculum to each tube, except two of the four
tubes containing no Standardsolution (the uninoculated
blanks). Incubate the tubes at a temperature of between
30° and 37° held constant to within ±0.5° until, following
16-24 h of incubation, there has been no substantial
increase in turbidity in the tubes containing the highest
level of Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. This steady state is
observed a few second? after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere is evidence of contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. For each level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (Z 5) as the difference, y= 2.00 - Z s- Plot this
response on the ordinate of cross-section paper against the
loqarithrn of the mL of Standardsolution per tube on the
abscissa, using for the ordinate either an arithmetic or a

1 ATCC No. 8014 isSUitable. Thisstrainwasformerly knownas Lactobacillus
arabinosus 17-5.
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logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 - Z v, adding together the

two transmittances (Z v) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolutioncorresponding to each
of those values of y that falls within the range of lowest
and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valges of X for each of
three or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.
Determine the quantity, in IJg, of biotin (ClOH16Nz03S) in
the portion of Capsules taken:

antilog M =antilog (M' + log R)

R = number of IJg of biotin assumed to be present in
the portion of the Capsules taken

Calculate the percentage of the labeled amount of biotin
(Cl0H16Nz03S) in the portion of the Capsules taken:

Result =[(antilog M)/N] x 100

N = nominal amount of biotin in the portion of
Capsules taken (pq)

Replication: Repeat the entire determination at least once,
using separately prepared Sample solutions. Ifthe difference
between the two log-potencies Mis NMT0.08, their mean,
M, is the assayed log-potency of the test material (see
Design andAnalysis of Biological Assays (111), The Confidence
Interval and Limitsof Potency). If the two determinations
differ by more than 0.08, conduct one or more additional
determinations. From the mean of two or more values of M
that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of biotin (ClOH16Nz03S)

• CYANOCOBALAMIN, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 IJg/mL of USP

Cyanocobalamin (Crystalline) RS in water. [NOTE-Store this
stock solution in a dark place, and discard after 1 week.]

Standard solution: 1 IJg/mL of USP Cyanocobalamin
(Crystalline) RS from Standardstock solution diluted with
water

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
100 IJg of cyanocobalamin, to a 250-mL flask.
Quantitatively, add 100.0 mLof water, and carefully extract
for 2 min. Filter 10 mL of the extract, and use the clear
filtrate.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 IJL

System suitability
Sample: Standardsolution
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Suitability requirements .
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Measure the peak area of cyanocobalamin. Calculate the

percentage of the labeled amount of cyanocobalamin
(C63HssCoN14014P) in the portion of Capsulestaken:

Result = (r vIr s) x (CsIC v) x 100

r u =peak area of the Sample solution
r s = peak area of the Standard solution
Cs = concentration of USP Cyanocobalamin

(Crystalline) RS in the Standard solution (J,Jg/mL)
C u =nominal concentration of cyanocobalamin in the

Sample solution (J,Jg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeledamount
of cyanocobalamin (C63HssCoN14014P)

• CYANOCOBALAMIN, Method 2
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Standard stock solution: 1.0 J,Jg/mL of USP

Cyanocobalamin (Crystalline) RS in 25% alcohol.Store in a
refrigerator.

Standard solution: Dilutea suitable volume of Standard
stock solution with water to a measured volume such that
after the incubation period as described in the Ana/y<;is, the
difference in transmittance between the inoculated blank
and the 5.0-mL level of the Standard solution is NLT that
which corresponds to a differenceof 1.25 mg in dried cell
weight. Thisconcentration usually falls between 0.01 and
0.04 ng/mL of the Standard solution. Prepare this solution
fresh for each assay.

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfera portion of the Capsule contents,-equivalent to
1.0 J,Jg of cyanocobalamin, to an appropriate vessel
containing, for each g of Capsulecontents taken, 25 mLof
an aqueous extracting solution prepared just before use to
contain 12.9 mg/mL of dibasic sodium phosphate,
11.0 mg/mL of anhydrous citricacid, and 10 mg/mL of
sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved particlesof the extract to
settle, and filteror centrifuge, ifnecessary. Dilutean aliquot
of the clear solution with water to obtain a final solution
containing vitamin B12activityapproximatelyequivalentto
that of the Standard solution.

Acid-hydrolyzed casein solution: Prepare as directed in
Calcium Pantothenate, Method 2.

Asparagine solution: Dissolve 2.0 g of L-asparagine inwater
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepare as directed in
Calcium Pantothenate, Method 2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mLof water, heat to 70°, add 6.0 mLof 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 10 g of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve 4.0 g of magnesium sulfate,0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve 20 g of polysorbate80 in
alcohol to make 200 mL. Store in a refrigerator.
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Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of
thiamine hydrochloride, 100 J,Jg of biotin, and 20 mg of
niacin in 0.02 N acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic
_acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 mg of folic acid in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted as directed in the
labeling, it yieldsa medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully

dissolving Cystine and Tryptophan in the hydrochloric acid
before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the Dextrose,
Sodium acetate, and Ascorbic acid. Filter, if necessary.
Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5-6.0, and dilute with Purified
Water to 250 mL.

Table 2

L-Cystine 0.1 9

L-Tryptophan 0.05 9

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5 mL

Vitamin solution A 10 mL

Vitamin solution B 10 mL

Salt solution A 5 mL

Salt solution B 5 mL

Asparagine solution 5 mL

Add-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge commercially
canned tomato juiceso that most of the pulp is removed.
Suspend 5 gIL of analytical filteraid in the supernatant, and
pass, with the aid of reduced pressure, through a layerof
the filter aid. Repeat, ifnecessary, until a clear,
straw-colored filtrate isobtained. Store under toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula qiven
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mLof water.
Add 10 mLof Tomato juice preparation and 1 mLof
Polysorbate 80 solution. Adjustwith 1 N sodium hydroxide
to a pHof 6.8, and add water to make 100 mL. Place10':mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 121° for
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15 min. Coolas rapidly as possible to avoid colorformation
resulting from overheating the medium.

Suspension medium: Dilute a measuredvolume of Basal
medium stocksolutionwith an equalvolume of water. Place
1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture mediumadd 1.0-1.5 g ofagar, and heat the mixture
on a steam bath, with stirring, untilthe agar dissolves. Place
1O-mL portions of the hot solution in test tubes, cover the
tubes, sterilize at 121°for 15 min inan autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transferof a pure culture of
Lactobacillus leichmanniP [Nora-Before first using a fresh
culture in this assay, make NLT 10 successive transfers of
the culture in a 2-week period.] Incubatefor 16-24 h at a
temperature of between 30° and 40° held constant to
within ±0.5°. Store in a refrigerator.
Preparefresh stab culturesat least three times each week,

and do not use them for preparing the Inoculum ifmore
than 4 days old. The activity of the microorganism can be
increased by dailyor twice-daily transferof the stab
culture, to the point where definiteturbidity in the liquid
Inoculumcan be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: INoTE-A frozen suspension of Lactobacillus
leichmanniimay be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.]Transfer
cells fromthe Stock cultureofLactobacillus leichmannii to two
steriletubes containing 10 mL each of the Culture medium.
Incubate these culturesfor 16-24 h at a temperature of
between 30° and 40° held constant to within ±0.5°. Under
aseptic conditions centrifuge the cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile
Suspension medium, adjust the volume so that a l-in-20
dilution in saline TS produces 70% transmittance when
read on a suitablespectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and
read against salineTS set at 100% transmittance. Prepare a
l-in-400 dilution of the adjusted suspension using sterile
Basal mediumstock solution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test .
response.]The cell suspensionso obtained isthe Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically, using a standard
wavelength cellor other suitabledevice. Before readingany
tests, calibrate the spectrophotometer for 0% and 100%
transmittance, usingwater, and with the wavelengthset at
530 nrn.

Analysis
Samples: Standardsolutionand Sample solution
Because of the high sensitivity of the test organism to

minute amounts of vitamin B12 activity and to traces of
many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250° for 2 h,
using hard-glass 20-mm x 150-nim test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standard solution. To each of these
tubes and to four similar empty tubes add 5.0 mL of Basal
mediumstock solutionand sufficient water to make 10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of Basal medium stock solutionand sufficient

2 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekil)
may be obtained as No. 7830 from ATCC, 10801 University Blvd.,
Manassas, VA 20110-2209 (www.atcc.org).
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water to make 10 mL. Place one complete set of Standard
and sample tubes together in one tube rack and the
duplicate set in a second rackor section of a rack,
preferably in random order.

Cover the tubes to prevent bacterialcontamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclaveifnecessary. Coolas rapidly as possible to avoid
colorformation resulting from overheating the medium.
Take precautions to maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, becausepacking
the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so
prepared, except two of the four containing no Standard
solution(the uninoculated blanks). Incubatethe tubes at a
temperature of between 30° and 40°, held constant to
within ±0.5°, for 16-24 h.

Terminate growth by heating to a temperature NLT80°for
5 min. Cool to room temperature. After agitating its
contents, read the transmittance at 530 nm when a steady
state is reached. This steady state isobserved a few
seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same
time interval for the reading on each tube.

With the transmittance set at 100% for the uninoculated
. blank, read the transmittance of the inoculated blank. If

the difference isgreater than 5% or ifthere isevidenceof
contamination with a foreign microorganism, disregard
the results of the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assay ifthe slope of the
standard curve indicates a problem with sensitivity.

Calculation: Prepare a standard concentration-response
curve by the following procedure. Testfor and replaceany
aberrant individual transmittances. Foreach level of the
Standard, calculate the response from the sum of the
duplicatevaluesof the transmittances (~ s) as the
difference, y = 2.00 - ~ s- Plotthis responseon the ordinate
of cross-section paper against the logarithmof the mL of
Standard solution per tube on the abscissa, usingfor the
ordinate either an arithmetic or a logarithmic scale,
whichever givesthe better approximationto a straight line.
Drawthe straight lineor smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 - ~ v, adding together the

two transmittances (~ v) for each level of the Sample
solution. Read from the standard curvethe logarithm of
the volumeofthe Standard solutioncorrespondingto each
ofthose valuesof y that falls withinthe range ofthe lowest
and highest points plotted for the Standard.Subtractfrom
each logarithm so obtained the logarithmof the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valges of Xfor each of
three or more dosage levels to obtain X, whichequals the
log-relative potency, M', of the Sample solution.

Determinethe quantity, in I-Ig, of cyanocobalamin
(C63H88CoN,40'4P) in the portion of Capsules taken:

antilog M =antilog (M' + log R)

R =number of I-Ig of cyanocobalamin assumed to be
present in each mg in the portion of Capsules
taken

Calculate the percentage of the labeledamount of
cyanocobalamin (C63H88CoN,4014P) in the portion of the
Capsules taken:
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Result= [(antilog M)/NJ x 100

N = nominal amount of cyanocobalamin in the
portion of Capsules taken (lJg)

Replication: Repeatthe entire determination at least once,
using separately prepared Sample solutions. If the difference
between the two log-potencies MisNMT 0.08, their mean,
M, is the assayed log-potency of the test material (see
Vitamin B12 Activityin Design andAnalysis of BiologicalAssays
(111), The Confidence Intervaland Limits of Potency). If the
two determinations differ by more than 0.08, conduct one
or more additional determinations. From the mean of two
or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of cyanocobalamin (C63HaaCoN14014P)

• FOLIC ACID, Method 1
[NoTE-Use low-actinic glassware throughout this

procedure.]
Reagent A: 25% solution of tetrabutylammonium
. hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL

volumetric flask. Using sonication if necessary, dissolve in
and dilute with 1 N sodium hydroxide to volume.

Mobile phase: 2 g of monobasic potassium phosphate in
650 mL of water. Add 12.0 mL of Reagent A, 7.0 mL of 3 N
phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS
to a pH of 7.0, dilute with water to 1000 mL, and filter.
Recheck the pH before useby adding water or methanol to
the prepared Mobilephaseto obtain baseline separation of
folic acid and the internal standard. The pH may be
increased up to 7.15 to obtain better separation.
[NOTE-The methanol and water content may be varied
(10/0-3%).]

Internal standard solution: Transfer 40 mg of
methylparaben to a 1OOO-mL volumetric flask, and add
220 mL of methanol to dissolve. Dissolve 2.0 g of
monobasic potassium phosphate in 300 mL of water in a
separate beaker, quantitatively transfer this solution to the
flask containing the methylparaben solution, and add an
additional 300 mL of water. Add 19 mL of Reagent A, 7 mL
of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust with
ammonia TSto a pH of 9.8, bubble nitrogen through the
solution for 30 min, dilute with water to volume, and mix.

Standard solution: 0.016 mg/mL of USP Folic Acid RS in
Internalstandardsolution

Sample solution: Proceed asdirected in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer an amount of Capsule contents to a suitable
centrifuge tube, and add a volume of Internalstandard
solutionto obtain a nominal concentration of 0.016 mg/mL
of folic acid. Shake by mechanical means for 10 min, and
centrifuge. Filter a portion of the clear supernatant, and use
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standard solution

[NOTE-The relative retention times for folic acid and
methylparaben are about 0.8 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solutionand Sample solution
Measure the peak areas for folic acid and methylparaben.

Calculate the percentage of the labeled amount of folic
acid (C19H19N706) in the portion of Capsules taken:

Result=(RulRs) x (C siCu) x ~ 00

Ru =peak area ratio of folic acid to methylparaben
from the Sample solution

Rs = peak area ratio of folic acid to methylparaben
from the Standard solution

Cs =concentration of USP FolicAcid RS in the Standard
solution (lJg/mL)

C u =nominal concentration of folic acid in the Sample
solution (uq/rnl)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of folic acid (C19H19N706)

• FOLIC ACID, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring,

in 500 mL of water containing 10 mL of ammonium
hydroxide.

Diluent: 60 IJg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask, and dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 60 IJg/mL of USP Folic Acid RS in
Diluent. Prepare this solution fresh daily.

Standard solution: Mix 5.0 mL of Standard stock solution .
with 10.0 mL of methanol and 35.0 mL of Reagent. Shake
for 15 min in a water bath maintained at 60°, and cool.
Filter, discarding the first few mL of the filtrate.

Sample solution: Proceed asdirected in Biotin, Method 1
through "calculate the net weight of the Capsulecontents."
Transfer a portion of the Capsule contents, equivalent to
0.3 mg of folic acid, to a 125-mL stoppered flask. Add
10.0 mL of methanol and 35.0 mL of Reagent. Shake for
15 min in a water bath maintained at 60°, and cool. Filter,
discarding the first few mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the areasof the major peaks. Calculate the

percentage of the labeled amount of folic acid
(C19H19N706) in the portion of Capsules taken:

Result= (r vir s) x (C siCu) x 100

r u = peak area of folic acid from the Sample solution
r s =peak area of folic acid from the Standard solution
Cs = concentration of USP FolicAcid RS in the Standard

solution (lJg/mL) .
C u =nominal concentration of folic acid in the Sample

solution (lJg/mL)
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Acceptance criteria: 90.0%-150.0% of the labeled amount
of folic acid (C19H19N706)

• DEXPANTHENOL or PANTHENOL
[NoTE-The following procedure is applicable also to

the determination of the dextrorotatory component
of racemic panthenol in preparations containing
panthenol.]

Dehydrated mixtures yielding formulations similar to the
media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 800 ~g/mL of USP
Dexpanthenol RS or 1600 ~g/mL of USP Racemic
Panthenol RS in water. Store in a refrigerator, protected
from light, and use within 30 days.

Standard solution: On the day of the assay, prepare a
dilution of 1.2 ~g/mL of dexpanthenol or 2.4 ~g/mL of
panthenol from Standard stock solutiondiluted with water.

Sample solution: Weigh NLT 30 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents ascompletely as
possible to a beaker. Removeany contents adhering to the
empty Capsule shells by washing with several portions of
ether. Discard the washings, and dry the Capsuleshellswith
the aid .of a current of dry air until the odor of ether is no
longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the averagenet weight
per Capsule. Dissolve a portion of the Capsule contents,
nominally equivalent to 1.2 mg of dexpanthenol or 2.4 mg
of panthenol, in 100.0 mL of water. Quantitatively dilute a
portion of this solution with water to obtain a concentration
of 1.2 ~g/mL of dexpanthenol or 2.4 ~g/mL of panthenol.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in about
500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and add water to make
1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10°.
Filter the solution if a precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
D,L-tryptophan) in 700-800 mL of water, heat to 75 ± 5°,
and add hydrochloric acid solution (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to make 1000 mL. Store under toluene in a cool place
at a temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and add water to make 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
~g/mL of riboflavin, 10 ~g/mL of thiamine hydrochloride,
and 0.04 ~g/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in
neutral 25% alcohol. Store in a refrigerator.

Salt solution A: 50 mg/mL of monobasic potassium
phosphate and 50 mg/mL of.dibasic potassium phosphate
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in water. Add 10 drops of hydrochloric acid per L of
solution. Store under toluene.

Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL
of sodium chloride, 1 mg/mL of ferrous sulfate, and 1 mg/
mL of manganese sulfate in water. Add 10 drops of
hydrochloric acid per L of the solution. Store under toluene.

Pyridoxal-calcium pantothenate solution: 200 ~g/mL of
pyridoxal hydrochloride and 1.875 ~g/mL of calcium
pantothenate in 10% alcohol. Store in a refrigerator, and
use within 30 days.

Polysorbate 40-oleic acid solution: 50 mg/mL of
polysorbate 40 and 0.5 mg/mL of oleic acid in 20% alcohol.
Store in a refrigerator, and use within 30 days.

Modified pantothenate medium: Dissolveanhydrous
Dextrose and Sodium acetate in the solutions previously
mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Finally, dilute with water to
250 mL.

Table 3

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5mL

Salt solution B 5mL

Pyridoxal-calcium pantothenate solution 5 mL

Polysorbate 4Q-oleic acid solution 5mL

Double-strength modified pantothenate medium:
Prepare as directed in Modifiedpantothenate medium, but
make the final dilution to 125 mL instead of 250 mL.
Preparefresh.

Stock culture of Pediococcus acidilactici: Dissolvein 800 mL
of water, with the aid of heat, 6.0 g of peptone, 4.0 g of
pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g of
b~ef extract, 1..0 g of dext~ose, and 15.0 g of agar. Adjust
With 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pH of 6.5-6.6, and dilute with water to 1000 mL. Add
1O-mL portions of the solution to culture tubes, place caps
on the tubes, and sterilize in an autoclave at 121° for
15 min. Coolon aslant, and store in a refrigerator. Preparea
stock culture of Pediococcus acidilacticj3 on a slant of this
medium. Incubate at 35° for 20-24 hi and store in a
refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.

Inoculum: Inoculate three 250-mL portions of Modified
pantothenatemediumfrom a stock culture slant, and
incubate at 35° for 20-24 h. Centrifuge the suspension
from the combined portions, and wash the cellswith sterile
Modifiedpantothenate medium. Resuspend the cells in
sufficient Modifiedpantothenate mediumso that a l-in-50
diluti~n, when te~t~d in a 13-mm diameter test tube, gives
80% light transrrussion at 530 nm. Transfer 1.2-mL portions
of this stock suspensionto glassampuls, seal,freeze in liquid
nitrogen, and store in a freezer. On the day of the assay,
allow the ampuls to reach room temperature, mix the

3 ATCC No. 8042 is suitable.
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contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 mL. [NOTE-Thisdilution may be altered
when necessary to obtain the desired test response.]

Analysis: Prepare in triplicate a series of eight culture tubes
by adding the followlnq quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5,
1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding

the followinq quantities of water to the tubes within a set:
4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of
the Sample solution.

Add 5.0 mL of Double-strength modified pantothenate
medium to each tube. Cover the tubes with metal caps,
and sterilize in an autoclave at 121 0 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate
each tube with 0.5 mL of the Inoculum. Allow to incubate
at 3r for 16 h. Terminate growth by heating to a
temperature NLT 80 0

, such as by steaming at atmospheric
pressure in a sterilizer for 5-10 min. Cool, and determine
the percentage transmittance of the suspensions, in cells
of equal pathlength, on a suitable spectrophotometer, at a
wavelength of 530 nm.

Calculation: Draw a dose-response curve on arithmetic
graph paper by plotting the average response, in
percentage of transmittance, for each set of tubes of the
standard curve against the standard level concentrations.
The curve is drawn by connecting each adjacent pair of
points with a straight line. From this standard curve,
determine by interpolation the potency of each tube
containing portions of the Sample solution. To obtain the
individual responses, divide the potency of each tube by the
amount of the Sample solution added to it. Calculate the
mean response by averaging the individual responses that
vary from their mean by NMT 15%, using NLT half the total
number of tubes. Calculate the potency of the portion of
the material taken for the assay by multiplying the mean
response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of

dexpanthenol or panthenol (C9H19N0 4) ln the portion of
Capsules taken:

Result =(PIN) x 100

P = potency of dexpanthenol or panthenol in the
portion of Capsules taken (mg)

N =nominal amount of dexpanthenol or panthenol
in the portion of Capsules taken (mg)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of dexpanthenol or panthenol (C9H19N0 4)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 g of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in Internal standard solution

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
To a centrifuge tube transfer an amount of mixed Capsule
contents and a volume of 'Internal standard solution to
obtain a concentration of 0.6 mg/mL in the Sample solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 21 0 nm
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Column: 3.9-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standard solution

[NOTE-The relative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.] .

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis .
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the

internal standard. Calculate the percentage of the labeled
amount of calcium pantothenate (ClsH32CaN201O) in the
portion of Capsules taken:

Result =(R viR 5) x (C siC v) x 100

= peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution

=peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

=concentration of USP Calcium Pantothenate RS in
the Standard solution (mg/mL)

=nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaN2010)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dark
over phosphorus pentoxide and protected from absorption
of moisture while weighing, in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mLof sodium acetate solution (1 in 60), and dilute
with water to volume, to obtain a concentration of 50
~g/mL of USPCalcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of Standard stock solution with water to obtain a
concentration of 0.01-0.04 ~g/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in the Analysis, 2.0 and
4.0 mL of the Standard solution being used, are within the
linear portion of the log-concentration response curve.

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to an
amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mLof water. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution
(1 in 60), dilute with water to volume, and filter. Dilute a
volume of this solution to obtain a solution with
approximately the same concentration as that of the
Standard solution.

Acid-hydrolyzed casein solution: Mix100 g of vitamin-free
casein with 500 mLof 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 100

• Filter the solution if a
precipitate forms during storage.
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Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
D,L-tryptophan) in 700-800 mL of water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
I-Ig/mL of riboflavin, 10 I-Ig/mL of thiamine hydrochloride,
and 0.04 I-Ig/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 I-Ig/mL of p-aminobenzoic acid, 50 I-Ig/mL of
niacin, and 40 I-Ig/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 10 g of magnesium sulfate, 0,5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 4, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 4

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous '10 g

Sodium acetate, anhydrous 5g

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
5 mLtion

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mL of water. Add 500 mg of anhydrous
Dextrose, 500 mg of anhydrousSodium acetate, and 1.5 g
of agar, and heat the mixture on a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, close or cover the tubes, sterilize
in an autoclave at 121 ° for 15 min, and allow the tubes to
coolin an upright position. Prepare stab cultures in three
or more of the tubes, using a pure culture of Lactobacillus
plantarum, 1 incubating for 16-24 h at a temperature of
300-3r held constant to within ±0.5°. Store in a
refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more
than 1 week old.
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Culture medium: To each of a series of test tubes containing
5.0 mL of Basal mediumstock solutionadd 5.0 mL of water
containing 0.2 I-Ig of calcium pantothenate. Plug the tubes
with cotton, sterilize in an autoclave at 121° for 15 min,
and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature of between 30°
and 37° held constant to within ±0.5°. The cell suspension
so obtained is the Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mLof the Standardsolution. To
each tube and to four similar empty tubes add 5.0 mL of
Basal medium stocksolutionand sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solution corresponding to three or more of
the levels specified for the Standard solution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basalmediumstock solutionand sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool, and
add 1 drop of Inoculum to each tube, except two of the
four tubes containing no Standard solution (the
uninoculated blanks). Incubate the tubes at a temperature
of between 30° and 37°, held constant to within ±0.5°
until, following 16-24 h of incubation, there has been no
substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to an
optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached.
This steady state is observed a few seconds after agitation
when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere is evidence of contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. For each level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (L s) as the difference, y = 2.00 - L s- Plot this
response on the ordinate of cross-section paper against the
logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a
logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y= 2.00 - L v, adding together the

two transmittances (L v) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standard solutioncorresponding to each
of those values of y that fallswithin the range of the lowest
and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume,
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in mL, of the Sample solution to obtain the difference X
for each dosage level. Averagethe valges of X for ea~h ~f
three or more dosage levels to obtain X, which equals the
10g-rela~lve potency, .M',.of the Sample solution.
Determine the quantity, In mg, of calcium pantothenate
(C18H32CaN2010) in the portion of Capsulestaken:

antilog M = antilog (M' + log R)

R =number of mg of calcium pantothenate assumed
to be present in the portion of the Capsules taken

Calculate the percentage of calcium pantothenate
(C18H32CaN2010) in the portion of Capsulestaken:

Result = [(antilog M)IN] x 100

N = nominal amount of calcium pantothenate in the
portion of the Capsules taken (mg)

Replication: Repeat the entire determination at least once
usingseparately prepared Sample solutions. Ifthe differenc~
be~een the two log-potencies Mis NMT 0.08, their mean,
M, IS the assayed log-potency of the test material (see
Design andAnalysis of BiologicalAssays (111), The Confidence
Intervaland Limitsof Potency). Ifthe two determinations
differby more than 0.08, conduct one or more additional
determinations. From the mean of two or more valuesof M
that do not differby more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (C18H32CaN2010)

• CALCIUM PANTOTHENATE, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in2000 mL ofwater, and adjustwith phosphoric
acid to a pH of 3.5.

Mobile phase: Methanol and Buffer solution (1 :9)
Standard stock solution: 0.25 mg/mL of USP Calcium

Pantothenate RS in water. Preparefresh every4 weeks.
Store in a refrigerator.

Standard solution: 40 IJg/mL of USP Calcium
Pantothenate RS from Standardstock solutiondiluted with
water

Sample solution: Proceed as directed in Biotin, Method 7
through "calculatethe net weight ofthe Capsulecontents."
Transfera por::ion of the Capsule contents, equivalent to
10 mg of calcium pantothenate, to a 250-mLvolumetric
flask. Add 10 mLof methanol, and swirl the flask to disperse
the Capsules contents. Dilute with water to volume. mix
and filter. ' ,

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-lJm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measurethe peakareasfor calciumpantothenate. Calculate

the percentage of the labeled amount of calcium
pantothenate (C18H32CaN2010) in the portion of Capsules
taken: .

Result = (r vir s) x (CsiCv) x 100

USP 43

= peak area from the Sample solution
=peak area from the Standardsolution
= concentration of USP Calcium Pantothenate RS in

the Standardsolution (mg/mL)
=nominal concentration of calcium pantothenate

in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (C18H32CaN201O)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE
RIBOFLAVIN, and THIAMINE, Method 1 . ,

[NOTE-Use low-actinic glassware throughout this
procedure.]

Diluent: Acetonitrile, glacial acetic acid, and water
(5:1 :94)

Mobile phase: A mixture of methanol, glacial acetic acid
and water (27:1:73) containing 140 mg of sodium '
1-hexanesulfonate per 100 mL

Standa~d ~olut~on: [NOTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS to a 200-mL
volumetricflask, and add 180 mLof Diluent. Immersethe
flask in a hot water bath maintained at 65°-70° for 10 min
with regular shaking or using a vortex mixer, until all the
solid materialsare dissolved. Chill rapidlyin a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Proceed as directed in Biotin Method 7
through "calculate the average net weight p~r Capsule."
Transfera Ro~ion C?f the Capsule contents, equivalent to
10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochlorideto a
50-mLcentrifuge tube. Add 25.0 mL of Diluent and mix
using a vortex mixerfor 30 s to completely suspend the
powder. Immerse the centrifuge tube in a hot water bath
maintained at 65°-70°, heat for 5 min, and mixon a vortex
mixerfor 30 s. Return the tube to the hot water bath, heat
for another 5 min, and mix on a vortex mixerfor 30 s.
Filter a portion of ~he solution, cool to room temperature,
and use the clear filtrate. [NOTE-Use the filtrate within 3 h
of filtration.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for niacinamide
pyridoxine, riboflavin, and thiamine are about 0.3:
0.5, 0.8, and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areas for niacin or niacinamide

pyridoxine, riboflavin, and thiamine. Calculate the
percentage of the labeled amount of niacinamide
(C6H6N20) in the portion of Capsulestaken:

Result =(r vir s) x (CsiC v) x 100

r u = peak area of niacinamidefrom the Sample solution
r s = peak area of niacinamidefrom the Standard

solution
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C s =concentration of USP Niacinamide RS in the
Standard solution (mg/mL)

C u =nominal concentration of niacinamide in the
Sample solution (mg/mL)

For formulations containing niacin:

Result=(r vir s) x (C siC v) x 100

r u =peak area of niacin from the Sample solution
r s = peak area of niacin from the Standard solution
C s =concentration of USP Niacin RS in the Standard

solution (mg/mL)
C u = nominal concentration of niacin in the Sample

solution (mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (CsH"N03 • HCI), riboflavin
(C17HzoN406), and thiamine hydrochloride (C12H17CIN40S
. HCI) in the portion of Capsules taken:

Result=(r vir s) x (C siC v) x 100

r u =peak area of the corresponding vitamin from the
Sample solution

rs =peak area of the corresponding vitamin from the
Standard solution

C s =concentration of the relevant USP Reference
Standard in the Standard solution (mg/mL)

C u = nominal concentration of the corresponding
vitamin in the Sample solution (mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

Result=(r vir s) x (C siC v) x (tyt ,tiM (2) x 100

r u =peak area of thiamine from the Sample solution
r s =peak area of thiamine from the Standard solution
C s =concentration of USP Thiamine Hydrochloride RS

in the Standard solution (mg/mL)
C v = nominal concentration of thiamine rnononltrate

in the Sample solution (mg/mL)
M ,I =molecular weight of thiamine mononitrate,

327.36
M ,2 = molecular weight of thiamine hydrochloride,

337.27

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacin (C6HsNOz) or niacinamide (C6H6NzO), pyridoxine
hydrochloride (CsH" N03 • HCI), riboflavin (C'7HZON406),
and thiamine as thiamine hydrochloride (C12H17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

• NIACIN, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of

edetate disodium to a 1OO-mL volumetric flask. Dissolve in
and dilute with water to volume.

Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL

of sodium acetate in water). Adjust with acetic acid to a pH
of 5.4. [NOTE-A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]

Standard stock solution: 1 mg/mL of USP Niacin RS in
Extraction solvent
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Standard solution: Transfer 5.0 mL of Standard stock
solution to a 25-mL volumetric flask and dilute with
Extraction solvent to volume.

Sample solution: [NOTE-This preparation issuitable for the
determination of niacin or niacinamide, pyridoxine, and
riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules,
without lossof shell material, and transfer the contents to a
beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the
washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsuleshells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 2 mg of riboflavin, to a 200-mL
volumetric flask. If riboflavin is not present in the
formulation, use a portion equivalent to a nominal amount
of 2 mg of pyridoxine. If pyridoxine is not present in the
formulation, use a portion equivalent to 20 mg of niacin or
niacinamide. Add 100.0 mL of Extraction solvent, and mix
for 20 min, using a wrist-action shaker. Immerse the flask
in a water bath maintained at 70°-75°, and heat for 20 min.
Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.

Chromatographic system
(See Chromatography (621), SystemSuitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 I-lL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
[NOTE-If necessary, flush the column with methanol

between injections.]
Analysis

Samples: Standard solution and Sample solution
Measure the peak areasof niacin. Calculate the percentage

of the labeled amount of niacin (C6HsNOz) in the portion
of Capsules taken:

Result=(r vir s) x (C siC v) x 100

r u =peak area of niacin from the Sample solution
r s =peak area of niacin from the Standard solution
C s =concentration of USP Niacin RS in the Standard

solution (mg/mL)
C u =nominal concentration of niacin in the Sample

solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacin (C6HsNOz)

• NIACINAMIDE, Method 2
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A, Extraction solvent, Mobile phase, Standard

stock solution, Standard solution, Sample solution,
Chromatographic system, and System suitability
solution: Using USP Niacinamide RS in place of USP
Niacin RS, proceed as directed in Niacin, Method 2.

Analysis
Samples: Standard solution and Sample solution
Measure the peak areasof niacinamide. Calculate the

percentage of the labeled amount of niacinamide
(C6H6NzO) in the portion of Capsules taken:

Result=(r vir s) x (C siC v) x 100
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r u = peak areaof niacinamide from the Sample solution
r s =peak area of niacinamide from the Standard

solution
C s = concentration of USP Niacinamide RS in the

Standard solution (mg/mL)
C u = nominal concentration of niacinamide in the

Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6NzO)

• PYRIDOXINE HYDROCHLORIDE, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent, Mobile phase, and Sample solution:

Prepare as directed in Niacin, Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in Extraction solvent
Standard solution: Transfer 20 IJg/mL of USP Pyridoxine

Hydrochloride RS from Standard stock solution, and dilute
with Extraction solvent to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the

percentage of the labeled amount of pyridoxine .
hydrochloride (CSHll N03 • HC!) in the portion of Capsules
taken: .

Result=(r virs) x (C siCv) x 100

r u =peak area of pyridoxine from the Sample solution
r s =peakareaof pyridoxine from the Standard solution
C s = concentration of USP Pyridoxine

Hydrochloride RS in the Standard solution
(mg/mL)

C u =nominal concentration of pyridoxine
hydrochloride in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of pyridoxine hydrochloride (CSH11N03 • HCI)

• RIBOFLAVIN, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Extraction solvent and Sample solution: Prepareas

directed in Niacin, Method 2.
Solution A: 6.8 giL of sodium acetate in water
Mobile phase: Preparea mixture of Solution Aand methanol

(13:7). Add 2 mL of triethylamine per L of the mixture, and
adjust with glacial acetic acid to a pH of 5.2.

Standard stock solution: Transfer 20 mg of USP
Riboflavin RS to a 200-mL volumetric flask, and add
180 mL of Extraction solvent. Immerse the flask for 5 min
in a water bath maintained at 65°-75°. Mix well, and repeat
if necessaryuntil dissolved.Chill rapidly in a cold water bath
to room temperature, and dilute with Extraction solvent to
volume.

Standard solution: Dilute 5.0 mL of Standard stock solution
with Extraction solvent to 25.0 mL.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areasof riboflavin. Calculate the

percentage of the labeled amount of riboflavin
(C17HzoN406) in the portion of Capsules taken:

Result= (r vir s)x (C siCv) x 100

r u = peak area of riboflavin from the Sample solution
r s =peak area of riboflavin from the Standard solution
C s =concentration of USP Riboflavin RS in the

Standard solution (mg/mL)
C u =nominal concentration of riboflavin in the Sample

solution (mg/mL)

. Acceptance criteria: 90.00/0-150.0% of the labeled amount
of riboflavin (C17HzoN406)

• THIAMINE, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A: 1.88 giL of sodium 1-hexanesulfonate in 0.1%

phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine

Hydrochloride RS in 0.2 N hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine

Hydrochloride RS from Standard stock solution diluted with
0.2 N hydrochloric acid

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the net weight of the Capsulecontents."
Mix a portion of the Capsule contents with a volume of
0.2 N hydrochloric acid to obtain a concentration of
0.02 mg/mL of thiamine. Shake for 15 min with a
wrist-action shaker, and heat to boiling for 30 min. Cool to
room temperature, and filter. Usethe clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areasfor the major peaks. For products

containing thiamine hydrochloride, calculate the
percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S •HCI) in the portion of
Capsulestaken:

.Result=(r vir s) x.(CsICv) xl 00

r u =peak area of thiamine from the Sample solution
r s =peak area of thiamine from the Standard solution

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

C s =concentration of USP Thiamine Hydrochloride RS
in the Standardsolution (mg/mL)

C u =nominal concentration of thiamine hydrochloride
in the Sample solution (mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

Result=(r ulr s) x (C siC u) x (M ,riM (2) x 100

= peak area of thiamine from the Sample solution
= peak area of thiamine from the Standardsolution
=concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/mL)
=nominal concentration of thiamine mononitrate

in the Sample solution (mg/mL)
=molecular weight of thiamine mononitrate,

327.36
= molecular weight of thiamine hydrochloride,

337.27

=peak area of the corresponding vitamin from the
Sample solution

=peak area of the corresponding vitamin from the
Standardsolution

=concentration of the relevant USP Reference
Standard in the Standardsolution (mg/mL)

=nominal concentration of the corresponding
vitamin in the Sample solution (mg/niL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

C v

M"

M ,2

ru = peak area of niacin or niacinamide from the
Sample solution

r s =peak area of niacin or niacinamide from the
Standardsolution

C s =concentration of USP Niacin RS or USP
Niacinamide RS in the Standardsolution
(mg/mL)

C u =nominal concentration of niacin or niacinamide
in the Sample solution (mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (CSH11N03 • HCI), riboflavin
(C17H20N406), and thiamine (C12H17CIN40S) (for products
containing thiamine hydrochloride) in the portion of
Capsules taken:

Result=(r vir s) x (C siC u) x 100
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Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areasof niacin or niacinamide. Calculate

the percentage of the labeled amount of niacin
(C6HsN02) or niacinamide (C6H6N20) in the portion of
Capsules taken:

Result=(r vir s) x (C siC u) x 100

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6N20) or niacin (C6HsN02), pyridoxine
hydrochloride (CsH11N03 • HCI), riboflavin (C17H20N406),
and thiamine as thiamine hydrochloride (C12H17CIN40S·
HCI) or thiamine mononitrate (C12H17Ns04S)

[NOTE-Commercially available atomic absorption
standard solutions for the minerals, where applicable,
may be used where preparation of a Standardstock
solution is described in the following assays. Use
deionized water where water is specified. Where atomic
absorption spectrophotometry is specified in the assay,
the Standardsolutions and the Sample solution may be
diluted quantitatively with the solvent specified, if

Result =(r vir s) x (C siC v) x (M ,riM (2) x 100

= peak area of thiamine from the Sample solution
=peak area of thiamine from the Standardsolution
= concentration of USP Thiamine Hydrochloride RS

in the Standardsolution(mg/mL)
=nominal concentration of thiamine mononitrate

in the Sample solution (mg/mL)
=molecular weight of thiamine mononitrate,

327.36
=molecular weight of thiamine hydrochloride,

337.27

M"

C v

M ,2

Acceptance criteria: 90.0%-150.0% of the labeled amount
of thiamine as thiamine hydrochloride (C12H17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3

[NoTE-Use low-actinic glassware throughout this
procedure.]

Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/mL of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and
0.24 mg/mL of USP Thiamine Hydrochloride RS in the
Reagent, with heating if necessary

Standard solution: Transfer 5.0 mL of Standardstock
solution to a stoppered 125-mL flask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1) and
30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate.

Sample solution: Proceed as directed in Biotin, Method 7
through"calculate the net weight of the Capsule contents."
Transfer a portion of the Capsule contents, equivalent to
7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine
hydrochloride, to a stoppered 125-mL flask. Add 10.0 mL
of a mixture of methanol and glacial acetic acid (9:1) and
30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2.0 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standardsolution
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necessary, to yield solutions of suitable concentrations
adaptable to the linear or working range of the
instrument.]

• CALCIUM, Method 1
lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
Calcium standard solution: 400 IJg/mL of calcium. Dissolve

1.001 g of calcium carbonate, previously dried at 3000 for
3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute
with water to 1000 mL.

Standard stock solution: 100 IJg/mL ofcalcium from
Calcium standard solutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 IJg/mL of
calcium.

Polysorbate 80 solution: Polysorbate 80 and alcohol
(1:10)

Sample solution: Transfer 5 Capsules to a 100-mL
volumetric flask. [NOTE-For hard gelatin Capsules, weigh
NLT 20 Capsules. Open the Capsules, without lossof shell
material, and transfer the contents to a suitable container.
Remove any contents adhering to the empty shells by
washing with several portions of ether. Discard the
washings, and allow the Capsule shellsto dry. Weigh the
empty Capsule shells, calculate the net weight of the
Capsule contents, and transfer a portion of the Capsule
contents, equivalent to 5 Capsules, to a 1OO-mL volumetric
flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric acid,
and 1 mL of Polysorbate 80 solution to the flask. Heat on a
hot plate or steam bath, with intermittent swirling, until the
Capsulesare completely disintegrated or the contents are
dissolved. Boil gently for an additional 15 min. Cool, dilute
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid, to obtain a concentration of 2 IJg/mL of calcium,
adding 1 mL of Lanthanum chloride solution.per 100 mL of
the final volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at

422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanum chloride solution per 100 mL
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in IJg/mL, of calcium, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in mg/mL, of calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Capsules taken:

Result=(C/C u) x 100

C =measured concentration of calcium in the Sample
solution (uq/rnl.)

C u =nominal concentration of calcium in the Sample
solution (lJg/mL)
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Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca)

• CHROMIUM, Method 1
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 120 0 for 4 h
in.water. Store in a polyethylene bottle.

Standard stock solution: 10 IJg/mL of chromium from
Chromium standardsolutiondiluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstocksolution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standardstock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 IJg/mL of chromium.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain 1 IJg/mL
of chromium and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at

357.9 nm
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versus the concentration, in IJg/mL, of chromium, and
draw the straight line best fitting the four plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of chromium in the Sample
solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Capsules taken:

Result= (C/C u) x 100

C =measured concentration of chromium in the
Sample solution (lJg/mL)

C u =nominal concentration of chromium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of chromium (Cr)

• COPPER, Method 1
Copper standard solution: Dissolve1.00 g of copper foil

in a minimum volume of a 50% solution of nitric acid, and
dilute with a 1% solution of nitric acid to 1000 mL. This
solution contains 1000 IJg/mL of copper.

Standard stock solution: 100 IJg/mL of copper from Copper
standardsolution diluted with 0.125 N hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standardstock
solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 IJglmL of
copper.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain 2 IJg/mL
of copper and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
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lamp: Copper hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of copper, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Capsulestaken:

Result= (C/C u) x 100

C =measured concentration of copper in the Sample
solution (~g/mL)

C u =nominal concentration of copper in the Sample
solution (pq/mt)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of copper (Cu)

• FLUORIDE, Method 1
[NOTE-Store all solutions in plastic containers.]

3 M sodium acetate solution: Dissolve408 g of sodium
acetate in 600 mL of water contained in a 1000-mL
volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a
few drops of acetic acid to a pH of 7.0.

Sodium citrate solution: Dissolve 222 g of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 ~g/mL of fluoride
from a quantity of sodium fluoride, previously dried at 1000

for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 ~g/mL of fluoride from

Fluoride standard stocksolation diluted with water
Intermediate stock solution B: 10 ~g/mL of fluoride from

Fluoride standard stocksolution diluted with water
Standard solutions: .To five separate 1OO-m~ volumetric

flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate stock
solutionBand 5.0 and 10.0 mL of Intermediate stock solution
A. To each flask add 10.0 mL of 1 N hydrochloric acid,
25 mL of 3 M sodiumacetatesolution, and 25.0 mL of
Sodium citrate solution. Dilute the contents of each flask
with water to volume to obtain concentrations of 0.3, 0.5,
1.0, 5.0, and 10.0 ~g/mL of fluoride.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200' ~g of fluoride, to a 100-mL
volumetric flask. Add 10.0 mL of 1 N hydrochloric acid,
25.0 mL of 3 M sodiumacetatesolution, and 25.0 mL of
Sodium citrate solution. Dilute with water to volume.

Analysis
Samples: Standardsolutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standardsolutionsand the Sample solution. Measure the
potentials (seepH (791», in mV, of the Standard solutions
and the Sample solution, with a pH meter capable of a
minimum reproducibility of ±0.2 mV and equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NoTE-When taking measurements,
immerse the electrodes in the solution, stir ona magnetic
stirrer with an insulated top until equilibrium is attained
(1-2 min), and record the potential. Rinse and dry the
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electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in ~g/mL,

of the Standardsolutions versuspotential, in mV. From the
standard response curve so obtained and the measured
potential of the Sample solution, determine the
concentration, C, in mg/mL, of fluoride in the Sample
solution.

Caiculate the percentage of the labeled amount of fluorine
(F) in the portion of Capsules taken:

Result= (C/C u) x 100

C = measured concentration of fluoride in the Sample
solution (~g/mL)

C u = nominal concentration of fluorine in the Sample
solution (~g/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NoTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water
. (20:5:175)
Standard stock solution: 220 ~g/mL of USP Sodium

Fluoride RS in water. This solution contains 100 uq/rn], of
fluoride.

Standard solution: [NoTE-Condition the solid-phase
extraction column specified for use in the Standard solution
and the Sample solution in the following manner. Using a
vacuum at a pressure not exceeding 5 mm of mercury,
wash the column with one column volume of methanol
followed by one column volume of pH 10.0 buffer. Do not
allow the column top to dry. If the top of the column
becomes dry, recondition the column.] Transfer 10.0 mL of
Standardstock solution to a 1OO-mL volumetric flask. Add
75 mL of water, and adjust with 0.1 N sodium hydroxide
to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL
of the filtrate to a 50-mL volumetric flask, add 15.0 mL of
water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion
of this solution through a 3-mL solid-phase extraction
column containing L1 packing that is connected through
an adaptor to a second solid-phase extraction column
containing sulfonylpropyl strong cation-exchange packing.
Discard the first 3 mL of the eluate, and collect the rest of
the eluate in a suitable flask for injection into the
chromatograph.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents to a 1OO-mL container.
If necessary, remove any contents adhering to the empty
shellsby washing with several portions of ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 1 mg of fluorine, to a 100-mL
volumetric flask. Add 15 mL of water, and shakevigorously.
Rinse the sides of the flask with 15 mL of water, and allow
to stand for 10 min. Dilute with water to 85 mL, adjust with
1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with
water to 100 mL. Proceed as directed for the Standard
solution, beginning with "Filter, discarding the first 15 mL
of the filtrate."
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=volume of sodium thiosulfate consumed (ml)
= actual normality of the sodium thiosulfate

solution used
= correction factor to convert mg to I-Ig, 1000
. I-Ig/mL
=milliequivalent of I, 21.16 mg/meq
= average weight of the Capsules content
= weight of the sample of Capsules content taken
=labeled amount of iodine (I-Ig/Capsule)

Ime
Aw
W
L

F

C

Acceptance criteria: 90.0%-160.0% of the labeled amount
of iodine (I)

• IRON, Method 1
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-ml volumetric flask. Dissolvein 25 mLof
6 N hydrochloric acid, dilute with water to volume,
and mix.

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0,4.0,5.0,6.0, and 8.0 mL of Ironstandardstock
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and
8.0 I-Ig/ml of iron.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain a
concentration of 5 I-Ig/mL of iron and omit the use of the
Lanthanumchloridesolution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in I-Ig/ml, of iron, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in I-Ig/
ml, of iron in the Sample solution.

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Capsules taken:

Result =(C/C v) x 100

= measured concentration of iron in the Sample
solution (l-Ig/mL)

= nominal concentration of iron in the Sample
solution (l-Ig/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of iron (Fe)

• MAGNESIUM, Method 1
Lanthanum chloride solution: Prepare as directed in

Calcium, Method 7.
Magnesium standard solution: Transfer 1.0 gof .

magnesium ribbon to a 1OOO-ml volumetric flask, dissolve
in 50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a known
concentration of 1000 I-Ig/mL of magnesium;.:

Standard stock solution: 20 I-Ig/ml of magnesium from
Magnesium standard solution diluted with 0.125 N
hydrochloric acid .

Standard solutions: To separate 100-mlvolumetric flasks
transfer 1.0, 1.5,2.0,2.5, and 3.0 ml of the Standard stock
solution. To each flask add 1.0 ml of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to

Chromatographic system
(See Chromatography (621), System Suitability.) 
Mode: lC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing l17
Analytical: 7.8-mm x 30-cm; packing l17

Flow rate: 0.5 ml/min
Injection volume: 100 I-Il

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas of fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Capsules taken:

Result = (r v/r s) x (C siC v) x 100

r u =peak area from the Sample solution
r s =peak area from the Standard solution
C s =concentration of fluoride in the Standardsolution

(I-Ig/ml)
C u =nominal concentration of fluorine in the Sample

solution (I-Ig/ml)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• IODIDE
Bromine water: To 20 ml of bromine in a glass-stoppered

bottle add 100 ml of water. Insert the stopper into the
bottle, and shake. Allowto stand for 30 min, and use the
supernatant.

Analysis
Sample: Capsules
Remove the contents of Capsules by cutting open the

Capsules. Mix, and determine the weight of the contents.
Transfer a quantity of the contents, equivalent to 3 mg of
iodine, to a nickel crucible. Add 5 g of sodium carbonate,
5 ml of 50% (w/v) sodium hydroxide solution, and 10 ml
of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to
evaporate the alcohol, then dry the crucible at 100° for
30 min to prevent spattering upon subsequent heating.
Transfer the crucible with its contents to a furnace heated
to 500°, and heat the crucible for 15 min. [NoTE-Heating
at 500° is necessary to carbonize any organic matter
present; a higher temperature may be used, if necessary,
to ensure complete carbonization of all organic matter.]

Cool the crucible, add 25 ml of water, cover the crucible
with a watchglass, and boil gently for 10 min. Filter the
solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add
phosphoric acid until the solution is neutral to methyl
orange, then add 1 mL excess of phosphoric acid. Add
excess of Bromine water, and boil the solution gently until
colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20°. Add 1 mL of
phosphoric acid and 0.5 g of potassium iodide, and titrate
the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has
nearly disappeared.

Calculate the percentage of the labeled amount of iodine
(I) in the portion of Capsules taken:

Result = V x N A X Fx Ime x (Aw/W) x(l OO/L)
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Determine the absorbances of the solutions against the
Blank. Plot the absorbancesof the Standard solutions
versus the concentration, in IJg/mL, of manganese, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of manganese in the Sample
solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Capsules taken:

Result=(C/C u) x 100

C =measured concentration of manganese in the
Sample solution (lJg/mL)

C u = nominal concentration of manganese in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute
with water to volume, and mix to obtain a solution with a
concentration of 1000 IJg/mL of molybdenum.

Standard stock solution: 100 IJg/mL of molybdenum from
Molybdenum standardsolution diluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standardstock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solution in each flask for 15 min. Cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrations of 5.0, 10.0, and 25.0 IJg/mL of
molybdenum.

Polysorbate 80 solution: Prepareas directed in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1,except take a number of Capsules or a portion of Capsule
contents equivalent to 1000 IJg of molybdenum and make
appropriate dilutions to obtain a final concentration of 10
IJg/mL of molybdenum, omitting the addition of the
Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at

313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in IJg/mL, of molybdenum, and
draw the straight line best fitting the three plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of molybdenum in the Sample
solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result= (C/C u) x 100

volume to obtain concentrations of 0.2, 0.3, 004, 0.5, and
0.6 IJg/mL of magnesium.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain OAlJg/mL
of magnesium.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at

285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 mL
Analysis

Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of magnesium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of magnesium in the Sample
solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Capsulestaken:

Result=(c/e u) x 100

C =measured concentration of magnesium in the
Sample solution (lJg/mL)

Cu =nominal concentration of magnesium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: Transfer 1.00 g of

manganese to a 1OOO-mL volumetric flask. Dissolvein
20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration
of 1000 IJg/mL of manganese.

Standard stock solution: 50 IJg/mL of manganese from
Manganese standardstocksolution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 IJg/mL of
manganese.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain to 1
IJg/mL of manganese and omit the use of the Lanthanum
chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at

279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Sample solution

C

C u

=measured concentration of molybdenum in the
Sample solution (lJg/mL)

= nominal concentration of molybdenum in the
Sample solution (lJg/mL) .
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Acceptance criteria: 90.0%-160.0% ofthe labeledamount
of molybdenum (Mo)

III MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 ml of water to 109 of
sodium fluoride, stir until the solution issaturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/ml of ferrous sulfatein
water

Potassium thiocyanate solution: 200 mg/ml of potassium
thiocyanate in water

20% Stannous chloride solution: Transfer 40 mg of
stannous chlorideto a beaker, add 20 ml of 6.5 N
hydrochloric acid solution, and heat the solution until the
stannous chloride isdissolved. Cool, and dilute with water
to 100 mL

Diluted stannous chloride solution: 20% Stannous chloride
solution diluted with water (1 in 25). Prepare this solution
fresh at the time of use.

Standard solution: 20 uq/rnt, of molybdenum in water
Sample: Remove the contents of a counted number of

Capsules bycutting open the Capsules. Mix, and determine
the weight of the contents. Use a quantity of the Capsule
contents, equivalent to 40 ~g of molybdenum.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Analyticalwavelength: 465 nm
Cell: t-ern
Blank: Amyl alcohol

Analysis
Samples: Standardsolution and Sample
Transfer the Sample and 2.0 ml of the Standardsolution to

separate 200-ml beakers. Add20 mL of nitric acidto each
beaker. Covereach beakerwith a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 ml of perchloric acid, cover the
beakerswith a watchglass, and continue the heating until
digestion iscomplete, as indicatedwhen the liquid
becomes colorless or paleyellow. Evaporate the solutions
in the beakers to dryness. Rinse the sidesof the beakers
and the watchglasses with water, and dilutewith water to
50 ml in each beaker.Gentlyboilthe water solutionfor a
few min. Cool to room temperature. Add 2 drops of
methyl orange TS, and neutralize with ammonium
hydroxide. Add 8.2 ml of hydrochloric acid.
Quantitatively transfer the contents of the beakers to
separate 1OO-ml volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding
volumetric flasks, and dilute with water to volume.
Transfer 50.0 ml of each solution to separatoryfunnels.
To each separatory funnel add 1.0 ml of Sodium fluoride
solution, 0.5 ml of Ferrous sulfatesolution, 4.0 ml of
Potassium thiocyanate solution, 1.5 ml of 20% Stannous
chloride solution, and 15.0 ml of amyl alcohol, and shake
the separatory funnel for 1 min. Allow the layers to
separate, and discard the aqueous layers. Add 25 ml of
Dilutedstannous chloride solution to each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers. Transfer the
organic layerfrom each separatoryfunnel to a centrifuge
tube, and centrifugeat 2000 rpm for 10 min. Determine
the absorbances of the organic phasesobtained from the
Standardsolution and the Sample, and correct with the
Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result =(A viA 5) x [(V x Cs)IM v] x 100

USP 43

A u =absorbance of the Sample
A s = absorbance of the Standardsolution
V = volumeof the Standardsolutionanalyzed, 2.0 ml
Cs = concentration of molybdenum in the Standard

solution (~g/ml)
M u = nominalamount of molybdenum in the Sample

(uq)

Acceptance criteria: 90.00/0-160.0% ofthe labeled amount
of molybdenum(Mo)

III PHOSPHORUS, Method J
Sulfuricacid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/ml of

ammonium molybdate in Sulfuric acid solutionand water
(2:3). [NOTE-Dissolve in water first, and then dilutewith
Sulfuric acidsolution to volume.]

Hydroquinone solution: 5 mg/ml of hydroquinone in
water. Add 1 drop of sulfuric acid per 100 ml of solution.

Sodium bisulfite solution: 200 mg/ml of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 g of
monobasicpotassium phosphate, previously dried at 105°
for2 h and stored ina desiccator,and transferto a 1000-rnl
volumetric flask. Dissolve inwater, add 6 ml of sulfuric acid
as a preservative, dilute with water to volume, and mix to
obtain a solutionwith a concentration of 1000 ~g/ml of
phosphorus.

Standard solution: 20 uq/rnt, of phosphorus from
Phosphorus standardstocksolution diluted with water

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
ofthe contents. Transfer a quantity of the Capsule contents,
equivalentto 100 mg ofphosphorus, to 25 mL ofnitric acid,
and digest on a hot plate for 30 min. Add 15 ml of
hydrochloric acid, and continue the digestion to the
cessation of brown fumes. Cool, and transfer the contents
ofthe flask to a 500-mL volumetric flask withthe aidofsmall
portionsof water. Dilute with water to volume.Transfer
10.0 mL of this solution to a 1OO-ml volumetric flask, and
dilutewith water to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1-cm

Analysis
Samples: Standardsolution and.Sample solution
To three separate 25-mL volumetricflasks transfer5.0 mL

each of the Standardsolution, the Sample solution, and
water to providethe blank.To each of the three flasks add
1.0 mL each of Ammoniummolybdatesolution,
Hydroquinone solution, and Sodium bisulfitesolution, and
swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min.
Determine the absorbances of the solutions against the
blank.

Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Capsules taken:

Result =(A ulA5) x (C siC v) x 100

A u = absorbance of the Sample solution
A s =absorbance of the Standardsolution
Cs = concentration of phosphorus in the Standard

solution (~g/mL)

Cu = nominalconcentration of phosphorus in the
Sample solution (~g/mL)
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Acceptance criteria: 90.0%-125.0% of the labeled amount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 ~g/mL of potassium
from potassium chloride, previously dried at 105°for 2 h,
in water

Standard stock solution: 10 ~g/mL of potassium from
Potassium standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mL of the Standard stocksolution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 ~g/mL of potassium.

Polysorbate 80 solution: Prepareas directed in Calcium,
Method 1.

Sample solution: Proceedas directed in Calcium, Method
1, except prepare the Sample solution to contain 1 ~g/mL

of potassiumand omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission lineat

766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Blank: Water

Analysis
Samples: Standard solutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plotthe absorbances of the Standard solutions
versus the concentration, in ~g/mL, of potassium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in ~g/mL, of potassium in the Sample
solution.

Calculate the percentage of the labeledamount of
potassium (K) in the portion of Capsules taken:

Result =(CIC u) x 100

C =measured concentration of potassium in the
Sample solution(~g/mL)

Cu =nominal concentration of potassium in the
Sample solution(~g/mL)

Acceptance criteria: 90.00/0-125.0% ofthe labeled amount
of potassium (K)

• SELENIUM, Method J
Diluent: Prepareas directed in Molybdenum, Method 1.
Selenium standard solution: [CAuTION-Selenium is toxic;

handle it with care.] Dissolve 1 9 of metallic selenium in a
minimumvolume of nitric acid. Evaporate to dryness, add
2 mL of water, and evaporate to dryness. Repeatthe
addition of water and the evaporation to drynessthree
times. Dissolve the residuein 3 N hydrochloric acid,transfer
to a 1OOO-mL volumetric flask, and dilute with 3 N
hydrochloric acid to volume to obtain a concentrationof
1000 ~g/mL of selenium.

Standard stock solution: 100 ~g/mL of selenium from
Selenium standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volumeto
obtain solutionswith concentrations of 5.0, 10.0, and 25.0
uq/rnl, of selenium.

Dietary Supplements / Vitamins 5459

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantityofthe Capsulecontents,
equivalent to 1000 ~g of selenium, to a suitableflask, and
add 12 mL of nitricacid. [NOTE-The volume of nitricacid
may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the sample
specimen. Sonicatefor 10 minor until the samplespecimen
iscompletely dissolved. Gently boil the solutionfor 15 min,
and cool to room temperature. Carefully add 8 mL of
perchloricacid to the flask, heat the flask until perchloric
acid fumes appear, and swirl the flask to dissipatethe
fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the
aid of the Diluent, and dilutewith Diluent to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometry
Analytical wavelength: Selenium emission lineat

196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in~g/mL, ofselenium, and draw
the straight line best fitting the three plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of selenium in the Sample solution.

Calculatethe percentage ofthe labeled amount ofselenium
(Se) in the portion of Capsules taken:

Result = (CIC u) x 100

C = measured concentration of seleniumin the
Sample solution(~g/mL)

Cu = nominal concentration of selenium in the Sample
solution (~g/mL)

Acceptance criteria: 90.00/0-160.0% ofthe labeledamount
of selenium (Se)

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with
water (1 in 10)

50% Ammonium hydroxide solution: Ammonium
hydroxide diluted with water (1 in 2)

Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of
hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to
volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mLseparatory funnel, and add 200 mL of 0.1 N
hydrochloric acid. Wash the solutionwith three 40-mL
portionsof cyclohexane, and discardthe cyclohexanelayer.
Filter the solution into a brown bottle, and cover the
solution with a 1-cm layer of cyclohexane. This solution is
stable for 1 week ifstored in a refrigerator.

Standard stock solution: [CAUTIoN-Selenium is toxic;
handle it with care.] Dissolve 1 9 of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness, add
2 mL of water, and evaporate to dryness. Repeatthe
addition of water and evaporation to dryness three times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetricflask, and dilutewith 3 N hydrochloric
acid to volume to obtain a solutionwith a concentration of
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1000 J.,Jg/mL of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 J.,Jg/mL of selenium.

Standard solution: Transfer 10 mL of the Standardstock
solution to a glass-stoppered flask. Add 1 mL of perchloric
acid and 1 mL of Hydrochloric acidsolution, and dilute with
water to 20 mL.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsule contents,
equivalent to 20 J.,Jg of selenium, to a suitable flask. Add
10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has
subsided, then add 3 mL of perchloric acid.

[CAUTIoN-Exercise care at this stage, because
perchloric acid reaction becomes vigorous.]

Continue heating on the hot plate until the appearance of
white fumes of perchloric acid or until the digest begins
to darken. Add 0.5 mL of nitric acid, and resume heating,
adding additional amounts of nitric acid if further
darkening occurs. Digest for 10 min after the first
appearance of perchloric acid fumes or until the digest
becomes colorless. Cool the flask. Add 2.5 mL of
Hydrochloric acidsolution, and return the flask to the hot
plate to expel residual nitric acid. Heat the mixture for
3 min after it begins to boil. Cool the flask to room
temperature, and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: 380 nm
Cell: t-ern
Blank: 1 mLof perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL
Analysis

Samples: Standardsolution and Sample solution
Treat the Sample solution, the Standard solution, and the

Blank asfollows. Add 5 mL of Reagent A to each flask, and
swirl gently to mix. Adjust the solution in each flask with
50% Ammoniumhydroxide solution to a pH of 1.1 ± 0.1.
Add 5 mL of Reagent B to each flask, and.swirl gently to
mix. Place the flasks in a water bath maintained at 50°,
and equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
Vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained
from the Samples against the solution obtained from the
Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Capsules taken:

Result = (A viA s) x [(V x (s)IM v] x 100

V

= absorbances of the cyclohexane layer from the
Sample solution

=absorbances of the cyclohexane layer from the
Standardsolution

=volume of the Standardstock solution used to
prepare the Standardsolution, 10 mL

=concentration of selenium in the Standard stock
solution (J.,Jg/mL)

= nominal amount of selenium in the Sample
solution (J.,Jg)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of selenium (Se)

• ZINC, Method 1
Zinc standard solution: 1000 J.,Jg/mL of zinc from zinc oxide

in 5 M hydrochloric acid (3.89 mg/mL) and diluted with
water to final volume. [NOTE-Dissolve in 5 M hydrochloric
acid by warming, if necessary, cool, and then dilute to final
volume.]

Standard stock solutions: 50 J.,Jg/mL of zinc from Zinc
standardsolution diluted with 0.125 N hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0,4.0, and 5.0 mL
of Standardstock solution to separate 1OO-mL volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
0.5, 1.0, 1.5, 2.0, and 2.5 J.,Jg/mL of zinc.

Polysorbate 80 solution: Prepare as directed in Coicium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 2 J.,Jg/mL
of zinc and omit the useof the Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in J.,Jg/ml, of zinc, and draw the
straight line best fitting the five plotted points. From the .
graph so obtained, determine the concentration, C, in J.,JgI
ml, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Capsules taken:

Result= (C/( v) x 100

( = measured concentration of zinc in the Sample
solution (J.,Jg/ml)

( u =nominal concentration of zinc in the Sample
solution (J.,Jg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, ANDVANADIUM,Method 1; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM AND
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NOTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aqua regiasolution and
water (1 :9) by adding 1 volume of Stock aqua regiasolution
to 2 volumes of water. Dilute with additional water to
volume, and mix well.

System suitability solution: Prepare a mixture of 1000 mgl
L of yttrium in 5% nitric acid solution, 1000 mg/L of
scandium in 5% nitric acid solution, and Diluent (1:1:198),
and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn)
: [NOTE-It is only necessaryto include the minerals of
interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
nitric acid solution, pipet the appropriate amount of
element standard solution into avolumetric flask, and dilute
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with 5% nitric acid solution to obtain a solution having final
concentrations of about 1000 mg/L of calcium, 100 mg/L
of copper, 250 mg/L of iron, 500 mg/L of magnesium,
100 mg/L of manganese, 800 mg/L of phosphorus, and
250 mg/L of zinc.

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It isonly necessary to include the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20%
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% hydrochloric acid solution to obtain a
solution having final concentrations of about 200 mg/L of
boron, and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standardstock
solution 7 and Standardstock solution 2, as required, in
Diluent, to prepare a six-point calibration curve to bracket
the concentration range of each mineral of interest.

Sample solution: Weigh, then transfer 5 Capsulesto a
250-mL volumetric flask, and heat gently on a hot plate
until the contents begin to release. Cautiously add 25 mL
of Stock aqua regia solution in 5-mL increments, and swirl.
Heat, continue to swirl until the Capsules dissolve into the
acid, immediately remove from the heat source, and add
150 mL of water. Cool, and dilute with water to volume.
Filter about 30 mL into a centrifuge tube, using a 5-l.lm pore
size nylon syringe filter. If necessary, make any further
adjustments using the Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry, using a

spectrometer set to measure the emission of each mineral
of interest at about the corresponding wavelength.
[NoTE-The operating conditions may be developed and
optimized based on the manufacturer's recommendation.
The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]

System suitability
[Nets-Analyze the System suitability solution, and

obtain the response as directed in the Analysis.]
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutions and Sample solution
Determine the emission of each mineral of interest in the

Standardsolutions and Sample solutionwith an inductively
coupled plasma system using the Diluentasthe blank. Plot
the emission of the Standardsolutionsversus the
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph so obtained, determine the concentration, C,
in mg/L, for each mineral of interest in the Sample
solution. Calculate the percentage of the labeled amount
for each mineral taken:

Result= t:« (V/W) x Fx (C w/L) x 100

C = measured concentration of the Sample solution
(mg/L)

V = volume of the Sample solution (L)
W = sample weight (mg)
F = dilution factor of the Sample solution
C w . = average Capsule weight (mg)
L = labeled amount per Capsule (mg)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
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manganese (Mn), phosphorus (P), and zinc (Zn); and
90.00/0-160.0% of the labeled amounts of boron (B),
chromium (Cr), molybdenum (Mo), nickel (NO, selenium
(Se), tin (Sn), and vanadium (V)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARV

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

• WEIGHT VARIATION OF DIETARV SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 cfu/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELlNG:4 The label states that the product is Oil- and

Water-Soluble Vitamins with Minerals Capsules. The label
also states the quantity of each vitamin and mineral per
.dosage unit and, where necessary, the chemical form in
which a vitamin is presentand also states the salt form of
the mineral used as the source of each element. Where the
product contains vitamin E, the label indicates whether it
is the d- or dl- form. Where more than one assay method is
given for a particular vitamin or mineral, the labeling states
with which assaymethod the product complies only if
Method 7 is not used. .

• USP REFERENCE STANDARDS (11)
USP Biotin RS
USP Calcium Pantothenate RS
USP Cholecalciferol RS
USP Cyanocobalamin (Crystalline) RS
USP Dexpanthenol RS
USP Ergocalciferol RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Phytonadione RS
USP Pyridoxine Hydrochloride RS
USP Racemic Panthenol RS
USP Riboflavin RS
USP Sodium Fluoride RS
USP Thiarnlne Hydrochloride RS

4 USP Unitsof activityfor vitamins, where such existor formerly existed,
are equivalent to the corresponding internationalunits (IU), where such
formerlyexisted. The USP Unitfor Vitamin Ehas been discontinued. IU for
vitaminsalso have been discontinued; however,the use of IU on the labels
of vitamin products continues. Where articles are labeled in terms of Units
in addition to the required labeling, the relationship of the USP Units or IU
to mass is as follows. One USP Vitamin A Unit=0.3 I-Ig of all-trans-retinol
(vitaminAalcohol) or 0.344 I-Ig of all-trans-retinyl acetate (vitaminA
acetate) or 0.55 I-Ig of all-trans-retinylpalmitate (vitamin Apalmitate), and
1 I-Ig of retinol (3.3 USP Vitamin AUnits) = 1 retinolequivalent (RE); 1 IU
of beta carotene =0.6 I-Ig of all-trans-beta carotene; 1 USP Vitamin D Unit
=0.025 I-Ig of cholecalciferol or ergocalciferol; and 1 mg of dl-alpha
tocopherol =1.1 former USP Vitamin EUnits, 1 mg of dl-alphatocopheryl
acetate =1 former USP Vitamin EUnit, 1 mg of dl-alphatocopheryl acid
succinate =0.89 former USP Vitamin EUnit,1 mg of d-alpha tocopherol =
1.49 former USP Vitamin EUnits, and 1 mg of d-alpha tocopheryl acetate
=1.36 former USP Vitamin EUnits; and 1 mg of d-alpha tocopheryl acid
succinate=1.21 former USP Vitamin EUnits. Interms ofd-alphatocopherol
equivalents,l mg of d-alpha tocopheryl acetate =0.91, 1 mg of d-alpha
tocopheryl acidsuccinate=0.81, 1 mg of dl-alpha tocopherol=0.74, 1 mg
of dl-alphatocopherylacetate =0.67, and 1 mg ofdl-alphatocopheryl acid
succinate =0.60.
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Acceptance criteria: 90.0%-200.0% of the labeled amount
of vitamin A as retinol (C2oH300)

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D)
[NoTE-Where vitamin D (cholecalciferol or

ergocalciferol) isspecified in the following procedure,
use the chemical form present in the formulation and
the relevant USP Reference Standard. Use low-actinic
glassware throughout this procedure.]

Diluent and Mobile phase: Prepare as directed for Vitamin
A.

Standard solution: 5 j..Ig/mL of USP Cholecalciferol RS or
USP Ergocalciferol RS in Diluent

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 50 j..Ig of cholecalciferol or
ergocalciferol, to a 500-mL separatory funnel containing
10 mL of water and 20 mL of dehydrated alcohol. Add
150.0 mL of solvent hexane, insert the stopper, and shake
for 1 min. Add another 150 mL of solvent hexane, insert the
stopper, shake, and allow the layersto separate. Discard the
aqueous layer. Drain the solvent hexane extract through
anhydrous sodium sulfate into a 500-mL round-bottom
flask. Evaporate the solution to dryness with the aid of a
rotary evaporator over a water bath maintained at about

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 3.3 mg of retinol, to a
500-mL separatory funnel containing 10 mL of water and
20 mL of dehydrated alcohol. Add 150 mL of solvent
hexane, insert the stopper, and shake for 1 min. Add
another 150 mL of solvent hexane, insert the stopper,
shake, and allow the layersto separate. Discard the aqueous
layer, and filter the solvent hexane extract through
anhydrous sodium sulfate into a 500-mL round-bottom
flask. Evaporate the solution to dryness with the aid of a
rotary evaporator over a water bath maintained at about
65°. Immediately add 10.0 mL of Diluent, swirl to dissolve
the residue, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm x 50-cm (prepared from two

concatenated 4.6-mm x 25-cm columns); packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 j..IL

System suitability
-Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 5.0%
. Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of the labeled amount of

vitamin A as retinol (C2oH300) in the portion of Oral
Solution taken:

USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Vitamin A RS

Oil- and Water-Soluble Vitamins with
Minerals Oral Solution

DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Oral Solution

contains one or more of the following oil-soluble vitamins:
Vitamin A, vitamin D as Ergocalciferol (vitamin D2) or
Cholecalciferol (vitamin D3), and Vitamin E; one or more of
the following water-soluble vitamins: Ascorbic Acid or its
equivalent as Calcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, Niacin or Niacinamide,
Dexpanthenol or Panthenol, pantothenic acid (as Calcium
Pantothenate or Racemic Calcium Pantothenate), Pyridoxine
Hydrochloride, Riboflavin or Riboflavin-5'-Phosphate
Sodium, and Thiamine Hydrochloride or Thiamine
Mononitrate; .and one or more minerals derived from
substances generally recognized as safe, furnishing one or
more of the following elements in ionizable form: chromium,
fluorine, iodine, iron, magnesium, manganese,
molybdenum, and zinc. Oral Solution contains NLT 90.0%
and NMT 200.0% of the labeled amounts of vitamin A
(C2oH300) as retinol or esters of retinol in the form of retinyl
acetate (C22H3202) or retinyl palmitate (C36H6002), vitamin D
as ergocalciferol (C2sH440) or cholecalciferol (C27H440),
vitamin Easalpha tocopherol (C29Hso02) or alpha tocopheryl
acetate (C31HS203)or alpha tocopheryl acid succinate
(C33Hs40S), ascorbic acid (C6Hs06) or its salts as calcium
ascorbate (C12H14Ca012 • 2H20) or sodium ascorbate
(C6H7Na0 6), and thiamine (C12H17CIN40S) as thiamine
hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of biotin
(CloH16N203S), calcium pantothenate (ClsH32CaN2010),
dexpanthenol (C9H19N04) or panthenol (C9H19N04), niacin
(C6HsN02) or niacinamide (C6H6N20), pyridoxine.
hydrochloride (CSH11N03· HC!), riboflavin (C17H20N406) or
riboflavin-5'-phosphate sodium (C17H20N4Na09P); NLT
90.0% and NMT 450.0% of the labeled amount of
cyanocobalamin (C63HssCoN14014P); and NLT 90.0% and
NMT 160.0% of the labeled amounts of chromium (Cr),
fluorine (F), iodine (I), and molybdenum (Mo); and NLT
90.0% and NMT 125.0% of the labeled amounts of iron (Fe),
magnesium (Mg), manganese (Mn), and zinc (Zn).

STRENGTH
[NoTE-c-ln the following assays, where more than one

assaymethod is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method 7 is not used.]

• VITAMIN A
[NoTE-Use low-actinic glassware throughout this

procedure.]
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:

46.5: 7.0)
Standard solution: 0.33 mg/mL of retinol (C2oH300) from

USP Vitamin A RS in Diluent. [NOTE-USPVitamin A RS is
retinyl acetate. Use it to analyze Oral Solution that contains
vitamin A as retinol, retinyl acetate, or retinyl palmitate.]

Cu

F

Result=(rulrs) x (CsICu) x Fx 100

=peak area of retinol or retinyl ester from the
Sample solution

= peak area of retinyl acetate from the Standard
solution

= concentration of retinyl acetate (C22H3202) in the
Standardsolution(j..Ig/mL)

=nominal concentration of vitamin A as retinol
(C2oH300) in the Sample solution (j..Ig/mL)

= factor used to convert retinyl acetate, the ester
form present in USP Vitamin A RS, to retinol,
0.872
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65°. Immediately add 10.0 mL of Diluent, swirl to dissolve
the residue, and filter.

Chromatographic system: Prepare as directed for Vitamin
A.

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas of vitamin D. Calculate the .

percentage of the labeled amount of cholecalciferol
(C27H440) or ergocalciferol (C2sH440) in the portion of Oral
Solution taken:

Result= (rulrs) x (CsICu) x Fx 100

ru = peak areasof cholecalciferol or ergocalciferol
from the Sample solution

ts =peak areasof cholecalciferol or ergocalciferol
from the Standardsolution

Cs =concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standardsolution
(lJg/mL)

Cu = nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution (lJg/mL)

F = correction factor to account for the average
amount of previtamin D present in the
formulation, 1.09

Acceptance criteria: 90.00/0-200.0% of the labeled amount
of vitamin D as cholecalciferol (C27H440) or ergocalciferol
(C2sH440)

• VITAMIN E
[NOTE-Use low-actinic glassware throughout this

procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution: Transfer 90 g of potassium

hydroxide pellets to a 1OO-mL volumetric flask containing
60 mL of water. Mix to dissolve, cool, and dilute with water
to volume.

Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:
46.5: 7.0) .

Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS
in Diluent

Sample solution: Transfer an amount of Oral Solution,
equivalent to 1.5 mgof alpha tocopherol, to a 125-mL
conical flask fitted with a ground-glass joint, and add
25.0 mL of dehydrated alcohol. Attach a reflux condenser,
and reflux in a boiling water bath for 1 min. Cautiously add
3 mL of Potassium hydroxide solution through the
condenser, and continue to reflux for 30 min. Remove the
flask from the bath, and rinse the condenser with about
15 mL of water. Cool, and transfer with a minimum volume
of water to a 250-mL separatory funnel. Rinse the flaskwith
50 mL of n-hexane, and add the rinsings to the separatory
funnel. Insert the stopper, shake vigorously for 1 min, and
allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous
layer, and combine the hexane extracts. Wash the
combined extracts with 25 mL of water, allow the layersto
separate, and discard the aqueous layer. Add 3 drops of
glacial acetic acid, and repeat the washing procedure two
more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom
flask. Rinse the funnel and sodium sulfate with n-hexane,
and add the rinsing to the hexane solution in the flask.
Evaporate the hexane solution to dryness with the aid of a
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rotary evaporator over a water bath maintained at about
50°. Immediately add 5.0 mL of Diluent, and swirl to
dissolve the residue.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 25-cm; packing L1
Column temperature: 40°
Flow rate: 3.0 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of vitamin Eas alpha tocopherol
(C29Hso02) in the portion of Oral Solution taken:

Result = (rulrs) x (CsICu) x 100

ru =peak area of alpha tocopherol from the Sample
solution

rs = peak area of alpha tocopherol from the Standard
solution

Cs =concentration of alpha tocopherol in the Standard
solution (mg/mL)

Cu =nominal concentration of vitamin Eas alpha
tocopherol in the Sample solution(mg/mL)

Acceptance criteria: 90.00/0-200.0% of the labeled amount
of vitamin E .

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NoTE-For labeling purposes, consider Method1

TitrimetricMethod as Method 7.]
Acceptance criteria: 90.00/0-200.0% of the labeled amount

of ascorbic acid (C6Hs0 6) or its salts as calcium ascorbate
(C12H14Ca012 . 2H20) or sodium ascorbate (C6H7Na0 6)

• BIOTIN, Method 1
[NoTE-Use low-actinic glassware throughout this

procedure.]
Dehydrated mixtures, yielding formulations similar to the

media described herein, may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 50 IJg/mL of USP Biotin RS in 50%
alcohol. Store this solution in a refrigerator.

Standard solution: On the day of the assay, prepare 0.1 ngl
mL of biotin from the Standardstock solution in water.

Sample solution: Dilute an accurately measured portion of
the Oral Solution with water to an assumed concentration
of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to make 1000 mL. Add 20 g
of activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature not below 10°. Filter the
solution if a precipitate forms during storage.
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Cystine-tryptophan solution: Suspend 4.0 g of l-cystine
in a solution of 1.0 g of l-tryptophan (or 2.0 g of
D,l-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to make 1000 mL. Store under toluene in a cool place
at a temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to make 200 mL. Store under toluene
in a refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 IJg/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 IJg/mL of
riboflavin and 10 IJg/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 IJg/mL of p-aminobenzoic acid, 50 IJg/ml of
niacin, and 40 IJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve 50 mg/mL of monobasic
potassium phosphate and 50 mg/mL of dibasic potassium
phosphate in water. Add 5 drops of hydrochloric acid. Store
under toluene.

Salt solution B: Dissolve 20 g of magnesium sulfate, 1 mg/
mL of sodium chloride, 1 mg/mL of ferrous sulfate, and
1 mg/mL of manganese sulfate in water. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previouslymixed according to Table 7, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute withwater to
250 mL.

Table 1

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
5 mLtion

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add 500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
of agar, and heat the mixture on a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121° for 15 min, and allow the tubes to cool
in an upright position. Prepare stab cultures in three or
more of the tubes, using a pure culture of Lactobacillus
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plantarum, 1 incubating for 16-24 h at a temperature
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stock culture
every week, and do not use for Inoculum if the culture is
more than 1 week old.

Culture medium: To each of a series of test tubes containing
5.0 mL of Basal mediumstock solution add 5.0 mL of water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus

plantarum to a sterile tube containing 10 mL of Culture
medium. Incubate this culture for 16-24 h at a
temperature between 30° and 37° held constant to within
±0.5°. The cell suspension so obtained is the Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mLof the Standardsolution. To
each tube and to four similar empty tubes add 5.0 mL of
Basal mediumstock solution and sufficient water to make
10 mL.

To similar test tubes add, in duplicate, volumes of the
Sample solution corresponding to three or more of the
levels specified for the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstock solutionand sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclaveat 121° for 5 min. Cool. Add
1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 37° held constant to within ±0.5° until, following 16
24 h of incubation, there has been rio substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere is evidenceof contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. For each level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (LS) as the difference, y= 2.00 - LS' Plot this
response on the ordinate of cross-section paper against
the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic
or a logarithmic scale, whichever gives the better

1 ATCC No. 8014 issuitable.This strainwasformerly knownas Lactobacillus
arabinosus 17-5.
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approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y=2.00 - Lu, adding together the

two transmittances (Lu) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolution corresponding to
each of those values of y that falls within the range of
lowest and highest points plotted for the Standard.
Subtract from each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
values of X for each of three or more dosage levelsto
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Calculate the quantity, in ng, of biotin (CloH16N203S) in
the portion of Oral Solution taken:

antilog M =antilog (M' + log R)

R =number of ng of biotin assumedto be present in
the portion of Oral Solution taken

Calculate the percentage of the labeled amount of biotin
(ClOH16N203S) in the portion of Oral Solution taken:

Result=[(antilog M)/NJ x 100

N = nominal amount of biotin, in ng, in the portion
of Oral Solution taken

Replication: Repeatthe entire determination at leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Design and Analysis of Biological Assays (111),
The Confidence Interval and Limitsof Potency). If the two
determinations differ by more than 0.08, conduct one or
more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
a~a~ .

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (CloH16N203S)

• BIOTIN, Method 2 .
[NOTE-Use low-actinic glassware throughout this

procedure.]
Solution A: Transfer 800 mL of water and 100 mL of

triethylamine to a 1OOO-mL volumetric flask. Add 80 mL of
85% phosphoric acid, and dilute with water to volume.

Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of
Solution A to a 1OOO-mL volumetric flask. Dilute with water
to volume.

Standard solution: 0.6 ~g/mL of USP Biotin RS in water.
[NOTE-A portion of the Standardsolutionwill be used to
determine the percent recovery of biotin from the
Solid-phase extraction procedure.]

Sample solution: 0.6 ~g/mL of biotin, from the Oral
Solution in water. Adjust the solution with either dilute
acetic acid or 0.1 N sodium hydroxide to a pH of 6.0-7.0.

Solid-phase extraction: [NOTE-Condition the extraction
column specified in this procedure in the following manner.
Wash the column with a 2-mL portion of methanol.
Equlllbrate with a 2-mL portion of water.] Separately pipet
5.0 mL each of the Sample solution and Standardsolution
into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass
of 60 mg. [NOTE-The mixed-mode packing consistsof
anion-exchange and reversed-phasesorbents. The
reverse-phase component is a copolymer of
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N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino qroup."]
Wash the column with 10 mL of 30% (v/v) methanol in

water. Apply an appropriate volume (4.9 mL) of 30%
(v/v) methanol in 0.1 N hydrochloric acid to the column.
'Collect the eluate in a 5-mL volumetric flask, containing
100 ~L of 40% (w/v) sodium acetate in water, and dilute
with 30% (v/v) methanol in 0.1 N hydrochloric acid to
volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 ~L

System suitability
Samples: Standardsolution and a portion of Standard

solution that has undergone Solid-phase extraction
Suitability requirements

Tailing factor: NMT 1.5, Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution and Standardsolution that has undergone
Solid-phase extraction

Recovery: 95%-100%, Standardsolutionthat has
undergone Solid-phase extraction

Analysis
Samples: Standardsolutionand Sample solutionthat have

both undergone Solid-phase extraction
Measure the peak areasof biotin. Calculate the percentage

of the labeled amount of biotin (Cl0H16N203S) in the
portion of Oral Solution taken:

Result=(rulrs) x (CsICu) x 100

= peak area of biotin from the Sample solution
= peak area of biotin from the Standard solution
=concentration of USP Biotin RS in the Standard

solution (~g/mL)

=nominal concentration of biotin in the Sample
solution (~g/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (CloH16Nz03S)

• CYANOCOBALAMIN
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Standard stock solution: 1.0 ~g/mL of cyanocobalamin

from USP Cyanocobalamin (Crystalline) RS in 25% alcohol.
Store in a refrigerator.

Standard solution: Dilute a suitable volume of Standard
stock solution with water to a measured volume such that
after the incubation period asdescribed in Analysis, the
difference in transmittance between the inoculated blank
and the 5.0-mL level of the Standardsolution is NLT that
which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and
0.04 ng/mL of Standardsolution. Prepare this solution fresh
for each assay.

Sample solution: Transfer an accurately measured volume
of Oral Solution, assumed to contain 1.0 ~g of
cyanocobalamin, to an appropriate vessel containing, for
each mL of the Oral Solution taken, 25 mL of an aqueous
extracting solution prepared just before useto contain, in
each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite.

2 Asuitable cartridge is the WatersOasisMAX VacRC cartridge, particle
size 30 urn, part 186000371.
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Autoclave the mixture at 121° for 10 min. Allow any
undissolved particles of the extract to settle, and filter or
centrifuge if necessary. Dilute an aliquot of the clear
solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the
Standard solution.

Acid-hydrolyzed casein solution: Prepareas directed in
Biotin, Method 7.

Asparagine solution: Dissolve2.0 g of L-asparagine in water
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepareas directed for
Biotin, Method 1.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and
dilute with water to make 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 10 g of monobasic potassium
phosphate and 10 g of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve4.0 g of magnesium sulfate, 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under
toluene.

Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol
to make 200 mL. Store in a refrigerator.

Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine
hydrochloride, 100 I-Ig of biotin, and 20 mg of niacin in
0.02 N acetic acid to make 400 mL. Store under toluene
protected from light in a refrigerator.

Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg
of calcium pantothenate, 40 mg of pyridoxine
hydrochlor!de, ~O mg of pJ:ridoxal hydrochlori~e, 8.m~ of
pyridoxamine dlhydrochloride, and 2 mg of folic acid In a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable.to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully

dissolving Cystine and Tryptophan in the hydrochloric acid
before adding the next eight solutions. In the resulting
solution add 100 mL of water, and dissolve Dextrose,
Sodium acetate, and Ascorbic acid. Filter if necessary. Add
the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5-6.0, and dilute with Purified
Water to make 250 mL.

Table 2

L-Cystine 0.1 9

L-Tryptophan 0.05 9

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5 mL

Vitamin solution A 10 mL

Vitamin solution B 10 mL

Salt solution A 5 mL

Salt solution B 5 mL

Asparagine solution 5 mL
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Table 2 (continued)

Acid-hydrolyzed caseinsolution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge comme.rcially
canned tomato juice so that most of the pulp IS removed.
Suspend5 giL of analytical filter aid in the supernatant, and
filter with the aid of reduced pressurethrough a layer of the
filter aid. Repeat, if necessary, until a clear, straw-colored
filtrate is obtained. Store under toluene in a refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
constituted asdirected in the labeling, it yields a medium
equivalent to that obtained from the formula given .
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous Dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juicepreparationand 1 mL of
Polysorbate 80 solution. Adjust with 1 N sodium hydroxide
to a pH of 6.8, and dilute wi~h ",:,ater to make 100 mL. PI~ce
1O-mLportions of the solution In test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at
121° for 15 min. Cool as rapidly as possible to avoid color
formation resulting from overheating the medium.

Suspension medium: Dilute a measured volume of Basal
medium stock solutionwith an equal volume of water. Place
1O-mLportions of the diluted medium in test.tubes.
Sterilize, and cool asdirected for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture mediumadd 1.0-1 .5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves. Place
1O-mLportions of the hot solution in test tubes, cover the
tubes, sterilize at 121° for 15 min in an autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transfer of a pure culture of
Lactobacillus tekhmannti.' [NOTE-Before first using a fresh
culture in this assay, make NLT 10 successive transfers of
the culture in a 2-week period.]
Incubate for 16-24 h at a temperature between 30° and 40°

held constant to within ±0.5°. Store in a refrigerator.
Preparefresh stab cultures at least three times each week,

and do not use them for preparing the Inoculum if more
than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab
culture to the point where definite turbidity in the liquid
Inoculum can be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmannii may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus

leichmannii to two sterile tubes each containing 10 mL of
the Culture medium. Incubate these cultures for 16-24 h
at a temperature between 30° and 40° held constant to
within ±0.5°. Under aseptic conditions centrifuge the
cultures, and decant the supernatant. Su~pend t~e cells
from the culture in 5 mL of sterile Suspension medium, and
combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces

3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus
delbrueckil) may be obtained as No. 7030 from ATCC, 10801 University
Blvd., Manassas, VA 20110-2209 (www.atcc.org).
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70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of
530 nm, equipped with a 10-mm cell, and read against
salineTS set at 100% transmittance. Prepare a l-in-400
dilution of the adjusted suspension using sterileBasal
mediumstocksolution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test
response.] The cell suspension so obtained is the
Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically using a standard
wavelength cellor other suitabledevice. Before reading any
tests, calibrate the spectrophotometer for 0% and 100%
transmittance using water and with the wavelength set at
530 nm.

Analysis
Samples: Standardsolution and Sample solution

Because of the high sensitivity of the test organism to
minimum amounts of vitamin B12 activity and to traces
of many cleansing agents, cleanse meticulouslyby
suitable means, followed preferablyby heating at 2500

for 2 h, using hard-glass 20-mm x 150-mm test tubes
and other necessary glassware.

Toseparate test tubes add, in duplicate, 1.0, 1.5,2.0,3.0,
4.0, and 5.0 mLofthe Standardsolution. Toeach ofthese
tubes and to four similarempty tubes add 5.0 mL of
Basal mediumstock solutionand sufficient water to make
10 mL.

To similarseparate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mLof the Sample solution. Toeach tube
add 5.0 mLof Basal mediumstock solutionand sufficient
water to make 10 mL. Placeone complete set of
Standard and sample tubes together in one tube rack
and the duplicate set ina second rackor sectionofa rack,
preferably in random order.

Cover the tubes to prevent bacterial contamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min bypreheating the
autoclave if necessary. Cool as rapidlyas possible to
avoid color formation resultingfrom overheating the
medium. Take precautions to maintain uniformity of
sterilizing and cooling conditions throughout the assay,
because packing the tubes too closely in the autoclave
or overloading it may cause variationin the heating rate.

Aseptically add 0.5 mLof Inoculum to each tube so
prepared, except two of the four containing no Standard
solution (the uninoculated blanks). Incubate the tubes
at a temperature between 30° and 40°, held constant to
within ±0.5°, for 16-24 h.

Terminate growth by heating to NLT 80° for 5 min. Cool
to room temperature. Afteragitating the contents, read
the transmittance at 530 nm when a steady state is
reached. Thissteady state isobserved a fewseconds after
agitation when the reading remains constant for 30 s or
more. Allow approximatelythe same time interval for the
reading on each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference is greater than 5% or ifthere is evidence
of contamination with a foreign microorganism,
disregard the results of the assay. .

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the resultsof the assay ifthe slope of
the standard curve indicates a problem with sensitivity.

Calculation: Prepare a standard concentration-response
curve by the following procedure. Testfor and replaceany
aberrant individual transmittances. Foreach level of the
Standard, calculate the response from the sum of the
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duplicate values of the transmittances (I:s) as the
difference,y= 2.00 - I:s. Plotthis response on the ordinate
of cross-section paper against the logarithm of the mLof
Standardsolution per tube on the abscissa, using for the
ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight
line. Draw the straight line or smooth curve that best fits
the plotted points.
Calculatethe response, y = 2.00 - I:u, adding together the

two transmittances (I:u) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolutioncorresponding to
each of those valuesof y that falls within the range of the
lowest and highest points plotted for the Standard.
Subtract from each logarithmso obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Averagethe
values Qf X for each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Calculate the quantity, in I-Ig, of cyanocobalamin
(C63H88CoN14014P) in the portion of Oral Solution
taken:

antilog M = antilog (M' + log R)

R =I-Ig of cyanocobalamin assumed to be present in
the portion of Oral Solution taken

Calculate the percentage of the labeled amount of
cyanocobalamin (C63H88CoN,4014P) in the portion of the
Oral Solution taken:

Result =[(antilog M)/N] x 100

N =nominal amount of cyanocobalamin in the
portion of Oral Solution taken (I-Ig)

Replication: Repeat the entire determination at least once
using separately prepared Sample solutions. Ifthe
differencebetween the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Design andAnalysis ofBiological Assays (111),
The Confidence Interval and Limits of Potency,
Vitamin B12Activity). Ifthe two determinations differby
more than 0.08, conduct one or more additional
determinations. Fromthe mean of two or more values of
M that do not differ by more than 0.15, compute the
mean potency of the preparation under assay.

Acceptance criteria: 90.0%-450.0% of the labeled amount
of cyanocobalamin (C63H88CoN14014P)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: 0.2 M monobasic sodium phosphate and

methanol (97:3). Adjustwith 1.7 M phosphoric acid to a
pH of 3.2 ± 0.1.

Standard solution: 80 I-Ig/mL of USP Calcium
Pantothenate RS in Mobilephase

System suitability solution: 80 I-Ig/mL of USP Racemic
Panthenol RS in Mobilephase. Mix the resulting solution
and Standardsolution (1:1).

Sample solution: Equivalent to 80 I-Ig/mL of calcium
pantothenate from the Oral Solution in Mobilephase

Chromatographic system
(See Chromatography(621), System Suitability.)'
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 I-IL
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System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 1.5 between panthenol and calcium
pantothenate, System suitability solution

Tailing factor: NMT 2.0 for both the calcium
pantothenate and the panthenol peaks, Standard
solution

Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate.
Calculate the percentage of the labeled amount of calcium

pantothenate (C18H32CaN201O) in the portion of Oral
Solution taken:

Result =(ru/rs) x (Cs/Cu) x 100

rv =peak area of calcium pantothenate from the
Sample solution

ts =peak area of calcium pantothenate from the
Standard solution

Cs =concentration of USP Calcium Pantothenate RS in
the Standard solution (mg/mL)

Cv = nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (C18H32CaN201O)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dark
over phosphorus pentoxide and protected from absorption
of moisture while weighing, in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mLofsodium acetate solution(1 in 60), and dilute
with water to volume to obtain a concentration of 50
IJg/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay,.dilute a volume
of Standard stock solution with water to obtain a
concentration of 0.01-0.04 IJg/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in the Analysis, 2.0 and
4.0 mLof the Standard solution being used, are within the
linear portion of the log-concentration response curve.

Sample solution: Transferan accuratelymeasured volume
of Oral Solution, equivalent to 50 mg of calcium
pantothenate, to a 1OOO-mL volumetric flask containing
500 mLof water. Add 10 mL of 0.2 N acetic acid and
100 mLof sodium acetate solution (1 in 60), dilute with
water to volume, and filter. Dilute a measured volume of
this solution quantitatively, and stepwise if necessary, with
water to obtain a solution having about the same
concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 g ofvitamin-free
caseinwith 500 mLof 6 N hydrochloric acid, and reflux the
mixturefor 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to make1000 mL. Add20 g
of activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal.Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution ifa
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
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O,L-tryptophan) in 700-800 mLof water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solidsare dissolved. Cool, and dilute with
water to make 1000 mL. Store under toluene in a cool place
at a temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to make200 mL. Store under toluene
in a refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
IJg/mL of riboflavin, 10 IJg/mL of thiamine hydrochloride,
and 0.04 IJg/mL of biotin in 0.02 N aceticacid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 IJg/mL of p-aminobenzoic acid, 50 IJg/mL of
niacin, and 40 IJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 g
. of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of

manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 3, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 3

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
of agar, and heat the mixtureon a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, close or coverthe tubes, sterilize
in an autoclave at 121° for 15 min, and allowthe tubes to
cool in an upright position. Prepare stab cultures in three
or mote of the tubes, using a pure culture of Lactobacillus
plantarum,! incubating for 16-24 h at a temperature
between 30° and 3JO held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stockculture
everyweek, and do not use for Inoculum if the culture is
more than 1 week old.

Culture medium: Toeach ofa seriesoftest tubes containing
5.0 mL of Basal medium stock solution add 5.0 mLof water
containing 0.2 IJg of calcium pantothenate. Plugthe tubes
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with cotton, sterilize in an autoclave at 121° for 15 min,
and cool. -

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock cultureofLactobacillus

plantarum to a steriletube containing 10 mL of Culture
medium. Incubate this culture for 16-24 h at a
temperature between 30°and 3r heldconstant to within
±0.5°.The cell suspensionso obtained isthe Inoculum.

Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate,

1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard
solution. To each tube and to four similar empty tubes
add 5.0 mL of Basal mediumstock solutionand sufficient
water to make 10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solutioncorresponding to three or moreof
the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add
5.0 mL of the Basal mediumstock solutionand sufficient
water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rack
and the duplicateset ina second rackorsectionofa rack
preferably in random order. '

Coverthe tubes of both series to prevent contamination
and sterilize inan autoclaveat 121°for5 min.Cool. Add
1 drop of Inoculum to each tube, except two of the four
tubes containing no Standardsolution(the uninoculated
blanks). Incubate the tubes at a temperature between
30° and 3r, held constant to within ±0.5°,following
16-24 h of incubation, until there has been no
substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.

Determinethe transmittance of the tubes in the following
manner. Mix the contents of each tube, and transferto
an opticalcontainer ifnecessary. Read the transmittance
between 540 and 660 nm when a steady state is
reached.This steady state isobservedafewsecondsafter
agitation when the galvanometer reading remains
constant for 30 s or more. Allow approximately the same
t!me interval for the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. If there isevidence of contamination with a
foreign microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicate values of the
transmittance (I:s) as the difference, y=2.00 - I:s. Plotthis
response on the ordinate of cross-section paper against
the logarithm of the mL of Standardsolutionper tube on
the abscissa, usingfor the ordinate either an arithmetic
or a logarithmic scale,whichever givesthe better
approximation to a straight line. Drawthe straight lineor
smooth curvethat best fits the plotted points.
Calculate the response, y=2.00 - I:v, adding together the

two transmittances (I:v) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volumeof the Standardsolution corresponding to
each of those valuesof y that falls withinthe rangeofthe
lowest and highest points plotted for the Standard.
Subtractfrom each logarithmso obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
valuesof X for each of three or more dosage levels to
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obtain X, which equals the log-relative potency M' of
the Sample solution. ' ,

Determine the quantity, in mg, of USP Calcium
Pantothenate RS corresponding to the calcium
pantothenate (C18H32CaN2010) in the portion of Oral
Solution taken:

antilog M = antilog (M' + log R)

R =number of mg of calcium pantothenate assumed
to be present inthe portionofOralSolution taken

Calculatethe percentage of the labeled amount of
calciumpantothenate (C18H32CaN2010) in the portion of
Oral Solution taken:

Result =[(antilog M)INJ x 100

N =nominal amount of calcium pantothenate in the
portion of Oral Solution (mg)

Replication: Repeatthe entiredeterminationat leastonce
u~ing separately prepared Sample solutions. Ifthe '
difference between the two log-potencies Mis NMT 0.08,
their f!lean, M, is the assayed log-potencyof the test
material(see Design andAnalysis ofBiological Assays (111)
The Confidence Intervaland Limits ofPotency). Ifthe two '
determinations differ by more than 0.08, conduct one or
more additionaldeterminations. From the mean of two or
more valuesof M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.00/0-150.0% of the labeledamount
of calcium pantothenate (C18H32CaN2010)

• DEXPANTHENOL OR PANTHENOL, Method'
Mobile phase and Chromatographic system: Proceedas

directed in the assayfor Calcium Pantothenate, Method 7.
Standard solution: 80 ~g/mL of USP Dexpanthenol RS or

USP Racemic PanthenolRS in Mobile phase. [NOTE-Use USP
Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze
Oral Solution that contains panthenol.]

System suitability solution: 80 ~g/mL of USP Calcium
Pantothenate RS in Mobilephase. Mix the resulting solution
and Standardsolution (1:1). .

Sample solution: Equivalent to 80 ~g/mL of dexpanthenol
or panthenol from the Oral Solution in Mobilephase

Analysis
Samples: Standardsolutionand Sample solution
Measurethe peak areas of panthenol.
Calculatethe percentage of the labeled amount of

dexpanthenol or panthenol (C9H19N04) in the portion of
Oral Solution taken:

Result = (rvlrs) x (CsICv) x 100

rv =peakarea ofdexpanthenol or panthenol from the
Sample solution

rs =peak area ofdexpanthenol or panthenol from the
Standardsolution

Cs =concentration of USP Dexpanthenol RS or USP
Racemic Panthenol RS in the Standard solution
(mg/mL)

Cu =nominal concentration of panthenol or
dexpanthenol in the Sample solution(mg/mL)

Acceptancecrlterla: 90.00/0-150.0% of the labeledamount
of dexpantheriol or panthenol (C9H19N04)
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• DEXPANTHENOL OR PANTHENOL, Method Z
[NoTE-The following procedure is applicable also to

the dete~mination of the dextrorotatory component
of racemic panthenol in preparations containing
panthenol.]

Dehydrated mixtures yielding formulations similar to the
media described herein may be used provided that, when
constitL!ted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 800 I-Ig/mL of USP
Dexpanthenol RS or 1600 I-Ig/mL of USP Racemic
Panthenol RS in water. Store in a refrigerator, protected
from light, and use within 30 days. [NoTE~Use USP
Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze
Oral Solution that contains panthenol.]

Standard solution: On the day of the assay, prepare 1.2 I-Ig/
mL of dexpanthenol or 2.4 I-Ig/mL of racemic panthenol
from the Standardstocksolution with water.

Sample solution: 1.2 I-Ig/mL of dexpanthenol or 2.4 I-Ig/mL
of panthenol from Oral Solution in water

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
caseinwith ?OO mL of dilute hydrochloric acid (1 in 2), and
reflux the mixture for 8-12 h. Removethe hydrochloric acid
fro~ the. mixture by di~tillation. under reduced pressure
until a thick paste remains. Redissolve the resulting paste in
about 500 mLof water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to
1000 mL. Add 20 9 of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature not below
10°. Filter the solution if a precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 9 of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 9 of
D,L-tryptophan) in 700-800 mL of water, heat to 75 ± 5°,
and add 6 M hydrochloric acid solution dropwise, with
stirring, until the solids are dissolved. Cool, dilute with
water to 1000 mL, and mix. Store under toluene in a cool
place at a temperature not below 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
t~e aid ~f heat, in 10 mL of 4 N hydrochloric acid. Cool,
dilute With water to 200 mL, and mix. Store under toluene
in a refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution:
Prepare a solution of riboflavin, thiamine hydrochloride,
and biotin in 0.02 N acetic acid containing 20 I-Ig/mL of
riboflavin, 10 I-Ig/mL of thiamine hydrochloride, and 0.04
I-Ig/mL of biotin. Store under toluene, protected from light,
in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: Prepare a solution in neutral 25% alcohol
containing 10 I-Ig/mL of p-aminobenzoic acid, 50 I-Ig/mLof
niacin, and 40 I-Ig/mL of pyridoxine hydrochloride. Store
in a refrigerator.

Salt solution A: Dissolve 25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid
and mix. Store under toluene. '

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous sulfate, and 0.5 9 of
manqanese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid, and mix. Store under toluene.

Pyridoxal-calcium pantothenate solution: Dissolve 40 mg
of pyridoxal hydrochloride and 375 I-Ig of calcium
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pantothenate in 10% alcohol to make 200 mL, and mix.
Store in a refrigerator, and use within 30 days.

Polysorbate 40-01eic acid solution: Dissolve25 9 of
polysorbate 40 and 0.25 9 of oleic acid in 20% alcohol to
make 500 mL, and mix. Store in a refrigerator, and use
within 30 days.

Modified pantothenate medium: Dissolveanhydrous
Dextrose and Sodium acetate in the solutions previously
mixed according to Table 4, adjust with 1 N sodium
hydroxide to a pH of 6.8, dilute with water to 250 mL,
and mix.

Table 4

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

.Salt solution A 5 mL

Salt solution B 5 mL

Pyridoxal-calcium pantothenate solution 5 mL

Polysorbate 4Q-oleic acid solution 5 mL

Double-strength modified pantothenate medium:
Prepare as directed in Modifiedpantothenatemedium, but
make the final dilution to 125 mL instead of 250 mL.
Preparefresh.

Stock culture of Pediococcus acidilactici: Dissolve in 800 mL
of water, with the aid of heat, 6.0 9 of peptone, 4.0 9 of
pancreatic digest of casein, 3.0 9 of yeast extract, 1.5 9 of
beef extract, 1.0 9 of dextrose, and 15.0 9 of agar. Adjust
with 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pH between 6.5 and 6.6, dilute with water to 1000 mL,
and mix. Add 1O-mLportions of the solution to culture
tubes, place caps on the tubes, and sterilize in an autoclave
at 121° for 15 min. Coolon a slant, and store in a
refrigerator. Preparea stock culture of Pediococcus
acidilacticf4 on a slant of this medium. Incubate at 35° for
20-24 h, and store in a refrigerator. Maintain the stock
culture by monthly transfer onto fresh slants.

Inoculum: Inoculate three 250-mL portions of sterile
Modifiedpantothenatemedium from a stock culture slant
and incubate at 35° for 20-24 h. Centrifuge the suspensi~n
from the combined portions, and wash the cellswith sterile
Modifiedpantothenatemedium. Resuspend the cells in
sufficient sterile Modifiedpantothenatemediumso that a
1-in-50 dilution, when tested in a 13-mm diameter test
tube, gives 80% light transmission at 530 nm. Transfer
1.2-mL portions of this stock suspension to sterile glass
ampuls, seal, freeze in liquid nitrogen, and store in afreezer.
On the day of the assay, allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed
culture with sterile salineTSto 150 mL. [NOTE-Thisdilution
may be altered when necessary to obtain the desired test
response.]

Analysis
Samples: Standardsolutionand Sample solution

4 ATCC No. 8042 is suitable. This strain was formerly known as Lactobacillus
arabinosus 17-5.
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Prepare in triplicate a series of eight culture tubes by
adding the following quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0,
0.5, 1.0, 1.5, 2.0, 3.0,4.0, and 5.0 mL of the Standard
solution.

Prepare in duplicate a series of five culture tubes by adding
the following quantities of water to the tubes within a set:
4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of
the Sample solution.

Add 5.0 mL of Double-strength modifiedpantothenate
medium to each tube, and mix. Cover the tubes with
metal caps, and sterilize in an autoclave at 121 0 for 5 min.
Cool to room temperature in a chilled water bath, and
inoculate each tube with 0.5 mL of the Inoculum. Allow to
incubate at 3JO for 16 h. Terminate growth by heating
to a temperature NLT 80°, such as by steaming at
atmospheric pressure in a sterilizer for 5-10 min. Cool,
and concomitantly determine the percentage
transmittance of the suspensions, in cells of equal path
length, on a suitable spectrophotometer at a wavelength
of 530 nm.

Calculation: Draw a dose-response curve on arithmetic
graph paper by plotting the average response, in percent
transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is
drawn by connecting each adjacent pair of points with a
straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of
each tube containing portions of the Sample solution.
Divide the potency of each tube by the amount of the
Sample solution added to it to obtain the individual
responses. Calculate the mean response by averaging the
individual responses that vary from their mean by NMT
15%, using NLT half the total number of tubes. Calculate
the potency of the portion of the Oral Solution taken for
assay by multiplying the mean response by the
appropriate dilution factor.
Calculate the percentage of the labeled amount of

dexpanthenol or panthenol in the portion .of Oral
Solution taken:

Result= (PIN) x 100

P =calculated potency of dexpanthenol or panthenol
in the portion of Oral Solution taken (mg)

N =nominal amount of dexpanthenol or panthenol
in the portion of Oral Solution taken (mg)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of dexpanthenol or panthenol (C9H19N04)

• NIACIN OR NIACINAMIDE
[NOTE-Use low-actinic glassware throughout this

procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Mix 350 mL of methanol, 15.0 mL of glacial

acetic acid, 0.4 mL of triethylamine, and dilute with
0.008 M sodium 1-hexanesulfonate to 2000 rnl,

Standard solution: 0.10 mg/mL of USP Niacin RS or USP
Niacinamide RS in Diluent. [NoTE-Use USP Niacin RS for
Oral Solution that contains niacin, and USP Niacinamide RS
for Oral Solution that contains niacinamide.]

Sample solution: Dilute an accurately measured volume of
Oral Solution with Diluent to obtain a solution with a
concentration of 0.1 mg/mL of niacin or niacinamide.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
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Column: 4.6-mm x 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of the labeled amount of niacin

(C6HsN02) or niacinamide (C6H6N20) in the portion of
Oral Solution taken:

ru = peak area of niacin or niacinamide from the
Sample solution

rs = peak area of niacin or niacinamide from the
Standardsolution

Cs = concentration of USP Niacin RS or USP
Niacinamide RS in the Standard solution
(mg/mL)

Cu = nominal concentration of niacin or niacinamide
in the Sample solution(mg/mL)

Acceptance .criteria: 90.00/0-150.0% the labeled amount of
niacin (C6HsN02) or niacinamide (C6H6N20)

• P,YRIDOXINE HYDROCHLORIDE
Diluent, Mobile phase, and Chromatographic system:

Proceed as directed in Niacin or Niacinamide.
Standard solution: Equivalent to 24 ~g/mL of USP

Pyridoxine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 ~g/mL of Pyridoxine

Hydrochloride from Oral Solution in Diluent
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of the labeled amount of

pyridoxine hydrochloride (CaH11N03 • HCI) in the portion
of Oral Solution taken:

Result=(rulrs) x (CsICu) x 100

ru =peak area of pyridoxine hydrochloride from the
Sample solution

rs =peak area of pyridoxine hydrochloride from the
Standardsolution

Cs =concentration of USP Pyridoxine
Hydrochloride RS in the Standard solution
(mg/mL)

Cu =nominal concentration of pyridoxine
hydrochloride in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of pyridoxine hydrochloride (CaHll N03 • HCI)

• RIBOFLAVIN-5'-PHOSPHATE SODIUM, Method 1
[NOTE-Riboflavin-5'-phosphate sodium is quantitated

against USP Riboflavin RS in this procedure. In the
chromatogram of the Sample solution, the riboflavin
5'-phosphate peak is the only peak measured for
calculation. ]

Diluent, Mobile phase, and Chromatographic system:
Proceed as directed in Niacin or Niacinamide.

Standard solution: Equivalent to 8 ~g/mL of USP
Riboflavin RS in Diluent, by heating if necessary

Sample solution: Equivalent to 8 ~g/mL of riboflavin from
the Oral Solution in Diluent
~~~b . .

Samples: Standardsolutionand Sample solution
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[NOTE-The relative retention times for riboflavin
5'-phosphate and riboflavin are about 0.18 and 1.0,
respectively.]

Calculate the percentage of the labeled amount of
riboflavin (C17H20N406) in the portion of Oral Solution
taken:

Result= (ru/rs) x (Cs/Cu) x Fx 100

rv = peak area of riboflavin-5'-phosphate from the
Sample solution

rs = peak area of riboflavin from the Standardsolution
Cs = concentration of USP Riboflavin RS in the

Standardsolution (mg/ml)
Cv = nominal concentration of riboflavin in the Sample

solution (mg/ml)
F = factor for converting the response obtained for

riboflavin-5'-phosphate to riboflavin, 1.493.
[Nors.-Rlboflavln phosphate sodium is a mixture
of isomeric monophosphates and diphosphates
containing an average amount of 67% of
riboflavin-5'-monop.hosphate, which separates in
this chromatographic system. The factor 1.493
assumes 67% of riboflavin-5'-monophosphate.]

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17H20N406)

• RIBOFLAVIN OR RIBOFLAVIN-S'-PHOSPHATE SODIUM,
Method 2

[NoTE-Use low-actinic glasswarethroughout this
procedure.]

Solvent blank: 1 N hydrochloric acid, 2.5 M sodium
acetate, and water (1:2:97)

Standard stock solution: Transfer 0.16 mg/ml of USP
Riboflavin RS in 1 N hydrochloric acid, 2.5 M sodium
acetate, and water (1:2:97). Mix the resulting solution and
water (1:9). .

Standard solution: Transfer 5.0 ml of the Standardstock
solution to a 500-ml volumetric flask, add 5.0 ml of 1 N
hydrochloric acid, 10.0 ml of 2.5 M sodium acetate, and
dilute with water to volume. .

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 0.8 mg of riboflavin to a
1OO-ml volumetric flask, and dilute with water to volume.
Transfer 10.0 ml of the resulting solution to a 500-ml
volumetric flask, add 5.0 ml of 1 N hydrochloric acid and
10.0 ml of 2.5 M sodium acetate, and dilute with water to
volume.

Instrumental conditions
(See Fluorescence Spectroscopy (853).)
Mode: Fluorescence
Analytical wavelengths

Excitation: 440 nm
Emission: 530 nm

Blank: Solvent blank
Analysis

Samples: Standardsolution and Sample solution
Determine the maximum fluorescence intensities, Isand lUI

of the Standardsolution and the Sample solution,
respectively.

Calculate the percentage of the labeled amount of
riboflavin (C17H20N406) in the portion of Oral Solution
taken:

Result= (Iu/ls) x (Cs/Cv) x 100

Iv = fluorescence intensity from the Sample solution
Is = fluorescence intensity from the Standardsolution
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= concentration of USP Riboflavin RS in the
Standardsolution(mg/ml)

= nominal concentration of riboflavin in the Sample
solution (mg/ml)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17H20N406)

• THIAMINE
Diluent, Mobile phase, and Chromatographic system:

Proceed as directed in Niacin or Niacinamide.
Standard solution: Equivalent to 24 IJg/ml of USP

Thiamine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 IJg/ml of thiamine

hydrochloride or thiamine mononitrate from Oral
Solution in Diluent

Analysis
Samples: Standardsolutionand Sample solution
Measure the areasof the major peaks. Calculate the

percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S . HCI) or thiamine
mononitrate (C12H17Ns04S) in the portion of Oral Solution
taken:

Result= (ru/rs) x (Cs/Cu) x F x 100

= peak area of thiamine from the Sample solution
= peak area of thiamine from the Standardsolution
= concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/ml)
= nominal concentration of thiamine hydrochloride

orthiamine mononitrate in the Sample solution
(mg/ml)

= 1 (for products containing thiamine
hydrochloride) and 0.97 (for products containing
thiamine mononitrate)

Acceptance criteria: 90.0%-200.0% of the labeled amount
of thiamine hydrochloride (C12H17CIN40S . HC/) or
thiamine mononitrate (C12H17Ns04S)

[NOTE-Commercially available atomic absorption
standard solutions for the minerals, where applicable,
may be used where preparation of a standard stock
solution is described in the following assays. Use
deionized water where water is specified. Where atomic
absorption spectrophotometry is specified in the assay,
the Standardsolutions and the Sample solution may be
diluted quantitatively with the solvent specified, if
necessary, to yield solutions of suitable concentrations
adaptable to the linear or working range of the
instrument.]

• CHROMIUM
Chromium standard solution: 1000 IJg/ml of chromium

from potassium dichromate, previously dried at 120 0 for 4 h
in water. Store in a polyethylene bottle.

Standard stock solution: 10 IJg/ml of chromium from
Chromium standardsolutiondiluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 ml of the
Standardstocksolution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 ml of the Standardstock
solution to separate 50-ml volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 IJg/ml of chromium.

Sample solution: Dilute an accurately measured volume of
Oral Solution to obtain a solution equivalent to 1 IJg/mlof
chromium in 0.125 N hydrochloric acid.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
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Mode: Atomic absorption spectrophotometry
Analytical wavelength: 357.9 nm
lamp: Chromium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis .
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

blank. Plot the absorbances of the Standard solutions
versus concentration, in ~g/mL, of chromium, and draw
the straight line best fitting the four plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of chromium in the Sample solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Oral Solution taken:

Result= (C/Cu) x 100

C =concentration ofchromium in the Sample
solution (~g/mL)

Cu =nominal concentration of chromium in the
Sample solution, (~g/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

- FLUORIDE
[NOTE-Store all solutions in plastic containers.]

Ascorbic acid solution: 70 mg/mL of ascorbic acid in water
Mobile phase: Alcohol, water, and 1 N sulfuric acid

(50:449:1 )
Standard stock solution: 220 ~g/mL of USP Sodium

Fluoride RS in water. This solution contains 100 ~g/mL of
fluoride.

Standard solution: Transfer 5.0 mL of Standard stock
solution to a 1OO-mL volumetric flask. Add 2 mL of Ascorbic
acid solution, 10 mL of alcohol, and about 70 mL of water,
and mix. Adjust with 1 N sodium hydroxide to a pH of 4.25
± 0.05. Dilute with water to volume, and mix to obtain 5
~g/mL of fluoride solution.

Sample solution: Transfer an accurately measured volume
of the Oral Solution, equivalent to 0.5 mg of fluoride, to a
1OO-mL volumetric flask. Add 1 drop of hydrochloric acid,
10 mL of alcohol, and about 75 mL of water, and mix.
Adjust with 1 N sodium hydroxide to a pH of 4.25 ± 0.05.
Dilute with water to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.6 mL/min
Injection volume: 100 ~L

System suitability .
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Oral Solution taken:

Result =(ru/rs) x (Cs/Cu) x 100

tu = peak area of fluoride from the Sample solution
ts = peak area of fluoride from the Standard solution
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Cs =concentration of fluoride in the Standard solution
(~g/mL)

Cu = nominal concentration of fluorine in the Sample
solution (~g/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

- IODIDE
Mobile phase: Dissolve5.15 9 of tetrabutylammonium

bromide in 320 mL of acetonitrile. Dilute with water to
2000 mL.

Standard stock solution: 1.3 mg/mL of potassium iodide in
Mobile phase. This solution hasa concentration of 1 mg/mL
of iodide.

Standard solution: 2.5 ~g/mL of iodide from the Standard
stock solution in Mobile phase

System suitability solution: Transfer 0.13 9 of potassium
iodide and 0.5 9 of potassium iodate to a 100-mL
volumetric flask. Dissolvein Mobile phase, using sonication
if necessary, dilute with Mobile phaseto volume, and mix.
Transfer 1.0 mL of this solution to a 1OO-mL volumetric
flask,dilute with Mobile phaseto volume, and mix. Transfer
25.0 mL of this solution to a 1OO-mL volumetric flask, and
dilute with Mobile phaseto volume.

Sample solution: Dilute an accurately measuredvolume of
the Oral Solution to obtain a solution with a concentration

. of 2.5 ~g/mL of iodine in Mobile phase.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 ~L

System suitability
Samples: Standard solution and System SUitability solution

[NOTE-The relative retention times for iodate and
iodide are about 0.32 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System

suitability solution
Relative standard deviation: NMT 2.0% for the iodide

peak, Standard solution
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of iodine

(I) in the portion of Oral Solution taken:

Result= (ru/rs) x (Cs/Cu)x 100

tu = peak area of iodide from the Sample solution
rs =peak area of iodide from the Standard solution
Cs =concentration of iodide in the Standard solution

(~g/ml) .
Cu =nominal concentration of iodine in the Sample

solution (~g/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of iodine (I)

-IRON
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-mL volumetric flask, dissolve in 6 N
hydrochloric acid, and dilute with water to volume.

Standard solutions: To separate 1OO-mL volumetric flasks,
transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of the Iron standard
stock solution. Dilute the contents of eachflaskwith 0.125 N
hydrochloric acid to volume to obtain concentrations of
2.0, 4.0, 5.0, 6.0, and 8.0 ~g/mL of iron.
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Sample solution: 6 I-Ig/mL of iron from Oral Solution in
0.125 N hydrochloric acid

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus concentration, in I-Ig/mL, of iron, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in I-Ig/
mL, of iron in the Sample solution.

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Oral Solution taken:

Result=(C/Cu) x 100

C =concentration of iron in the Sample solutionfrom
the graph (l-Ig/mL)

Cu =nominal concentration of iron in the Sample
solution (pq/rnl)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of iron (Fe)

• MAGNESIUM
Magnesium standard solution: Transfer 1.00 g of

magnesium ribbon to a 1OOO-mL volumetric flask. Dissolve
in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.

Standard stock solution: 20 I-Ig/mL of magnesium from
Magnesium standardsolution in 0.125 N hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks,
transfer 5.0, 7.5, 10.0, 12.5, and 15.0 mL of Standard stock
solution. Dilute with 0.125 N hydrochloric acid to volume
to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0
I-Ig/mL of magnesium. .

Sample solution: 2.5 I-Ig/mL of magnesium from Oral
Solution in 0.125 N hydrochloric acid

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versusconcentration, in I-Ig/mL, of magnesium, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
I-Ig/mL, of magnesium in the Sample solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Oral Solution taken:

Result= (C/ Cu) x 100

C =concentration of magnesium in the Sample
solution from the graph (l-Ig/mL)

Cu =nominal concentration of magnesium in the
Sample solution (l-Ig/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

USP 43

• MANGANESE
Manganese standard solution: Transfer 1.0 g of

manganese to a 1OOO-mL volumetric flask. Dissolve in
20 mL of nitric acid, and dilute with 6 N hydrochloric acid
to volume.

Standard stock solution: 50 I-Ig/mLof manganese from the
Manganese standardstock solutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate1OO-mL volumetric flasks,
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions having
known concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0
I-Ig/mL of manganese.

Sample solution: Dilute an accurately measured volume of
the Oral Solution to obtain 1.5 I-Ig/mLof manganese in
0.125 N hydrochloric acid.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versusconcentration, in I-Ig/mL,of manganese, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in I-Ig/mL, of manganese in the Sample solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Oral Solution taken:

Result= (C/Cu) x 100

C =concentration of manganese in the Sample
solution from the graph (l-Ig/mL)

Cu =nominal concentration of manganese in the
Sample solution (l-Ig/mL)

Acceptance criteria: 90.00/0-125.0%of the labeled amount
of manganese (Mn)

• MOLYBDENUM
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute
with water to volume.

Standard stock solution: 100 I-Ig/mLof molybdenum from
the Molybdenum standardsolution in water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 0.5, 1.0, 1.5, 2.0, and 3.0 mL of the Standardstock
solution. Add 0.125 N hydrochloric acid to volume, and mix
to obtain the solutions having known concentrations of
about 0.5, 1.0, 1.5, 2.0, and 3.0 I-Ig/mLof molybdenum.

Sample solution: Dilute an accurately measured volume of
the Oral Solution to obtain 1 I-Ig/mLof molybdenum from
the Oral Solution in 0.125 N hydrochloric acid.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
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Determine the absorbances of the solutions, against the
Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in ~g/mL, of molybdenum, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in ~g/mL, of molybdenum in the Sample
solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Oral Solution taken:

Result=(C/Cu) x 100

= concentration of molybdenum in the Sample
solution from the graph (~g/mL)

= nominal concentration of molybdenum in the
Sample solution (~g/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of molybdenum (Mo)

• ZINC
Zinc standard solution: Transfer 311 mg of zinc oxide to a

250-mL volumetric flask, and add 80 mL of 6 N
hydrochloric acid, warming if necessary to dissolve. Cool,
dilute with water to volume, and mix to obtain a solution
having a known concentration of 1000 ~g/mL of zinc.

Standard stock solution: 50 ~g/mL of zinc from the Zinc
standard solution in 0.125 N hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of Standardstocksolution to separate 1OO-mL volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
0.5, 1.0, 1.5, 2.0, and 2.5 ~g/mL of zinc.

Sample solution: Dilute an accurately measured volume of
the Oral Solution to obtain 1 ~g/ml of zinc in 0.125 N
hydrochloric acid.

Instrumental conditions
(SeeAtomic AbsorptionSpectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 213.8 nm
lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versusconcentration, in ~g/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in ~g/

mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn)

in the portion of Oral Solution taken:

Result=(C/Cu) x 100

C =concentration of zinc in the Sample solution from
the graph (~g/mL)

Cu =nominal concentration of zinc in the Sample
solution (~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611) (if present):

90.0%-120.0% of the labeled amount of alcohol
(C2HsOH)

Dietary Supplements / Vitamins 5475

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103cfu/mL, and the
combined molds and yeastscount does not exceed 3 x
102cfu/mL.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, under an inert gas or with a minimum of
headspace.

• LABELlNG:s The label states that the product is Oil- and
Water-Soluble Vitamins with Minerals Oral Solution. The
label also states the quantity of each vitamin and mineral
in a given volume of the Oral Solution and, where
necessary, the chemical form in which a vitamin is present,
and also states the salt form of the mineral used as the
source of each element. Where the product contains
vitamin E, the label indicates whether it is the d- or dl- form.
Where the product is labeled to contain panthenol the label
statesthe equivalent content of dexpanthenol. Where more
than one assay method is given for a particular vitamin or
mineral, the labeling states with which assay method the
product complies only if Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS

2H-l-Benzopyran-6-01, 3,4-dihydro-2,5,7,8-tetramethyl
2-(4,8,12-trimethyltridecyl)-.

C2gHso02 430.70
USP Biotin RS

1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro
2-oxo-, 3a5-[(3aa,4~,6aa)]-.

C1oH16N203S 244.31
USP Calcium Pantothenate RS
~-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-l-oxobutyl)-,

calcium salt (2:1), (R)-.
C1sH32CaN2010 476.53

USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-01, (3~,5Z,7E)-.
C27H440 384.64

USP Cyanocobalamin (Crystalline) RS
Vitamin B12.
C63HssCoN14014P 1355.37

USP Dexpanthenol RS
Butanarnide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3

dimethyl-, (R)-.
C9H19N04 205.25

5 USP Unitsof activityfor vitamins, where such exist or formerlyexisted,
are equivalent to the corresponding international units, where such
formerly existed. The USP Unit for Vitamin Ehas been discontinued.
International units (IU) for vitamins also have been discontinued; however
the use of IU on the labels of vitamin products continues. Where articles
are labeled in terms of Units in addition to the required labeling, the
relationshipof the USP Unitsor IU to mass isas follows. One USP VitaminA
Unit=0.3 ~g of all-trans-retinol (vitamin A alcohol) or 0.344 ~g of all
trans-retinylacetate (vitamin A acetate) or 0.55 I-Ig of all-trans-retinyl
palmitate (vitaminA palmitate), and 1 I-Ig of retinol (3.3 USP VitaminA
Units)=1 retinol equivalent (RE); 1 IU of beta carotene =0.6 I-Ig of all
trans-beta carotene; 1 USP Vitamin D Unit =0.025 ~g of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol =1.1 former USP Vitamin E
Units, 1 mg of dl-alpha tocopheryl acetate =1 former USP Vitamin EUnit,
1 mg of dl-alpha tocopheryl acid succinate =0.89 former USP Vitamin E
Unit, 1 mg of d-alpha tocopherol =1.49 former USP Vitamin EUnits,and
1 mg of d-alpha tocopheryl acetate =1.36 former USP Vitamin EUnits,
1 mg of d-alpha tocopheryl acid succinate =1.21 former USP VitaminE
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha
tocopheryl acetate = 0.91, 1 mg of d-alpha tocopheryl acid succinate =
0.81, 1 mg of dl-alpha tocopherol =0.74, 1 mg of dl-alpha tocopheryl
acetate =0.67, and 1 mg of dl-alpha tocopheryl acid succinate =0.60.
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USP Ergocalciferol RS
9,10-Secoergosta-5, 7,10(19),22-tetraen-3-ol, (3~,5Z,7E,

22£)-.
C2sH440 396.65

USP Niacin RS
3-Pyridinecarboxylic acid.
C6HsN02 123.11

USP Niacinamide RS
3-pyridinecarboxamide.
C6H6N20 122.12

USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-,

hydrochloride.
CsH"N03· HCI 205.64

USP Racemic Panthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3

dimethyl-,(±)-.
C9H,9N04 205.25

USP Riboflavin RS
Riboflavine.
C17H20N406 376.36

USP Sodium Fluoride RS
Sodium fluoride.
NaF 41.99

USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)

methyl]-5-(2-hydroxyethyl)-4-methyl-, chloride,
monohydrochloride.

C12H17CIN40S· HCI 337.27
USP Vitamin A RS

3,7-Dimethyl-9-(2,6,6-trimethyl-l- cyclohexen-l-yl)
2,4,6,8-nonatetraen-l-ol acetate (vitamin A acetate).

~r~.~:.alci!~~~I. (~~.~.~4;8~i!~i.;~~i.~!~
~R:·glpg~".t9§'Qpg~r<:>I..t..{usP ,-tyiay-2(20) (C29Hso02);
phytonadione (C3,H4602); and beta carotene (C4oHs6); and
NLT 90.0% and NMT 150.0% of the labeled amount of
ascorbic acid (C6Hs06); ·fji.(U$~·l.lV1~Y~~()i(») biotin
(ClOH,6N203S), cyanocobalamin (C63HssCoN,40'4P), folic
acid (C'9H'9N706), niacin (C6HsN02) or niacinamide

(C6H6N20) ,.;~I.;i.~.~...e.~D!?thenate (C,s~~~.S~~.3~'.~).f
pyridoxinet.~(lJ~p;j~MaY,202(» (CSH'l NOl~.~.-(L,sgl·~'~~Itgi6)~,
riboflavin (C17H20N406), and thiamine~g§thigl'l1il"l'ej9n'

(&~it:tj~t"J.4~.~~A·(U~p.;iSM~Y~i~~() and NLT 90.0% and NMT
125.0% of the labeled amount of calcium (Ca), copper
(Cu), iron (Fe), manganese (Mn), magnesium (Mg),
phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled amount of boron
(B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).

They may contain other labeled added substances that are
generally recognized as safe, in amounts that are
unobjectionable.

IDENTIFICATION,

Sample stock solution: Finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to 5 Tablets,
to a container having a polytef-Iined screw-cap. Add 10 mL
of dimethyl sulfoxide and 15 mL of n-hexane, and shakefor
45 min on a wrist-action shaker in a water bath maintained
at 60°. [NOTE-Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and
transfer the hexane layer by means of a pipet to a 100-mL
volumetric flask. Add 15 mL of n-hexane to the dimethyl
sulfoxide layer, shake thoroughly for 5 min, and transfer the
hexane layer by means of a pipet to the 1OO-mL volumetric
flask. Repeat this extraction with 3 additional 15-mL
portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexane to volume.

Sample solution: Dilute a 1O-mLvolume of the Sample stock
solution with n-hexane to obtain a solution with a
concentration of 15 ~g/mL of vitamin A as retinol

STRENGTH
[NOTE-Where more than one assay method is given for an

individual ingredient, the requirements may be met by
following anyone of the specified methods, with the
method used being stated in the labeling only if Method
7 is not used.]

• VITAMIN A, Method 1
Ap

", ..,..,.+ono· and one or more of the tnlln\AI'inrl

water-soluble vitamins: Ascorbic Acid or
Calcium Ascorbate or Sodium Ascorbate,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide,
pantothenic acid (as Calcium Pantothenate or Racemic
Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin, and Thiamine Hydrochloride orThiamine
Mononitrate; and one or more minerals derived from
substances generally recognized assafe, furnishing one or
more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron,
magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc.
Tablets contain NLT 90.0% and NMT 165.0% of the
labeled amount of vitamin A '~!~~~~~~i~QgE~W-(Q$~d)~~~Y~~~~)
(C2oH300); vitamin D as cholecalciferol (C27H440) or

DEFINITION

011- and Water-Soluble Vitamins with
Minerals Tablets

Oil- and Water-Soluble Vitamins with Minerals Tablets contain
one or A
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OJ
Samp e solution: Prepare asdirected for the Sample stock

solution in Vitamin A, Method 1. Transfer NLT20 mL of this
solution to a suitable container, and evaporate under
vacuum at room temperature to dryness. Transfer the
residuewith the aid of methanol to a suitablevolumetric
flask, and dilute with methanol to volume to obtain a
concentration of 2 mg/mL of alpha-tocopherol,
alpha-tocopheryl acetate, or alpha-tocopheryl acid
succinate.
...... dm: l-May-iln6)

Analysis
Samples: Standardsolutionand Sample solution
Measurethe peak areas.
Calculate the percentage of the labeled amount of

alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31HS203), or alpha-tocopheryl acid succinate(C33Hs40S)
"'as 2R:alpha-toc:opherol (t29Hso()2Yi(u~Pl-MaY.;o2~) in the
portion of Tablets taken: C C C -

Result =(rufrs) x (CsICu) AX FA (USp1.May-2020) x 100

Cs = concentration of USP Cholecalciferol RS or USP
Ergocalciferol RS in the Standard solution
(lJg/mL)

Cu =nominal concentration of cholecalciferol or
ergocalciferol in the Sample solution(lJg/mL)

Acceptance criteria: 90.00/0-165.0% of the labeledamount
of vitamin 0 ascholecalciferol (C27H440) or ergocalciferol
(C28H440)

• VITAMIN E, Method 1....

Acceptance criteria: 90.0%-165.0% of the labeledamount
of vitamin A asretinol (C2oH300)

Change to read:

• VITAMIN A, Method 2
"'Proceed asdirected i

Chromatographic /V1~ .
Acceptance criteria: 90.0%-165.0% of the labe ed amount

of vitamin A asretinol (C2oH300)

Change to read:

• VITAMIN D (CHOLECALCIFEROL OR ERGOCALCIFEROL),
Method 1

1.Proceech~sdi

Chromatograp .IC ,
Sample solution. A. (USP 1.MaY~2020)

Sample solution: Prepare asdirected for the Sample stock
solution in Vitamin A, Method 1. TransferNLT 20 mL of this
solution to a suitable container, and if necessary, evaporate
under vacuum at room temperature to obtain a
concentration of 2 IJg/mL of cholecalciferol or
ergocalciferol.

....... (USP 1~May-2020)
Acceptance criteria: 90.0%-165.0% of the labeledamount

of vitamin 0 ascholecalciferol (C27H440) or ergocalciferol
(C28H440)

ChalJg~to read:

• VITAMIN A, Method 3
A Proceed·asd,rec

Chromatograph eo.s, ."
Acceptance criteria: 90.00/0-165.0% of the labeledamount

of vitamin A asretinol (C2oH300)

=peakareaof the relevantvitamin Eform from the
Sample solution

= peakareaof the relevantvitamin Eform from the
Standard solution

= concentration of ..l

solutio·':' C(mg/mL)
Cu =nominal concentration of the corresponding form

of vitamin E
lR~.~lpha-tocopneror~(usp:l-Ma;~202~) in the Sample
solution (m ImL)

Acceptance criteria: 90.00/0-165.0% of the labeledamount
of alpha-tocopherol (C29Hso02), alpha-tocopheryl acetate
(C31Hs203), or alpha-tocopheryl acid succinate (C33Hs40S)
as ~.fB-~lp~~~t:o~op~~QI~(uSPJ.M~y~2020)

Change to read:

• VITAMIN D (CHOLECALCIFEROL or ERGOCALCIFEROL),
Method 2

"'Proceedas directed in Vitamin 0 Assay(581), Assay, .
Chromatographic Methods, Procedwe 2. ... (USP 1.MaY..io20)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of vitamin 0 ascholecalciferol (C27H440) or ergocalciferol
(C28H440)

Change to read:

• VITAMIN D (CHOLECALCIFEROL or ERGOCALCIFEROL),
Method 3

... Proceed asdirected in VitaminD ASsay(58 ssay,
Chromatographic Methods, ·Procedure.3.,. e. tf()r th¢
Analysis.... (USP l-May-2020)

Analysis
Samples: Standard solutionand Sample solution
Measurethe peak areas for vitamin D.
Calculate the percentage of the labeled amount of

cholecalciferol (C27H440) or ergocalciferol (C28H440) in the
portion of Tablets taken:

Result = (rulrs) x (CsICu) x 100

= peak area of cholecalciferol or ergocalciferol
from the Sample solution

= peak areaof cholecalciferol or ergocalciferol
from the Standard solution

• VITAMIN E, Method 2
'...
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F

as ;~.2R4allbt,a;t:6(:c::>ptlel"(::>lj (U~Pl,"Ma~/-z()~~!.l)

• PHYTONADIONE, Method
[NoTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 I-Ig/mL of USP

Phytonadione RS in methanol. Dissolvewith the aid of
sonication if necessary. .

System suitability solution: 0.65 mg/mL of USP Alpha
Tocopheryl Acetate RS and 20 I-Ig/mL of USP
Phytonadione RS from the Standard stock solution diluted
with methanol. [NOTE-Dissolve USP Alpha Tocopheryl
Acetate RS in a portion of methanol, add the Standard stock
solution, and then dilute with methanol to volume.]

Standard solution: 20 I-Ig/mL of USP Phytonadione RS
from the Standard stock solution diluted with methanol

Sample solution: Prepared asdirected for the Sample stock
solution in Vitamin A, Method 7. Transfer NLT 20 mL of the
solution to a suitable container, and, if necessary, evaporate
under vacuum at room temperature to dryness. Transfer
the residue to a suitable volumetric flask with the aid of
methanol, and dilute with methanol to volume to obtain a
concentration of 20 I-Ig/mL of phytonadione.

Chromatographic system
(See Chromatography (621), System Suitability.)

. Mode: LC
Detector: UV 254 nm
Column: 8-mm x 10-cm; 5-l-Im packing L1
Flow rate: 2 mL/min
Injection volume: 100 I-IL

System suitability
Samples: System suitability solution and Standard solution

[NOTE-The relative retention times for
alpha-tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 5 between alpha-tocopheryl acetate

and phytonadione, System suitability solution
Relative standard deviation: NMT 3.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the

labeled amount of phytonadione (C31H460Z) in the portion
of Tablets taken:

Result= (ru/rs) x (Cs/Cu) x 100

= peak area of phytonadione from the Sample
solution

=peak area of phytonadione from the Standard
solution

= concentration of USP Phytonadione RS in the
Standard solution (l-Ig/mL)

=nominal concentration of phytonadione in the
Sample solution (l-Ig/mL)

Acceptance criteria: 90.00/0-165.0% of the labeled amount
of phytonadione (C31H460Z)

• PHYTONADIONE, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of

methylene chloride, 0.1 mL of glacial acetic acid, 1.36 9 of
zinc chloride, and 0.41 9 of sodium acetate.

Internal standard solution: 5 I-Ig/mL of menaquinone 4
(vitamin Kz) in the Solvent. [NOTE-A concentrated stock

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

alpha-tocopherol (Cz9HsoOz), alpha-tocopheryl acetate
(C31HSZ03) , or alpha-tocopheryl acid succinate (C33Hs40S)
as2R-alpha-tocopherol (Cz9HsoOz) in the portion of
Tablets taken as follows:

Result=(ru/rs) x (Cs/Cu) x Fx 100

ru =peak area of the relevant vitamin Eform from the
Sample solution

rs =peak area of the relevant vitamin Eform from the
Standard solution

C5 = concentration of all-rac-alpha-tocopherol from
either USP Alpha Tocopherol RS or USP Alpha
Tocopheryl Acetate RS or RRR-alpha-tocopherol
from USP Alpha Tocopheryl Acid Succinate RS in
the Standard solution (mg/mL)

Cu =nominal concentration of the corresponding form
of vitamin Eas2R-alpha-tocopherol in the Sample
solution (mg/mL)

F =conversion factor for the content of
all-rac-alpha-tocopherol to 2R-alpha-tocopherol,
1/2 (for products labeled to contain all-rae
vitamin Esources) and 1 (for products labeled
to contain RRR vitamin Esources)

Acceptance criteria: 90.0%-165.0% of the labeled amount
alpha-tocopheryl acetate

arona-tocoonervt acid succinate (C33Hs40S)

Acceptance criteria: 90.00/0-"65.0% of the labeled amount
of alpha-tocopherol (Cz9HsoOz), alpha-tocopheryl acetate

• VITAMIN E, Method 3
Ji.
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solution of menaquinone 4 (100 ~g/mL) can be stored for
2 months in a refrigerator.]

Standard stock solution: 5 ~g/mL of USP
Phytonadione RS, prepared by dissolving in methylene
chloride with the aid of sonication and diluting with Solvent
to final volume

Standard solution: Transfer 1.0 mL of the Standard stock
solution and 1.0 mL of the Internal standard solution to a
suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-~m or finer pore size.

Sample solution: Finely powder NLT 20 Tablets. To a
centrifuge tube fitted with a cap transfer an amount of
powder not exceeding 800 mg and equivalent to an
amount of phytonadione not exceeding 50 ~g. Add 4 mL
of water. Insert the stopper, and mix using a vortex mixer
until the sample isdispersed. Place the tube in a water bath
at 60° for 5 min. Remove from the bath, and again shake
or mix using a vortex mixer for 1 min whilethe preparation
is still hot. Add 8 mL of alcohol, and swirl the contents to
mix. Place the tube in awater bath at 60° for 5 min. Remove
from the bath, and again shakeor mix using a vortex mixer
for 2 min while the preparation is still hot. Cool to room
temperature. Add a volume of the Internal standard
solution,equivalent to 1.0 mL per each5 ~g of the expected
amount of phytonadione in the aliquot taken. Add 20.0 mL
of petroleum ether, and cap the tube tightly. Shake or mix
using a vortex mixer for 15 min to thoroughly mix the
contents. Centrifuge to separate the 2 layers. Transfer a
volume of the top layer of petroleum ether, equivalent to
5-50 ~g of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35°-45°,
and evaporate the solvent under a stream of nitrogen until
an oily residue is left. Dissolve the residue in a volume of the
Solvent to obtain a concentration of 1 ~g/mL of
phytonadione.

Chromatographic system
(See Chromatography (621>, System SUitability:)
Mode: LC
Detector: Fluorometric detector

Excitation: 320 nm
Emission: 420 nm

Column: 4.6-mm x 25-cm; 5-~m, end-capped packing L1,
and a postcolumn reactor constituted with a 4.6~mm x.
3-cm PEEK column tightly packed with zinc powder.
[NoTE-Prepare the postcolumn reactor daily, or as
necessary, to meet the System suitability requirements.]

Flow rate: 1 mL/min
Injection volume: 25 ~L

System suitability
Sample: Standard solution

[NOTE-The relative retention times for the internal
standard and phytonadione are 1.0 and 1.4,
respectively.]

Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the

phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

phytonadione (C31H460 Z) in the portion of Tablets taken:

Result= (Ru/Rs) x (Cs/Cu) x 100

Ru =peak response ratio of phytonadione to the
internal standard from the Sample solution

Rs = peak response ratio of phytonadione to the
internal standard from the Standard solution
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Cs = concentration of USP Phytonadione RS in the
Standard solution (~g/mL)

Cu =nominal concentration of phytonadione in the
Sample solution (~g/mL)

Acceptance criteria: 90.0%-165.0% of labeled amount of
phytonadione (C31H460 Z)

Table 1
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• BETA CAROTENE
[NOTE-Use low-actinic glasswarethroughout this

procedure.]
Potassium hydroxide solution: Dissolve 58.8 g potassium

hydroxide in 50 mLof water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane.

[NoTE-Prepare this solution fresh daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets

to a fine powder, and transfer a quantity of the powder,
equivalent to 2 mg of beta carotene, to a 500-mL
saponification flask. Add 100 mLof alcohol, 6 mLof
Potassium hydroxide solution, and a magnetic stirring bar.
Attach an air condenser to the flask, and heat under reflux
for 45 min with constant stirring. Cool to room
temperature. Add 170 mLof solvent hexane, and stir for
30 min. Quantitativelytransfer the contents of tne flask to a
500-mL separatory funnel with portions of solvent hexane,
Allow the layers to separate for 5-10 min, and transfer the
upper organic layer to a 500-mLvolumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add
170 mLof solvent hexane, and stirfor an additional 20 min.
Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of
solvent hexane. Allow the layers to separate for 10 min.
Drain the lower aqueous layer, and discard. Transfer the
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organic layerto the volumetric flask containing the
previously collected organic layer. Rinse the separatory
funnel with small portions of solvent hexane, and transfer
the washings to the volumetric flask. Dilute the hexane
extracts with solvent hexane to volume.Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle.
Quantitatively transfera volumeof thissolution,equivalent
to 100 ~g of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and
immediately add cyclohexane. Add 2 mL of Iodine solution,
and heat for 15 min ina water bath maintainedat 65°. Cool
rapidly, and dilute with cyclohexane to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analyticalwavelength: 452 nm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Determinethe absorbance against the Blank.
Calculate the percentage of the labeledamount of beta

carotene (C4oHs6) in the portion of Tablets taken:

Result = (AulA x (100/Cu)

Au = absorbance of the Sample solution
F = absorptivity of beta carotene at 452 nm, 223
Cu = nominal concentration of beta carotene in the

Sample solution(mg/mL)

Acceptance criteria: 90.0%-165.0% of the labeledamount
of beta carotene (C4oHs6)

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NoTE-For labeling purposes, consider(580), Method I
~Titrimetric Method as Method 1i :
€

;,< " .. J
Acceptance criteria: 90.00/0-150.0% ofthe labeledamount

of ascorbicacid (C6Hs06), or its saltsas calcium ascorbate
(C12H14Ca012 • 2H20) or sodium ascorbate (C6H7Na06)

• BIOTIN, Method 1
[NoTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium

perchlorate, 1 mL of phosphoricacid, and dilutewithwater
to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethylsulfoxide

Standard solution: 5 ~g/mL of USP Biotin RS prepared by
diluting the Standardstock solution in water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 1 mg of biotin, to a
200-mLvolumetricflask. Add 3 mL of dimethylsulfoxide,
and swirl to wet the contents. Place the flask ina water bath
at 60°-70° for 5 min. Sonicatefor 5 min, dilute with water
to volume, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
'Mode: LC
Detector:' UV 200 nm
Column: 4.6-mm x 15-cmi 3-~m packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 ~L
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System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples; Standard solutionand Sample solution
Measure the peak areas of biotin. Calculate the percentage

of the labeled amount of biotin (CloH16N203S) in the
portion of Tablets taken:

Result =(rulrs) x (CslCu) x 100

ru =peak area of biotin from the Sample solution
rs =peak area of biotin from the Standard solution
Cs =concentration of USP Biotin RS in the Standard

solution (uq/rnt)
Cu =nominal concentration of biotin in the Sample

solution(~g/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (Cl0H16N203S)

• BIOTIN, Method 2
[NoTE-Use low-actinic glassware throughout this

. procedure.] ,
Dehydrated mixturesyieldingformulations similar to the

mediadescribed herein may be used providedthat, when
constituted as directed, they have growth-promoting
propertiesequal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 50 ~g/mL of USP Biotin RS in50%
alcohol. Store in a refrigerator.

Standard solution: 0.1 ng/mL of USP Biotin RS in water,
prepared by dilution of the Standard stock solutionwith
water on the day of the assay

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 100 ~g of biotin, to a
200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at
60°-70° for 5 min. Sonicatefor 5 min, dilutewith 50%
alcohol to volume, and filter. Dilute a volumeof the filtrate
quantitatively, and stepwise ifnecessary, with water to
obtain a solutionwith a concentration of 0.1 ng/mL.

Acid-hydrolyzedcasein solution: Mix 100 g ofvitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixturefor 8-12 h. Remove the hydrochloric acidfrom the
mixtureby distillation under reduced pressureuntila thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5± 0.1, and dilutewithwater to make1000 mL. Add20 g
of activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal.Storeunder toluene ina
cool place at a temperature not below 10°. Filter the
solution ifa precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solutionof 1.0 g of L-tryptophan (or 2.0 g of
O,L-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and add water
to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and add water to make 200 mL. Store under toluene in a
refrigerator.
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Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 I-Ig/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 I-Ig/mL of
riboflavin and 10 I-Ig/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 I-Ig/mL of p-aminobenzoic acid, 50 I-Ig/mL of
niacin, and 40 I-Ig/mL of pyridoxinehydrochloride in a
mixture of neutralized alcohol and water (1 :3). Store in a
refrigerator.

Salt solution A: 25 g of monobasic potassium phosphate
and 25 g of dibasic potassium phosphate in water to make
500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.

Salt solution B: 109 of magnesium sulfate,0.5 g of sodium
chloride, 0.5 g of ferrous sulfate, and 0.5 g of manganese
sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
dextrose and anhydrous sodiurp<~~~t~~e in t~e solutions
previously mixed according to '~iiKqqlg;~t'i45x(lJ$P'~ltNI~y;;?()?())and
adjust with 1 N sodium hydroxide to a pH of 6.8. Dilute
with water to 250 mL.

"".,til~'~;~1.(USp·~·iVI~Y2~6~&)

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 109

Sodium acetate, anhydrous 5g

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add500 mg of anhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g
of agar, and heat the mixtureon a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121°for 15 min,and allowthe tubes to cool
in an upright position. Preparestab culturesin 3 or more of
the tubes, using a pure culture of Lactobacillus plantarum, '
incubating for 16-24 h at a temperature between 30° and
3r held constant to within ±0.5°. Store in a refrigerator.
Preparea fresh stab of the stock culture everyweek, and do
not use for Inoculum if the culture is more than 1 week old.

Culture medium: Toeach ofa seriesoftest tubes containing
5.0 mLof Basal mediumstock solutionadd 5.0 mL of water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yieldsan inoculum comparable to a fresh culture.] Transfer

, ATCC No. 8014 is suitable. This strain was formerly known asLactobacillus
arabinosus 17-5.
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cellsfrom the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
3r held constant to within±0.5°.Thecell suspension isthe
Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similarseparate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mLof the Standard solution. To
each tube and to 4 similar but empty tubes add 5.0 mL of
Basal mediumstocksolutionand sufficient water to make
10 mL.

To similartest tubes add, in duplicate, volumesof the
Sample solution corresponding to 3 or more of the levels
specifiedfor the Standardsolution, including the levels of
2.0,3.0, and 4.0 mL. Toeach tube add 5.0 mL of the Basal
mediumstocksolutionand sufficient water to make 10 mL.
Placeone complete set of Standard and sample tubes
together inone tube rackand the duplicateset ina second
rack or section of a rack, preferably in random order.

Cover the tubes of both seriesto prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool. Add
1 drop of Inoculum to each tube, 'except 2 of the 4 tubes
containing no Standardsolution (the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 3r held constant to within ±0.5°until,following 16
24 h of incubation, there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere isevidence of contamination with a foreign
microorganism, disregard the resultof the assay.

Calculation; Prepare a standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (Ls) as the difference, Y= 2.00 - Ls. Plot this
response on the ordinate of cross-section paper against the
logarithm of the milliliter of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic
or a logarithmic scale, whichever gives the better
approximation to a straight line.· Drawthe straight line or
smooth curve that best fits the plotted points.
Calculate the response, Y=2.00 - Lu, adding together the

two transmittances (Lu) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volumeofthe Standardsolutioncorresponding to each
of those values of Ythat falls within the range of lowest
and highest points plotted for the Standard. Subtractfrom
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average theyalues of X for each of
3 or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.

Determine the quantity, in I-Ig, of biotin (ClOH,6Nz03S) in
the portion of Tablets taken:
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antilog M = antilog (M' + log R)

R =amount of biotin assumedto be present in the
portion of the Tablets taken (lJg)

Calculate the percentage of the labeled amount of biotin
(CloH16N203S) in the portion of the Tablets taken:

Result= [(antilog M)/N] x 100

N = nominal amount of biotin in the portion of the
Tablets taken (lJg)

Replication: Repeat the entire determi~ation at lea.st once,
using separately prepared Sample solutions. If the difference
between the two log-potencies Mis NMT 0.08, ~heir mean,
M, is the assayed log-potency of the test material (se.e
Design andAnalysis of Biological Assays (111), The ~on~dence
Interval and Limitsof Potency). If the two determinations
differ by more than 0.08, conduct one or more additional
determinations. From the mean of two or more valuesof M
that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (CloH16N203S)

• BIOTIN, Method .3 .
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A: Transfer 800 mL of water and 100 mL of

triethylamine to a 1OOO-mL volumetric flask. Add 80 mL of
85% phosphoric acid and dilute with water to volume.

Mobile phase: Transf~r 80 mL of acetonitrile and 10 mL of
Solution A to a 1OOO-mL volumetric flask. Dilute with water
to volume.

Standard solution: 0.6 IJg/mL of USP Biotin RS in water.
[NOTE-A portion of the Standardsolutionwill be used to
determine the percent recovery of biotin from the
Solid-phase extraction procedure.]

Sample solution: Finely powder NLT 20 Tablets. Transferan
amount of powdered Tablet.s to a volumetric flas~ t?
obtain a nominal concentration of 0.6 IJg/mL of biotin. Add
water up to 80% of the fla~k .capacity! and sori~cate f~r 30
40 min with occasional mixing, to dissolve. Dilute with
water t~ volume, and filter. Adjust the pH of the sol.ution
with either dilute acetic acid or 0.1 N sodium hydroxide to a
pH of 6.0-7.0. . . .

Solid-phase extraction: [Nors-Condltlon the .extractlon
column specified in this procedure in the followlnq manner.
Wash the column with a 2-mL portion of methanol. .
Equilibrate with a 2-mL portion of water.] Separately pipet
5.0 mL each of the Sample solutionand Sta~dard solution
into freshly conditioned solid-ph~se ex~ractlon columns
consisting of a mixed-mode packing Wlt~ a sorbe.nt-mass
of 60 mg. [NOTE-The mixed-mode packing consists of
anion-exchange and reversed-phase sorbents. The
reverse-phase component is a polymer of copo!ymer
N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino qroup."] .
Wash the column with 10 mL of 30% (v/v) methanol In

water. Apply an appropriate volume (4.9 mL) of 30%
(v/v) methanol in 0.1 N hydrochloric ~cid to the co.lu.mn.
Collect the eluate in a 5-mL volumetric flask, containing
100 IJLof 40% (w/v) sodium acetate in water~ an~ dilute
with 30% (v/v) methanol in 0.1 N hydrochloric acid to
volume.

Chromatographic system
(See Chromatography (621), System Suitability.)

2 Asuitable cartridge is the WatersOasisMAX VacRe, particlesize 30 11m,
part #186000371.
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Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 IJL

System suitability
Samples: Standardsolution and /?ortion of the S~andard

solution that has undergone Solid-phase extraction
Suitability requirements

Tailing factor: NMT 1.5, Standardsolution
Relative standard deviation: NMT 2.0%, Standard

solution and Standardsolution that has undergone
Solid-phase extraction

Recovery: 950/0-100%, Standardsolution that has
undergone Solid-phase extraction

Analysis
Samples: Standardsolution and the Sample solution that

have both undergone Solid-phase extraction
Measure the peak areas of biotin. Calculate the percentage

of the labeled amount of biotin (CloH16N203S) in the
portion of Tablets taken:

Result= (ru/rs) x (Cs/Cu) x 100

= peak area of biotin from the Sample solutio~

= peak area of biotin from the Standard solution
= concentration of USP Biotin RS in the Standard

solution (lJg/mL)
= nominal concentration of biotin in the Sample

solution (lJg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of biotin (CloH16N203S)

• CYANOCOBALAMIN, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 IJg/mL of USP

Cyanocobalamin (Crystalline) RS in water. [NOTE-Store in a
dark place, and discard after 1 week.] .

Standard solution: 1 IJg/mL of USP Cyanocobalamin
(Crystalline) RS from Standardstock solutiondiluted with
water

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 100 ~g ~f
cyanocobalamin to a 250-mL flask. Quantitatively add
100.0 mL of water, and carefully extract for 2 min. Filter
10 mL of the extract, and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas of cyanocobalamin.
Calculate the percentage of the labele.d amount .of

cyanocobalamin (C63HssCoN14014P) In the portion of
Tablets taken:

Result= (ru/rs) x (Cs/Cu) x 100

= peak area from the Sample solution
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=peak area from the Standard solution
=concentration of USP Cyanocobalamin

(Cry~talline) RS in the Standard solution (~g/mL)
= nominal concentration of cyanocobalamin in the

Sample solution (~g/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of cyanocobalamin (C63HaaCoN14014P)

• CYANOCOBALAMIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.] .
Standard stock solution: 1.0 ~g/mL of USP

Cyanocobalamin (Crystalline) RS in 25% alcohol. Store in a
refrigerator.

Standard solution: Dilute a suitable volume of the Standard
stock solution with water to a measured volume such that
a~er the in.cubation period asdescribed in the Analysis, the
difference In transmittance between the inoculated blank
and the 5.0-mL level of the Standard solution is NLT that
which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and
0.04 ng/mL of the Standard solution. Preparethis solution
fresh for each assay.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powdered Tablets, equivalent to 1.0 Ilg of
cyanocobalamin, to an appropriate vessel containing, for
each g~am of p~wdered Table.ts taken, 25 mL of an aqueous
extracting solution prepared Justbefore use to contain, in
each 100 m~, ~ .29 .g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite.
Autoclave the mixture at 121° for 10 min, Allow any
undissolved particles of the extract to settle, and filter or
centr:ifuge.if necessary. Dilute an aliquot of the clear
solution with water to obtain a final solution containing
vitamin B12 activity equivalent to the nominal activity of the
Standard solution.

Acid-hydrolyzed casein solution: Prepare as directed in
Biotin, Method 2. .

Asparagine solution: Dissolve2.0 g of L-asparaginein water
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepare asdirected in
Biotin, Method 2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool and
dilute with water to make 200 mL. Store under tolu~ne in a
refrigerator.

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve 4.0 g of magnesium sulfate 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0~20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vit~mi':l solution A: ,?issolve10 mg ~f riboflavin, 10 mg of
thiamine hydrochloride, 100 ~g of biotin, and 20 mg of
niacin in 0.02 N acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic
acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hy~rochlor!de, ~O mg of p~ridoxal hydrochloride, 8 mg of
pyridoxamine dlhydrochlorlde, and 2 mg of folic acid in a
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mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted as directed in the
labeling, it yields a medium comparable to that obtained
from the formula given herein.

A?g?~;b~?f;k~~;~~~J];~ts in the order listed in iJr!llIJl~
~~;~'c(IJ~P~J;,M~y£gQgQ)carefully dissolving cystine and
tryptophan in the 1N hydrochloric acid before adding the
next 8 solutions to the resulting solution. Add 100 mL of
water, and dissolve the dextrose, sodium acetate, and
ascorbic acid. Filter, if necessary. Add the Polysorbate 80
solution, adjust with 1 N sodium hydroxide to a pH of 5.5
6.0, and dilute with Purified Water to make 250 mL.

''''... ;;LIIJ.:·,·....7·1j>'''>.;;!!.1.i~~
';:S:.i"'","."",~"" ll.l;)t' fi'MaY'~IJ~IJJ

l-Cystine 0.1 9

l-Tryptophan 0.05 9

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5mL

Vitamin solution A 10 mL

Vitamin solution B 10 mL

Salt solution A 5 mL

Salt solution B 5mL

Asparagine solution 5 mL

Acid-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge commercially
canned tomato juice so that most of the pulp is removed.
Suspend 5 giL of analytical filter aid in the supernatant, and
passwith the aid of reduced pressurethrough a layer of the
filter aid. Repeat if necessaryuntil a clear, straw-colored
filtrate is obtained. Store under toluene in a refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
constituted as directed in the labeling, it yields a medium
equiyalen~ to that obtained from the formula given
hereln.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juice preparation and 1 mL of
Polysorbate 80 solution. Adjust with 1 N sodium hydroxide
to a pH of 6.8, and add water to make 100 mL. Place10-mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 121° for
15 min. Cool as rapidly aspossible to avoid color formation
resulting from overheating the medium.

Suspension medium: Dilute a measured volume of the
Basal medium stock solution with an equal volume of water.
Place 1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool asdirected for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture mediumadd 1.0-1 .5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves. Place
1O-mL portions of the hot solution in test tubes, cover the
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tubes, sterilize at 121°for 15 min inan autoclave, and allow
the tubes to cool inan upright position. Inoculate 3 or more
ofthe tubes bystab transferofa purecultureofLactobacillus
teicnmannil) [NOTE-Before firstusinga fresh culture in this
assay, make NLT 10 successive transfers of the culture in a
2-weekperiod.] Incubate for 16-24 h at a temperature
between 30° and 40° held constant to within ±0.5°. Store
in a refrigerator.
Prepare fresh stab culturesat least 3 times each week, and

do not use them for preparing the Inoculum ifmore than
4 days old. The activity of the microorganism can be
increased by dailyor twice-daily transferof the stab
culture, to the point where definite turbidity in the liquid
Inoculumcan be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmanniimay be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus leichmannii to 2
sterile tubes containing 10 mL each of the Culture medium.
Incubate these culturesfor 16-24 h at a temperature
between 30° and 40° held constant to within±0.5°. Under
aseptic conditions centrifuge the cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
sterileSuspension medium, and combine. Using sterile
Suspension medium, adjust the volumeso that a l-in-20
dilution in salineTS produces 70% transmittancewhen
read on a suitablespectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and
read against salineTS set at 100% transmittance. Preparea
l-in-400 dilution of the adjusted suspension using sterile
Basal mediumstock solution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test
response.] The cell suspension is the Inoculum.

Calibration of spectrophotometer: Check the wavelength
of the spectrophotometer periodically usinga 'standard
wavelengthcellor other suitabledevice. Before readingany
tests, calibrate the spectrophotometer for 0% and 100%
transmittance, using water, and with the wavelengthset at
530 nm.

Analysis
Samples: Standardsolutionand Sample solution .
Because of the high sensitivity of the test organismto

minute amounts of vitamin B12 activity and to traces of
many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250° for 2 h
using hard-glass20-mm x 150-mm test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standard solution. Toeach of these
tubes and to 4similar but empty tubes add 5.0 mL of the
Basal mediumstock solutionand sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of the Basal medium stock solutionand
sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together inone tube rackand
the duplicate set in a second rackor section of a rack,
preferably in random order.

Coverthe tubes to prevent bacterial contamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclave ifnecessary. Coolas rapidly as possible to avoid
color formation resulting from overheating the medium.

3 Purecultures of Lactobacillus'leichmannii(listed as Lactobacillus delbruekil)
may be obtained as #7830 from ATCC, 10801 University Blvd., Manassas,
VA 20110-2209 (www.atcc.org).

DietarySupplements / Vitamins 5485

Takeprecautionsto maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, becausepacking
the tubes too closely in the autoclaveor overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculumto each tube so
prepared, except 2 of the 4 containing no Standard
solution(the uninoculatedblanks). Incubatethe tubes at a
temperature between 30° and 40°, held constant to
within ±0.5°,for 16-24 h.

Terminategrowth by heating to a temperature NLT 80°for
5 min. Cool to room temperature. After agitating its
contents, read the transmittanceat 530 nm when a steady
state is reached. This steady state isobserved a few
seconds after agitation when the reading remains
constant for 30 s or more. Allow approximatelythe same
time interval for the reading on each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference isgreater than 5% or ifthere isevidenceof
contamination with a foreign microorganism, disregard
the results of the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assayifthe slope of the
standard curve indicates a problem with sensitivity.

Calculation: Preparea standard concentration-response
curvebythe following procedure.Testfor and replaceany
aberrant individual transmittances. Foreach level of the
Standard, calculatethe responsefrom the sum of the
duplicate values of the transmittances (~5) as the
difference, Y=2.00 - ~s' Plotthis responseon the ordinate
of cross-section paper against the logarithm of the
milliliter of the Standard solutionper tube on the abscissa,
usingfor the ordinate either an arithmeticor a logarithmic
scale,whichevergivesthe better approximationto a
straight line. Drawthe straight lineor smooth curve that
best fits the plotted points.
Calculatethe response,Y= 2.00 - ~u, adding together the

two transmittances (~u) for each level of the Sample
solution. Read from the standard curve the logarithmof
the volumeof the Standard solutioncorresponding to
each of those values of ythat falls withinthe range of the
lowestand highest points plotted for the Standard.
Subtractfrom each logarithmso obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
y"alues of X for each of 3 or more dosage levels to obtain
X, which equals the log-relative potency, M', of the
Sample solution.

Determinethe quantity, in IJg, of cyanocobalamin
(C63H88CoN14014P) in the portion of Tablets taken:

antilog M = antilog (M' + log R)

R =amount of cyanocobalamin assumed to be
present in the portion of Tabletstaken (lJg)

Calculate the percentage of the labeled amount of
cyanocobalamin (C63H88CoN14014P) in the portionofthe
Tablets taken:

Result = [(antilog M)/N] x 100

N =nominal amount of cyanocobalamin in the
portion of the Tabletstaken (lJg)

Replication: Repeatthe entire determinationat leastonce,
using separatelyprepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
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Cs =concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

Cu =nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (C,8H3zCaNzO,o)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: 50 mg of USP Calcium

Pantothenate RS in 500mL of water in a
1000-mL mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
IJg/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of the Standardstock solutionwith water to obtain a
concentration of 0.01-0.04 IJg/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in the Analysis, using
2.0 and 4.0 mL of the Standardsolution, arewithin the
linear portion of the log-concentration-response curve.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 50 mg of calcium
pantothenate, to a 1OOO-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and
100 mL of sodium acetate solution (1 in 60), dilute with
water to volume, and filter. Dilute a volume of this solution
to obtain a solution having approximately the same
concentration as that of the Standardsolution.

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to make 1000 mL. Add 20 9
of activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature not below 10°. Filter the
solution if a precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 g of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 g of
o,L-tryptophan) in 700-800 mL of water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise with
stirring, until the solids are dissolved. Cool, and dil~te with
water to make 1000 mL. Store under toluene in a cool place
at a temperature not below 10°.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil with
the aid of heat, in 10 mL of 4 N hydrochloric acid. C~ol
and dilute with water to make 200 mL. Store under tolu~ne
in a refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
IJg/mL of riboflavin, 10 IJg/mL of thiamine hydrochloride,
and 0.04 IJg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
s?lu~ion: 10 IJg/mL of p-aminobenzoic acid, 50lJg/mL of
ruacm, and 40 IJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in

50.0% of the labeled amount

50.0% of the labeled amount

• FOLIC ACID, Method 1
A Proceed as di

Procedure 7.
Acceptance criteria:

of folic acid (C19H19N706)

their mean, "1'Li~~p~;;~~;~~X~~ log-potency of the test
material (see~";(USR1-MW:2,026)Design and Analysis of
Biological Assays (111), The Confidence Interval and Limits
of Potency). If the two determinations differ by more than
0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not
differ by more than 0.15, compute the mean potency of
the preparation under assay.

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of cyanocobalamin (C63H88CoN14014P)

Result=(Ru/Rs) x (Cs/Cu) x 100

=peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution

= peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

of acid (C19H19N706)
• CALCIUM PANTOTHENATE, Method 1

Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 9 of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in the Internal standardsolution

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 15 mg of calcium
pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internalstandardsolution, and shakevigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitabmty.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areasof calcium pantothenate and the

internal standard.
Calculate the percentage of the labeled amount of calcium

pantothenate (C18H3ZCaNzOlO) in the portion of Tablets
taken:
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water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
dextrose and anhydrous sodiuf!1ta.;.~1~~~ in the solutions
previously mixed according to c~?z[~~1~p~w;~mil$~k1~M@x-i?~~Q,and
adjust with 1 N sodium hydroxideto a pH of 6.8. Dilute
with water to 250 mL.

"> ....." ••••iiiJ.'i.'i. 6ii":iiiii.···
00'+••

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
5 mLtion

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mLofwater. Add500 mg ofanhydrous
dextrose, 500 mg of anhydrous sodium. acetate, and 1.5 g
ofagar, and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, closeor cover the tubes, sterilize
in an autoclave at 121° for 15 min, and allowthe tubes to
cool in an upright position. Preparestab cultures in 3 or
more of the tubes using a pure culture of Lactobacillus
plantarum, 1 incubating for 16-24 h at a temperature
between 30° and 3r held constant to within ±0.5°. Store
in a refrigerator. Preparea fresh stab of the stock culture
everyweek, and do not use for the Inoculum ifthe culture
is more than 1 week old. .

Culture medium: Toeach ofa seriesof test tubes containing
5.0 mL of Basal mediumstock solutionadd 5.0 mL of water
containing 0.2 IJg of calciumpantothenate. Plug the tubes
with cotton, sterilize in an autoclave at 12P for 15 min,
and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.]
Transfer cells from the Stock cultureof Lactobacillus

plantarum to a steriletube containing 10 mL of the Culture
medium. Incubate this culture for 16-24 h at a
temperature between 30°and 37°held constant to within
±0.5°.The cell suspension isthe Inoculum.

Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard solution. To
each tube and to 4 similar but empty tubes, add 5.0 mL
of the Basal mediumstock solutionand sufficient water to
make 10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solution correspondingto 3 or more of the
levels specified for the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. ·Toeach tube add 5.0 mL
of the Basal medium stock solution and sufficient water to
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make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rackor section of a rack, preferably in
random order.

Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclaveat 121° for 5 min. Cool, and
add 1 drop of Inoculumto each tube, except 2 of the 4
tubes containing no Standard solution(the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 37°,heldconstant to within±0.5°until,following 16
24 h of incubation, until there has been no substantial
increase in turbidity in the tubes containing the highest
level of Standard during a 2-h period.

Determinethe transmittance of the tubes in the following
manner. Mix the contents ofeach tube, and transferto an
optical container ifnecessary. Read the transmittance
between 540 and 660 nm when a steady state is reached.
This steady state isobserveda fewseconds after agitation
when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere isevidenceof contaminationwith a foreign
microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard calculate
the responsefrom the sum of the duplicate values of the
transmittance (Ls) as the difference, Y= 2.00 - Ls. Plotthis
response on the ordinate of cross-section paper against
the logarithm of the milliliter of the Standard solution per
tube on the abscissa, usingfor the ordinate either an
arithmetic or a logarithmic scale,whichevergivesthe
better approximationto a straight line. Drawthe straight
lineor smooth curve that best fits the plotted points.
Calculatethe response,y = 2.00 - LUI adding together the

two transmittances (Lv) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standard solutioncorresponding to
each of those values of ythat falls withinthe range of the
lowest and highest points plotted for the Standard.
Subtractfrom each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
y'alues of X for each of 3 or more dosage levels to obtain
X, which equals the log-relative potency, M', of the
Sample solution. Determinethe quantity, in mg, of
calcium pantothenate (ClsH32CaN201O) in the portion of
Tabletstaken: .

antilog M = antilog (M' + log R)

R = amount of calcium pantothenate assumed to be
present in the portion of the Tablets taken (mg)

Calculatethe percentage of calcium pantothenate
(ClsH32CaN2010) in the portion of the Tabletstaken:

Result =[(antilog M)/N] x 100

N =nominal amount of calcium pantothenate in the
portion of the Tablets taken (mg)

Replication: Repeatthe entiredeterminationat leastonce,
using separately prepared Sample solutions. Ifthe
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potencyof the test
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labeled amount

Standard solution: [NoTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS, to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°_70° for 10 min
with regular shaking or using a vortex mixer, until all the
solid materials are dissolved. Chill rapidly in a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 10 mg of niacinamide
and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube.
Add 25.0 mL of Diluent, and mix using a vortex mixer for
30 s to completely suspend the powder. Immerse the
centrifuge tube in a hot water bath maintained at 65°-70°,
heat for 5 min, and mix on a vortex mixer for 30 s. Return
the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the
solution, cool to room temperature, and use the clear
filtrate. [NoTE-Use the filtrate within 3 h of filtration.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard SOILJtio,dji~~lli(I![111fJ~f~~~l>!~j
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Sam les: Standard solutionand Sam Iesolution

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacin (C6HsN02) .

• NIACIN, Method 2

Result = (rvlrs) x (CsICv) x 100

rv =peak area of calcium pantothenate from the
Sample solution

rs =peak area of calcium pantothenate from the
Standard solution

Cs =concentration of USPCalcium Pantothenate RS in
the Standard solution(mg/mL)

Cv =nominal concentration of calcium pantothenate
in the Sample solution(mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (C18H32CaN2010)

material (see Design andAnalysis of Biological Assays (111),
The Confidence Intervaland Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or
more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (C18H32CaN2010)

• CALCIUM PANTOTHENATE, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in 2000 mLof water, and adjust with phosphoric
acid to a pH of 3.5.

Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USPCalcium

Pantothenate RS in water. Prepare fresh every 4 weeks.
Store in a refrigerator.

Standard solution: 40 IJg/mL of USPCalcium
Pantothenate RS from the Standard stock solutiondiluted
with water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 10 mg of calcium
pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water

, to volume, mix, and filter.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-lJm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate.
Calculate the percentage of the labeled amount of calcium

pantothenate (C18H32CaN201O) in the portion of Tablets
taken:

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 1
[NoTE-Use low-actinic glassware throughout this

procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water

(5:1 :94)
Mobile phase: A mixture of methanol, glacial acetic acid,

and water (27:1 :73) containing 140 mg of sodium
l-hexanesulfonate per 100 mL
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• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3
[NoTE-Use low-actinic glassware throughout this

procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/mL of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and
0.24 mg/mL of USP Thiamine Hydrochloride RS in the
Reagent, with heating if necessary

Standard solution: Transfer 5.0 mL of the Standard stock
solution to a stoppered 125-mL flask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1) and
30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shakefor 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
milliliters of the filtrate.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to 7.5 mg of
niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,

. 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride
to a stoppered 125-mL flask. Add 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the
stopper, shakefor 15 min in awater bath maintained at 60°,
and cool. Filter, discarding the first few milliliters of the
filtrate.

Chromatographic system
, (See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2.0' mL/min
Injection volume: 5 I..lL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Sam les: Standardsolutionand Sam Iesolution

USP 43

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of thiamine Aa:s1J\i·arnrnle.i4)i)~r(:i~~Jl;~~S+)~~~j~~;2M~~i~~o~

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17HzoN406)

./~IACINAMIDIE, Method 2
,4

Result= (rulrs) x (CsICu) x 100 .

ru = peak area of pyridoxine from the Sample solution
ts =peak areaof pyridoxine from the Standardsolution
Cs =concentration of USP Pyridoxine .

Hydrochloride RS in the Standard solution
(mg/mL) .

Cu = nominal concentration of pyridoxine
hydrochloride in the Sample solution(mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of pyridoxine hydrochloride (CSH11N03 • HCI)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6NzO)

• PYRIDOXINE HYDROCHLORIDE, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent, Mobile phase, and Sample solution:

Prepareas directed for Niacin, Method2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in the Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock

solution to a 25-mL volumetric flask, and dilute with the
Extraction solventto volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 I..lL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas of pyridoxine. Calculate the

percentage of the labeled amount of pyridoxine
hydrochloride (CsHnN03 • HCI) in the portion of Tablets
taken:

• RIBOFLAVIN, Method 2
"if

• THIAMINE, Method 2
A .
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C

Cu

bath for. 30 mi.n, intermittently rinsing the inner surface of
the crucible With 6 N hydrochloric acid. Cool and
quantitatively transfer the contents of the cru~ible to a
1OO-mL volumetric flask. Rinse the crucible with small
portions of.6 N h~drochloric acid, and add the rinsings to
the f~ask. Dilute With water to volume, and filter, discarding
the first 5 mL of the filtrate. Dilute this solution
quantitativ~ly, with 0.125 N hydrochloric acid, to obtain a
concentration of 2 IJg/mL of calcium, adding 1 mL of the
Lanthanumchloride solutionper 100 mL of the final volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode:. Atomic absorption spectroscopy
Analytical wavelength: Calcium emission line at

422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solution per 100 mL
Analysis

Sample.s: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versusthe concentration, in IJg/mL, of calcium and draw
the straight line best fitting the 5 plotted point~. From the
gra~h, d.etermine the concentration (C), in IJg/mL, of
calcium In the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Tablets taken:

Result= «(/Cu) x 100

=measured concentration of calcium in the Sample
solution (lJg/mL) s

=nominal concentration of calcium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of calcium (Ca)

• CHROMIUM, Method'
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 1200 for 4 h
in water. Store in a polyethylene bottle.

Standar.d stock solution: 10 IJg/mL of chromium from the
Chromium standardsolution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstocksolution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standardstock
solution to separate 50-mL volumetric flasks; Dilute the
co.ntents of each of the 4 flasks with 0.125 N hydrochloric
acid to volume to obtain concentrations of 1.0, 2.0, 3.0,
and 4.0 IJg/mL of chromium.

Sample solution: Prepare asdirected for Calcium Method
1, except obtain a concentration of 1 IJg/mL of ~hromium
and omit the use of the Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode:. Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at

357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Sample.s: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of chromium, and

rtJ

~~?~j:)
of·ea J

[Nors-ln .owing assays commercially available
atomic absorption standard solutions for the minerals
where applicable, may be used where preparation of ~
Standardstocksolution is described. Usedeionized water
where water is specified. Where atomic absorption
spectrophoto~etry is specified in the assay, the
Standardsoiutions and the Sample solution may be
diluted quantitatively with the solvent specified, if .
necessary, to yield solutions of suitable concentrations
adaptable to the linear or working range of the
instrument.]

• CALCIUM, Method'
Lanth~num chloride solution: 267 mg/mL of lanthanum
chl~>rIde heptahydrate in 0.125 N hydrochloric acid

Calcium standard solution: 400 IJg/mL of calcium. Dissolve
1.001 9 of calcium carbonate, previously dried at 3000 for
3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide and dilute
with water to 1000 mL. '

Standard stock solution: 100 IJg/mL of calcium from the
Calcium standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution.To each flask add 1.0 mL of the Lanthanumchloride
solution, and dilute with water to volume to obtain
con~entrations of 1.0, 1.5, 2.0, 2.5, and 3.0 IJg/mL of
calcium.

Sample. solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 5 Tablets, to a
porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 0 for 6-12 h, and cool. Add 60 mL of
hydrochloric acid, and boil gently on a hot plate or steam
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draw the straight line best fitting the 4 plotted points.
From the graph, determine the concentration (C), in
j.Jg/mL, of chromium in the Sample solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Tablets taken:

Result=(C/Cu) x 100

C = measured concentration of chromium in the
Sample solution (uq/rnl.)

Cu = nominal concentration of chromium in the
Sample solution (j.Jg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

• COPPER, Method 1
Copper standard solution: .Dissolve 1.00 g of copper foil

in a minimum volume of a 50% solution of nitric acid, and
dilute with a 1% solution of nitric acid to 1000 mL. This
solution contains 1000 j.Jg/mL of copper.

Standard stock solution: 100 j.Jg/mL of copper from the
Copper standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standard stock
solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 j.Jg/mL of
copper.

Sample solution: Prepare as directed for Calcium, Method
7, except obtain a concentration of 2 j.Jg/mL of copper and
omit the use of the Lanthanum chloride solution.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in j.Jg/mL, of copper, and draw
the straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in j.Jg/mL, of
copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Tablets taken:

Result=(C/Cu) x 100

C = concentration of copper in the Sample solution
from the graph (j.Jg/mL)

Cu = nominal concentration of copper in the Sample
solution (j.Jg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of copper (Cu) .

• FLUORIDE, Method 1
[NOTE-Store all solutions in plastic containers.]

3 M sodium acetate solution: Dissolve 408 g of sodium
acetate in 600 mL of water contained in a 1000-mL
volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a
few drops of acetic acid to a pH of 7.0.

Sodium citrate solution: Dissolve 222 g of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

USP 43

Fluoride standard stock solution: 500 j.Jg/mL of fluoride
from a quantity of sodium fluoride, previously dried at 100°
for 4 h and cooled in a desiccator in water

Intermediate stock solution A: 100 j.Jg/mL of fluoride from
the Fluoride standard stock solution diluted with water

Intermediate stock solution B: 10 j.Jg/mL of fluoride from
the Fluoride standard stock solution diluted with water

Standard solutions: To 5 separate1OO-mL volumetric flasks
transfer 3.0, 5.0, and 10.0 mL of Intermediate stock solution
Band 5.0 and 10.0 mL of Intermediate stock solution A. To
each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and
10.0 j.Jg/mLof fluoride.

Sample solution: Transfera quantity of the finely powdered
Tablets, equivalent to 200 j.Jg of fluoride, to a 100-mL
volumetric flask. Add 10.0 mL of 1 N hydrochloric acid,
25.0 mL of 3 M sodium acetate solution, and 25.0 mL of
Sodium citrate solution, and dilute with water to volume.

Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standard solutions and the Sample solution. Measure the
potentials (see pH(791», in mV, of the Standard solutions
and the Sample solution, with a pH meter capable of a
minimum reproducibility of ±0.2 mV and equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NoTE-When taking measurements,
immerse the electrodes in the solution, stir on a magnetic
stirrer having an insulated top until equilibrium is attained
(1-2 min), and record the potential. Rinse and dry the
electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in j.Jg/mL,
of the Standard solutions versus potential, in mV. From the
standard response curve and the measured potential of
the Sample solution, determine the concentration (C), in
j.Jg/mL, of fluoride in the Sample solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Tablets taken:

Result= (C/Cu) x 100

C =measured concentration of fluoride in the Sample
solution (uq/rnl.)

Cu = nominal concentration of fluorine in the Sample
solution (uq/rnt)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NOTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water

(20:5:175)
Standard stock solution: 220 j.Jg/mL of USP Sodium

Fluoride RS in water. This solution contains 100 j.Jg/mL of
fluoride.

Standard solution: [NOTE-Condition the solid-phase
extraction column specified for usein the Standard solution
and the Sample solution in the following manner. Using a
vacuum at a pressurenot exceeding 5 mm of mercury,
wash the column with 1 column volume of methanol
followed by 1 column volume of pH 7O. 0 buffer. Do not
allow the column top to dry. If the top of the column
becomes dry, recondition the column.] Transfer10.0 mL of
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present; a higher temperature may be used, ifnecessary, to
ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 ml of water, cover the crucible

with a watchglass, and boilgently for 10 min. Filter the
solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker.Add
phosphoric acid until the solution isneutral to methyl
oranqe, then add 1 mL excessof phosphoricacid. Add
excess of Bromine water, and boilthe solutiongently until
colorless and then for 5 min longer.Adda few crystals of
salicylic acid, and cool the solutionto 20°. Add 1 mL of
phosphoricacidand 0.5 g of potassium iodide,and titrate
the liberated iodinewith 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodinecolor has
nearly disappeared.

Calculate the percentage of the labeledamount of iodine
(I) in the portion of Tablets taken:

Result =V x NA X Fx Ime x (AwlW) x (1 DOlL)

V = volume of sodium thiosulfate consumed (ml)
NA = actual normality of the sodium thiosulfate

solution used
F =correctionfactor to convert mg to ~g, 1000

pq/rnl,
Ime =milliequivalent weight of iodine,21.16 mg/meq

. Aw =average weight of the Tablets
'W = weight of the portion of the Tablets taken
L =labeled amount of iodine (~g/Tablet)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of iodine (I)

• IRON, Method 1
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-ml volumetric flask. Dissolve in 25 ml of
6 N hydrochloric acid, and dilute with water to volume.

Standard solutions: To separate 1OO-ml volumetric flasks,
transfer2.0, 4.0, 5.0, 6.0, and 8.0 ml of the Iron standard
stock solution. Dilute the contents of each flask with water
to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0,
and 8.0 ~g/ml of iron.

Sample solution: Prepareas directed for Calcium, Method
1, except obtain a concentration of 5 ~g/mL of iron and
omit the use of the Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Ironemission lineat 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in uq/rn]; of iron, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in ~g/mL, of
iron in the Sample solution.

Calculate the percentage of the labeledamount of iron(Fe)
in the portion of Tablets taken:

Result =(CICu) x 100

the Standardstock solution to a 1OO-mL volumetric flask.
Add 75 mL of water, and adjust with 0.1 N sodium
hydroxideto a pH of 10.4 ± 0.1. Dilute with water to
volume. Filter, discarding the first15 ml of the filtrate.
Transfer 25.0 ml of the filtrate to a 50-mL volumetric flask,
add 15.0 ml of water, and adjust with 0.1 N sodium
hydroxideto a pH of 10.0. Dilute with pH 10.0 bufferto
volume. Elute a portion of this solution through a 3-mL
solid-phaseextraction column containing L1 packing that
is connected through an adapter to a second solid-phase
extraction column containing sulfonylpropyl strong
cation-exchange packing. Discard the first 3 ml of the
eluate, and collect the rest of the eluate in a suitableflask
for injection into the chromatograph.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of powdered Tablets, equivalentto 1 mg of
fluorine, in 15 ml of water, and shakevigorously. Rinse the
sides of the flask with 15 mL of water, and allowto stand
for 10 min. Dilute with water to 85 mL, adjust with 1 N
sodium hydroxide to a pH of 10.4 ± 0.1, and dilutewith
water to 100 ml. Prepareas directed for the Standard
solution, beginning with "Filter, discarding the first15 ml
of the filtrate".

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing 117
Analytical: 7.8-mm x 30-cm; packing II 7

Flow rate: 0.5 ml/min
Injection volume: 100 ut,

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Measurethe peak areas of fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Tablets taken:

Result =(rulrs) x (CsICu) x 100

ru =peak area from the Sample solution
ts =peak area from the Standard solution
Cs =concentration of fluoride in the Standard solution

(~g/mL)
Cu =nominal concentration of fluorine in the Sample

solution (~g/ml)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of fluorine (F)

• IODIDE •
Bromine water: To 20 ml of bromine in a glass-stoppered

bottle add 100 mL of water. Insertthe stopper into the
bottle, and shake. Allow to stand for 30 min, and use the
supernatant.

Analysis: Transferan amount of finely powdered Tablets,
equivalent to 3 mg of iodide, to a nickel crucible. Add 5 g
ofsodium carbonate,S mL of50% (w/v) sodium hydroxide
solution, and 10 ml of alcohol, taking care that the entire
specimen is moistened. Heat the crucible on a steam bath
to evaporate the alcohol, then dry the crucibleat 100° for
30 min to prevent spattering upon subsequent heating.
Transfer the cruciblewith its contents to a furnace heated
to 500°, and heat the crucible for 15 min. [NoTE-Heating
at 500° is necessaryto carbonizeany organic matter

C =measured concentration of iron in the Sample
solution(~g/ml)

= nominal concentration of iron in the Sample
solution (JJg/mL)
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Acceptance criteria: 90.0%-125.0% of the labeledamount
of iron (Fe)

• MAGNESIUM, Method 1
Lanthanum chloride solution: Prepare asdirected in

Calcium, Method 7.
Magnesium standard solution: Transfer 1.0 g of

magnesium ribbon to a 1OOO-mL volumetric flask, dissolve
in 50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a known
concentration of 1000 IJg/mL of magnesium.

Standard stock solution: 20 IJg/mL of magnesium from the
Magnesium standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution.To each flaskadd 1.0 mL of the Lanthanumchloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 004, 0.5, and
0.6 IJg/mL of magnesium.

Sample solution: Prepare as directed for Calcium, Method
7, except obtain a concentration of 004 IJg/mL of
magnesium.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at

285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanumchloride solutionper 100 mL
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbancesof the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versus the concentration, in IJg/mL, of magnesium, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
IJg/ml, of magnesium in the Sample solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Tablets taken:

Result = (C/Cu) x 100

C = measured concentration of magnesium in the
Sample solution (lJg/mL)

Cu = nominal concentration of magnesium in the
Sample solution (uq/rnl.)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: Transfer 1.00 g of

manganese to a 1OOO-ml volumetric flask. Dissolve in
20 ml of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration
of 1000 IJg/mL of manganese.

Standard stock solution: 50 IJg/mL of manganese from the
Manganese standardstock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 ml of the Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 IJg/ml of
manganese.

Sample solution: Prepare asdirected for Calcium, Method
7, except obtain a concentration of 1 IJg/ml of manganese
and omit the use of the Lanthanumchloride solution.
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Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at

279.5 nm
lamp: Manganese hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbancesof the Standard solutions
versus the concentration, in IJg/ml, of manganese, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
IJg/mL, of manganese in the Sample solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Tablets taken:

Result= (C/Cu) x 100

C =measured concentration of manganese in the
Sample solution (lJg/mL)

Cu =nominal concentration of manganese in the
Sample solution (lJg/mL)

. Acceptance criteria: 90.0%-125.0% of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolve in 50 mL of nitric acid, warming if necessary. Dilute,
with water to volume, and mix to obtain a solution with a
concentration of 1000 IJg/mL of molybdenum.

Standard stock solution: 100 IJg/ml of molybdenum from
the Molybdenum standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 10.0, and 25.0 mL of the Standardstock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solution in each flask for 15 min, cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrations of 5.0, 10.0, and 25.0 IJg/mL of
molybdenum.

Sample solution: Transfer a portion of the powder,
equivalent to 1000 IJgof molybdenum, to a suitable flask,
and add 12 mL of nitric acid. [NoTE-The volume of nitric
acid may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the test
specimen. Sonicate for 10 min or until the test specimen is
completely dissolved. Gently boil the solution for 15 min,
and cool to room temperature. Carefully add 8 ml of
perchloric acid, heat until perchloric acid fumes appear,
and swirl the flask to dissipate the fumes. Repeatthe
heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of
the flask to a 1OO-ml volumetric flask with the aid of the
Diluent, and dilute with Diluent to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at

313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
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Determine the absorbances of the solutionsagainst the
Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in IJg/ml, of molybdenum, and
draw the straight line best fitting the 3 plotted points.
Fromthe graph, determine the concentration (C), in
IJg/ml, of molybdenum in the Sample solution.

Calculatethe percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result =(C/Cu) x 100

C =measured concentration of molybdenum in the
Sample solution (lJg/ml)

Cu =nominal concentration of molybdenum in the
Sample solution (lJg/ml)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of molybdenum (Mo)

• MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 ml of water to 109 of

sodium fluoride, stir until the solution issaturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/ml of ferrous sulfate in
water

Potassium thiocyanate solution: 200 mg/ml of potassium
thiocyanate in water

20% stannous chloride solution: Transfer 40 mg of
stannous chloride to a beaker, add 20 ml of 6.5 N
hydrochloricacid solution, and heat the solution until the
stannous chloride is dissolved. Cool, and dilute with water
to 100 ml.

Diluted stannous chloride solution: 20%stannous chloride
solutiondiluted with water (1 in 25). Preparethis solution
fresh at the time of use.

Standard solution: 20 IJg/ml of molybdenum in water
Sample: A portion of finely powdered Tabletsequivalent to

40 IJg of molybdenum
Instrumental conditions

(See AtomicAbsorption Spectroscopy (852).)
Mode: Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol

Analysis
Samples: Standardsolution and Sample
Transferthe Sample and 2.0 ml of the Standard solutionto

separate 200-ml beakers.Add 20 ml of nitricacid to each
beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 ml of perchloricacid, cover the
beakerswith a watchglass, and continue the heating until
digestion is complete, as indicated when the liquid
becomes colorlessor pale yellow. Evaporate the solutions
in the beakers to dryness. Rinse the sidesof the beakers
and the watchglasses with water, and add more water to
complete 50 ml in each beaker. Gentlyboil the water
solution for a few min. Cool to room temperature. Add 2
drops of methyl orange TS, and neutralizewith
ammonium hydroxide. Add 8.2 ml of hydrochloric acid.
Quantitatively transfer the contents of the beakers to
separate 1OO-ml volumetric flasks, rinsethe beakers with
water, transfer the rinsings to the corresponding
volumetric flasks, and dilute with water to volume.
Transfer50.0 ml of each solution to separatory funnels.
To each separatory funnel add 1.0 ml of Sodium fluoride
solution, 0.5 ml of Ferrous sulfate solution, 4.0 ml of
Potassium thiocyanate solution, 1.5 ml of 20% stannous
chloride solution, and 15.0 ml of amyl alcohol, and shake
the separatory funnel for 1 min. Allow the layers to
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separate, and discard the aqueous layers. Add 25 ml of
Diluted stannous chloride solutionto each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers. Transferthe
organic layerfrom each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine
the absorbances of the organic phases obtained from the
Standardsolution and the Sample, and correct with the
Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result = (Au/As) x [(V x Cs)/Mu] x 100

Au =absorbance of the Sample
As =absorbance of the Standard solution
V = volume of the Standard solutionanalyzed, 2.0 ml
Cs = concentration of molybdenum in the Standard

solution (lJg/ml)
Mu =nominal amount of molybdenum in the Sample

(uq)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of molybdenum (Mo)

• PHOSPHORUS, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water
. (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/ml of

ammonium molybdate in the Sulfuric acidsolutionand
water (2:3). [NOTE-Dissolve in water first, and then dilute
with the Sulfuric acidsolutionto volume.]

Hydroquinone solution: 5 mg/ml of hydroquinone in
water. Add 1 drop of sulfuric acid per 100 ml of solution.

Sodium bisulfite solution: 200 mg/ml of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 g of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored ina desiccator,and transfer to a 1000-ml
volumetricflask. Dissolve in water, add 6 ml of sulfuric acid
as a preservative, dilute with water to volume, and mixto
obtain a solution with a concentration of 1000 IJg/ml of
phosphorus.

Standard solution: 20 IJg/ml of phosphorus from
Phosphorus standardstock solutiondiluted with water

Sample solution: [NOTE-Finely powder and weigh a
counted number of Tablets.] Transfer a portion of the
powder, equivalent to 100 mg of phosphorus, to 25 mL of
nitricacid, and digest on a hot plate for 30 min. Add 15 ml
of hydrochloricacid, and continue the digestion to the
cessation of brown fumes. Cool, and transfer the contents
of the flask to a 500-ml volumetricflask with the aid ofsmall
portions of water. Dilute with water to volume. Transfer
10.0 ml of this solution to a 1OO-ml volumetricflask, and
dilute with water to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm

Analysis
Samples: Standardsolutionand Sample solution
To 3 separate 25-ml volumetricflasks transfer 5.0 ml each

of the Standard solution, the Sample solution, and water to
provide the blank.To each of the 3 flasks add 1.0 ml
each of Ammonium molybdate solution, Hydroquinone
solution, and Sodium bisulfite solution, and swirl to mix.
Dilute the contents of each flask with water to volume,
and allow the flasks to stand for 30 min. Determine the
absorbances of the solutionsagainst the blank.
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Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Tablets taken:

Result= (AulAs) x (CsICu) x 100

Au = absorbance of the Sample solution
As = absorbance of the Standardsolution
Cs = concentration of phosphorus in the Standard

solution (lJg/mL)
Cu = nominal concentration of phosphorus in the

Sample solution (pq/rnl)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 IJg/mL of potassium
from potassium chloride, previously dried at 105° for 2 h,
in water

Standard stock solution: 10 IJg/mL of potassium from the
Potassium standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mL of the Standardstock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of potassium.

Sample solution: Prepare as directed for Calcium, Method
7, except obtain a concentration of 1 IJg/mL of potassium
and omit the use of the Lanthanum chloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassiumemission line at

766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Blank: Water

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of potassium, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
IJg/mL, of potassium in the Sample solution.

Calculate the percentage of the labeled amount of
potassium (K) in the portion of Tablets taken:

Result= (C/Cu) x 100

C = measured concentration of potassium in the
Sample solution (uq/rnl)

Cu =nominal concentration of potassium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of potassium (K)

• SELENIUM, Method 1
Diluent: Prepare as directed in Molybdenum, Method 7.
Selenium standard solution: [CAUTION-Selenium is toxic;

handle it with care.] Dissolve 1 9 of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness.Add
2 mL of water, and evaporate to dryness. Repeat the
addition of water and the evaporation to dryness 3 times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a concentration of 1000 IJg/mL of
selenium.

Standard stock solution: 100 IJg/mL of selenium from the
Selenium standard solution diluted with water

USP 43

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volume to
obtain solutions with concentrations of 5.0, 10.0, and 25.0
IJg/mL of selenium.

Sample solution: Transfer a portion of the powder,
equivalent to 1000 IJg of selenium, to a suitable flask, and
add 12 mL of nitric acid. [NOTE-The volume of nitric acid
may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to dispersethe test
specimen. Sonicate for 10 min or until the test specimen is
completely dissolved. Gently boil the solution for 15 min,
and cool to room temperature. Carefully add 8 mL of
perchloric acid to the flask, heat the flask until perchloric
acid fumes appear, and swirl the flask to dissipate the
fumes. Repeatthe heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the
aid of the Diluent, and dilute with Diluent to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at

196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air-acetylene
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in IJg/mL, of selenium, and draw
the straight line best fitting the 3 plotted points. From the
graph, determine the concentration (C), in IJg/mL, of
selenium in the Sample solution.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result= (CICu) x 100

C = concentration of selenium in the Sample solution
from the graph (uq/rnl.)

Cu = nominal concentration of selenium in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of selenium (Se)

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with

water (1 in 10)
50% ammonium hydroxide solution: Ammonium

hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of

hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate dlsodlum in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to
volume.] (

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatory funnel, and add 200 mL of 0.1 N
hydrochloric acid. Washthe solution with 340-mL portions
of cyclohexane, and discard the cyclohexane layer. Filter
the solution into a brown bottle, and cover the solution
with a l-cm layer of cyclohexane. This solution is stable for
1 week if stored in a refrigerator.

Standard stock solution: [CAUTION-Selenium is toxic;
handle it with care.] Dissolve 1 9 of metallic selenium i~ a
minimum volume of nitric acid. Evaporateto dryness.Add
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2 mL of water, and evaporate to dryness. Repeat the
addition of water and evaporation to dryness 3 times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a solution with a concentration of
1000 I-Ig/mL of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 I-Ig/mL of selenium.

Standard solution: Transfer 10 mL of the Standardstock
solution to a glass-stoppered flask. Add 1 mL of perchloric
acid and 1 mL of Hydrochloric acidsolution, and dilute with
water to 20 mL.

Sample solution: Transfer a portion of finely powdered
Tablets, equivalent to 20 I-Ig of selenium, to a suitable flask.
Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has
subsided, then add 3 mL of perchloric acid.
[CAUTION-Exercisecare at this stage because the

perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of

white fumes of ·perchloric acid or until the digest begins
to darken. Add 0.5 mL of nitric acid and resume heating,
adding additional amounts of nitric acid if further
darkening occurs. Digest for 10 min after the first
appearance of perchloric acid fumes or until the digest
becomes colorless. Cool the flask, add 2.5 mL of
Hydrochloric acidsolution, and return the flask to the hot
plate to expel residual nitric acid. Heat the mixture for
3 min after it begins to boil. Cool the flask to room
temperature, and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV .
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL
Analysis

Samples: Standardsolution and Sample solution
Treat the Sample solution, the Standardsolution, and the

Blankasfollows. Add 5 mL of Reagent A to each flask, and
swirl gently to mix. Adjust the solution in each flask with
50% ammonium hydroxide solution to a pH of 1.1 ± 0.1 .
Add 5 mL of Reagent B to each flask, and swirl gently to
mix. Place the flasks in a water bath maintained at 50°,
and equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained
from the Samples against the solution obtained from the
Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result =(Au/As) x [(Vx Cs)/Mu] x 100

Au

V

= absorbances of the cyclohexane layer from the
Sample solution

= absorbances of the cyclohexane layer from the
Standardsolution

= volume of the Standardstock solution used to
prepare the Standardsolution, 10 mL

= concentration of selenium in the Standardstock
solution (l-Ig/mL)

Mu =nominal amount of selenium in the Sample
solution (I-Ig)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of selenium (Se)

• ZINC, Method 1
Zinc standard stock solution: 1000 I-Ig/mL of zinc from zinc

oxide in 5 M hydrochloric acid (3.89 mg/mL) and diluted
with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then
dilute to final volume.]

Standard stock solution: 50 I-Ig/mL of zinc from the Zinc
standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of Standardstocksolution to separate 1OO-mL volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
0.5, 1.0, 1.5, 2.0, and 2.5 I-Ig/mL of zinc.

Sample solution: Prepare asdirected for the Sample solution
in Calcium, Method 7, except obtain a concentration of 2
I-Ig/mL of zinc and omit the use of the Lanthanumchloride
solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry

.Analytical wavelength: Zinc emission line at 21 3.8 nm
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in I-Ig/mL, of zinc, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in I-Ig/mL, of
zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Tablets taken:

Result = (C/ Cu) x 100

C =measured concentration of zinc in the Sample
solution (l-Ig/mL)

Cu =nominal concentration of zinc in the Sample
solution (l-Ig/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, and VANADIUM, Method 1; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NoTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of the Stock aqua regiasolution
and water (1 :9) by adding 1 volume of Stock aqua regia
solution to 2 volumes of water. Dilute with additional water
to volume, and mix well.

System suitability solution: Preparea mixture of 1000 mg/
L of yttrium in 5% nitric acid solution, 1000 mg/L of
scandium in 5% nitric acid solution, and Diluent (1:1 :198),
and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn):
[NOTE-It is only necessaryto include the minerals of

interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
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nitric acid solution, pipet the appropriate amount of
element standard solution into a volumetric flask, and dilute
with 5% nitric acid solution to obtain a solution having final
concentrations of about 1000 mg/L of calcium, 100 mg/L
of copper, 250 mg/L of iron, 500 mg/L of magnesium,
100 mg/L of manganese, 800 mg/L of phosphorus, and
250 mg/L of zinc. .

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn; and V):
[NOTE-It isonly necessaryto include the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20%
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% hydrochloric acid solution to obtain a
solution having final concentrations of about 200mg/L of
boron, and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standard stock
solution 1 and Standard stock solution 2, as required, in the
Diluent to prepare a 6-point calibration curve to bracket the
concentration range of each mineral of interest.

Sample solution 1 (for Tablets containing minerals in
Standardstocksolution 1 and Standardstocksolution 2):
Weigh and finely powder NLT 20 Tablets. Transfer a
portion, equal to 3.5 times the average Tablet weight, to a
250-mL volumetric flask. Slowly add 25 mL of the Stock
aquaregia solution in 5-mL increments, followed by mixing.
[NOTE-If the sample contains a carbonate, bubbling will
occur. Wait until bubbling ends to proceed.] Bring the
solution to a boil on a hot plate. Continue to heat gently
until fumes cease(about 1 h). [NOTE-If the sample contains
selenium, digest for NMT 15 min.] Remove from heat, cool,
and dilute with water to volume. Pass about 30 mL into a
centrifuge tube using a 5-lJm pore size nylon syringe filter.
If necessary, make any further dilutions using the Diluent.

Sample solution 2 (for Tablets containing minerals only in
Standardstocksolution 2): Weigh and finely powder NLT
20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly
add 25 mL of the Stock aquaregia solution in 5-mL
increments followed by mixing. [NOTE-If the sample
contains a carbonate, bubbling will occur. Wait until
bubbling ends to proceed.] Bring the solution toa boil on a
hot plate. Continue to heat gently until fumes cease(about
1 h). [NOTE-If the sample contains selenium, digest for
NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Pass about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-lJm pore size. If necessary,
make any further dilutions using the Diluent.

Sample solution 3 (for Tablets containing minerals only in
Standardstocksolution 1): Weigh and finely powder NLT
20 Tablets. Transfer a portion, equal to the average Tablet
weight, to a 250-mL volumetric flask. Slowly add 25 mL
of the Stock aquaregia solution in 5-mL increments,
followed by mixing. [NOTE-If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to
proceed.] Bring the solution to a boil on a hot plate.
Continue to heat gently (about 1 h) until fumes cease.
Remove from heat, cool, and dilute with water to volume.
Pass about 30 mL into a centrifuge tube using a nylon
syringe filter of 5-lJm pore size. If necessary, make any
further dilutions using the Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma spectrometry, using a

spectrometer set to measure the emission of each mineral
of interest at about the corresponding wavelength.
[NOTE-The operating conditions may be developed and
optimized based on the manufacturer's recommendation.

USP 43

The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity,
linearity, accuracy, and precision.]

System suitability
Sample: System suitability solution
[NoTE-Analyze the System suitability solution, and obtain

the response as directed in the Analysis.]
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the

Standard solutions and Sample solution with an inductively
coupled plasma system using the Diluent asthe blank. Plot
the emission of the Standard solutions versus the
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph, determine the concentration (C), in mg/L, for
each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral taken:

Result = C x (V/W) x F x (Cw/L) x 100

C = measured concentration of the relevant element
in the Sample solution (mg/L)

V = volume of the Sample solution (L)
W = sample weight (mg)
F = dilution factor of the Sample solution
Cw = average Tablet weight (mg)
L = labeled amount (mg/Tablet)

Acceptance criteria: 90.0%-125.0% of the labeled amount,
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), and zinc (Zn); and
90.00/0-160.0% of the labeled amount of boron (B),
chromium (Cr), molybdenum (Mo), nickel (NO, selenium
(Se), tin (Sn), and vanadium (V)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 du/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
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USP Riboflavin RS
Riboflavine.
C17HzoN406 376.36

USP Sodium Fluoride RS
Sodium fluoride.
NaF 41.99

USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)

methyl]-5-(2-hydroxyethyl)-4-methyl-, chloride,
monohydrochloride.

C12H17CIN40S. HCI 337.27
'.,~,.,.,.,",;,',', er;;" ,',' ,..?'.•..,'.' .•. ;.'.'.3·:iA'!(I.l$PilfMily,,zP2,Q)

USP Niacin RS
3-Pyridinecarboxylic acid.
C6HsNOz 123.11

USP Niacinamide RS
3-Pyridinecarboxamide.

'C6H6N20 122.12
USP Phytonadione RS
USP Pyridoxine Hydrochloride RS

3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-,
hydrochloride.

CSH llN03· HCI 205.64
;~

Water-Soluble Vitamins Capsules
DEFINITION
Water-Soluble Vitamins Capsules contain two or more of the

following water-soluble vitamins: Ascorbic Acid or its
equivalent asCalcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, FolicAcid, Dexpanthenol or
Panthenol, Niacin or Niacinamide, pantothenic acid (as
Calcium Pantothenateor Racemic Calcium Pantothenate),
Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate. Capsules contain
NLT 90.0% and NMT 150.0% of the labeledamounts of
ascorbicacid (C6Hs06), biotin (Cl0H16Nz03S), calcium
pantothenate (ClsH32CaNzOlO), cyanocobalamin
(C63HssCoN14014P), folic acid (C19H19N706), dexpanthenol or
panthenol (C9H19N04), niacin (C6HsNOz) or niacinamide
(C6H6N20), pyridoxine hydrochloride (CSH11N03· HCI),
riboflavin (C17HzoN406), and thiamine (ClzH17CIN40S) as
thiamine hydrochloride or thiamine mononitrate.

They do not contain any form of Beta Caroteneor Vitamin A,
D, E, or K. They do not contain any mineralsfor which
nutritional value is claimed. They may contain other labeled
added substances in quantities that are unobjectionable.

STRENGTH
[NOTE-In the following assays, where more than one

assay method is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method.1 is not used.]

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE·

(See Vitamin CAssay(580).)
[NOTE-For labeling purposes, considerMethod 1

Titrimetric Method as Method 1.]

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS

2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8,-tetramethyl
2-(4,8,12-trimethyltridecyl)-.

CZ9HsoOz 430.70
USP Alpha Tocopheryl Acetate RS

~~e~I~;b.~.I9~~~b~rxl;~~.i;g;~;~~~i;~s~~e RS '
~.~~g!;~.~p~pig~~ig2~~~f(l.l$ps;1,;ryi~YF2()~()
USP Biotin RS

1H-Thieno[3,4-d]imidazole-4-pentanoicacid, hexahydro
2-oxo-, 3aS-[(3aa,4~,6aa)]-.

ClOH16Nz03S 244.31
USP Calcium Pantothenate RS
~-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-,

calcium salt (2:1), (R)-.
ClsH32CaNzOlO 476.53

USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3~,5Z,7e-.
Cz7H440 384.64

USP Cyanocobalamin (Crystalline) RS
Vitamin B12•

C63HssCoN14014P 1355.37
USP Ergocalciferol RS ,

9,10-Sec0ergosta-5,7,10(19),22-tetraen-3-ol, (3~,5Z,7E,
22£)-.

CZSH 440 396.65
USP FolicAcid RS

• LABELlNG:4 The label states that the product is Oil- and
Water-Soluble Vitamins with MineralsTablets. The label
a.ls9 ~t~t~~t~e_ql.lal'1tity of eachvitamin and mineral~tm~'gZ
m~pl~t,gr?lJgZ:~~ti?I!p!~w,J$~!lgtYt~y*2Q4l» and where necessary the
chemical form in which a vitamin is presentand alsostates
the salt form of the mineral usedasthe source of each
element. Where the produ~t~9ntains vitamin E, the label
il'1~i~~t~s whether it is the '~,I1BB;/;;s{Q~r;;]~~~Y~~Q~Q) or
• l;l.ll~rgg-~'i(f.J~~!J;+fYf~Y.F4()g()) form. Where more than one assay
method is given for a particular vitamin, the labeling states
with which assay method the product compliesonly if
Method 1 is not used.

4 AA {!JSP 1~MaY'2()2QjWhere articles are labeled in terms of Unitsin addition
to the required labeling, the relationship of the USP Unitsor IU to mass is
as follows. One USP Vitamin A Unit= 0.3 IJg of all-trans-retinol(vitaminA
alcohol) or 0.344 IJgof all-trans-retinylacetate (vitaminAacetate) or 0.55
I-Ig of all-trans-retinyl palmitate (vitaminA palmitate), and 1 I-Ig of retinol
(3.3 USP Vitamin A Units)= 1 retinol equivalent (RE); 1 IU of beta carotene
= 0.6 I-Ig of all-trans-betacarotene; 1 USP Vitamin D Unit= 0.025 I-Ig of
ergocalciferol or cholecalciferol; and 1 mg of alpha-
tocopherol =1.1 former USP Vitamin EUnits; j

;ciCA{US~ 1 ~)-alpha~tocopheryl acetate =1former USP Vitamin Eunit;
1mg of -A _ . _, _~(USP,1:M~~.?020)-alpha-tSlc:opheryl acid succinate = 0.89
former USP Vitamin EUnits; 1 mg of A/uJR al ha-tocopherol
= 1.49 former USP Vitamin EUnits; fmg of alpha-
tocopheryl ac~tate= 1.36 former USP Vitamin EUnits; an 1 mg of
~RRRA {\Js~ 1~MaY:2~2Q)-alpha-tocopheryl acid succinate =1.21 former USP
Vitamin EUnits. In terms of __ -alpha-tocopherol
equivalents, 1 m of - alpha-tocopheryl acetate =0.91;
1 mg ofAR -- pha-tocopheryl acid succinate = 0.81;
1 mg of -alpha-tocopherol =0.74; 1 mg of .

alpha-tocopheryl acetate =0.67; and 1 mg of
al ha-tocopheryl acid succinate=0.60.

(10
9of
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Acceptance criteria: 90.00/0-150.0% of the labeled amount
of ascorbic acid (C6Hs06)

• BIOTIN, Method .,
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium

perchlorate, and 1 mL of phosphoric acid, and dilute with
water to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 ~g/mL of USP Biotin RS prepared by
diluting the Standard stock solution in water

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without the lossof
shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells
by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shells with the
aid of a current of dry air until the odor of ether is no longer
perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per
Capsule. Transfer a portion of the Capsule contents,
equivalent to a nominal amount of 1 mg of biotin, to a
200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Place the flask in a water bath
at 60°-70° for 5 min. Sonicate for 5 min, dilute with water
to volume, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 15-cmi 3-~m packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 ~L

System sultablllty
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areasof biotin. Calculate the percentage

of the labeled amount of biotin (CloH16N203S) in the
portion of Capsulestaken:

Result=(rvlrs) x (Cs/Cv) x 100

tu =peak area of biotin from the Sample solution
ts =peak area of biotin from the Standard solution
Cs =concentration of USP Biotin RS in the Standard

solution (~g/mL)

Cu =nominal concentration of biotin in the Sample
solution(~g/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of biotin (Cl0H16N203S)

• BIOTIN, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Dehydrated mixtures yielding formulations similar to the

media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 50 ~g/mL of USP Biotin RS in 50%
alcohol. Store this solution in a refrigerator.

Standard solution: 0.1 ng/mL of USP Biotin RS in water,
prepared by dilution of the Standard stock solution with
water on the day of the assay.

USP43

Sample solution: Proceed asdirected in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
100 ~g of biotin, to a 200-mL volumetric flask. Add 3 mL
of 50% alcohol, and swirl to wet the contents. Heat the flask
in a water bath at 60°-70° for 5 min. Sonicate for 5 min,
dilute with 50% alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if
necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 g of L-cystine
in a solution of 1.0 g of L-tryptophan (or 2.0 g of
D,L-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 ~g/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 ~g/mL of
riboflavin and 10 ~g/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 uq/m], of p-aminobenzoic acid, 50 Ilg/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: 25 g of monobasic potassium phosphate
and 25 g of dibasic potassium phosphate in water to make
500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolveanhydrous Dextrose
and anhydrous Sodium acetatein the solutions previously
mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.

Table 1
Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL
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Table 1 (continued)

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add 500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
ofagar, and heat the mixtureon a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121°for 15 min, and allowthe tubes to cool
in an upright position. Prepare stab cultures in three or
more of the tubes, using a pure culture of Lactobacillus
plantarum, 1 incubating for 16-24 h at a temperature
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stock culture
everyweek,-and do not use for Inoculum if the culture is
more than 1 week old.

Culture medium: Toeach of a seriesoftest tubes containing
5.0 mLof Basal medium stocksolutionadd 5.0 mLof water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yieldsan Inoculumcomparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mLof Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. The cell suspension so
obtained is the Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similarseparate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mLof the Standard solution. To
each tube and to four similarempty tubes add 5.0 mLof
Basal medium stock solutionand sufficient water to make
10 mL.

To similar test tubes add, in duplicate, volumes of the
Sample solutioncorresponding to three or more of the
levels specifiedfor the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstock solution and sufficient water to
make 10 mL. Placeone complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rack or section of a rack, preferablyin
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool. Add
1 drop of Inoculum to each tube, except two of the four
tubes containing no Standardsolution (the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 3r held constant to within ±0.5° until, following 16
24 h of incubation, there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Placethe cell in a
spectrophotometer that has been set at a specific
wavelength 540-660 nm, and read the transmittance

1 ATCC No.8014 isSUitable. Thisstrainwasformerly knownas Lactobacillus
arabinosus 17-5.
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when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere isevidenceof contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (LS) as the difference, y = 2.00 - Ls. Plotthis
response on the ordinate of cross-section paper against the
logarithm of the mLof Standard solutionper tube on the
abscissa, using for the ordinate either an arithmetic or a
.logarithmicscale, whichever givesthe better
approximation to a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculate the response y =2.00 - I:u, adding together the

two transmittances (I:u) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolutioncorresponding to each
of those valuesof y that fall within the range of lowestand
highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valgesof Xfor each of
three or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.

Determine the quantity, in JJg, of biotin (CloH16N203S) in
the portion of Capsules taken:

antilog M = antilog (M' + log R)

R =number of JJg of biotin assumed to be present in
the portion of Capsules taken

Calculate the percentage of the labeled amount of biotin
(ClOH16N203S) in the portion of Capsules taken:

Result =[(antilog M)/N] x 100

N =nominal amount of biotin in the portion of
Capsules taken (JJg)

Replication: Repeat the entire determination at least once,
using separately prepared Sample solutions. Ifthe difference
between the two log-potencies Mis NMT 0.08, their mean,
M, is the assayed Iqg-potency of the test material (see
Design andAnalysis ofBiologicalAssays (111), The Confidence
Interval and Limits ofPotency). Ifthe two determinations
differ by more than 0.08, conduct one or more additional
determinations. From the mean of two or more valuesof M
that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (ClOH16N203S)

• CYANOCOBALAMIN, Method 1
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 JJg/mL of USP

Cyanocobal.amin (Crystalline) RS inwater. [NOTE-Store this
stock solution in a dark place, and discard after 1 week.]
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Standard solution: 1 JJg/mL of USP Cyanocobalamin
(Crystalline) RS from the Standard stock solution diluted
with water

Sample solution: Weigh NLT 30 Capsules in a tared
weighing bottle. Open the Capsules, without the lossof
shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells
by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsuleshellswith the
aid of a current of dry air untilthe odor of ether is no longer
perceptible. Weigh the empty Capsuleshells in the tared
weighing bottle, and calculate the average net weight per
Capsule. Transfera portion of the Capsulecontents,
equivalent to 100 JJg ofcyanocobalamin, to a 250-mLflask.
Quantitativelyadd 100.0 mLof water, and carefully extract
for 2 min. Filter 10 mLof the extract, and use the clear
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-JJm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 JJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation': NMT 3.0%
Analysis .

Samples: Standard solution and Sample solution,
Measure the peak areas of cyanocobalamin. Calculate the

percentage of the labeled amount of cyanocobalamin
(C63HssCoN,40,4P) in the portion of Capsules taken:

Result =(rufrs) x (Cs/Cu) x 100

= peak area of cyanocobalaminfrom the Sample
solution

= peak area of cyanocobalaminfrom the Standard
solution

=concentration of USP Cyanocobalamin
(Crystalline) RS in the Standard solution (JJg/mL)

= nominal concentration of cyanocobalamin in the
Sample solution (JJg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of cyanocobalamin (C63HssCoN,40,4P)

• CYANOCOBALAMIN, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Standard stock solution: 1.0 JJg/mL of USP

Cyanocobalamin (Crystalline) RS in 25% alcohol. Store in a
refrigerator.

Standard solution: Dilutea suitable volume of Standard
stock solution with water to a measured volume such that
after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank
and the 5.0-mL level of the Standard solution is NLT that
which corresponds to a differenceof 1.25 mg in dried cell
weight. Thisconcentration usually falls between 0.01 and
0.04 ng/mL of the Standard solution. Prepare this solution
fresh for each assay.

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfera portion of the Capsule contents, equivalent to
1.0 JJg of cyanocobalamin, to an appropriate vessel
containing, for each g of Capsulecontents taken, 25 mLof
an aqueous extracting solution prepared just before use to
contain 12.9 mg/mL of dibasic sodium phosphate,

USP 43

11.0 mg/mLof anhydrous citricacid, and 10 mg/mL of
sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved. particlesof the extract to
settle, and filteror centrifuge, ifnecessary. Dilute an aliquot
of the clearsolution with water to obtain a final solution
containing vitamin612 activityapproximately equivalent to
that of the Standard solution.

Acid-hydrolyzed casein solution: Prepare as directed in
Calcium Pantothenate, Method 2.

Asparagine solution: Dissolve 2.0 g of l-asparagine inwater
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepare as directed in
Calcium Pantothenate, Method 2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mLofwater, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid isdissolved. Cool, and
dilute with water to 200 mL. Store under toluene ina
refrigerator.

Salt solution A: Dissolve 10 g of monobasic potassium
phosphate and 10 g of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

. Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of
thiamine hydrochloride, 100 JJg of biotin, and 20 mg of
niacin in 0.02 N acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic
acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 mg of folic acid in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted as directed in the
labeling, it yieldsa medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully

dissolving Cystine and Tryptophan in the hydrochloric acid
before adding the next eight solutions to the resulting
solution.Add 100 mL of water, and dissolve the Dextrose,
Sodium acetate, and Ascorbic acid. Filter, if necessary.
Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxideto a pH of 5.5-6.0, and dilute with Purified
Water to 250 mL.

Table 2

l-Cystine 0.1 g

l-Tryptophan 0.05 g

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5 mL

Vitamin solution A 10 mL

Vitamin solution B 10 mL

Salt solution A 5 mL

Salt solution B 5 mL

Asparagine solution 5 mL
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that a 1-in-20 dilution in salineTS produces 70%
transmittance when read on a 'suitable spectrophotometer
th.athas been set at a wavelengthof 530 nm, equipped
With a 10-mm cell, and read against salineTS set at 100%
transmi~tance: Prepar:e a 1-in-400,dilution of the adjusted
suspension usmqsterile Basal medium stocksolution.
[NO~E-This dil.ution may be altered, when necessary, to
obtain the desired test response.] The cell suspension so
obtained is the Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically, usinga standard
wavelength cell or other suitabledevice. Before reading any
tests, calibrate the spectrophotometer for 0% and 100%
transmittance, using water, with the wavelength set at
530 nm.

Analysis
Samples: Standardsolution and Sample solution
Because of the high sensitivity of the test organismto

minute amounts of vitamin B12 activity and to traces of
many cleansing agents, cleansemeticulously by suitable
means, followed preferably by heating at 250°for 2 h
using hard-glass 20-mm x 150-mm test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0,1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standard solution.Toeach of these
tubes and to four similar empty tubes add 5.0 mL of Basal
mediumstocksolutionand sufficient water to make 10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of Basal mediumstock solution and sufficient
water to make 10 mL. Place one complete set of Standard
and sample tubes together in one tube rack and the
duplicate set in a second rackor section of a rack
preferablyin random order. '

Cover the tubes to prevent bacterial contamination, and
sterilize ~n an autoclave at 121° for 5 min, arranging to
reach this ~emperature in NMT 10 min by preheating the
autoclave If necessary. Coolas rapidly as possible to avoid
color formation resulting from overheating the medium.
Tak~ precaut~~ns to maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, becausepacking
the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculumto each tube so
prepared, except two of the four containing no Standard
solution (the uninoculated blanks). Incubatethe tubes at a
temperature between 30° and 40°, held constant to
within ±0.5°, for 16-24 h.

Term~nate growth by heating to a temperature NLT 80°for
5 min. Cool to room temperature. After agitating
contents, read the transmittanceat 530 nmwhen a steady
state is reached. This steady state isobserved a few
seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same
time interval for the reading on each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference isgreater than 5% or ifthere isevidence of
contamination with a foreign microorganism, disregard
the resultsof the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assayifthe slope of the
standard curve indicatesa problem with sensitivity.

Calculation: Preparea standard concentration-response
curve by the following procedure.Testfor and replace any
aberrant individual transmittances. Foreach level of the
Stan9ard, calculatethe responsefrom the sum of the
duplicate values ofthe transmittances(~s) as the difference,

Table 2 (continued)

Tomato juice preparation: Centrifuge commercially
canned tomato juiceso that most of the pulp is removed.
Suspend5 giL of analytical filteraid inthe supernatant and
pass, with the aid of reduced pressure, through a lay~r of
the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate isobtained. Store under toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixturecontaining
the same ingredients may be used provided that, when
con~tituted as directed.in the labeling, it yields a medium
equivalentto that obtained from the formula given
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juicepreparation and 1 mL of
Polysorbate 80 solution. Adjust with 1 N sodium hydroxide
to a pHof6.8, and dilutewithwater to 100 mL. Place 10-mL
portionsof the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclaveat 121° for
15 min. Coolas rapidly as possible to avoid colorformation
resulting from overheating the medium.

Suspension medium: Dilute a measuredvolume of Basal
mediumstocksolution with an equal volumeof water. Place
1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture mediumadd 1.0-1.5 g ofagar, and heat the mixture
on a steam bath, with stirring, untilthe agar dissolves. Place
1O-mL portions of the hot solution in test tubes, cover the
tubes, sterilize at 121°for 15 min inan autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transferof a pure culture of
Lactobacillus ieichmanmi? [NOTE-Before first using a fresh
culture in this assay, make NLT 10 successive transfers of
the culture in a 2-week period.] Incubatefor 16-24 h at a
temperature between 30° and 40° held constant to within
±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week,

and do not use them for preparing the Inoculum ifmore
than 4 days old. The activity of the microorganism can be
increased by dailyor twice-daily transferof the stab
culture, to the point where definite turbidity in the liquid
Inoculumcan be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curveand may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmanniimay be used as the stockculture, provided it
yields an Inoculum comparable to a fresh culture.] Make a
transferof cells from the Stock cultureofLactobacillus
leichmanniito two sterile tubes containing 10 mL each of
the Culture medium. Incubatethese cultures for16-24 h at a
temperature between 30° and 40° held constant to within
±0.5°. Underaseptic conditions, centrifugethe cultures,
and decant the supernatant. Suspendthe cells from the
culture in 5 mL of sterileSuspension medium, and combine.
Using sterile Suspension medium, adjust the volume so

USP 43

Acid-hydrolyzed caseinsolution 25 mL

Dextrose, anhydrous 10 9

Sodiumacetate, anhydrous 59

Ascorbic acid 1 9

Polysorbate 80 solution 5mL

2 Pure cultures of Lactobacillus teknmonni;(listed as Lactobacillus delbruekil)
may be obtained as No. 7830 from ATCC, 10801 University Blvd.,
Manassas,VA 20110-2209 (www.atcc.org),
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y = 2.00 - Ls. Plot this response on the ordinate of.
cross-section paper against the logarithm of the mL of
Standardsolution per tube on the abscissa, using for the
ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line.
Draw the straight line or smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 - Lv, adding together the

two transmittances (Lv) for each level of the Sample
solution. Readfrom the standard curve the logarithm of
the volume of the Standardsolutioncorresponding to each
of those values of ythat falls within the range of the lowest
and highest points plotted forthe Standard. Subtract from
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valgesof X for each of
three or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.

Determine the quantity, in IJg, of cyanocobalamin
(C63HssCoN14014P) in the portion of Capsules taken:

antilog M = antilog (M' + log R)

R =number of IJg of cyanocobalamin assumed to be
present in the portion of Capsules taken

Calculate the percentage of the labeled amount of
cyanocobalamin (C63HssCoN14014P) in the portion of
Capsules taken:

Result=[(antilog M)/N] x 100

N =nominal amount of cyanocobalamin in the
portion of Capsules taken (lJg)

Replication: Repeat the entire determination at least once,
using separately prepared Sample solutions. If the difference
between the two log-potencies Mis NMT 0.08, their mean,
M, is the assayed log-potency of the test material (see
Vitamin812Activity in Design andAnalysis of Biological Assays
(111), The Confidence Intervaland Limits ot.Potency). If the
two determinations differ by more than 0.08, conduct one
or more additional determinations. From the mean of two
or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of cyanocobalamin (C63HssCoN14014P)

• FOLIC ACID, Method 1
[NoTE-Use low-actinic glassware throughout this

procedure.]
Reagent A: 25% solution of tetrabutylammonium

hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL

volumetric flask. Using sonication if necessary, dissolve in
and dilute with 1 N sodium hydroxide to volume.

Mobile phase: 2 g of monobasic potassium phosphate in
650 mL of water. Add 12.0 mL of Reagent A, 7.0 mL of 3 N
phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS
to a pH of 7.0, dilute with water to 1000 mL, and filter.
Recheck the pH before use by adding water or methanol to
the prepared Mobilephaseto obtain baseline separation of
folic acid and the internal standard. The pH may be
increased up to 7.15 to obtain better separation.
[NOJE-The methanol and water content may be varied
(between 1% and 3%).]

Internal standard solution: Transfer 40 mg of
methylparaben to a 1OOO-mLvolumetric flask, and add
220 mL of methanol to dissolve. Dissolve 2.0 g of
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monobasic potassium phosphate in 300 mL of water in a
separate beaker, quantitatively transfer this solution to the
flask containing the methylparaben solution, and add an
additional 300 mL of water. Add 19 mL of Reagent A, 7 mL
of 3 N phosphoric acid, and 30 mL of Reagent 8. Adjust with
ammonia TS to a pH of 9.8, bubble nitrogen through the
solution for 30 min, dilute with water to volume, and mix.

Standard solution: 0.016 mg/mL of USP Folic Acid RS in
Internal standardsolution

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer an amount of Capsule contents to a suitable
centrifuge tube, and add a volume of Internalstandard
solutionto obtain a nominal concentration of 0.016 mg/mL
of folic acid. Shake by mechanical means for 10 min, and
centrifuge. Filter a portion of the clear supernatant, and use
the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cmi packing L1
Flow rate: 1 mL/min
Injection volume: 15 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for folic acid and
methylparaben are about 0.8 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolution and Sample solution.
Measure the peak areasfor folic acid and methylparaben.

Calculate the percentage of the labeled amount of folic
acid (C19H19N706) in the portion of Capsules taken:

Result=(RulRs) x (Cs/Cv) x 100

Ru =peak area ratio of folic acid to methylparaben
from the Sample solution

Rs = peak area ratio of folic acid to methylparaben
from the Standardsolution

Cs = concentration of USP Folic Acid RS in the Standard
solution (lJg/mL)

Cu =nominal concentration of folic acid in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of folic acid (C19H19N706)

• FOLIC ACID, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Diluent: 60 IJg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask, and dilute with 0.008 M sodium
l-hexanesulfonate to volume.

Standard stock solution: 60 IJg/mL of USP Folic Acid RS in
Diluent. Prepare this solution fresh daily.

Standard solution: Mix 5.0 mL of the Standard stock
solution with 10.0 mL of a mixture of methanol and glacial
acetic acid (9:1) and 30.0 mL of a mixture of methanol and
ethylene glycol (1:1). Shakefor 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate. .

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the net average weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
0.3 mg of folic acid, to a 125-mL stoppered flask. Add
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10.0 mL of a mixture of methanol and glacial acetic acid
(9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shakefor 15 min in a water bath maintained
at 60°, and cool. Filter, discarding the first few mL of the
filtrate. '

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Measure the areasof the major peaks. Calculate the

percentage of the labeled amount of folic acid
(C19H19N706) in the portion of Capsules taken:

Result= (ru/rs) x (CslCu) x 100

ru = peak area of folic acid from the Sample solution
rs =peak area of folic acid from the Standard solution
Cs =concentration of USP Folic Acid RS in the Standard

solution (lJg/mL)
Cu = nominal concentration of folic acid in the Sample

solution (lJg/mL) .

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of folic acid (C19H19N706)

• DEXPANTHENOL OR PANTHENOL
[NoTE-The following procedure is applicable also to

the determination of the dextrorotatory component
of racemic panthenol in preparations containing
panthenol.]

Dehydrated mixtures yielding formulations similar to the
media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 800 IJg/mL of USP
Dexpanthenol RS or 1600 IJg/mL of USP Racemic
Panthenol RS in water. Store in a refrigerator protected
from light, and use within 30 days.

Standard solution: On the day of the assay, prepare a
dilution of 1.2 IJg/mL of dexpahthenol or 2.4 IJg/mL of
panthenol from the Standard. stocksolution diluted with
water.

Sample solution: Weigh NLT 30 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents as completely as
possible to a beaker. Remove any contents adhering to the
empty Capsule shells by washing with several portions of
ether. Discard the washings, and dry the Capsuleshellswith
the aid of a current of dry air until the odor of ether is no
longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the averagenet weight
per Capsule. Dissolve a portion of the Capsule contents,
nominally equivalent to 1.2 mg of dexpanthenol or 2.4 mg
of panthenol, in 100.0 mL of water. Quantitatively dilute a
portion of this solution with water to obtain a nominal
concentration of 1.2 IJg/mL of dexpanthenol or 2.4 IJg/mL
of panthenol. .

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
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mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in about
500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to
1000 mL. Add 20 9 of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10°.
Filter the solution if a precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 9 of l-cystine
in a solution of 1.0g of l-tryptophan (or 2.0 9 of
o,l-tryptophan) in 700-800 mL of water, heat to 75 ± 5°,
and add hydrochloric acid solution (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to1 000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in .
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
IJg/mL of riboflavin, 10 IJg/mL of thiamine hydrochloride,
and 0.04 IJg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 IJg/mL of p-aminobenzoic acid, 50 IJg/mL of
niacin, and 40 IJg/mL of pyridoxine hydrochloride in
neutral 25% alcohol. Store in a refrigerator.

Salt solution A: 50 mg/mL of monobasic potassium
phosphate and 50 mg/mL of dibasic potassium phosphate
in water. Add 10 drops of hydrochloric acid per L of
solution. Store under toluene.

Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL
of sodium chloride, 1 mg/mL of ferrous sulfate, and 1 mg/
mL of manganese sulfate in water. Add 10 drops of
hydrochloric acid per Lof the solution. Storeunder toluene.

Pyridoxal-calcium pantothenate solution: 200 IJg/mL of
pyridoxal hydrochloride and 1.875 IJg/mL of calcium
pantothenate in 10% alcohol. Store in a refrigerator, and
use within 30 days.

Polysorbate 40-oleic acid solution: 50 mg/mL of
polysorbate 40 and 0.5 mg/mL of oleic acid in 20% alcohol.
Store in a refrigerator, and usewithin 30 days.

Modified pantothenate medium: Dissolveanhydrous
dextrose and sodium acetate in the solutionspreviously
mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.

Table 3

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Pyridoxal-calcium pantothenate solution 5 mL
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Table 3 (continued)

Polysorbate 40-oleic acid solution

Double-strength modified pantothenate medium:
Prepare as directed in Modifiedpantothenatemedium, but
make the final dilution to 125 mL instead of 250 mL.
Prepare fresh.

Stock culture of Pediococcus acidilactici: Dissolvein 800 mL
of water, with the aid of heat, 6.0 g of peptone, 4.0 g of
pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g of
beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust
with 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pH of 6.5-6.6, and dilute with water to 1000 mL. Add
1O-mL portions of the solution to culture tubes, place caps
on the tubes, and sterilize in an autoclave at 121° for
15 min. Coolon a slant, and store in a refrigerator. Prepare a
stock culture of Pediococcus acidilactic/'3 on a slant of this
medium. Incubate at 35° for 20-24 h, and store in a
refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.

Inoculum: Inoculate three 250-mL portions of sterile
Modifiedpantothenate medium from a stock culture slant,
and incubate at 35° for 20-24 h. Centrifuge the suspension
from the combined portions, and wash the cells with sterile
Modifiedpantothenate medium. Resuspend the cells in
sufficient Modifiedpantothenatemediumso that a l-in-50
dilution, when tested in a 13-mm diameter test tube, gives
80%lighttransmission at530 nrn. Transfer 1.2-mL portions
of this stock suspension to sterile glass ampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the
assay, allow the ampuls to reach room temperature, mix
the contents, and dilute 1 mLof thawed culture with sterile
saline TS to 150 mL. [NOTE-This dilution may be altered
when necessary to obtain the desired test response.]

Analysis: Prepare in triplicate a series of eight culture tubes
by adding the following quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5,
1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mLof the Standardsolution.
Prepare in duplicate a series of five culture tubes by adding

the following quantities of water to the tubes within a set:
4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of
the Sample solution.

Add 5.0 mL of Double-strength modifiedpantothenate
medium to each tube. Cover the tubes with metal caps,
and sterilize in an autoclave at 121° for 5 min. Cool to
room temperature in a chilled water bath, and inoculate
each tube with 0.5 mLof the Inoculum. Allowto incubate
at 37° for 16 h. Terminate growth by heating to a
temperature NLT 80°, such as by steaming at atmospheric
pressure in a sterilizer for 5-10 min. Cool, and determine
the percentage transmittance of the suspensions, in cells
of equal path length, on a suitable spectrophotometer at a
wavelength of 530 nm.

Calculation: Draw a dose-response curve on arithmetic
graph paper by plotting the average response, in
percentage of transmittance, for each set of tubes of the
standard curve against the Standard level concentrations.
The curve is drawn by connecting each adjacent pair of
points with a straight line. From this standard curve,
determine by interpolation the potency of each tube
containing portions of the Sample solution. To obtain the
individual responses, divide the potency of each tube by the
amount of the Sample solution added to it. Calculate the
mean response by averaging the individual responses that
vary from their mean by NMT 15%, using NLT half the total

3 ATCC No. 8042 is suitable.

USP 43

number of tubes. Calculate the potency of the portion of
the material taken for assay by multiplying the mean
response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of

dexpanthenol or panthenol (C9H19N0 4) in the portion of
Capsules taken:

Result = (PIN) x 100

P =potency of dexpanthenol or panthenol in the
portion of Capsules taken (mg)

N = nominal amount of dexpanthenol or panthenol
in the portion of Capsules taken (mg)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of dexpanthenol or panthenol (C9H1gN0 4)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 g of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in Internalstandardsolution

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
To a centrifuge tube, transfer an amount of mixed Capsule
contents and a volume of Internalstandardsolution to
obtain a nominal concentration of 0.6 mg/mL in the Sample
solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution

[NOTE-Therelative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solutionand Sample solution
Measure the peak areas of calcium pantothenate and the

internal standard. Calculate the percentage of the labeled
amount of calcium pantothenate (C18H3ZCaNzOl0) in the
portion of Capsules taken:

Result = (RuIRs) x (CslCu) x 100

Ru = peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution

Rs = peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

Cs =concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

Cu = nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (C18H3ZCaNzOlO)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dar.k
over phosphorus pentoxide and protected from absorption
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of moisture while weighing, in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
jJg/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of Standard stock solutionwith water to obtain a
concentration of 0.01-0.04 jJg/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in the Analysis, 2.0 and
4.0 mL of the Standard solutionbeing used, are within the
linear portion of the log-concentration responsecurve.

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to a
nominal amount of 50 mg of calcium pantothenate, to a
1OOO-mL volumetric flask containing 500 mL of water. Add
10 mL of 0.2 N acetic acid and 100 mL of sodium acetate
solution (1 in 60), dilute with water to volume, and filter.
Dilute a volume of this solution to obtain a solution with
approximately the same concentration as that of the
Standard solution.

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 9 of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of l-cystine
in a solution of 1.0 g of l-tryptophan (or 2.0 g of
D,l-tryptophan) in 700-800 mL of water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°. .

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
jJg/mL of riboflavin, 10 jJg/mL of thiamine hydrochloride,
and 0.04 jJg/mL of biotin in 0.02 N acetic acid. Storeunder
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 jJg/mL of p-aminobenzoic acid, 50 jJg/mL of
niacin, and 40 jJg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve 25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 9 of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve anhydrous Dextrose
and anhydrous Sodium acetate in the solutions previously
mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
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Table 4

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve2.0 9 of
yeast extract in 100 mL of water. Add 500 mg of anhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 9
of a~ar, and he~t the mixture on asteam bath, with stirring,
until the agar dissolves. Add 1O-mLportions of the hot
solution to the test tubes, closeor cover the tubes sterilize
in an autoclave at 121° for 15 min, and allow the tubes to
cool in an upright position. Prepare stab cultures in three

. or more of the tubes, using a pure culture of Lactobacillus
plantarum' incubating for 16-24 h at a temperature
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stock culture
every week, and do not usefor Inoculum if the culture is
more than 1 week old.

Culture medium: To each of aseries of test tubes containing
5.0 mL of Basal mediumstock solution, add 5.0 mL of water
containing 0.2 jJg of calcium pantothenate. Plug the tubes
with cotton, sterilize in an autoclave at 121° for 15 min,
and cool.

Inoculum: [NoTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. The cell suspension so
obtained is the Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard solution. To
each tube and to four similar empty tubes add 5.0 mL of
Basal mediumstocksolutionand sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solution corresponding to three or more of
the levelsspecified for the Standard solution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstock solution and sufficient water to
make 10 mL. Placeone complete set of Standard and
sample tubes together in one tube rack and the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the.~ub7s of both series to prevent contamination,
and sterilize In an autoclave at 121° for 5 min. Cool, and
add 1 drop of Inoculum to each tube, except two of the
four tubes containing no Standard solution (the
uninoculated blanks). Incubate the tubes at a temperature
between 30° and 3r, held constant to within ±0.5°, until,
following 16-24 h of incubation, there has been no
substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
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Determine the transmittance of the tubes in the following
manner. Mix the contents ofeach tube, and transfer to an
optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached.
Thissteady state isobserved a few seconds after agitation
when the galvanometer reading remainsconstant for 30 s
or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere isevidence of contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the response from the sum of the duplicate valuesof the
transmittance (Ls) as the difference, y = 2.00 - Ls. Plot this
response on the ordinate of cross-section paper against the
logarithm of the ml of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a
logarithmic scale, whichever gives the better
approximation to a straight line. Drawthe straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 - Lu, adding together the

two transmittances (Lu) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volumeof the Standardsolutioncorresponding to each
of those valuesof ythat fall within the range of the lowest
and highest points plotted for the Standard. Subtractfrom
each logarithm so obtained the logarithm of the volume,
in ml, of the Sample solution to obtain the difference, X,
for each dosage level. Average the valgesof X for each of
three or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solutlon.

Determine the quantity, in mg, of calcium pantothenate
(C18H32CaN2010) in the portion of Capsules taken:

antilog M = antilog (M' + log R)

R =number of mg of calcium pantothenate assumed
to be present in the portion of Capsulestaken

Calculatethe percentage of the labeled amount of calcium
pantothenate (C18H32CaN2010) in the portion of Capsules
taken: .

Result = [(antilog M)JN] x 100

N =nominal amount of calcium pantothenate in the
portion of Capsulestaken (mg)

Replication: Repeat the entire determination at least once,
usingseparately prepared Sample solutions. Ifthe difference
between the two log-potencies Mis NMT 0.08, their mean,
M, is the assayed log-potency of the test material (see
Design andAnalysis ofBiologicalAssays (111), The Confidence
Interval and Limitsof Potency). Ifthe two determinations
differby more than 0.08, conduct one or more additional
determinations. Fromthe mean of two or more valuesof M
that do not differ by more than.0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (C18H32CaN2010)

• CALC,lUM PANTOTHENATE, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in 2000 ml ofwater, and adjustwith phosphoric
acid to a pH of 3.5.

Mobile phase: Methanol and Buffer solution (1 :9)
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Standard stock solution: 0.25 mg/mL of USP Calcium
Pantothenate RS in water. Preparefresh every4 weeks.
Store in a refrigerator.

Standard solution: 40 IJg/ml of USP Calcium
Pantothenate RS from the Standard stock solutiondiluted
with water

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfera portion of the Capsulecontents, equivalent to a
nominal amount of 10 mg of calcium pantothenate, to a
250-ml volumetricflask. Add 10 ml of methanol, and swirl
the flask to dispersethe Capsulecontents. Dilute with water
to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-lJm packing L1
Column temperature: 50°
Flow rate: 2 ml/min
Injection volume: .25 IJL

'System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas of calcium pantothenate. Calculate

the percentage of the labeled amount of calcium
pantothenate (C18H32CaN2010) in the portion of Capsules
taken:

Result = (rulrs) x (CslCu) x 100

ru =peak area of calcium pantothenate from the
Sample solution

rs =peak area of calcium pantothenate from the
Standardsolution

Cs =concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/ml)

Cu =nominal concentration of calcium pantothenate
in the Sample solution(mg/ml)

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (C18H32CaN201O)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 1

[NOTE-Use low-actinic glassware throughout this
procedure.]

Diluent: Acetonitrile, glacial acetic acid, and water
(5:1:94)

Mobile phase: Amixture of methanol, glacialacetic acid,
and water (27:1:73) containing 140 mg of sodium
1-hexanesulfonate per 100 ml

Standard solution: [NOTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP ThiamineHydrochloride RS to a 200-ml
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°-70° for 10 min
with regular shaking or using a vortex mixer, until all the
solid materialsare dissolved. Chill rapidlyin a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfera portion of the Capsulecontents, equivalent to
10 mg of niacinamide and 2.5 mg each of pyridoxine
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hydrochloride, riboflavin, and thiamine hydrochloride, to a
50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the
powder. Immerse the centrifuge tube in a hot water bath
maintained at 6SO-70°, heat for 5 min, and mix using a
vortex mixerfor 30 s. Return the tube to the hot water bath,
heat for another 5 min, and mix using a vortex mixer for
30 s. Filter a portion of the solution, cool to room
temperature, and use the clear filtrate. [NoTE-Use the
filtrate within 3 h of filtration.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 J.lL

System suitability
Sample: Standardsolution .

[NoTE-The relative retention times for niacinamide,
pyridoxine, riboflavin, and thiamine are about 0.3,
0.5, 0.8, and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolution and Sample solution
Measure the peak areas for niacin or niacinamide,

pyridoxine, riboflavin, and thiamine. Calculate the
percentage of the labeled amount of niacinamide
(C6H6NzO) in the portion of Capsules taken:

Result=(rulrs) x (CsICu) x 100

= peak areaof niacinamide from the Sample solution
= peak area of niacinamide from the Standard

solution
=concentration of USP Niacinamide RS in the

Standardsolution (mg/mL)
= nominal concentration of niacinamide in the

Sample solution (mg/mL)

For formulations containing niacin:

Result=(ru/rs) x (CsICu) x 100

to = peak area of niacin from the Sample solution
rs = peak area of niacin from the Standardsolution
Cs = concentration of USP Niacin RS in the Standard

solution (mg/mL)
Cu = nominal concentration of niacin in the Sample

solution (mg/mL)

Separately calculate the percentage of the labele? amo~nt

of pyridoxine hydrochloride (CsH"N03 • HCI), riboflavin
(C17HzoN406), and thiamine hydrochloride (C,zH17CIN40S
. HC!) in the portion of Capsules taken:

Result=(rulrs) x (CsICu) x 100

= peak area of the corresponding vitamin from the
Sample solution

= peak area of the corresponding vitamin from the
Standardsolution

= concentration of the relevant USP Reference
Standard in the Standardsolution (mg/mL)

=nominal concentration of the corresponding
vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C,zH17Ns04S) in the portion of Capsules
taken:

Result= (rulrs) x (CsICu) x (MrtlMr2) x 100

=peak area of thiamine from the Sample solution
= peak area of thiamine from the Standardsolution
=concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/mL)
=nominal concentration of thiamine mononitrate

in the Sample solution (mg/mL)
=molecular weight of thiamine mononitrate,

327.36
=molecular weight of thiamine hydrochloride,

337.27

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6NzO) or niacin (C6HsNOz), pyridoxine
hydrochloride (CsH"N03 • HCI), riboflavin (C'7HZON406)'
and thiamine as thiamine hydrochloride (C,zH17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

• NIACIN, Method 2
[NoTE-Use low-actinic glasswarethroughout this

. procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of

edetate disodium to a 1OO-mL volumetric flask. Dissolve in
and dilute with water to volume.

Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL

of sodium acetate in water). Adjust with acetic acid to a pH
of 5.4. [NOTE-A small amount of methanol (up to 1%) may
be added to the Mobilephase to improve resolution.]

Standard stock solution: 1 mg/mL of USP Niacin RS in
Extraction solvent

Standard solution: Transfer 5.0 mL of Standard stock
solution to a 25-mL volumetric flask, and dilute with
Extraction solvent to volume.

Sample solution: [NOTE-This preparation issuitable for the
determination of niacin or niacinamide, pyridoxine, and
riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules,
without lossof shell material, and transfer the contents to a
beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the
washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 2 mg of
riboflavin, to a 200-mL volumetric flask. If riboflavin is not
present in the formulation, use a portion equivalent to a
nominal amount of 2 mg of pyridoxine. If pyridoxine is not
present in the formulation, use a portion equivalent to a
nominal amount of 20 mg of niacin or niacinamide. Add
100.0 mL of Extraction solvent, and mix for 20 min, using a
wrist-action shaker. Immerse the flask in a water bath
maintained at 70°-75°, and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter.
Usethe clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 J.lL
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System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
[NOTE-If necessary, flush the column with methanol

between injections.]
Analysis

Samples: Standardsolution and Sample solution
Measurethe peak areas of niacin. Calculate the percentage

of the labeled amount of niacin (C6HsN02) in the portion
of Capsules taken:

Result = (rulrs) x (CslCu) x 100

ru =peak area of niacinfrom the Sample solution
rs =peak area of niacinfrom the Standard solution
Cs = concentration of USP Niacin RS in the Standard

solution (mg/mL)
Cu =nominal concentration of niacin in the Sample

solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsN0 2)

• NIACINAMIDE, Method 2
[NoTE-Use low-actinicglasswarethroughout this

procedure.]
Extraction solvent, Mobile phase, Standard stock

solution, Standard solution, Sample solution, and
Chromatographic system: Using USP Niacinamide RS in
place of USP Niacin RS, proceed as directed in Niacin,
Method 2.

Analysis !

Samples: Standardsolution and Sample solution
Measure the peak areas of niacinamide. Calculatethe

percentage of the labeled amount of niacinamide
(C6H6N20) in the portion of Capsulestaken:

Result =(rulrs) x (CsICu) x 100

=peak area of niacinamidefrom the Sample solution
= peak area of niacinamidefrom the Standard

solution
= concentration of USP Niacinamide RS in the

Standardsolution (mg/mL) .
= nominal concentration of niacinamide in the

Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeledamount
of niacinamide (C6H6N20)

• PYRIDOXINE HYDROCHLORIDE, Method 2
[NoTE-Use low-actinicglasswarethroughout this

procedure.]
Extraction solvent, Mobile phase, and Sample solution:

Prepare as directed in Niacin, Method2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in Extraction solvent
Standard solution: 20 IJg/mL of USP Pyridoxine

Hydrochloride RS from the Standardstock solution diluted
with Extraction solvent

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution

USP 43

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolutionand Sample solution
Measure the peak areas of pyridoxine. Calculatethe

percentage of the labeled amount of pyridoxine
hydrochloride(CsH"N03 • HCI) in the portion of Capsules
taken:

Result =(ru/rs) x (CsICu) x 100

to =peak area of pyridoxine from the Sample solution
rs = peakarea of pyridoxine fromthe Standardsolution
Cs =concentration of USP Pyridoxine

Hydrochloride RS in the Standard solution
(mg/mL)

Cu = nominal concentration of pyridoxine
hydrochloride in the Sample solution(mg/mL)

Acceptance criteria: 90.00/0-150.0% ofthe labeled amount
of pyridoxine hydrochloride (CsH"N03 • HCI)

• RIBOFLAVIN, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent and Sample solution: Prepare as

directed in Niacin, Method2.
. Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Preparea mixtureofSolution A and methanol

(13:7). Add 2 mLof triethylamineper Lof the mixture, and
adjust with glacial acetic acid to a pH of 5.2.

Standard stock solution: Transfer 20 mg of USP
Riboflavin RS to a 200-mLvolumetricflask, and add
180 mLof Extraction solvent. Immersethe flask for 5 min
in a water bath maintained at 65°-75°. Mix well,and repeat
ifnecessaryuntildissolved. Chill rapidly ina coldwater bath
to room temperature, and dilute with Extraction solventto
volume.

Standard solution: Dilute 5.0 mL of Standardstock solution
with Extraction solventto 25.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas of riboflavin. Calculatethe

percentage of the labeled amount of riboflavin
(C'7H20N406) in the portion of Capsules taken:

Result =(rufrs) x (CsICu) x 100

ru = peak area of riboflavin from the Sample solution
ts =peak area of riboflavin from the Standardsolution
Cs =concentration of USP Riboflavin RS in the

Standardsolution(mg/mL)
Cu = nominal concentration of riboflavin in the Sample

solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of riboflavin (C17H20N406)
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• THIAMINE, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Solution A: 1.88 mg/ml of sodium 1-hexanesulfonate in

0.1% phosphoric acid
Mobile phase: SolutionA and acetonitrile (46:9)
Standard stock solution: 0.1 mg/ml of USP Thiamine

Hydrochloride RS in 0.2 N hydrochloric acid
Standard solution: 0.02 mg/ml of USP Thiamine

Hydrochloride RS from the Standard stocksolution diluted
with 0.2 N hydrochloric acid

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Mix a portion of the Capsule contents with a volume of
0.2 N hydrochloric acid to obtain a nominal concentration
of 0.02 mg/ml of thiamine. Shakefor 15 min with a
wrist-action shaker, and heat to boiling for 30 min. Cool to
room temperature, and filter. Use the clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 IJl

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areasof the major peaks. For products

containing thiamine hydrochloride, calculate the
percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S . HCI) in the portion of
Capsules taken:

Result=(ru/rs) x (Cs/Cu) x 100

to = peak area of thiamine from the Sample solution
ts = peak area of thiamine from the Standardsolution
Cs =concentration of USP Thiamine Hydrochloride RS

in the Standard solution (mg/ml)
Cu = nominal concentration of thiamine hydrochloride

in the Samplesolution (mg/ml)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

Result=(ru/rs) x (Cs/Cu) x (Mr//Mrz) x 100

ru =peak area of thiamine from the Sample solution
ts =peak area of thiamine from the Standardsolution
Cs = concentration of USP Thiamine Hydrochloride RS

in the Standard solution (mg/ml)
Cu =nominal concentration of thiamine mononitrate

in the Samplesolution (mg/ml)
Mr l = molecular weight of thiamine mononitrate,

327.36
Mr2 =molecular weight of thiamine hydrochloride,

337.27

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of thiamine as thiamine hydrochloride (C12H17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)
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• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOflAVIN, and THIAMINE, Method .3

[NoTE-Use low-actinic glasswarethroughout this
procedure.]

Reagent: 25 mg/ml of edetate disodium in water
Mobile phase: Transfer 0.4 ml of triethylamine, 15.0 mL of

glacial acetic acid, and 350 ml of methanol to a 2000-mL
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/ml of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and
0.24 mg/ml of USP Thiamine Hydrochloride RS in the
Reagent, with heating if necessary

Standard solution: Transfer 5.0 mL of Standardstock
solution to a stoppered 125-mL flask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1) and
30.0 ml of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
mL of the filtrate.

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine
hydrochloride, to a stoppered 125-ml flask. Add 10.0 ml
of a mixture of methanol and glacial acetic acid (9:1), and
30.0 ml of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
ml of the filtrate.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing l7
Column temperature: 50°
Flow rate: 2.0 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasof niacin or niacinamide. Calculate

the percentage of the labeled amount of niacin
(C6HsN02) or niacinamide (C6H6N20) in the portion of
Capsules taken:

Result= (ru/rs) x (CslCu) x 100

ru =peak area of niacin or niacinamide from the
Sample solution

rs = peak area of niacin or niacinamide from the
Standardsolution

Cs =concentration of USP Niacin RS or USP
Niacinamide RS in the Standard solution
(mg/ml)

Cu =nominal concentration of niacin or niacinamide
in the Sample solution (mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (C8H11N03 • HCI), riboflavin
(C17H2oN406), and thiamine hydrochloride (C12H17CIN40S
. HCI) (for products containing thiamine hydrochloride) in
the portion of Capsulestaken:
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any form of Beta Carotene or Vitamin A,
or K.They do not contain any minerals for which

nll,~,.itit"\n::lllvalue is claimed. They may contain other labeled
added substances in quantities that are unobjectionable.

DEFINITION

USPCalcium Pantothenate RS
Calcium D-pantothenate (1:2).
C1aH32CaN2010 476.53

USPCyanocobalamin (Crystalline) RS
Vitamin B12.
C63HaaCoN14014P 1355.37

USPDexpanthenol RS
D-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3,3

dimethylbutyramide.
C9H19N04 205.25

USPFolic Acid RS
L-Glutamic acid, N-[4-[[(2-amino-l,4-dihydro-4-oxo-6

pteridinyl)methyl]amino]benzoyl]-.
C19H19N706 441.40

USPNiacin RS
Nicotinic acid.
C6HsN02 123.11

USPNiacinamide RS
Nicotinamide.
C6H6N20 122.12

USP Racemic Panthenol RS
Butanamide, 2,4-dihydroxy.:N-(3-hydroxypropyl)-3,3

dimethyl-, (±)-.
C9H19N04 205.25

USP Pyridoxine Hydrochloride RS
Pyridoxol hydrochloride.
CaHllN03· HCI 205.64

USPRiboflavin RS
Riboflavine.
C17H20N406 376.36

USPThiamine Hydrochloride RS
Thiamine monohydrochloride.
C12H17CIN40S· HCI 337.27

Water-Soluble Vitamins Tablets contain two or more of the
following water-soluble vitamins: Ascorbic Acid or its
equivalent as Calcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide,
pantothenic acid (as Calcium Pantothenate or Racemic
Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin, and Thiamine Hydrochloride or Thiamine
Mononitrate. Tablets contain NLT 90.0% and NMT 150.0%
of the labeled amount of ascorbic acid (C6Ha06),
l~f~~~p~~~~~lE~~~6.j biotin (ClOH16N203S), calcium
pantothenate (ClaH32CaN201O), cyanocobalamin
(C63HaaCoN14014P), folic acid (C19H19N706), niacin

or niacinamide (C6H6N20), pyridoxine
11~((J~~;i~~f~~E~rij~1(CaH llN03· - , riboflavin

and thiamine

Water-Soluble Vitamins Tablets

Result = (rulrs) x (CsICu) x (M,dMr2) x 100

to =peak area of thiamine from the Sample solution
rs = peak area of thiamine from the Standard solution
Cs = concentration of USPThiamine Hydrochloride RS

in the Standardsolution(mg/mL)
Cu =nominal concentration of thiamine mononitrate

in the Sample solution(mg/mL)
M'I = molecular weight of thiamine mononitrate,

327.36
M'2 = molecular weight of thiamine hydrochloride,

337.27

Result = (rulrs) x (CsICu) x 100

t» =peak area of the corresponding vitamin from the
Sample solution

rs = peak area of the corresponding vitamin from the
Standardsolution

Cs = concentration of the relevant USP Reference
Standard in the Standard solution (mg/mL)

Cu = nominal concentration of the corresponding
vitamin in the Sample solution (mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsN02) or niacinamide (C6H6N20), pyridoxine
hydrochloride (CaH11N03· HCI), riboflavin (C17H20N406),
and thiamine as thiamine hydrochloride (C12H17CIN40S .
HC/) or thiamine mononitrate (C12H17Ns04S)

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS (2040): Meet the requirements for
Dissolution

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021 ):The total aerobic

microbial count does not exceed 3 x 103du/g, and the
combined molds and yeasts count does not exceed 3 x
102 du/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states that the product is Water-Soluble

Vitamins Capsules. The label also states the quantity of each
vitamin in terms of metric units per dosage unit, and where
necessary, the salt form in which it is present. Where more
than one assay method is given for a particular vitamin, the
labeling states which assay method is used only if Method
7 is not used. Where products are labeled to contain
panthenol, the label states the equivalent content of
dexpanthenol.

• USP REFERENCE STANDARDS (11)
USP Biotin RS

(3aS,4S,6aR)-Hexahydro-2-oxo-l H-thieno[3,4-d]
imidazole-4-valeric acid.

C1oH16N203S 244.31
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IDENTIFICATION

STRENGTH
[NoTE-In the following assays, where more than one

assay method is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, with the method used being stated
in the labeling only if Method 1 is not used.]

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NoTE-For labeling purposes, consi~;r(580), Method

-Titrimetric Method as Method 1; •.!f:.
'~/;1~o.liJa··· .,
(.5~9)1
:.?L~~·......, ...L;.'~L.' .. .... 9+9)]

Acceptance criteria: 90.0%-150.0% of the labeled amount
of ascorbic acid (C6Ha06), or its equivalent as calcium
ascorbate (C12H14Ca012' 2H20), or sodium ascorbate
(C6H7Na06)

• BIOTIN, Method 1
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium

perchlorate, and 1 mL of phosphoric acid, and dilute with
water to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 ~g/mL of USP Biotin RS prepared by
diluting the Standardstocksolution in water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of
dimethyl sulfoxide, and swirl to wet the contents. Placethe
flask in a water bath at 60°-70° for 5 min. Sonicate for
5 min, dilute with water to volume, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mmx 15-cm; 3-~m packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasof biotin. Calculate the percentage

of the labeled amount of biotin (Cl0H16N203S) in the
portion of Tablets taken:

Result=(rulrs) x (CslCu) x 100

tu = peak area of biotin from the Sample solution
ts = peak area of biotin from the Standardsolution
Cs = concentration of USPBiotin RS in the Standard

solution (~g/mL)
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= nominal concentration of biotin in the Sample
solution (~g/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (CloH16N203S)

. • BIOTIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Dehydrated mixtures yielding formulations similar to the

media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described.

Standard stock solution: 50 ~g/mL of USP Biotin RS in 50%
alcohol. Store in a refrigerator.

Standard solution: 0.1 ng/mL of USP Biotin RS in water,
prepared by diluting the Standardstock solutionwith water
on the day of the assay

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 100 I-Ig of biotin, to a
200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at
60°-70° for 5 min. Sonicate for 5 min, dilute with 50%
alcohol to volume, and filter. Dilute a volume of the filtrate
with water quantitatively, and stepwise if necessary, to
obtain a solution with a concentration of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of l-cystine
in a solution of 1.0 g of l-tryptophan (or 2.0 g of
o,l-tryptophan) in 700-800 mL of water. Heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 ~g/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 ~g/mL of
riboflavin and 10 ~g/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 9 of
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manganese sulfate in water to make500 mL. Add 5 drops
of hydrochloric acid, and mix.Store under toluene.

Basal medium stock solution: Dissolve anhydrousdextrose
and anhydrous sodium acetate in the solutions previously
mixed according to Table 1, and adjustwith 1 N sodium
hydroxideto a pH of 6.8. Dilute with water to 250 mL.

Table 1

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 g

Sodium acetate, anhydrous 5g

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mL ofwater. Add500 mg ofanhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g
ofagar, and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portionsof the hot
solution to test tubes, closeor coverthe tubes, sterilize in
an autoclaveat 121°for15 min,and allow the tubes to cool
in an upright position. Preparestab culturesin 3 or more of
the tubes, using a pure culture of Lactobacillus plantarum, 1

incubating for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. Store in a refrigerator.
Preparea fresh stab of the stockcultureeveryweek,and do
not use for Inoculum ifthe culture ismore than 1 weekold.

Culture medium: Toeach ofa series oftest tubes containing
5.0 mL of Basal medium stock solutionadd -S.O mL of water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.]Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
steriletube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
3r held constant to within ±0.5°.The cell suspension so
obtained is the Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard solution. To
each tube and to four similar but empty tubes add
5.0 mL of Basal mediumstock solutionand sufficient water
to make 10 mL.

To similar test tubes add, in duplicate,volumesof the
Sample solution corresponding to 3 or more of the levels
specified for the Standard solution, including the levels of
2.0, 3.0, and 4.0 mL. Toeach tube add 5.0 mL of the Basal
medium stocksolutionand sufficient water to make10 mL.
Place one complete set of Standard and sample tubes
together inone tube rackand the duplicateset ina second
rackor section of a rack, preferably in random order.

1 ATCC #8014 is suitable. This strain was formerly known as Lactobacillus
arabinosus 17-5.
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Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool.Add
1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution(the uninoculated
blanks). Incubatethe tubes at a temperature between 30°
and 37° heldconstant to within±0.5° until, following 16
24 h of incubation,there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determinethe transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the unlnoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittancefor each of the remaining
tubes. If there isevidenceof contaminationwith a foreign
microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicate values of the
transmittance (Is) as the difference, y = 2.00 - Is. Plotthis
responseon the ordinate ofcross-section paper against the
logarithm of the milliliter of Standard solutionper tube on
the abscissa, usingfor the ordinate either an arithmeticor a
logarithmic scale,whichever givesthe better
approximation to a straight line. Drawthe straight lineor
smooth curvethat best fits the plotted points.
Calculate the response, y = 2.00 - Iv, adding together the

two transmittances (Iv) for each level of the Sample
solution. Read from the standard curve the logarithmof
the volumeofthe Standardsolutioncorrespondingto each
of those values of y that falls within the range of lowest
and highest pointsplottedforthe Standard.Subtractfrom
each logarithmso obtained the logarithmof the volume,
in mL, of the Sample solution to obtain the difference, X,
for each dosage level. Average the val.~es of X for each of
three or more dosage levels to obtain X, whichequals the
log-relative potency, M', of the Sample solution.

Determinethe quantity, in IJg, of biotin (CloH16N203S) in
the portion of Tablets taken:

antilog M = antilog (M' + log R)

R =amount of biotinassumed to be present in the
portion of Tablets taken (lJg)

Calculate the percentage of the labeledamount of biotinin
the portion of tablets taken: (ClOH16N203S) in the portion
of Tablets taken:

Result = [(antilog M)/N] x 100

N =nominal amount of biotin in the portion of
Tablets taken (lJg)

Replication: Repeatthe entire determination at least once,
usingseparatelyprepared Sample solutions. If the difference
between the two log-potencies Mis NMT 0.08, their mean,
M, isthe assayed log-potencyof the test material (see
Design andAnalysis ofBiologicalAssays (111), The Confidence
Intervaland Limits of Potency). If the two determinations
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differ by more than 0.08, conduct one or more additional
determinations. From the mean of two or more valuesof M
that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (Cl0H16Nz03S)

• BIOTIN, Method 3
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A: Transfer 800 mL of water and 100 mL of

triethylamine to a 1OOO-mL volumetric flask. Add 80 mL of
85% phosphoric acid, and dilute with water to volume.

Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of
Solution A to a 1OOO-mL volumetric flask. Dilute with water
to volume.

Standard solution: 0.6 j.Jg/mL of USP Biotin RS in water.
[NOTE-A portion of the Standard solution will be used to
determine the percent recovery of biotin from the
Solid-phase extraction procedure.]

Sample solution: Finely powder NLT 20 Tablets. Transfer an
amount of powdered Tablets to a volumetric flask to
obtain a nominal concentration of 0.6 j.Jg/mL of biotin. Add
water up to 80% of the flask capacity, and sonicate for 30
40 min, with occasional mixing, to dissolve. Dilute with
water to volume, and filter. Adjust the solution with either
diluted acetic acid or 0.1 N sodium hydroxide to a pH of
6.0-7.0.

Solid-phase extraction: [NoTE-Condition the extraction
column specified in this procedure in the following manner.
Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.]
Separatelypipet 5.0 mL of the Sample solution and Standard

solution into freshly conditioned solid-phase extraction
columns consisting of a mixed-mode packing with a
sorbent massof 60 mg. [NoTE-The mixed-mode packing
consists of anion-exchange and reversed-phase sorbents.
The reverse-phase component is a copolymer of
N-vinylpyrrolidone and divinylbenzene. The
anion-xchange moiety is a trialkylamino qroup."]

Wash the column with 10 mL of 30% (v/v) methanol in
water. Apply an appropriate volume (4.9 mL) of 30%
(v/v) methanol in 0.1 N hydrochloric acid to the column.
Collect the eluate in a 5-mL volumetric flask, containing
100 j.JL of 40% (w/v) sodium acetate in water, and dilute
with 30% (v/v) methanol in 0.1 N hydrochloric acid to
volume.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 j.JL

System suitability
Samples: Standard solution and a portion of Standard

solution that has undergone Solid-phase extraction
Suitability requirements

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard

solution and Standard solution that has undergone
Solid-phase extraction

Recovery: 95%-100%, Standard solution that has
undergone Solid-phase extraction

Analysis
Samples: Standard solution and Sample solution that have

both undergone Solid-phase extraction

2 A suitable cartridge is the Waters Oasis MAX VacRe, particle size 30 IJm,
part #86000371.
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Measure the responses for the biotin peak. Calculate the
percentage of the labeled amount of biotin (ClOH16Nz03S)
in the portion of Tablets taken:

Result= (ru/rs) x (CsICu) x 100

to =peak response from the Sample solution
ts =peak response from the Standard solution
Cs =concentration of USP Biotin RS in the Standard

solution (j.Jg/mL)
Cu = nominal concentration of biotin in the Sample

solution (uq/rnt)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (ClOH16Nz03S)

• CYANOCOBALAMIN, Method 1
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 j.Jg/mL of USP

Cyanocobalamin RS in water. [NOTE-Store in a dark place,
and discard after 1 week.]

Standard solution: 1 j.Jg/mL of USP Cyanocobalamin RS
from Standard stock solution diluted with water

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 100 j.Jg of

. cyanocobalamin, to a 250-mL flask. Quantitatively add
100.0 mL of water, and carefully extract for 2 min. Filter
10 mL of the extract, and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-j.Jm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 j.JL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate

the percentage of the labeled amount of cyanocobalamin
(C63HssCoN14014P) in the portion of Tablets taken:

Result= (rulrs) x (CslCu) x 100

ru =peak area of cyanocobalamin from the Sample
solution

ts =peak area of cyanocobalamin from the Standard
solution

Cs =concentration of USP Cyanocobalamin RS in the
Standard solution (j.Jg/mL)

Cu =nominal concentration of cyanocobalamin in the
Sample solution (j.Jg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of cyanocobalamin (C63HssCoN14014P)

• CYANOCOBALAMIN, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Standard stock solution: 1.0 j.Jg/mL of USP

Cyanocobalamin RS in 25% alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard

stock solution with water to a measured volume such that
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Table 2 (continued)

Tomato juice pr~p~ration: Centrifuge commercially
canned tomato JUice so that most of the pulp is removed.
Suspend 5 giL of analytical filter aid in the supernatant, and
pass, with the aid of reduced pressure, through a layer of
the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
con~tituted as directed .in the labeling, it yields a medium
equivalent to that obtained from the formula given
herein.] Dissolve0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juicepreparationand 1 mL of
Polysorbate 80 solution. Adjust with 1 N sodium hydroxide
to a pH of 6.8, and dilute with water to 100 mL. Place10-mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 121° for
15 min. Cool asrapidly aspossibleto avoid color formation
resulting from overheating the medium.

Suspension medium: Dilute a measured volume of Basal
mediumstock solutionwith an equal volume of water. Place
1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool asdirected for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture mediumadd 1.0-1 .5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves. Place
1O-mL portions of the hot solution in test tubes, cover the
tubes, sterilize at 121° for 15 min in an autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transfer of a pure culture of
Lactoba~i1Ius.leichmannii.3 [NOTE-Before first using a fresh
culture In this assay, make NLT 10 successive transfers of
the culture in a 2-week perlod.] Incubate for 16-24 h at a
temperature between 30° and 40° held constant to within
±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least 3 times each week, and

do not use them for preparing the Inoculum if more than
~ days old. The activity of the microorganism can be
Increased by daily or twice-daily transfer of the stab
culture, to the point where definite turbidity iri the liquid
Inoculum. can be observed 2-4 h after inoculation. A

L-Tryptophan 0.05 9

1 N Hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5 mL

Vitamin solution A 10 mL

Vitamin solution B 10 mL

Salt solution A 5 mL

Salt solution B 5 mL

Asparagine solution 5mL

Acid-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

a~er the in.cubation period asdescribed in the Analysis, the
difference In transmittance between the inoculated blank
and the 5.0-mL level of the Standard solution is NLT that
which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and
0.04 ng/mL of Standard solution. Preparethis solution fresh
for each assay.

Samp.lesolution: Finely powder NLT 20 Tablets. Transfer a
portion of the powdered Tablets, equivalent to 1.0 ~g of
cyanocobalamin, to an appropriate vessel containing, for
eachgram of powdered Tablets taken, 25 mL of an aqueous
extracting solution prepared just before useto contain in
each 100 m~, ~ .29 .g of dibasic sodium phosphate, 1.1 9of
anhydrous cltrlc acid, and 1.0 g of sodium metabisulfite.
Autoclave the mixture at 121° for 10 min. Allow any
undissolved particles of the extract to settle and filter or
centrifuge if necessary. Dilute an aliquot of the clear
s?luti~:>n with vy~ter to obt~in a final solution containing
vitamin B12 activity approximately equivalent to that of the
Standard solution.

Acid-hydrolyzed casein solution: Prepare asdirected in
Biotin, Method2.

Asparagine solution: Dissolve2.0 g of t-asparaqlne in water
to ~ake 200 ~L. Store.under .toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepare asdirected in
Biotin, Method2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool and
dilute with water to 200 mL. Store under toluene i~ a
refrigerator.

Salt solution A: Dissolve 10 g of monobasic potassium
phosphate and 10 g of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt sol~tion B: ~issolve 4.0 g of magnesium sulfate, 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vit~mi,:, solution A: ,?issolve 10 mg of riboflavin, 10 mg of
t~lar:nl~e hydrochloride, 100 ~g of biotin, and ~O mg of
niacin In 0.02 N acetic acid to make 400 mL. Store under
~olue.ne, pro~ected fr~m light, in a refrigerator.

Vlt~mln solution B:. Dissolve20 mg of p-aminobenzoic
acid, 10 m~ of calcium pant<?thenate, 40 mg of pyridoxine
hy~rochlor.lde, ~O mg of p~ndoxal hydrochloride, 8 mg of
pyrldoxarnlne dihydrochloride, and 2 mg of folic acid in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Preparethe medium
according to the following formula and directions. A
dehydrated '"!1ixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable to that obtained
from the formula given herein. .
Ad~ the. ingredi~nts in the order listed in Table 2, carefully

dissolving cystine and tryptophan in the hydrochloric acid
befo~e adding the next eight solutions to the resulting
solL!tlon.Add 100 mL of water, and dissolvedextrose,
sodium acetate, and ascorbic acid. Filter, if necessary.
Add th~ Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5-6.0, and dilute with Purified
Water to 250 mL.

IL-Cystine

Table 2

0.1 9 3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus
delbrueckil) may be obtained as#7830 from ATCC, 10801 University Blvd.,
Manassas, VA 20110·2209 (www.atcc.org).
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slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmanniimay be used as the stockculture, provided it
yields an Inoculum comparable to a fresh culture.]Transfer
cells from the Stock culture ofLactobacillus leichmanniito two
steriletubes containing 10 mL each of the Culturemedium.
Incubate these culturesfor 16-24 h at a temperature
between 30° and 40° held constant to within ±0.5°. Under
aseptic conditions centrifuge the cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
Suspension medium, and combine. Using sterile Suspension
medium, adjust the volumeso that a 1-in-20dilution in
salineTS produces 70% transmittancewhen read on a
suitable spectrophotometer that has been set ata
wavelength of 530 nm, equipped with a 10-mm cell,and
read against salineTS set at 100% transmittance. Preparea
1-in-400 dilution of the adjusted suspension using sterile
Basal mediumstocksolution. [NOTE-This dilution may be
altered, when necessary, to obtain the desired test
response.]The cell suspension is the Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically, using a standard
wavelength cell or other suitabledevice. Before reading any
tests, calibrate the spectrophotometer for 0% and 100%
transmittance, usingwater, the wavelengthset at 530 nm.

Analysis
Samples: Standardsolutionand Sample solution
Because of the high sensitivity of the test organism to

minute amounts of vitamin B12activity and to traces of
many cleansing agents, cleansemeticulously by suitable
means, followed preferably by heating at 250° for 2 h,
using hard-glass 20-mm x 150-mm test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standard solution.To each of these
tubes and to 4 similar but empty tubes add 5'.0mLof Basal
mediumstocksolutionand sufficient water to make 10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution.To each tube
add 5.0 mL of Basal medium stock solution-andsufficient
water to make 10 mL. Place one complete set of Standard
and sample tubes together in one tube rackand,the
duplicate set in a second rackor section of a rack,
preferablyin random order.

Cover the tubes to prevent bacterial contamination, and
sterilize in an autoclaveat 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclave ifnecessary. Cool as rapidly as possibleto avoid
color formation resulting from overheating the medium.
Takeprecautions to maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, because packing
the tubes too closely in the autoclaveor overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so
prepared, except 2 of the 4 containing no Standard
solution (the uninoculatedblanks). Incubatethe tubes at a
temperature between 30°and 40°, held constant to
within ±0.5°, for 16-24 h.

Terminategrowth by heating to a temperature NLT 80° for
5 min. Cool to room temperature. After agitating
contents, read the transmittanceat 530 nm when a steady
state is reached. This steady state isobserved a few
seconds after agitation when the reading remains
constant for 30 s or more. Allow approximatelythe same
time interval for the readingon each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the differenceisgreater than 5%, or ifthere isevidence of
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contamination with a foreign microorganism, disregard
the resultsof the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assay ifthe slope of the
standard curve indicatesa problem with sensitivity.

Calculation: Prepare a standard concentration-response
curveby the followinq procedure.Testforand replaceany
aberrant individual transmittances. Foreach level of the
Standard, calculate the responsefrom the sum of the
duplicate values of the transmittances (1::s) as the
difference, y= 2.00 -1::s' Plotthisresponseon the ordinate
of cross-section paper against the logarithm of the
milliliter of Standardsolution per tube on the abscissa,
usingfor the ordinate either an arithmeticor a logarithmic
scale,whichever givesthe better approximation to a
straight line. Drawthe straight lineor smooth curve that
best fits the plotted points.
Calculate the response, y= 2.00 -1::u, adding together the

two transmittances (1::u) for each level of the Sample
solution. Read from the standard curvethe logarithm of
the volume of the Standardsolutioncorresponding to
each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard.
Subtract from each logarithmso obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
valuesqf X for each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Determine the quantity, in ~g, of cyanocobalamin
(C63HssCoN14014P) in the portion of Tablets taken:

antilog M =antilog (M' + log R)

R = amount of cyanocobalamin assumed to be
present in the portion of Tablets taken (~g)

Calculate the percentage of the labeled amount of
cyanocobalamin (C63HssCoN14014P) in the portion of
Tablets taken:

Result =[(antilog M)/N] x 100

N =nominal amount of cyanocobalamin in the
portion of Tabletstaken (~g)

Replication: Repeatthe entire determinationat leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, ";1'ii:~T~~~i~i~~f~~~g log-potencyof the test
material (see !~~!(l:JSRil+~ay4~9~O) Design and Analysis of
Biological Assays (111), The Confidence Intervaland Limits
ofPotency). Ifthe two determinationsdiffer by more than
0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not
differ by more than 0.15, compute the mean potency of
the preparation under assay.

Acceptance criteria: 90.0%-150.0% ofthe labeledamount
of cyanocobalamin (C63HssCoN14014P)

)
Acceptance criteria: 90.0%-150.0% ofthe labeledamount

of folic acid (C19H19N706)
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Cu

Table 3

concentration of 0.01-0.04 ~g/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in the Analysis, 2.0 and
4.0 mL of the Standardsolutionbeing used, are within the
linear portion of the log-concentration response curve.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
50 mg of calcium pantothenate, to a 1OOO-mL volumetric
flaskcontaining 500 mL of water. Add 10 mL of 0.2 N acetic
acid and 100 mL of sodium acetatesolution(l in 60), dilute
with water to volume, and filter. Dilute a volume of this
solution to obtain a solution with approximately the same
concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 9 of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 9 of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 9 of .
o,L-tryptophan) in 700-800 mL of water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved.Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with.
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
~g/mL of riboflavin, 10 ~g/mL of thiamine hydrochloride,
and 0.04 ~g/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous sulfate, and 0.5 9 of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
dextrose and anhydrous sodium acetate in the solutions
previously mixed according to Table 3, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Acid-hydrolyzed casein solution 25 ml

Cystine-tryptophan solution 25 ml

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Result= (Ru/Rs) x (Cs/Cu) x 100

=peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution

= peak area ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

= concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

=nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (C18H32CaN2010)

.F().~I~.~.~ID, Method 2
~Pr8~~~9 .

Pr9€g.C!> . ()
Acceptance criteria: 90.00/0-150.0% of the labeled amount

of folic acid (C19H19N706)
• CALCIUM PANTOTHENATE, Method 1

Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 9 of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in Internal standardsolution

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 15 mg of calcium
pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internalstandardsolution, and shakevigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolutionand Sample solution
Measure the peak areas for calcium pantothenate and the

internal standard.
Calculate the percentage of the labeled amount of calcium

pantothenate (C18H32CaN2010) in the portion of Tablets
taken:

• CALCIUM PANTOTHENATE, Method 2
Standard stock s~I~~!~~(;.;~}~~~(!~e50 mg of USP Calcium

Pantothenate RS·>~~2(QSR>j;~~YtgQg9jin 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
~g/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator. .

Standard solution: On the day of the assay, dilute avolume
of Standardstock solutionwith water to obtain a
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Table 3 (continued)
Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add 500 mg of anhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g
of agar, and heat the mixture on a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, close or cover the tubes, sterilize
in an autoclave at 121 ° for 15 min, and allow the tubes to
cool in an upright position. Prepare stab cultures in three
or more of the tubes, using a pure culture of Lactobacillus
piantarum' incubating for 16-24 h at a temperature
between 30° and 3r held constant to within ±0.5°. Store
in a refrigerator. Prepare a fresh stab of the stock culture
every week, and do not use for Inoculum if the culture is
more than 1 week old.

Culture medium: To each of a series of test tubes containing
5.0 mL of Basalmediumstock solution add 5.0 mL of water
containing 0.2 J..Ig of calcium pantothenate. Plug the tubes
with cotton, sterilize in an autoclave at 121° for 15 min,
and cool.

Inoculum: [NOTE-Afrozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
sterile tube containing 10 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. 'The cell suspension is the
Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5,2.0, 3.0,4.0, and 5.0 mL of the Standardsolution. To
each tube and to 4 similar but empty tubes add 5.0 mLof
Basal mediumstock solutionand sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solution corresponding to three or more of
the levels specified for the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstock solution and sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool, and
add 1 drop of Inoculum to each tube, except 2 of the 4
tubes containing no Standard solution (the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 37°, held constant to within ±0.5° until, following 16
24 h of incubation, there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to an
optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached.
This steady state is observed a.few seconds after agitation
when the galvanometer reading remains constant for 30 s
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or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere is evidence of contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. For each level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (kS) as the difference, y= 2.00 - I:s. Plot this
response on the ordinate of cross-section paper against
the logarithm of the milliliterof Standardsolutionper tube
on the abscissa, using for the ordinate either an arithmetic
or a logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y=2.00 - kU' adding together the

two transmittances (I:u) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standardsolution corresponding to
each of those values of y that fall within the range of the
lowest and highest points plotted for the Standard.
Subtract from each logarithm so obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
values Qf X for each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Determine the quantity, in mg, of calcium pantothenate
(ClsH32CaN2010) in the portion of Tablets taken:

antilog M =antilog (M' + log R)

R = amount of calcium pantothenate assumed to be
present in the portion of Tablets taken (mg)

Calculate the percentage of the labeled amount of
calcium pantothenate (ClsH32CaN2010) in the portion of
Tablets taken:

Result =[(antilog M)/N] x 100

N = nominal amount of calcium pantothenate in the
portion of Tablets taken (mg)

Replication: Repeat the entire determination at least once,
using separately prepared Sample solutions. Ifthe
difference between the two log-potencies Mis NMT0.08,
their mean, M, is the assayed log-potency of the test
material (see Design andAnalysis of Biological Assays <1 11),
The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or
more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaN20io)

• CALCIUM PANTOTHENATE, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in 2000 mLofwater, and adjust with phosphoric
acid to a pH of 3.5.

Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium

Pantothenate RS in water. Prepare fresh every 4 weeks.
Store in a refrigerator.

www.webofpharma.com

https://nhathuocngocanh.com/



5520 Vitamins / Dietary Supplements USP 43

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsN02)

centrifuge tube in a hot water bath maintained at 65°-70°,
heatfor 5 min, and mix using avortex mixerfor 30 s.Return
the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the
solution, cool to room temperature, and usethe clear
filtrate. [NoTE-Use the filtrate within. 3 h of filtration.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
~11~(f~illl~~~Q)

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Sam les: Standardsolution and Sam Iesolution

• NIACIN, Method Z

QZP)
Acceptance criteria: 90.00/0-150.0% of the labeled amount

of niacinamide (C6H6N20)
• PYRIDOXINE HYDROCHLORIDE, Method Z

[NoTE-Use low-actinic glasswarethroughout this
procedure.]

Extraction solvent, Mobile phase, and Sample solution:
Prepare as directed in Niacin, Method2.

Standard stock solution: 0.1 mg/mL of USP Pyridoxine
Hydrochloride RS in Extraction solvent

• NIACINAMIDE, Method Z

Standard solution: 40 IJg/mL of USP Calcium
Pantothenate RS from Standardstocksolutiondiluted with
water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
10 mg of calcium pantothenate, to a 250-mL volumetric
flask.Add 10 mL of methanol, and swirl the flaskto disperse.
Dilute with water to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-lJm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measurethe peak areasfor calcium pantothenate. Calculate

the percentage of the labeled amount of calcium
pantothenate (C18H32CaN2010) in the portion of Tablets
taken:

t» =peak area of calcium pantothenate from the
Sample solution

rs =peak area of calcium pantothenate from the
Standardsolution

Cs =concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

Cu = nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (C18H32CaN2~lO)

Result=(rulrs) x (CsICu) x 100

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 7
[NoTE-Use low-actinic glassware throughout this

procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water

(5:1 :94)
Mobile phase: A mixture of methanol, glacial acetic acid,

and water (27:1 :73) containing 140 mg of sodium
1-hexanesulfonate per 100 mL

Standard solution: [NoTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°_70° for 10 min
with regular shaking or using a vortex mixer, until all the
solid materials are dissolved. Chill rapidly in a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to 10 mg of niacinamide
and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube.
Add 25.0 mL of Diluent, and-mix using a vortex mixer for
30 s to completely suspend the powder. Immerse the

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43 Dietary Supplements / Vitamins 5521

30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shakefor 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
milliliters of the filtrate.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to 7.5 mg of
niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride,
to a stoppered 125-mL flask. Add 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the
stopper, shakefor 15 min in a water bath maintained at 60°,
and cool. Filter, discarding the first few milliliters of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: .50°
Flow rate: 2.0 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
'Analysis

Sam les: Standard solution and Sam Ie solution

Standard solution: Transfer 5.0 mL of Standard stock
solution to a 25-mL volumetric flask, and dilute with
Extraction solvent to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine.
Calculate the percentage of the labeled amount of

pyridoxine hydrochloride (CSH11N03 • HCI) in the portion
of Tablets taken:

Result=(r,irs) x (Cs/Cu) x 100

to =peak area of pyridoxine from the Sample solution
ts =peak areaof pyridoxine from the Standard solution
Cs = concentration of USP Pyridoxine

Hydrochloride RS in the Standard solution
(mg/mL)

Cu =nominal concentration of pyridoxine
hydrochloride in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of pyridoxine hydrochloride (CsHl1 N03 • HCI)

.' l

.P'.
Ac~eptance criteria: 90.0%-150.0% of the labeled amount ;ts

of riboflavin (C17H20N406) -- .

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3
[NOTE-Use low-actinic glassware throughout this

- procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/mL of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine
Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and
0.24 mg/mL of USP Thiamine Hydrochloride RS in the
Reagent, with heating if necessary

Standard solution: Transfer 5.0.mL of Standard stock
solution to a stoppered 125-mL flask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1), and
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PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements
• WEIGHT VARIATION (2091): Meet the requirements

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103cfu/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence ofSalmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states that the product isWater-Soluble

Vitamins Tablets. The label also states the quantity of each
vitamin in terms of metric units per dosage unit, and where
necessary, the salt form in which it is present. Where more
than one assay method is given for a particular vitamin, the
labeling states which assay method is used only if Method
7 is not used.

USP Calcium Pantothenate RS
USP Cyanocobalamin' RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Thiamine Hydrochloride RS

Water-Soluble Vitamins with Minerals
Capsules
DEFINITION
Water-Soluble Vitamins with Minerals Capsulescontain one or

more of the following water-soluble vitamins: Ascorbic Acid
or its equivalent as Calcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, Folic Acid, Dexpanthenol or
Panthenol, Niacin or Niacinamide, pantothenic acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate),
Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or more
minerals derived from substances generally recognized as
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safe, furnishing one or more of the following elements in
ionizable form: boron, calcium, chromium, copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum, nickel,

. phosphorus, potassium, selenium, tin, vanadium, and zinc.
Capsules contain NLT 90.0% and NMT 150.0% of the
labeled amounts of ascorbic acid (C6Hs06), or its salts as
calcium ascorbate (C12H14Ca012 • 2H20) or sodium
ascorbate (C6H7Na06), biotin (ClOH16N203S),
cyanocobalamin (C63HssCoN14014P), folic acid (C19H19N706),
dexpanthenol or panthenol (C9H19N04), calcium
pantothenate (ClsH32CaN201O), niacin (C6HsN02)or
niacinamide (C6H6N20), pyridoxine hydrochloride
(CSH11N03· HCI), riboflavin (C17H20N406), and thiamine
(C12H17CIN40S) as thiamine hydrochloride or thiamine
mononitrate; NLT 90.0% and NMT 125.0% of the labeled
quantities of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P),
potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled quantities of boron (B), chromium
(Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V).

They do not contain any form of Beta Carotene or Vitamin A,
0, E,or K. They may contain other labeled add~~ substances
that are generally recognized assafe, in quantities that are
unobjectionable.

STRENGTH
[NOTE-In the following assays, where more than one

assaymethod is given for an individual ingredient, the
requirements may be met by followlnq .any one o! the
specified methods, the method used being stated In the
labeling only if Method 7 is not used.]

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NOTE-For labeling purposes, consider Method1

TitrimetricMethod as Method 7.]
Acceptance criteria: 90.0%-150.0% of the labeled amount

of ascorbic acid (C6Hs06), or its salts as calcium ascorbate .
(C12H14Ca012 . 2H20), or sodium ascorbate (C6H7Na06)

• BIOTIN, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium

perchlorate, and 1 mL of phosphoric acid, and dilute with
water to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 IJg/mL of USP Biotin RS prepared by
diluting the Standardstock solutionwith water

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells
by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shells with the
aid of a current of dry air until the odor of ether is no longer
perceptible. Weigh the empty Capsule shells in th~ tared
weighing bottle, and calculate the average net weight per
Capsule. Transfer a ~ortion of the Capsule co~te.nts,
equivalent to a nominal amount of 1 mg of biotin, to a
200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Place the flask in awater bath
at 600-700 for 5 min. Sonicate for 5 min, dilute with water
to volume, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
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Column: 4.6-mm x 15-cm; 3-J,Jm packing L7
Flowrate: 1.2 mL/min
Injection volume: 100 J,JL

System suitability
Sample: Standardsolution
Suitability requirements

Relativestandard deviation: NMT 3.0%
Analysis .

Samples: Standardsolution and Sample solution
Measure the responsesfor the biotin peaks. Calculate the

percentage of the labeledamount of biotin (ClOH16N203S)
in the portion of Capsules taken:

Result = (rufrs) x (Cs/Cu) x 100

tu =peak response from the Sample solution
rs =peak response from the Standardsolution
Cs = concentration of USP Biotin RS in the Standard

solution (J,Jg/mL)
Cu =nominalconcentration of biotin in the Sample

- solution (J,Jg/mL)

Acceptance criteria: 90.00/0-150.0% ofthe labeled amount
of biotin (ClOH16N203S)

• BIOTIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Dehydrated mixturesyielding formulations similar to the

mediadescribed herein may be used provided that, when
constituted as directed, they have growth-promoting
propertiesequal to or superiorto those obtained with the

-rnedla prepared as described herein.
Standard stock solutlon; 50 J,Jg/mL of USP Biotin RS in50%

alcohol. Store this solution in a refrigerator.
Standard solution: On the day of the assay, dilutethe

Standardstock solution with water to a concentrationof
0.1 ng/mLof USP Biotin RS. -

Sample solution: Proceedas directed in Biotin, Method 1
\_ through "calculate-theaverage net weight per Capsule".

Transfer a portion of the Capsulecontents, equivalent to a
nominal amount of 100 J,Jg of biotin,-foa 200-mL
volumetric flask. Add 3- mL of 50% alcohol, and swirl to wet
the contents. Heat the flask in a water bath at 60°-70° for
5 min. Sonicatefor 5 min, dilute with diluted alcohol to
volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to
obtain a solution with a concentration of 0.1 ng/mL.

Acid-hydrolyzedcasein solutlon. Mix 100 g ofvitamin-free
caseinwith 500 mL of 6 N hydrochloric acid,and reflux the
mixturefor 8-12 h. Remove the hydrochloric acidfrom the
mixtureby distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal.Storeunder toluene in a
cool place at a temperature NLT 10°. Filter the solution ifa
precipitateforms during storage.

Cystine-tryptophan solution: Suspend4.0 g of L-cystine in
1.0 g of L-tryptophan (or 2.0 g of o.t-tryptophan) in 700
800 mL of water. Heat to 70°-80°, and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the
solids are dissolved. Cool, and-dilutewith water to
1000 mL. Store under toluene in a cool placeat a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
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and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mLof polysorbate 80 in
alcohol

Calcium pantothenate solution: 10 J,Jg/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 J,Jg/mL of
riboflavin and 10 J,Jg/mL of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, and in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 J,Jg/mL of p-aminobenzoic acid, 50 J,Jg/mL of
niacin, and 40 J,Jg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1 :3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesiumsulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 gof
manganese sulfate in water to make500 mL. Add5 drops
of hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetatein the solutions
previously mixedaccording to Table 1, and adjustwith 1 N
sodium hydroxideto a pH of 6.8. Dilute with water to
250 mL.

Table 1

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Calcium pantothenate solution 5 mL

Riboflavin-thiamine hydrochloride solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine
hydrochloride solution 5 mL

Salt solution A 5mL

Salt solution B 5 mL

Stock culture of Lactobacillusplantarum: Dissolve 2.0 g of
yeast extract in 100 mL of water.Add500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
ofagar, and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to test tubes, closeor coverthe tubes, sterilize in
an autoclave at 121°, and allow the tubes to cool in an
upright position. Preparestab cultures in three or more of
the tubes, usinga pure cultureof Lactobacillus plantarum, 1
incubating for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. Store in a refrigerator.
Preparea freshstab of the stockcultureeveryweek,and do
not use for Inoculum ifthe cultureis more than 1 weekold.
Culture medium: To each of a series of test tubes

containing 5.0 mL of Basal medium stock solutionadd
5.0 mL ofwater containing0.5 ng ofbiotin.Plug the tubes
with cotton, sterilize in an autoclave at 121°, and cool.

1 ATCC No. 8014 is SUitable. This strain was formerly known as Lactobacillus
arabinosus 17-5.
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Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparableto a fresh culture.]Make a
transfer of cells from the Stock cultureofLactobacillus
plantarum to a sterile tube containing 10 mL of Culture
medium. Incubate this culturefor 16-24 h at a
temperature between 30°and 3r heldconstant to within
±0.5°. The cell suspension so obtained isthe Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/

or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard
solution. To each tube and to four similar empty tubes
add 5.0 mL of Basal medium stock solutionand sufficient
water to make 10 mL.

To similar test tubes add, in duplicate, volumesof the
Sample solution corresponding to three or more of the
levels specified for the Standardsolution, including the
levels of 2.0, 3.0, and 4.0 mL. Toeach tube add 5.0 mL
of the Basal medium stock solution and sufficient water
to make10 mL. Place one completeset ofStandardand
sample tubes together in one tube rack and the
duplicate set in a second rackor section of a rack,
preferably in random order.

Coverthe tubes of both series to preventcontamination,
and sterilize in an autoclaveat 121° for 5 min. Cool.
Add 1 drop of Inoculum to each tube, except two of
the four tubes containing no Standardsolution (the
uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37° held constant to
within ±0.5° until, following 16-24 h of incubation,
there has been no substantial increase in turbidity in
the tubes containing the highest level of Standard
during a 2-h period. 1

Determine the transmittance of the tubes in the
following manner. Mix the contents of each tube, and
transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength 54<h.660 nm, and read the transmittance

, when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remainsconstant for 30 s or
more. Allow approximately the same time interval for
the reading on each tube. .

With the transmittance set at 1.00 for the uninoculated
blank, read the' transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blankread the trarisrnittance for each of the remaining
tubes. Ifthere isevidenceof contamination with a
foreign microorganism, disregard the resultof the
assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicate values of the
transmittance (I:) as the difference, y =2.00 - I:. Plotthis
response on the ordinate of cross-section paper against
the logarithm of the mL of Standardsolution per tube on
the abscissa, using for the ordinate either an arithmetic
or a logarithmicscale, whichevergivesthe better
approximation to a straight line. Drawthe straight lineor
smooth curve that bestfits the plotted points.
Calculate the response, y, adding together the two

transmittancesforeach level ofthe Sample solution.Read
from the standard curve the logarithm of the volume
of.the Standardsolution corresponding to each of those
values of y that fall within the range of lowestand
highest points plotted for the Standard. Subtractfrom
each logarithmso obtained the logarithmof the volume,
in mL, of the Sample solution to obtain the difference,
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X, for each dosage level. Average the valqes of Xfor each
of three or more dosage levels to obtain X, which equals
the log-relative potency, M', of the Sample solution.

Determine the quantity, in IJg, of USP Biotin RS
corresponding to the biotinin each mg of the portion of
Capsules taken:

antilog M =antilog (M' + log R)

R = number of IJg of biotin assumed to be present in
each mg of the portion of the Capsules taken

Replication: Repeatthe entire determinationat leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potencyof the test
material(see Design and Analysis ofBiological Assays (111 )1
The Confidence Interval and Limits of Potency). If the two
determinations differby more than 0.08, conduct one or
more additionaldeterminations. From the mean of two or
more valuesof M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of biotin (ClOH16Nz03S)

• CYANOCOBALAMIN, Method 1
[NOTE-Use low-actinic glassware throughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 IJg/mL of USP

Cyanocobalamin (Crystalline) RS inwater. [NOTE-Store this
stock solution in a dark place, and discardafter 1 week.]

Standard solution: 1 IJg/mL of USP Cyanocobalamin
(Crystalline) RS from Standardstock solution diluted with
water

Sample solution: Proceedas directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsulecontents, equivalentto a
nominalamount of100 IJg ofcyanocobalamin, to a 250-mL
flask. Quantitatively add 100.0 mL of water, and carefully
extract for 2 min. Filter 10 mL of the extract, and use the
clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measurethe peak responsesfor cyanocobalamin. Calculate

the percentage of the labeledamount of cyanocobalamin
(C63HssCoN14014P) in the portion of Capsules taken:

Result =(rulrs) x (CslCu) x 100

=peak response of cyanocobalamin from the
Sample solution

= peak response of cyanocobalamin from the
Standardsolution

=concentration of USP Cyanocobalamin
(Crystalline) RS in the Standardsolution (lJg/mL)

=nominal concentration of cyanocobalamin in the
Sample solution (lJg/mL)
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Acceptance criteria: 90.0%-150.0% of the labeledamount
of cyanocobalamin (C63HssCoN14014P)

• CYANOCOBALAMIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Standard cyanocobalamin stock solution: 1.0 I-Ig/ml of

USP Cyanocobalamin (Crystalline) RS in25% alcohol. Store
in a refrigerator.

Standard solution: Dilute a suitable volumeof Standard
cyanocobalamin stock solution with water to a measured
volumesuch that after the incubation period as described
in the Analysis, the difference in transmittance between the
inoculated blankand the 5.0-mllevel of the Standard
solution is NlT that which corresponds to a difference' of
1.25 mg indriedcellweight. This concentration usually falls
between 0.01 and 0.04 ng/ml of the Standard solution.
Preparethis solutionfresh for each assay.

Sample solution: Proceedas directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsulecontents, equivalentto a
nominalamount of 1.0 I-Ig of cyanocobalamin, to an
appropriate vessel containing, for each g of Capsule
contents taken, 25 ml of an aqueous extracting solution
prepared just before use to contain 12.9 mg/ml of dibasic
sodium phosphate, 11.0 mg/ml of anhydrous citric acid,
and 10 mg/mLof sodium metabisulfite. Autoclave the
mixtureat 121°for 10 min.Allow any undissolved particles
of the extract to settle, and filteror centrifuge, ifnecessary.
Dilute an aliquotof the clearsolutionwithwater to obtain a
final solution containing vitamin 812 activity approximately
equivalentto that of the Standard solution.

Acid-hydrolyzedcasein solution: Prepareas directed in
Calcium Pantothenate, Method 2.

Asparagine solution: Dissolve 2.0 g of l-asparagineinwater
to make 200 mL. Store under toluene in a refrigerator.

Adenine-guanine-uracil solution: Prepareas directed in
Calcium Pantothenate, Method 2.

Xanthine solution: Suspend 0.20 g of xanthine in 30-
\40 ml ofwater, hearto 70°,add 6.0 mL of 6 N ammonium
hydroxide, and stir uritll the solid is dissolved. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator. _

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasicpotassium phosphate in
water to make200 ml, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve 4.0 g of magnesiumsulfate, 0.20 g
of sodium chloride;" 0:20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL. Add2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of
thiamine hydrochloride, 100 I-Ig of biotin, and 20 mg of
niacin in 0.02 N glacial acetic acid to make400 mL. Store
under toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg of p-aminobenzoic
acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 mg of folic acid in a
mixtureof water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredientsmay
be used provided that, when constituted as directed in the
labeling, it yields a medium comparable to that obtained
from the formula given herein.
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Add the ingredients in the order listed according to Table
2, carefully dissolving cystine and tryptophan in the
hydrochloric acid beforeadding the next eight solutions
in the resulting solution. Add 100 mL of water, and
dissolve the dextrose, sodium acetate, and ascorbic acid.
Filter, if necessary. Addthe Polysorbate 80 solution, adjust
with 1 N sodium hydroxide to a pH of between 5.5 and
6.0, and dilute with Purified Water to 250 mL.

Table 2

L-Cystine 0.1 9

L-Tryptophan 0.05 9

1 N hydrochloric acid 10 ml

Adenine-guanine-uracilsolution 5 ml

Xanthinesolution 5ml

Vitamin solutionA 10ml

Vitamin solution B 10 ml

SaltsolutionA 5 ml

Saltsolution B 5 ml

Asparaginesolution 5ml

A;id-hydrolyzed caseinsolution 25 ml

Dextrose, anhydrous 10 9

Sodiumacetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 ml

Tomato juice preparation: Centrifuge commercially
canned tomato juiceso that most of the pulp is removed.
Suspend5 gil of analytical filter aid inthe supernatant, and
pass, with the aid of reduced pressure, through a layerof
the filteraid. Repeat,·if necessary, until a clear,
straw-colored filtrate isobtained. Store under toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixturecontaining
the same ingredients may be used provided that, when
constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given
herein.] Dissolve 0.75 g ofyeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 ml of water.
Add 10 ml of Tomato juice preparation and 1 ml of
Polysorbate 80 solution. Adjustwith 1 N sodium hydroxide
to a pHof6.8, and dilutewithwater to 100 mL. Place 10-ml
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclaveat 121° for
15 min. Coolas rapidly as possible to avoidcolorformation
resulting from overheating the medium.

Suspension medium: Dilute a measured volumeof Basal
medium stock solution with an equalvolumeof water. Place
10-ml portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 ml of
Culture medium add 1.0-1.5 g ofagar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves. Place
1O-ml portions of the hot solution in test tubes, coverthe
tubes, sterilize at 121° for 15 min in an autoclave (exhaust
linetemperature), and allow the tubes to cool inan upright
position. Inoculate three or more of the tubes by stab
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transfer of a pure culture of Lactobacillus lekhmannu?
[Note-Before first using a fresh culture in this assay, make
NlT 10 successive transfers of the culture in a 2-week
period.] Incubatefor 16-24 h at a temperature between 30°
and 40° held constant to within ±0.5°. Store in a
refrigerator.
Preparefresh stab cultures at least three times eachweek,

and do not use them for preparing the Inoculum ifmore
than 4 days old. The activity of the microorganism can be
increased by dailyor twice-daily transferof the stab
culture, to the point where definiteturbidity in the liquid
Inoculumcan be observed 2-4 h after inoculation. A
slow-growing culture seldom givesa suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmanniimay be used as the stock culture provided it
yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock cultureofLactobacillus
leichmanniito two steriletubes each containing 10 ml of
the Culture medium.Incubatethese culturesfor 16-24 h at a
temperature between 30° and 40° held constant to within
±0.5°.Underasepticconditionscentrifugethe cultures, and
decant the supernatant. Suspendthe cells from the culture
in 5 ml of sterile Suspension medium, and combine. Using
sterileSuspension medium, adjustthe volumeso that a 1-in
20 dilution in salineTS produces 70% transmittance when
read on a suitablespectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and
read against salineTS set at 100% transmittance. Preparea
l-in-400 dilution of the adjusted suspension using Basal
mediumstock solution. [NoTE-This dilution may be altered,
when necessary, to obtain the desired test response.] The
cellsuspension so obtained is the Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically, using a standard
wavelength cellor other suitabledevice,Before readingany
tests, calibrate the spectrophotometer for 0% and 100%
transmittance, using water and with the wavelength set at
530 nm.

Analysis -r

Samples: Standardsolutionand Sample solution
Because of the high sensitivity of the test organism to

minute amounts of vitamin B12 activity and to traces of
many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250° for 2 h
using hard-glass 20:mm x 150-mm test tubes and other
necessary glassware. " <.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 ml of the Standard solution. Toeach of these
tubes and to four similar empty tubes add 5.0 ml of Basal
mediumstocksolutionand sufficient water to make10 ml.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 ml of the Sample solution. To each tube
add 5.0 ml of Basal medium stock solutionand sufficient
water to make 10 ml. Place one complete set of Standard
'and sample tubes together in one tube rack and the
duplicate set in a second rack or section of a rack,
preferably in random order.

Coverthe tubes to prevent bacterial contamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclave ifnecessary. Coolas rapidly as possible to avoid
color formation resulting from overheating the medium.
Takeprecautions to maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, becausepacking

2 Pure cultures of Lactobacillus /eichmannii (listed as Lactobacillus delbtuekit;
may be obtained as No. 7830 fromATCC, 10801 University Blvd.,
Manassas, VA20110-2209 (www.atcc.org).
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the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so
prepared, except two of the four containing no Standard
solution(the uninoculated blanks). Incubatethe tubes at a
temperature between 30° and 40°, held constant to
within ±0.5°,for 16-24 h.

Terminategrowth by heating to a temperature NLT 80°for
5 min. Cool to room temperature. After agitating
contents, placethe container ina spectrophotometer that
has been set at a wavelength of 530 nm, and read the
transmittance when a steady state is reached. This steady
state isobserved a few seconds after agitation when the
reading remains constant for 30 s or more. Allow
approximately the same time interval for the reading on
each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference isgreater than 5% or ifthere isevidenceof
contamination with a foreign microorganism, disregard
the results of the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assay ifthe slope of the
standard curve indicatesa problem with sensitivity.

Calculation: Preparea standard concentration-response
. curvebythe following procedure.Testforand replaceany
aberrant individual transmittances. For each level of the
Standard, calculatethe responsefrom the sum of the
duplicate values of the transmittances (L) as the
difference, y=2.00 - E. Plotthis responseon the ordinate
of cross-section paper against the logarithm of the mL of
Standard solution per tube on the abscissa, usingfor the
ordinate either an arithmetic or a logarithmic scale,
whichevergivesthe better approximation to a straight
line. Drawthe straight lineor smooth curve that best fits
the plotted points.
Calculate the response,. y, adding together the two

transmittancesforeach level ofthe Sample solution. Read
from the standard curve the logarithm of the volume
of the Standard solutioncorresponding to each of those
valuesof y that falls within the range of the lowestand
highest points plotted for the Standard. Subtractfrom
each logarithmso obtained the logarithm ofthe volume,
in mL, of the Sample solution to obtain the difference,
X, for each dosage level. Average the val~s ofX for each
of three or more dosage levels to obtain X, whichequals
the log-relative potency, M', of the Sample solution.

Determinethe quantity, in I-Ig, of USP Cyanocobalamin
(Crystalline) RS correspondingto the cyanocobalamin in
each mg of the portion of Capsules taken:

antilog M =antilog (M' + log R)

R = number of I-Ig of cyanocobalamin assumedto be
present in each mg of the portion of the
Capsules taken

Replication: Repeatthe entire determinationat leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potencyof the test
material (see Desiqn and Analysis ofBiological Assays (111 ),
The Confidence Intervaland limitsofPotency). If the two
determinations differ by more than 0.08, conduct one or
more additionaldeterminations. From the mean oftwo or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.
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Acceptance criteria: 90.0%-150.0% of the labeled amount
of cyanocobalamin (C63HssCoN140'4P)

• FOLIC ACID, Method 7
[NoTE-Use low-actinic glassware throughout this

procedure.]
Reagent A: 25% solution of tetrabutylammonium

hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL

volumetric flask. Using sonication if necessary, dissolve in
and dilute with 1 N sodium hydroxide to volume.

Mobile phase: 2 g of monobasic potassium phosphate in
650 mL of water. Add 12.0 mL of Reagent A, 7.0 mL of 3 N
phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS
to a pH of 7.0, dilute with water to 1000 mL, and filter.
Recheck the pH before useby adding water or methanol to
the prepared Mobile phaseto obtain baseline separation of
folic acid and the internal standard. The pH may be
increased up to 7.15 to obtain better separation.
[NoTE-The methanol and water content may be varied
(between 1% and 3%).]

Internal standard solution: Transfer 40 mg of
methylparaben to a 1OOO-mL volumetric flask, and add
220 mL of methanol to dissolve. Dissolve2.0 g of
monobasic potassium phosphate in 300 mL of water in a
separate beaker, quantitatively transfer this solution to the
flask containing the methylparaben solution, and add an
additional 300 mL of water. Add 19 mL of Reagent A, 7 mL
of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust with
ammonia TS to a pH of 9.8, bubble nitrogen through the
solution for 30 min, dilute with water to volume, and mix.

Standard solution: 0.016 mg/mL of USP Folic Acid RS in
Internal standard solution

Sample solution: Proceed as directed in Biotin, Method 7
throuqh "calculate the average net weight per Capsule."
Transfer an amount of Capsule contents to a suitable'
centrifuge tube, and add a volume of Internal standard
solution to obtain a nominal concentration of 0.016 mg/mL
.of folic acid. Shakebymechanical means for 10 min, and
centrifuge. Filter a portion of the clear supernatant, and use
the filtrate. .-- .

Chromatographic system '
(See,Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm' x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: " ~ IJL

System suitability
Sample: Standard solution

[NoTE-The relative retention times for folic acid and
methylparaben are about 0.8 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben.

Calculate the percentage of the labeled amount of folic
acid (C19H19N706) in the portion of Capsules taken:

Result=(Ru/Rs) x (Cs/Cu) x 100

Ru = peak area ratio of folic acid to methylparaben
from the Sample solution

Rs = peak area ratio of folic acid to methylparaben
from the Standard solution

C, = concentration of USP FolicAcid RS in the Standard
solution (mg/mL)
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Cu =nominal concentration of folic acid in the Sample
solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of folic acid (C19H,9N706)

• FOLIC ACID, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring,

in 500 mL of water containing 10 mL of ammonium
hydroxide.

Diluent: 60 IJg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of

glacial acetic acid, and 350 mL of methanol to a 2000-mL
volumetric flask, and dilute with 0.008 M sodium
l-hexanesulfonate to volume.

Standard stock solution: 60 IJg/mL of USP Folic Acid RS in
Diluent. Prepare this solution fresh daily.

Standard solution: Mix 5.0 mL of Standard stock solution
with 10.0 mL of methanol and 35.0 mL of Reagent. Shake
for 15 min in a water bath maintained at 60°, and cool.
Filter, discarding the first few mL of the filtrate.

Sample solution: Proceed as directed in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsulecontents, equivalent to a
nominal amount of 0.3 mg of folic acid, to a 125-mL
stoppered flask. Add 10.0 mL of methanol and 35.0 mL of
Reagent. Shakefor 15 min in a water bath maintained at
60°, and cool. Filter, discarding the first few mL of the
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Measure the areasof the major peaks.Calculate the

percentage of the labeled amount of folic acid
(C19H19N706) in the portion of Capsules taken:

Result=(ru/rs) x (CslCu) x 100

ru =peak area of folic acid from the Sample solution
rs =peak area of folic acid from the Standard solution
Cs =concentration of USP FolicAcid RS in the Standard

solution (lJg/mL)
Cu =nominal concentration of folic acid in the Sample

solution (lJg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of folic acid (C19H19N706)

• DEXPANTHENOL OR PANTHENOL
[NoTE-The following procedure is applicable also to

the determination of the dextrorotatory component
of racemic panthenol in preparations containing
panthenol.] .

Dehydrated mixtures yielding formulations similar to the
media described herein may be used provided that, when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.
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Standard stock solution: 800 ~g/mL of USP
Dexpanthenol RS in water. Store in a refrigerator protected
from light, and use within 30 days.

Standard solution: On the day of the assay, prepare a
dilution of 1.2 ~g/mL of dexpanthenol from Standard stock
solutiondiluted with water.

Sample solution: Weigh NLT 30 Capsules in a tared
weighing bottle. Open the Capsules, without loss of shell
material, and transfer the contents as completely as
possible to a beaker. Remove any contents adhering to the
empty Capsule shells by washing with several portions of
ether. Discard the washings,and drythe Capsule shells with
the aid of a current of dry air until the odor of ether is no
longer p~rc~Ptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculatethe averagenet weight
per Capsule. Dissolve a portion of the Capsule contents,
nominally equivalent to 1.2 mg of dexpanthenol or 2.4 mg
of panthenol, in 100.0 ml of water. Quantitatively dilute a
portion of this solution with water to obtain a nominal
concentration of 1.2 ~g/mL of dexpanthenol or 2.4 ~g/mL

of panthenoJ.
Acid-hydrolyzed casein solution: Mix 100g ofvitamin-free

caseinwith 500 mL of 6.N hydrochloric acid,and reflux the
mixturefor 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in about
500 mL of water, adjust the solutionwith 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilutewith water to
1000 ml. Add 20 g of activated charcoal, stirfor 1 h, and
filter. Repeat the treatment with activatedcharcoal.Store
under toluene in a cool place at a temperature NLT 10°.
Filt~.r the solution ifa precipitateforms during storage.

Cystine-tryptophan solution: Suspend4.0 g of L-cystine .
and 1.0 g of i-tryptophan-tor 2.0 g of O,L-tryptophan) in
700-800 mL ofwater, heat to 75±5°,and add hydrochloric
acidsolution (1 in2) dropwise,with stirring, untilthe solids
are dissolved. Cool, and dilutewithwaferto 1000 mL. Store
under toluene in a cool place at a temperature NLT 10°.

Adenlne-quanlne-uragll solutlon: Dissolve 200 mg each
of'adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 ml of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL Store under toluene in a
refrigerator. .

Polysorbate 80 solution: 100 mg/ml of polysorbate 80 in
alcohol

Riboflavin-thiamine"hydrochloride-biotin solution: 20
~g/mL of riboflavin, 10 .~g/ml of thiamine hydrochloride,
and 0.04 ~g/mL of biOtin in 0.02 N aceticacid. Storeunder
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 uq/rnt, of p-aminobenzoicacid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in
neutral 25% alcohol. Store in a refrigerator.

Salt solution A: Dissolve 50 mg/mL of monobasic
potassium phosphate and 50 mg/mL of dibasic potassium
'phosphate inwater. Add10 drops of hydrochloric acid per L
of solution. Store under toluene.

Salt solution B: Dissolve 20 mg/mL of magnesiumsulfate,
1 mg/mL of sodium chloride, 1 mg/ml of ferrous sulfate,
and 1 mg/mL of manganese sulfatein water.Add 10 drops
of hydrochloric acid per Lof the solution. Store under
toluene.

Pyridoxal-calcium pantothenate solution: Dissolve 200
~g/mL of pyridoxal hydrochloride and 1.875 ~g/ml of
calcium pantothenate in 10% alcohol. Store in a
refrigerator, and use within 30 days.

Polysorbate 40-oleic acid solution: Dissolve 50 mg/ml of
polysorbate40 and 0.5 mg/mLofoleicacidin20% alcohol.
Store in a refrigerator, and use within 30 days.
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Modified pantothenate medium: Dissolve anhydrous
d~xtrose and sodium acetate in the solutions previously
mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Finally, dilutewith water to
250 mL.

Table 3

Acid-hydrolyzed caseinsolution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate.80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine
hydrochloride solution 5mL

Salt solution A 5 mL

Salt solution B 5mL

Pyridoxal-calcium pantothenate solution 5 mL

Polysorbate 40-oleic acid solution 5 mL

Double-strength modified pantothenate medium:
Prepareas directed for the Modifiedpantothenatemedium
but make the final dilution to 125 ml instead of 250 mL. '
Preparefresh.

Stock culture of Pediococcus acidiJactici: Dissolve in800 mL
of water, with the aid of heat, 6.0 g of peptone, 4.0 g of
pancreatic digest of casein, 3.0 g ofyeast extract, 1.5 g of
b~ef extract, 1..0 g of dext~ose, and 15.0 g of agar. Adjust
With 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pH of 6.5-6.6, and dilute with water to 1000 mL. Add
1O-ml portionsof the solution to culture tubes, place caps
on the tubes, and sterilize in an autoclaveat 121° for
15 min.Coolon a slant,and store ina refrigerator. Preparea
stock culture of Pediococcus acidilacticl3 on a slant of this
medium. Incubateat 35°for 20-24 h, and store in a
refrigerator. Maintain the stockculture by monthly transfer
onto fresh slants.

Inoculum: Inoculate three 250-mL portions of Modified
pantothenatemediumfrom a stock culture slant, and
incubate at 35°for 20-24 h. Centrifuge the suspension
from the combined portions,and wash the cells with sterile
Modifiedpantothenate medium. Resuspend the cells in
sufficient Modified pantothenatemediumso that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives
80% lighttransmission at 530 nm. Transfer 1.2-ml portions
of this stocksuspension to sterileglassampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the
assay, allow the ampuls to reach room temperature, mix
the contents, and dilute 1 mL of thawed culturewithsterile
salineTS to 150 mL. [NOTE-This dilution may be altered
when necessary to obtain the desired test response.]

Analysis: Prepare in triplicate a series of eight culture tubes
by adding the following quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5,
1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 ml of the Standard solution.
Prepare in duplicatea series offive culture tubes by adding

the following quantitiesofwater to the tubes withina set:
4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of
the Sample solution.

3 ATCC No. 8042 is suitable.
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Add 5.0 mL of Double-strength modifiedpantothenate
medium to each tube. Cover the tubes with metal caps,
and sterilize in an autoclave at 1210 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate
each tube with 0.5 mL of the Inoculum. Allow to incubate
at 3]0 for 16 h. Terminate growth by heating to a
temperature NLT 80 0

, such asby steaming at atmospheric
pressure in a sterilizer for 5-10 min. Cool, and determine
the percentage transmittance of the suspensions, in cells
of equal pathlength, on a suitable spectrophotometer at a
wavelength of 530 nm.

Calculation: Draw a dose-response curve on arithmetic
graph paper by plotting the average response, in .
percentage of transmittance, for each set of tubes of the
standard curve against the Standard level concentrations.
The curve is drawn by connecting each adjacent pair of
points with a straight line. From this standard curve,
determine by interpolation the potency, in terms of
dexpanthenol, of each tube containing portions of the
Sample solution.To obtain the individual responses, divide
the potency of each tube by the amount of the Sample
solution added to it. Calculate the mean response by
averaging the individual responses that vary from their
mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the material
taken for assay, in terms of dexpanthenol, by multiplying
the mean response by the appropriate dilution factor.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of dexpanthenol or panthenol (C9H19N04)

• CALCIUM PANTOTHENATE, Method J
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 g of
dibasic sodium phosphate, and dilute with water to
100,0mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in Internal standard solution

Sample solution: Proceed as directed in Biotin, Method 1
\ through "calculate the average net weight per Capsule."
Transfer the equivalent to 0.6 mg/mL of calcium
pantothenate, from mixed Capsule contents, in Internal
standardsolution, and shake vigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC "
Detector: UV 210 nm
Column: 3.9-mm ;><'15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for calcium
pantothenate and p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolutionand Sample solution
Measure the peak responses for calcium pantothenate and

the internal standard. Calculate the percentage of the
labeled amount of calcium pantothenate
(ClsH3ZCaNz010) in the portion of Capsules taken:

Result= (Ru/Rs) x (CslCu) x 100

Ru =peak response ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution
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Rs =peak response ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

Cs =concentration of USP Calcium Pantothenate RS in
the Standardsolution (mg/mL)

Cu = nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClsH3ZCaNz010)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dark
over phosphorus pentoxide while protected from
absorption of moisture during the weighing, in 500 mL of
water in a 1OOO-mL volumetric flask. Add 10 mL of 0.2 N
acetic acid and 100 mL of sodium acetate solution (1 in 60),
and dilute with water to volume to obtain a concentration
of 50 ~g/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of Standardstocksolutionwith water to obtain a
concentration of 0.01-0.04 ~g/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed for Analysis, 2.0-4.0 mL of
the Standardsolution being used, are within the linear
portion of the log-concentration responsecurve.

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents equivalent to a
nominal amount of 50 mg of calcium pantothenate to a
1OOO-mL volumetric flask containing 500 mL of water. Add
10 mL of 0.2 N acetic acid and 100 mL of sodium acetate
solution (16.66 mg/mL), dilute with water to volume, and
filter. Dilute a volume of this solution to obtain a solution
with approximately the same concentration as that of the
Standardsolution.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressureuntil a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 100

• Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend4.0 g of L-cystine
and 1.0 g of L-tryptophan (or 2.0 g of D,L-tryptophan) in
700-800 mL of water, heat to 700-800

, and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the
solids are dissolved. Cool, and dilute with water to
1000 mL. Store under toluene in a cool place at a
temperature NLT 100

•

Adenine-guanine-uracil solution: Dissolve200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
~g/mL of riboflavin, 10 ~g/mL of thiamine hydrochloride,
and 0.04 ~g/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
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mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 4, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilutewith water to
250 mL.

Table 4

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine
hydrochloride solution 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

I

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mLof water. Add 500 mg of anhydrous
Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g
of agar, and heat the mixture on a steam bath, with stirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, close or cover the tubes, sterilize
in an autoclave at 121°, and allow the tubes to cool in an
upright position. Prepare stab cultures in three or more of
the tubes, using a pure culture of Lactobacillus plantarum'
incubating for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. Store in a refrigerator.
Prepare a fresh stab ef the stock culture everyweek, and do
not use for Inoculum if the culture is more than 1 week old.

Culture medium: Toeach of a seriesof test tubes containing
5.0 mLof Basal mediumstocksolution add 5.0 mLof water
containing 0.2 ~g of calcium pantothenate. Plugthe tubes
with cotton, sterilize in an autoclave at 121°, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.] Transfer
cellsfrom the Stock culture of Lactobacillus plantarum to a
sterile tube containing 10 mLof Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
3r held constant to within ±0.5°. The cell suspension so
obtained is the Inoculum.

Analysis
Samples: Standardsolution and Sample solution
To similarseparate test tubes add, in duplicate, 1.0 and/or

1.5,2.0, 3.0,4.0, and 5.0 mLof the Standardsolution. To
each tube and to four similarempty tubes add 5.0 mLof
Basal mediumstocksolution and sufficientwater to make
10 niL.

To similarseparate test tubes add, in duplicate, volumes
of the Sample solution corresponding to three or more of
the levels specifiedfor the Standardsolution including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL
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of the Basal mediumstock solutionand sufficientwater to
make 10 mL. Placeone complete set of Standard and
sample tubes together in one tube rack and the duplicate
set in a second rack or section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool, and
add 1 drop of Inoculum to each tube, except two of the
four tubes containing no Standard solution (the
uninoculated blanks). Incubate the tubes at a temperature
between 30° and 37°, held constant to within ±0.5° until,
following 16-24 h of incubation, there has been no
substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to an
optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific
wavelength between 540 and 660 nm, and read the
transmittance when a steady state is reached. Thissteady
state is observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time intervalfor the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittance for each of the remaining
tubes. Ifthere isevidence of contamination with a foreign
microorganism, disregard the result of the assay.

Calculation: Prepare a standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (I:) as the difference, y =2.00 - I:. Plot this
response on the ordinate of cross-section paper against
the logarithm of the mLof Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic
or a logarithmic scale,whichever gives the better
approximation to a straight line. Drawthe straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two

transmittances for each level of the Sample solution. Read
from the standard curve the logarithm of the volume
of the Standardsolutioncorresponding to each of those
values of y that fall within the range of the lowest and
highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume,
in mL, of the Sample solution to obtain the difference,
X, for each dosage level. Averagethe val~s of Xfor each
of three or more dosage levels to obtain X, which equals
the log-relative potency, M', of the Sample solution.

Determine the quantity, in mg, of USP Calcium
Pantothenate RS corresponding to the calcium
pantothenate in each mg of the portion of Capsules
taken:

antilog M =antilog (M' + log R)

R =number of mg of calcium pantothenate assumed
to be present in each mg of the portion of the
Capsules taken

Replication: Repeat the entire determination at least once,
using separately prepared Sample solutions. Ifthe
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Design andAnalysis of Biological Assays (111),
TheConfidence Interval and Limits of Potency). Ifthe two
determinations differ by more than 0.08, conduct one or
more additional determinations. From the mean of two or
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more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaN2010)

• CALCIUM PANTOTHENATE, Method.3
Buffer solution: Dissolve 10.0 g of monobasic potassium

phosphate in 2000 mL of water, and adjust with phosphoric
acid to a pH of 3.5.

Mobile phase: Methanol and Buffer solution(1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium

Pantothenate RS in water. Prepare fresh every 4 weeks.
Store in a refrigerator.

Standard solution: 40 IJg/mL of USP Calcium
Pantothenate RS from the Standard stock solutiondiluted
with water

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to a
nominal amount of 10 mg of calcium pantothenate, to a
250-mL volumetric flask. Add 10 mL of methanol, and swirl
the flask to disperse the Capsules' contents. Dilute with
water to volume, mix, and filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-lJm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
-Analysis

Samples: Standardsolutionand Sdmple solution
Measure the peak areasfor calcium pantothenate. Calculate

the percentage otthe labeled amount of calcium
\ pantothenate (ClaFl32CaN2010) in the portion of Capsules

taken:

Result= (rulrs) x (CsICu) x 100

=peak area from the Sample solution
= peak area from the Standard solution
=concentration of USP Calcium Pantothenate RS in

the StancTaT'd solution(mg/mL)
=nominal concentration of calcium pantothenate

in the Sample solution(mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (C18H32CaN2010)

• NIACIN OR NIACINAMIDE, PVRIDOXINE HVDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method-'

[NoTE-Use low-actinic glassware throughout this
procedure.]

Diluent: Acetonitrile, glacial acetic acid, and water
(5:1 :94)

Mobile phase: A mixture of methanol, glacial acetic acid,
and water (27:1 :73) containing 140 mg of sodium
1-hexanesulfonate per 100 mL

Standard solution: [NoTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing Niacin.]
Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°_70° for 10 min
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with regular shaking or using a vortex mixer, until all the
solid materials are dissolved. Chill rapidly in a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Proceed as directed in Biotin, Method 1
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to
10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a
50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the
powder. Immerse the centrifuge tube in a hot water bath
maintained at 65°-70°, heat for 5 min, and mix on a vortex
mixer for 30 s. Return the tube to the hot water bath, heat
for another 5 min, and mix On a vortex mixer for 30 s.
Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [NoTE-Use the filtrate within 3 h
of filtration.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm x 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution

[Nore-Therelative retention times for niacinamide,
pyridoxine, riboflavin, and thiamine are about 0.3,
0.5, 0.8, and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solutionand Sample solution
Measure the peak areasfor niacin or niacinamide,

pyridoxine, riboflavin, and thiamine. Calculate the
percentage of the labeled amount of niacinamide
(C6H6N20) in the portion of Capsulestaken:

Result=(rufrs) x (CsICu) x 100

ru =peak areaof niacinamide from the Sample solution
rs =peak area of niacinamide from the Standard

solution
Cs =concentration of USP Niacinamide RS in the

Standard solution (mg/mL)
Cv =nominal concentration of niacinamide in the

Sample solution(mg/mL)

For formulations containing niacin:

Result=(rv/rs) x (CsICu) x 100

t» =peak area of niacin from the Sample solution
ts =peak area of niacin from the Standard solution
Cs = concentration of USP Niacin RS in the Standard

solution(mg/mL)
Cv =nominal concentration of niacin in the Sample

solution(mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (C8H11N03. HC!), riboflavin
(C17H2oN406), and thiamine hydrochloride (C12H17CIN40S
. HCI) in the portion of Capsulestaken:

Result= (rvlrs) x (Cs/Cu) x 100

t» =peak area of the corresponding vitamin from the
Sample solution
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=peak area of the corresponding vitamin from the
Standardsolution

=concentration of the relevant USP Reference
Standard in the Standardsolution (mg/mL)

= nominal concentration of the corresponding
vitamin in the Sample solution (mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H,7NS04S) in the portion of Capsules
taken:

Result=(rulrs) x (CsICu) x (M,dM'2) x 100

=peak area of thiamine from the Sample solution
=peak area of thiamine from the Standard solution
=concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/mL)
=nominal concentration of thiamine mononitrate

in the Sample solution (mg/mL)
=molecular weight of thiamine mononitrate,

327.36
=molecular weight of thiamine hydrochloride,

337.27

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6N20), niacin (C6HsN02) , pyridoxine
hydrochloride (CsH"N03 • HCI), riboflavin (C17H20N406),
and thiamine as thiamine hydrochloride (C12H17CIN40S .
HC!) or thiamine mononitrate (C12H17Ns04S)

• NIACIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.] .
Solution A: Transfer 1 mL 'of glacial acetic acid and 2.5 g of

edetate disodium to a 1OO-mL volumetric flask. Dissolve in
and dilute with water to volume., .

Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL

of sodium acetate in water). Adjust with acetic acid to a pH
of 5.4. [NOTE-A small amount of methanol (up to 1%) may
be added to the Mobile phaseto improve resolution.]

Standard stock solutlon.. 1 mg/mL of USP Niacin RS in
. Extraction solvent .
Standard solution: Transfer 5.0 mL of Standard stock

solution to a 25-mL volumetric flask, and dilute with
Extraction solventto volume. -

Sample solution: [N9TE-This preparation issuitable for the
determination of niacin or niacinamide, pyridoxine
hydrochloride, and riboflavin, when present in the
formulation.] Weigh NLT 20 Capsules in a tared weighing
bottle. Open the Capsules, without loss of shell material,
and transfer the contents to a beaker. Removeany contents
adhering to the shells by washing with several portions of
ether. Discard the washings, and dry the Capsuleshellswith

. the aid of a current of dry air. Weigh the empty Capsule
shells in the tared weighing bottle, and calculate the net
weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to 0.02 mg/mL of riboflavin.
If riboflavin is not present in the formulation, use a portion
equivalent to 0.02 mg/mL of pyridoxine. If pyridoxine isnot
present in the formulation, use a portion equivalent to
0.2 mg/mL of niacin or niacinamide in Extraction solvent,
and mix for 20 min using a wrist-action shaker. Immerse
the flask in a water bath maintained at 70°-75°, and heat
for 20 min. Mix on a vortex mixer for 30 s, cool to room
temperature, and filter. Use the clear filtrate.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC
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Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
[NOTE-If necessary, flush the column with methanol

between injections.]
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areasfor niacin. Calculate the percentage

of the labeled amount of niacin (C6HsN02) in the portion
of Capsules taken:

Result = (ru/rs) x (Cs/Cu) x 100

=peak area of niacin from the Sample solution
=peak area of niacin from the Standardsolution
=concentration of USP Niacin RS in the Standard

solution (mg/mL)
=nominal concentration of niacin in the Sample

solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of niacin (C6HsN02)

• NIACINAMIDE, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent, Mobile phase, Standard stock

solution, Standard solution, Sample solution, and
Chromatographic system: Using USP Niacinamide RS in
place of USP Niacin RS, proceed as directed in Niacin,
Method 2.

Analysis
Samples: Standardsolutionand Sample solution
Measure the peak areasfor niacinamide. Calculate the

percentage of the labeled amount of niacinamide
(C6H6N20) in the portion of Capsulestaken:

Result = (rulrs) x (CsICu) x 100

=peak area of niacinamide from the Sample solution
=peak area of niacinamide from the Standard

solution
=concentration of USP Niacinamide RS in the

Standardsolution (mg/mL)
=nominal concentration of niacinamide in the

Sample solution (mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6N20)

• PYRIDOXINE HYDROCHLORIDE, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent and Mobile phase: Prepare as directed

in Niacin, Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in Extraction solvent .
Standard solution: 20 ~g/mL of USP Pyridoxine

Hydrochloride RS from Standard stock solutiondiluted with
Extraction solvent

Sample solution: Prepare asdirected in Niacin, Method 2.
Chromatographic system

(See Chromatography(621), System Suitability.)
Mode: LC .
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
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Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas for pyridoxine. Calculate the

percentage of the labeled amount of pyridoxine
hydrochloride (CSH'lN03' HCI) in the portion of Capsules
taken:

Result= (rufrs) x (CsiCu) x 100

t» = peak area of pyridoxine hydrochloride from the
Sample solution

rs = peak area of pyridoxine hydrochloride from the
Standardsolution

Cs =concentration of USP Pyridoxine
Hydrochloride RS in the Standard solution
(mg/mL)

Cu =nominal concentration of pyridoxine
hydrochloride in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of pyridoxine hydrochloride (CSH1,N03· HCI)

• RIBOFLAVIN, Method 2
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Extraction solvent: Prepareasdirected in Niacin, Method2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Preparea mixture of Solution A and methanol

(13: 7). Add 2 mL of triethylamine per L of the mixture, and
adjust with glacial acetic acid to a pH of 5.2.

Standard stock solution: Transfer 20 mg of USP
Riboflavin RS to a 200-mL volumetrk flask, and add
180 mL of Extraction solvent. Immerse the flask for 5 min
in a water bath maintained at 65°-75°. Mix well, and repeat
'if necessary until dissolved. Chill rapidly in a cold water bath
to room temperature, and dilute with Extraction solvent to
volume. .

Standard solution: Dilute 5.0 mL of Standard stock solution
with Extraction solventto 25.0 mL.

Sample solution: Prepareasdirected in Niacin, Method 2.
Chromatographiosystem _

(See Chromatography (621), System Suitability.)
Mode: LC -.<'

Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the peak areas for riboflavin. Calculate the

percentage of the labeled amount of riboflavin
(C17H2oN406) in the portion of Capsules taken:

. Result= (rulrs) x (CslCu) x 100

ru =peak area of riboflavin from the Sample solution
rs = peak area of riboflavin from the Standard solution
Cs =concentration of USP Riboflavin RS in the.

Standard solution(mg/mL)

USP43

Cu =nominal concentration of riboflavin in the Sample
solution(mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of riboflavin (C17H20N406)

• THIAMINE, Method 2
[NOTE-Use low-actinic glasswarethroughout this

procedure.] .
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in

0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine

Hydrochloride RS in 0.2 N hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine

Hydrochloride RS from Standard stock solution diluted with
0.2 N hydrochloric acid

Sample solution: Proceed asdirected in Biotin, Method 7
through "calculate the average net weight per Capsule."
Mix a portion of the Capsule contents with a volume of
0.2 N hydrochloric acid to obtain a nominal concentration
of 0.02 mg/mL of thiamine. Shakefor 15 min with a
wrist-action shaker, and heat to boiling for 30 min. Cool to
room temperature, and filter. Usethe clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 JJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the areas for the major peaks. For products

containing thlarnine hydrochloride, calculate the
percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S . HCI) in the portion of
Capsules taken:

Result=(rufrs) x (CsICu) x 100

= peak area of thiamine from the Sample solution
=peak area of thiamine from the Standard solution
=concentration of USP Thiamine Hydrochloride RS

in the Standard solution(mg/mL)
=nominal concentration of thiamine hydrochloride

in the Sample solution(mg/mL)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns04S) in the portion of Capsules
taken:

Result= (rulrs) x (CslCu) x (MrdMr2) x 100

ru =peak area of thiamine from the Sample solution
rs =peak area of thiamine from the Standard solution
Cs . =concentration of USP Thiamine Hydrochloride RS

in the Standard solution(mg/mL)
Cu =nominal concentration of thiamine mononitrate

in the Sample solution(mg/mL)
Mr1 = molecular weight of thiamine mononitrate,

327.36
Mr2 = molecular weight of thiamine hydrochloride,

337.27
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Acceptance criteria: 90.0%-150.0% of the labeled amount
of thiamine as thiamine hydrochloride (C12H17CIN40S .
HCI) or thiamine mononitrate (C12H17Ns04S)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3

[NoTE-Use low-actinic glasswarethroughout this
procedure.]

Reagent: 25 mg/ml of edetate disodium in water
Mobile phase: Transfer 0.4 ml of triethylamine, 15.0 ml of

glacial acetic acid, and 350 ml of methanol to a 2000-ml
volumetric flask. Dilute with 0.008 M sodium
l-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/ml of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/ml of USP Pyridoxine
Hydrochloride RS, 0.08 mg/ml of USP Riboflavin RS, and
0.24 mg/mL of USP Thiamine Hydrochloride RS in Reagent,
with heating if necessary

Standard solution: Transfer 5.0 mL of Standardstock
solution to a stoppered 125-mL flask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1) and
30.0 ml of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shake for 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
ml of the filtrate.

Sample solution: Proceed asdirected in Biotin, Method 7
through "calculate the average net weight per Capsule."
Transfer a portion of the Capsule contents, equivalent to a
nominal amount of 7.5 mg of niacin or niacinamide, 1.2 mg
of pyridoxine hydrochloride, 0.4 mg of riboflavin, and
1.2 mg of thiamine hydrochloride, to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial
acetic acid (9:1), and 30.0 mL of a mixture of methanol and
ethylene glycol (1:1). Insert the stopper, shakefor 15 min
in a water bath maintained at 60°, and cool. Filter,
discarding the first few rnl, of the filtrate.

Chromatographic system "
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm..e ,

Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 ut,

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis -. ,-'

Samples: Standard solution and Sample solution
Measure the areasof the peak responses. Calculate the

percentage of the labeled amount of niacin (C6HsN02)or
niacinamide (C6H6N20) in the portion of Capsules taken:

Result=(rvlrs) x (CsICv) x 100

fv = peak area of niacin or niacinamide from the
Samplesolution

rs = peak area of niacin or niacinamide from the
Standard solution

Cs =concentration of USP Niacin RS or USP
Niacinamide RS in the Standardsolution
(mg/mL)

Cv =nominal concentration of niacin or niacinamide
in the Sample solution (mg/mL)

Separately calculate the percentage of the labeled amount
of pyridoxine hydrochloride (CaH11N03 • HCI), riboflavin
(C17H20N406), and thiamine (C12H17CIN40S) (for products
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containing thiamine hydrochloride) in the portion of
Capsulestaken:

Result= (rvlrs) x (CsICv) x 100

=peak area of the corresponding vitamin from the
Samplesolution

=peak area of the corresponding vitamin from the
Standard solution

=concentration of the relevant USP Reference
Standard in the Standard solution (mg/mL)

=nominal concentration of the corresponding
analyte in the Sample solution (mg/ml)

For products containing thiamine mononitrate, calculate
the percentage of the labeled amount of thiamine
mononitrate (C12H17Ns0 4S) in the portion of Capsules
taken:

Result= (rvlrs) x (CsICv) x (MrdMr2) x 100

tu =peak area of thiamine from the Sample solution
ts = peak area of thiamine from the Standardsolution
Cs =concentration of USP Thiamine Hydrochloride RS

in the Standard solution (mg/mL)
Cu =nominal concentration of thiamine mononitrate

in the Sample solution (mg/ml)
Mr1 =molecular weight of thiamine mononitrate,

327.36
Mr2 =molecular weight of thiamine hydrochloride,

337.27

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacin (C6HsN02)or niacinamide (C6H6N20), pyridoxine
hydrochloride (CaH11N03 • HCI), riboflavin (C17H20N406),
'and thiamine as thiamine hydrochloride (C12H17CIN40S) or
thiamine mononitrate (C12H17Ns04S . HCI).

[NoTE-Commercially available atomic absorption
standard solutions for the minerals, where applicable,
may be used where preparation of a Standardstock
solution is described in the following assays. Use
deionized water where water is specified. Where atomic
absorption spectrophotometry is specified in the assay,
the Standard solutionsand the Sample solution may be
diluted quantitatively with the solvent specified, if
necessary, to yield solutions of suitable concentrations
adaptable to the linear or working range of the
instrument.]

• CALCIUM, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochloric acid
Calcium standard solution: 400 lJg/mL of calcium. Dissolve

1.001 9 of calcium carbonate previously dried at 300° for
3 h and cooled in a desiccator for 2 h in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute
with water to 1000 ml.

Standard stock solution: 100 lJg/mL of calcium from
Calciumstandard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Into separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain .
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 lJg/mL of
calcium.

Polysorbate 80 solution: Dilute polysorbate 80 with
alcohol (1 in 10)

Sample solution: Transfer 5 Capsules to a 100-mL
volumetric flask. [NoTE-For hard gelatin Capsules, weigh
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NLT 20 Capsules. Open the Capsules, without lossof shell
material, and transfer the contents to a suitable container.
Remove any contents adhering to the empty shells by
washing with several portions of ether. Discard the
washings, and allow the Capsule shells to dry. Weigh the
empty Capsule shells, calculate the net weight of the
Capsule contents, and transfer a portion of the Capsule
contents, equivalent to 5 Capsules, to a 1OO-mL volumetric
flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric acid,
and 1 mL of Polysorbate 80 solution to the flask. Heat on a
hot plate or steam bath, with intermittent swirling, until the
Capsules are completely disintegrated or the contents are
dissolved. Boil gently for an additional 15 min. Cool, dilute
with water to volume, and filter, discarding the first 5 mL
of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid to obtain a concentration of 2 IJg/mL of calcium,
adding 1 mL of Lanthanum chloride solution per 100 mL of
the final volume.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Calcium emission line at

422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of

Lanthanum chloridesolution per 100 mL
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
.versusthe concentration, in IJg/mL, of calcium, and draw
the straight line best fitting the five plotted points. From
the graph so obtalned, determine the concentration, C,
in }Jg/mL, of calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Capsules taken:

l!.:.s~lt =«(/Cu) x 100

C =measured concentration of calcium in the Sample
solution (lJg/mL)

Cu =nominal concentration of calcium in the Sample
solution (uq/rnt) .

Acceptance criteria: 90.0%-J 25.0% of the labeled amount
of calcium (Ca)

• CHROMIUM, Method"
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 1200 for 4 h
in water. Store in a polyethylene bottle.:

Standard stock solution: 10 IJg/mL of chromium from
Chromium standard solutiondiluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstocksolution to separate 1OO-mL volumetric
flasks, and transfer 15.0 and 20.0 mL of the Standardstock
solution to separate 50-mL volumetric flasks. Dilute the
contents of each of the four flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of
1.0, 2.0, 3.0, and 4.0 IJg/mL of chromium.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 1 IJg/mL
of chromium and omit the use of the Lanthanumchloride
solution.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Chromium hollow-cathode
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Flame: Air-acetylene
Analytical wavelength: Chromium emission line at

357.9 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of chromium, and
draw the straight line best fitting the four plotted points.
From the graph so obtained, determine the
concentration, (, in IJg/mL, of chromium in the Sample
solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Capsules taken:

Result= «(/Cu) xl 00

C =measured concentration of chromium in the
Sample solution (lJg/mL)

Cu =nominal concentration of chromium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

• COPPER, Method 1
Copper standard solution: Dissolve1.00 g of copper foil

in a minimum volume of a 50% (v/v) solution of nitric acid,
and dilute with a 1% (vIv) solution of nitric acid to 1000 mL
This solution contains 1000 IJg/mL of copper.

Standard stock solution: 100 IJg/mL of copperfrom Copper
standardsolution diluted with 0.125 N hydrochloric acid

Standard solutions: To separate 200-mL volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standardstock
solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0,2.0, 3.0, and 4.0 IJg/mL of
copper.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain 2 IJg/mL
of copper and omit the use of the Lanthanum chloride
solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Copper hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versusthe concentration, in IJg/mL, of copper, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, (,
in IJg/mL, of copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(Cu) in the portion of Capsules taken:

Result= «(/Cu) x 100

C =measured concentration of copper in the Sample
solution (lJg/mL)

Cu = nominal concentration of copper in the Sample
solution (lJg/mL)

Acceptancecriteria: 90.0%-125.0% of the labeled amount
of copper (Cu)

• FLUORIDE, Method t
[NOTE-Store all solutions in plastic containers.]
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3 M sodium acetate solution: 408 mg/mL of sodium
acetate in water. Adjust with a few drops of acetic acid to a
pH of 7.0. [NOTE-Dissolve in a portion of water, and allow
the solution to equilibrate to room temperature, then dilute
with water to volume, and adjust the pH.]

Sodium citrate solution: Dissolve 222 g of sodium citrate
in 250 mL of water in a 1OOO-mL volumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 IJg/mL of fluoride
from a quantity of sodium fluoride, previously dried at 100°
for 4 h and cooled in a desiccator in water

Intermediate stock solution A: 100 IJg/mLof fluoride from
Fluoride standardstock solution diluted with water

Intermediate stock solution B: 10 IJg/mL offluoride from
Fluoride standardstock solution diluted with water

Standard solutions: To five separate 1OO-mL volumetric
flasks transfer 3.0, 5.0, and 10.0 mL of Intermediate stock
solution Band 5.0 and 10.0 mL of Intermediate stock solution
A. To each flask add 10.0 mL of 1 N hydrochloric acid,
25 mL of 3 M sodium acetate solution, and 25.0 mL of
Sodium citratesolution. Dilute the contents of each flask
with water to volume to obtain concentrations of 0.3,0.5,
1.0, 5.0, and 10.0 IJg/mL of fluoride.

Sample solution: Remove the contents of Capsulesby
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to a nominal amount of 200 mg of
fluoride, to a 1OO-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citratesolution, and dilute with
water to volume.

Analysis
Samples: Standardsolutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 mL each of the
Standard solutions and the Sample solution. Measure the
potentials (see pH (791 », in mY, of the Standard solutions
and the Sample solution with a pH meter capable of a
minirnurn reproduclplllty of ±0.2 mV and equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NoTE-When taking measurements,
immerse the electrodes in the solution, stir on a magnetic
stirrer with an insulatedtop until equilibrium is attained
(1-2 min), and record the potential. Rinse and diy the
electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in IJg/mL,
of the Standard solutions versusthe potential, in mY. From
the standard response curve and the measured potential
of the Sample solution, determine the concentration, C, in
IJg/mL, of fluoride in the Sample solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Capsules taken:

Result =(CICu) x 100

C = measured concentration of fluoride in the Sample
solution (lJg/mL)

Cu = nominal concentration of fluorine in the Sample
solution (uq/rnl)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NqTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water

(20:5:175)
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Standard stock solution: 220 IJg/mL of USP Sodium
Fluoride RS in water. This solution contains 100 IJg/mL of
fluoride.

Standard solution
[NoTE-Condition the solid-phase extraction column

specified for use in the Standard solutionand the Sample
solution in the following manner. Using a vacuum at a
pressure not exceeding 5 mm of mercury, wash the
column with 1 column volume of methanol followed by
1 column volume of pH 10.0 buffer. Do not allow the
column top to dry. If the top of the column becomes dry,
recondition the column.] Transfer 10.0 mL of the Standard
stock solution to a 1OO-mL volumetric flask. Add 75 mL of
water, and adjust with 0.1 N sodium hydroxide to a pH of
10.4 ± 0.1. Dilute with water to volume. Filter, discarding
the first 15 mL of the filtrate. Transfer 25.0 mL of the
filtrate to a 50-mL volumetric flask, and add 15.0 mL of
water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 bufferto volume. Elute a portion
of this solution through a 3-mL, solid-phase extraction
column containing L1 packing that is connected through
an adaptor to a second solid-phase extraction column
containing sulfonyl propyl strong cation-exchange
packing. Discard the first 3 mL of the eluate, and collect
the rest of the eluate in a suitable flask for injection into
the chromatograph.

Sample solution: Weigh NLT 20 Capsules in a tared
weighing bottle. Open the Capsules, without lossof shell
material, and transfer the contents to a 1OO-mL container.
If necessary, remove any contents adhering to the empty
shells by washing with severalportions of ether. Discard the
washings, and dry the Capsule shellswith the aid of a
current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of
fluorine, to a 1OO-mL volumetric flask. Add 15 mL of water,
and shakevigorously. Rinse the sidesof the flaskwith 15 mL
of water, and allow to stand for 10 min. Dilute with water
to 85 mL, adjust with 1 N sodium hydroxide to a pH of 10.4
± 0.1, and dilute with water to 100 mL. Proceed asdirected
for the Standardsolutionbeginning with "Filter, discarding
the first 15 mL of the filtrate."

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.5 mL/min
Injection volume: 100 IJL

System suitability
Sample: Standard solution
SUitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the peak areasfor fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Capsules taken:

Result= (rulrs) x (CsICu) x 100

ru =peak area from the Sample solution
rs =peak area from the Standard solution
Cs =concentration of fluoride in the Standard solution

(lJg/mL)
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Cu = nominalconcentration offluorine in the Sample
solution (J..Ig/mL)

Acceptance criteria: 90.0%-160.0% of the labeledamount
of fluorine (F)

• IODIDE
Bromine water: Bromine and water (1 :5). Shake. Allow to
stand for 30 min, and use the supernatant.

Analysis
Sample: Capsules

Remove the contents of Capsules by cutting open the
Capsules. Mix, and determine the weight of the
contents. Transfer a quantity of the contents, equivalent
to 3 mg of iodine,to a nickel crucible. Add5 g ofsodium
carbonate,5 mL of 50% (w/v) sodium hydroxide
solution, and 10 mL of alcohol, takingcare that the
entire specimen is moistened. Heatthe crucible on a
steam bath to evaporate the alcohol, then dry the
crucible at 100° for 30 min to preventspattering upon
subsequent heating. Transfer the crucible with its
contents to a furnace heated to 500°, and heat the
cruciblefor 15 min. [NOTE-Heating at 500° is necessary
to carbonizeany organic matter present; a higher
temperature may be used, ifnecessary, to ensure
complete carbonizationof all organic matter.] Cool the
crucible, add 25 mL of water, cover the crucible with a
watchglass, and boilgently for 10 min. Filter the
solution, and wash the crucible with boiling water,
collecting the filtrate and washingsin a beaker. Add
phosphoric acid until the solution is neutral to methyl
orange, then add 1 rnl, excessof phosphoric acid. Add
excessof Bromine water,and boilthe solutiongentlyuntil
colorless, and then for 5 min longer.Adda few crystals
of salicylic acid, and cool the solution to 20°. Add 1 mL
of phosphoric acid and 0.5 g of potassium iodide, and
titrate the liberated iodinewith 0.005 N sodium
thiosulfate VS, adding starch TS'when the liberated
iodinecolor has nearlydisappeared.

Calculatethe percentage of the labeled amount of iodine
(I) in the portloir'of Capsules taken..

Result =V x NA X Fx Ime X(Awlw) x (1001L)

V = volume of sodium thiosulfate consumed (ml)
NA = actual normalityof the sodiumthiosulfate

solutlon used (meq/mL)
F =correctionfactor to convert mg to J..Ig, 1000

J..Ig/mg .. "
Ime =milliequivalent of I, 21.16 mg/meq
Aw =average weight of the Capsules' contents
W = weight of the sampleof Capsules' contents taken
L =labeled amount of iodine (J..Ig/Capsule)

Acceptance criteria: 90.0%-160.0% ofthe labeledamount
of iodine (I)

. • IRON, Method i
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-ml volumetric flask. Dissolve in25 mL of
6 N hydrochloric acid, dilutewith water to volume,
and mix.

Standard solutions: To separate 1OO-ml volumetric flasks
transfer2.0, 4.0, 5.0, 6.0, and 8.0 ml of Ironstandardstock
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and
8.9 J..Ig/ml of iron.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 1.

Sample solution: Proceedas directed in Calcium, Method
7, except prepare the Sample solutionto contain a nominal
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concentration of 5 J..Ig/ml of iron and omit the use of the
Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Analyticalwavelength: Ironemission lineat 248.3 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plotthe absorbances of the Standardsolutions
versus the concentration, in J..Ig/mL, of iron,and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in J..Igl
mL, of iron in the Sample solution.

Calculate the percentage of the labeledamount of iron(Fe)
in the portion of Capsules taken:

Result =(CICu) x 100

C =measured concentration of iron in the Sample
solution (J..Ig/mL)

Cu =nominal concentration of iron in the Sample
solution (J..Ig/mL)

Acceptance criteria: 90.0%-125.0% of the labeledamount
of iron (Fe)

• MAGNESIUM, Method t
Lanthanum chloride solution: Prepareas directed in

Calcium, Method 7.
Magnesium standard stock solution: 1000 J..Ig/mL of

magnesiumfrom magnesium ribbon in 6 N hydrochloric
acid and water (1 :19)

Standard stock solution: 20 J..Ig/mL of magnesiumfrom
Magnesium standardstocksolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardstock
solution. To each flask add 1.0 ml of Lanthanumchloride
solution, and dilutewith 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 0.4, 0.5, and
0.6 J..Ig/ml of magnesium.

Polysorbate 80 solution: Prepareas directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solution to contain a nominal
concentration of 0.4 pq/rnt, of magnesium.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Analyticalwavelength: Magnesium emission lineat

285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mlof

Lanthanumchloride solution per 100 ml
Analysis

Samples: Standardsolutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plotthe absorbances of the Standardsolutions
versus the concentration, in J..Ig/mL, of magnesium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in J..Ig/ml, of magnesium in the Sample
solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Capsules taken:
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Result = (C/Cu) x 100

C = measured concentration of magnesium in the
Sample solution (lJg/mL)

Cu =nominal concentration of magnesium in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: 1000 IJg/mL of

manganese in 6 N hydrochloric acid and nitric acid (49:1).
[NOTE-Dissolvethe manganese in nitric acid, and dilute
with 6 N hydrochloric acid to final volume.] .

Standard stock solution: 50 IJg/mL of manganesefrom
Manganese standardstock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 IJg/mL of
manganese.

Polysorbate 80 solution: Prepare asdirected in Calcium,
Method 7..

Sample solutlon: Proceed asdirected in Calcium, Method
7, except prepare the Sample solutionto contain a nominal
concentration of 1 IJg/mL of manganese and omit the use
of the Lanthanumchloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Manganese hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Manganese emission line at

279:5 nm
Blank: 0.125 N hydrochloric acid

Analysis .
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in IJg/mL, of manganese, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the .
concentration, C,in IJg/mL, of manganese in the Sample
solution. ,I _

Calculate the percentage of the labeled amount of
manganese (Mn) in- the portion of Capsules taken:

Result = (C/ Cu) x 100

C = measured concentration of manganese in the
Sample solution (lJg/mL)

Cu = nominal concentration of manganese in the
Sample solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolvein 50 mL of nitric acid, warming if necessary. Dilute
with water to volume, and mix to obtain a solution with a
concentration of 1000 IJg/mL of molybdenum.

Standard stock solution: 100 IJg/mL of molybdenumfrom
Molybdenum standard solutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 mL of the Standardstock
solution, and add 5.0 mL of perchloric acid to each flask.
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Gently boil the solution in each flask for 15 min. Cool to
room temperature, and dilute each with Diluent to volume
to obtain concentrations of 5.0, 10.0, and 25.0 IJg/mL of
molybdenum.

Polysorbate 80 solution: Prepare asdirected in Calcium,
Method 7.

Sample solution: Proceed asdirected in Calcium, Method
7,except take a number of Capsules or a portion of Capsule
contents nominally equivalent to 1000 IJgof molybdenum
and make appropriate dilutions to obtain a final
concentration of 10 IJg/mL of molybdenum, omitting the
addition of the Lanthanum chloride solution.

Instrumental conditions
(See AtomicAbsorptionSpectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Molybdenum emission line at

313.3 nm
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versusthe concentration, in IJg/mL, of molybdenum, and
draw the straight line best fitting the three plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/mL, of molybdenum in the Sample
solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result=(C/Cu) x 100

C = measured concentration of molybdenum in the
Sample solution (lJg/mL)

Cu =nominal concentration of molybdenum in the
Sample solutio.n (lJg/mL) -

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of molybdenum (Mo)

• MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 mL of water to 109 of

sodium fluoride, stir until the solution is saturated, and
filter. Store in a polyethylene bottle.

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in
water

Potassium thiocyanate solution: 200 mg/mL of potassium
thiocyanate in water

20% Stannous chloride solution: 400 mg/mL of stannous
chloride in 6.5 N hydrochloric acid solution and water (1:4).
[NOTE-Dissolvefirst in 6.5 N hydrochloric acid, and heat
the solution until the stannous chloride is dissolved. Then
dilute with water to volume.]

Diluted stannous chloride solution: 20% Stannous chloride
solution and water (1:24). Prepare this solution fresh at the
time of use.

Standard solution: 20 IJg/mL of molybdenum from
ammonium molybdate in water

Sample: Remove the contents of a counted number of
Capsules by cutting open the Capsules. Mix, and determine
the weight of the contents. Transfera quantity of the
Capsule contents, equivalent to a nominal amount of
40 mg of molybdenum, to a 200-mL beaker.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
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Blank: Amyl alcohol
Analysis

Samples: Standard solutionand Sample
Transferthe Sample and 2.0 mL of the Standardsolutionto

separate 200-mLbeakers.Add 20 mL of nitricacid to each
beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 mLof perchloricacid, cover the
beakerswith a watchglass, and continue the heating until
digestion iscomplete, as indicated when the liquid
becomes colorless or pale yellow. Evaporate the solutions
in the beakers to dryness. Rinse the sides of the beakers
and the watchglasseswith water, and add more water to
make 50 mLin each beaker. Gentlyboilthe water solution
for a few min. Cool to room temperature. Add 2 drops of
methyl orange TS, and neutralizewith ammonium
hydroxide. Add 8.2 mLof hydrochloric acid.
Quantitativelytransfer the contents of the beakersto
separate 1OO-mL volumetricflasks, rinsethe beakerswith
water, transfer the rinsings to the corresponding
volumetricflasks, and dilute with water to volume.
Transfer50.0 rnl, of each solution to separatory funnels.
To each separatory funnel add 1.0 mL of Sodium fluoride
solution, 0.5 mLof Ferrous sulfatesolution,4.0 mL of
Potassium thiocyanate solution, 1.5 mL of 20% Stannous
chloride solution, and 15.0 mLof amyl alcohol, and shake
the separatory funnel for 1 min. Allow the layers to
separate, and discard the aqueous layers. Add 25 mLof
Diluted stannous chloride solution to each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers. Transfer the

. organic layers from each separatoryfunnel to a centrifuge
. tube, and centrifuge at 2000 rpm for 10 min. Determine
the absorbances of the organic phases obtained from the
Standardsolution and the Sample, and correct with the
Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Capsules taken:

Result ='-.('Au/As) x [(V x Cs)/Mu] x 100

Au =absorbance of the Sample
As = absorbance of the Standardsolution
V =volume of the Standardsolutionanalyied, 2.0 mL
Cs = concentration of molybdenum in the Standard

solution (jJg/mL) _
Mu = nominal amount of molybdenum in the Sample

(uq) .. "

Acceptance criteria: 90.00/0-160;0% of the labeledamount
of molybdenum (Mo)

• PHOSPHORUS, Method J
Sulfuric acid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of

ammonium molybdate in Sulfuric acidsolution and water
(2:3). [NOTE-Dissolve in water first, and then dilute with
Sulfuric acid solution to volume.]

Hydroquinone solution: 5 mg/mL of hydroquinone in
water. Add 1 drop of sulfuric acid per 100 mL of solution.

Sodium bisulfite solution: 200 mg/mL of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 g of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored ina desiccator, and transfer to a 1000-mL
volumetricflask. Dissolve inwater, add 6 mL of sulfuric acid
as a preservative, dilute with water to volume, and mixto
obtain a solution with a concentration of 1000 jJg/mL of
phosphorus.
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Standard solution: 20 jJg/mL of phosphorus from
Phosphorus standardstock solutiondiluted with water

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantityofthe Capsulecontents,

.equivalent to a nominalamount of 100 mg of phosphorus,
to 25 mLof nitricacid, and digest on a hot plate for 30 min.
Add 15 mLof hydrochloric acid,and continue the digestion
to the cessation of brown fumes. Cool, and transfer the
contents of the flask to a 500-mLvolumetricflask with the
aid of small portions of water. Dilute with water to volume.
Transfer 10.0 mLof this solution to a 1OO-mL volumetric
flask, and dilute with water to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm

Analysis
Samples: Standardsolutionand Sample solution
To three separate 25-mLvolumetric flasks transfer 5.0 mL

each of the Standardsolution, the Sample solution, and
water to provide the blank. Toeach of the three flasks add
1.0 mLeach of Ammonium molybdate solution,
Hydroquinone solution,and Sodium bisulfitesolution, and
swirl to mix. Dilute the contents of each flask with water
to volume, and allowthe flasks to stand for 30 min.
Determine the absorbances of the solutions against the
blank.

Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Capsulestaken:

Result = (AulAs) x (CsiCu) x 100

Au =absorbance of the Sample solution
As = absorbance of the Standard solution
Cs =concentration of phosphorus in the Standard

solution (1J9/mL)
Cu = nominal concentration of phosphorus in the

Sample solution (jJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 jJg/mL of potassium
from potassium chloride, previously dried at 105° for 2 h,
in water

Standard stock solution: 10 jJg/mL of potassium from
Potassium standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mLof the Standardstock solutionto separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of potassium.

Polysorbate 80 solution: Prepareas directed in Calcium,
Method 1.

Sample solution: Proceed as directed in Calcium, Method
1, except prepare the Sample solutionto contain a nominal
amount of 1 IJg/mL of potassium and omit the use of the
Lanthanumchloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Potassium emission line at

766.5 nm
Blank: Water
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Analysis
Samples: Standardsolutions and Sample solution
Determinethe absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/ml, of potassium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in IJg/ml, of potassium in the Sample
solution.

Calculate the percentage of the labeledamount of
potassium (K) in the portion of Capsules taken:

Result =(C/Cu) x 100

C = measured concentration'of potassium in the
Sample solution (lJg/ml)

Cu =nominal concentration of potassium in the
Sample solution (lJg/ml)

Acceptance criteria: 90.0%-125.0% of the labeledamount
of potassium (K)

• SELENIUM, Method 1
Diluent: Prepareas directed in Molybdenum, Method 7.
Selenium standard solution: [CAUTIoN-Selenium is toxic;

handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness. Add
2 ml of water, and evaporate to dryness. Repeatthe
addition of water and the evaporation to drynessthree
times. Dissolve the residuein 3 N hydrochloric acid, transfer
to a 1OOO-ml volumetricflask, and dilutewith 3 N
hydrochloric acid to volume to obtain a concentration of
1000 IJg/ml of selenium.

Standard stock solution: 100 IJg/ml of selenium from
Selenium standardsolution diluted with water

Standard solutions: To separate 1OO-ml volumetric flasks
transfer5.0, 10.0, and 25.0 ml of the Standard stock
solution, and add 5.0 ml of perchlorit acid to each flask.
Gentlyboil the solutionsfor 15 min, cool to room
temperature, and dilyte each with Diluentto volume to
obtain solutionscontaining 5.0, 10.0, and 25.0 IJg/ml of
selenium. .

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight

. ofthe contents. Transfer a quantity of the Capsulecontents,
equivalent to a nominal amount of 1000 IJg of selenium,
to a suitableflask, and add 12.ml of nitric acid. [NOTE-The
volume of nitric acid may be varied to ensure that the
powder is unlforrnlydtspersed.] Carefully swirl the flask to
disperse the sample specimen. Sonicatefor 10 min or until
the sample specimen iscompletelydissolved. Gently boil
the solutionfor 15 min, and cool to room temperature.
Carefully add 8 ml of perchloric acid to the flask, heat the
flask until perchloric acid fumes appear, and swirl the flask
to dissipatethe fumes. Repeatthe heating and swirling until
the fumes appear again. Coolto room temperature.
Transfer the contents ofthe flask to a 50-ml volumetric flask
with the aid of the Diluent,and dilute with Diluent to
volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
lamp: Selenium hollow-cathode
Flame: Air-acetylene
Analyticalwavelength: Selenium emission lineat

196.0 nm
Blank: Diluent and perchloric acid (20:1)

Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the
Blank. Plotthe absorbances of the Standard solutions
versusthe concentration, in IJg/ml,ofselenium, and draw
the straight linebest fitting the three plotted points. From
the graph so obtained, determine the concentration, C,
in IJg/ml, of selenium in the Sample solution.

Calculate the percentage ofthe labeled amount ofselenium
(Se) in the portion of Capsules taken:

Result = (C/Cu) x 100

C = measured concentration of selenium in the
Sample solution (lJg/ml)

Cu = nominalconcentration ofseleniuminthe Sample
solution(lJg/ml)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of selenium(Se)

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with

water (1 in 10)
50% Ammonium hydroxide solution: Ammonium

hydroxidediluted with water (1 in 2) .
Reagent A: 9 mg/ml of edetate disodium and 25 mg/mL of

hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, add
hydroxylamine hydrochloride, then dilute with water to
volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatoryfunnel, and add 200 ml of 0.1 N
hydrochloric acid. Wash the solution with three 40-ml
portionsofcyclohexane, and discard the cyclohexane layer.
Filter the solution into a brown bottle, and coverthe
solution with a l-cmlayer of cyclohexane. This solution is
stable for 1 week ifstored in a refrigerator.

Standard stock solution: [CAUTIoN-Selenium istoxic;
handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nltrk acid. Evaporate to dryness. Add
2 ml of water, and evaporate to dryness. Repeat the
addition of water and evaporation to drynessthree times.
Dissolve the residue in 3 N hydrochoric acid, transferto a
1OOO-ml volumetric flask, and dilutewith 3 N hydrochloric
acid to volumeto obtain a solutionwith a concentrationof
1000 IJg/ml of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 IJg/ml of selenium.

Standard solution: Transfer 10.0 ml of Standard stock
solution to a glass-stoppered flask. Add 1 ml of perchloric
acid, and 1 mL of Hydrochloric acidsolution, and dilutewith
water to 20 ml.

Sample solution: Remove the contents of Capsules by
cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantityof the Capsule contents,
equivalent to a nominal amount of 20 IJg of selenium, to a
suitable flask. Add 10 ml of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid
reaction has subsided, then add 3 ml of perchloric acid.
[CAUTIoN-Exercise care at this stage because perchloric
acid reaction becomes vigorous.] Continue heating on the
hot plate until the appearance ofwhite fumesof perchloric
acid or until the digest begins to darken. Add0.5 ml of
nitricacid,and resume heating, adding additional amounts
of nitricacid iffurther darkening occurs. Digest for 10 min
after the firstappearance of perchloric acid fumes or until
the digest becomes colorless. Coolthe flask. Add 2.5 mL of
Hydrochloric. acidsolution, and return the flask to the hot
plate to expelresidual nitricacid. Heatthe mixture for 3 min
after it begins to boil. Cool the flask to room temperature,
and dilute with water to 20 mL.
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Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL -
Analysis

Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as

follows. Add 5 mL of Reagent A to each flask, and swirl
gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1 . Add
5 mL of Reagent B to each flask, and swirl gently to mix.
Place the flasks in a water bath maintained at 50°, and
equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained
from the Samples against the solution obtained from the
Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Capsules taken:

Result =(Au/As) x [(Vx Cs)/Mu] x 100

=absorbance of the cyclohexane layer from the
Sample solution

=absorbance of the cyclohexane layer from the
Standard solution

= volume of the Standard stock solution used to
prepare the Standard solution, 10 mL

=concentration of selenium in the Standard stock
solution (1J9/mL)

=nominal amount of selenium in the Sample
solution (mg)

Acceptance criteria: 90.0%-160.0% of the labeled amount
c of selenium (Se) .

• ZINC, Method. 1
Zinc standard solution: 1OOO_J.lg/mL of zinc from zinc oxide

dissolved in 5 M hydrochloric acid (3.89 mg/mL), and
diluted with water tofinal volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming if necessary, cool, and then
dilute to final volume.]

Standard stock solution: 50 J.lg/mL of zinc from Zinc
standard solution diluted with 0.125 N hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of Standard stocksolution to separate 1OO-mL volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of zinc.

Polysorbate 80 solution: Prepare as directed in Calcium,
Method 7.

Sample solution: Proceed as directed in Calcium, Method
7, except prepare the Sample solution to contain a nominal
concentration of 2 IJg/mL of zinc and omit the use of the
Lanthanum chloride solution.

Instrumental conditions
(Se~ Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
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Blank: 0.125 N hydrochloric acid
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in IJg/
mL, of zinc hi the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Capsules taken:

Result =(C/Cu) x 100

C =measured concentration of zinc in the Sample
solution (pq/rnl)

Cu =nominal concentration of zinc in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, and VANADIUM, Method 1; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
. hydrochloric acid and nitric acid (3:1) by adding the nitric

acid to the hydrochloric acid. [NOTE-Periodically vent the
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aquaregia solution and
water (1 :9) by adding one volume of Stock aquaregia
solution to two volumes of water. Dilute with additional
water to volume, and mix well.

System suitability solution: Prepare a mixture of 1000 mg/
L of yttrium in 5% (v/v) nitric acid solution, and 1000 mg/
L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1 :198), and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn):
[NOTE-It is necessary to include only the minerals of

interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
(v/v) nitric acid solution, pipet the appropriate amount of
element standard solution into a volumetric flask, and dilute
with 5% (v/v) nitric acid solution to obtain a solution with
final concentrations of about 1000 mg/L of calcium,
100 mg/L of copper, 250 mg/L of iron, 500 mg/L of
magnesium, 100 mg/L of manganese, 800 mg/L of
phosphorus, and 250 mg/L of zinc.

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It is necessaryto include only the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v)
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% (v/v) hydrochloric acid solution to obtain a
solution with final concentrations of about 200 mg/L of
boron and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standard stock
solution 7 and Standard stock solution 2 as required, in
Diluent, to prepare a six-point calibration curve to bracket
the concentration range of each mineral of interest.

Sample solution: Weigh, then transfer 5 Capsules to a
250-mL volumetric flask, and heat gently on a hot plate
until the contents begin to release.Cautiously add 25 mL
of Stock aquaregia solution in 5-mL increments, and swirl.
Heat, continue to swirl until the Capsules dissolve into the
acid, immediately remove from the heat source, and add
150 mL of water. Cool, and dilute with water to volume.
Filter about 30 mL into a centrifuge tube, using a 5-lJm pore
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size nylon syringe filter. If necessary, make any further
adjustments using Diluent.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma emission spectrometry,

using a spectrometer set to measure the emission of each
mineral of interest at about the corresponding
wavelength. [NOTE-The operating conditions may be
developed and optimized on the basis of the
manufacturer's recommendation. The wavelengths
selected should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity,
accuracy, and precision.]

System suitability
Sample: System suitability solution

[NoTE-Analyze the System suitabilitysolutionand
obtain the response as directed for Analysis.]

Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolutions and Sample solution
Determine the emission of each mineral of interest in the

Standardsolutionsand Sample solutionwith an inductively
coupled plasma system using the Diluentasthe blank. Plot
the emission of the Standardsolutions versus the
concentration, in mg/L, of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph so obtained, determine the concentration, C,
in mg/L, for each mineral of interest in the Sample solution.

Calculate the percentage of the labeled amount for each
mineral:

Result =C x (V/W) x Fx (Cw/L) x 100
I

C = measured concentration of the relevant element
in the Sample solution (mg/L)

V =volume of the Sample solution (L)
W =sample weight (mg)
F = dilution factor of the Sample solution
Cw =average Capsule weight (mg)
L = labeled amount of the relevant element/Capsule

(mg/Capsule) ,

Acceptance criteria: 90.0%-125.0% of the labeled amount
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), "phosphorus (P), potassium (K), and zinc
(Zn); and 90.0%-160.0% of the labeled amounts of boron
(B), chromium (Cr),"trlJOrine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium
M

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION OF DIETARY

SUPPLEMENTS, Dissolution (2040): Meet the requirements
for Dissolution

, WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103cfu/g, and the
combined molds and yeasts count does not exceed 3 x
10z cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): Meet the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
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.. LABELING: The label states that the product is Water-Soluble
Vitamins with Minerals Capsules. The label also states the
quantity of each vitamin and mineral in terms of metric
units per dosage unit and, where necessary, the chemical
form in which a vitamin is present, and also states the salt
form of the mineral used as the source of each element.
Where more than one assaymethod is given for a particular
vitamin or mineral, the labeling states with which assay
method the product complies only if Method 1 is not used.

• USP REFERENCE STANDARDS (11)
USP Biotin RS
USPCalcium Pantothenate RS
USPCyanocobalamin (Crystalline) RS
USP Dexpanthenol RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Sodium Fluoride RS
USPThiamine Hydrochloride RS

Water-Soluble Vitamins with Minerals
Oral Solution

DEFINITION
Water-Soluble Vitamins with Minerals Oral Solution contains

one or more of the following water-soluble vitamins:
Cyanocobalamin, Niacin or Niacinamide, Dexpanthenol or
Panthenol, Pantothenic Acid (as Calcium Pantothenate or
Racemic Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin or Riboflavin-5'-Phosphate Sodium, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or more
minerals derived from substances generally recognized as
safe, furnishing one or more of the following elements in
ionizable form: iodine, iron, magnesium, manganese, and
zinc. Oral Solution contains NLT 90.0% and NMT 250.0% of
the labeled amount of thiamine (C12H17CIN40S) as thiamine
hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of calcium
pantothenate (ClsH3ZCaNzOl0), dexpanthenol or panthenol
(C9H19N04), niacin (C6HsNOz) or niacinamide (C6H6NzO),
pyridoxine hydrochloride (CSH11N03· HCI), and riboflavin
(C17HzoN406) or riboflavin-5'-phosphate sodium
(C17HzoN4Na09P); NLT 90.0% and NMT 450.0% of the
labeled amount of cyanocobalamin (C63HssCoN,4014P); NLT
90.0% and NMT 160.0% of the labeled amount of iodine (I);
and NLT 90.0% and NMT 125.0% of the labeled amounts of
iron (Fe), magnesium (Mg), manganese (Mn), and zinc (Zn).

STRENGTH
[NOTE-In the following assays, where more than one

assaymethod is given for an individual ingredient, the
requirements may be met by following anyone of the
specified methods, the method used being stated in the
labeling only if Method 1 is not used.]

• CYANOCOBALAMIN
[NOTE-Use low-actinic glassware throughout this

procedure.]
Standard stock solution: 1.0 ~g/mL from USP

Cyanocobalamin (Crystalline) RS in 25% alcohol. Store in a
refrigerator.

Standard solution: Dilute a suitable volume of Standard
stocksolutionwith water to a measured volume such that
after the incubation period as described in Analysis, the
difference in transmittance between the inoculated blank
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and the 5.0-mL level of the Standardsolution is NLT that
which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between
0.01 ng/mL and 0.04 ng/mL of Standardsolution. Prepare
this solution fresh for each assay.

Sample solution: Transfer an accurately measured volume
of Oral Solution, assumed to contain 1.0 J.Ig of
cyanocobalamin, to an appropriate vessel containing, for
each mL of the Oral Solution taken, 25 mL of an aqueous
extracting solution prepared just before use to contain, in
each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite.
Autoclave the mixture at 121° for 10 min. Allow any
undissolved particles of the extract to settle, and filter or
centrifuge if necessary. Dilute an aliquot of the clear
solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the
Standardsolution.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
caseinwith 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Asparagine solution: Dissolve2.0 g of L-asparaginein water
to make 200 mL. Store under toluene in a refrigerator.

Adenlne-quanine-uracll solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a

- refrigerator. ,_
Xanthine solution: Suspend 0.20 g of xanthine in 30-

40 mL of water, heat to 70°, add 6.0 mL of 6 N ammonium
.hydroxlde, and stir ~.rtil the solid is dissolved. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve 4.0 9 of magnesium sulfate, 0.20g
of sodium chloride, Q.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate 'in 'water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under
toluene.

Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol
to make 200 mL. Store in a refrigerator.

Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine
hydrochloride, 100 J.Ig of biotin, and 20 mg of niacin in
0.02 N acetic acid to make 400 mL. Store under toluene

. protected from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg

of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 mg of folic acid.in a
mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable to that obtained
from the formula given herein. .

USP43

Add the ingredients in the order listed in Table 1, carefully
dissolving L-Cystine and L-Tryptophan in the hydrochloric
acid before adding the next eight solutions. To the
resulting solution add 100 mL of water, and dissolve
Dextrose, Sodium acetate, and Ascorbic acid. Filter if
necessary.Add the Polysorbate 80 solution, adjust with 1 N
sodium hydroxide to a pH of 5.5-6.0, and dilute with
Purified Water to 250 mL.

Table 1

L-Cystine 0.1 9

L-Tryptophan 0.05 9

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5 mL

Vitamin solution A 10mL

Vitamin solution B 10 mL

Salt solution A 5 mL

Salt solution B 5 mL

Asparagine solution 5 mL

Acid-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge commercially
canned tomato juice so that most of the pulp is removed.
Suspend 5 giL of analytical filter aid in the supernatant, and
filter with the aid of reduced pressurethrough a layer of the
filter aid. Repeat, if necessary, until a clear, straw-colored
filtrate is obtained. Store under toluene in a refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous Dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juicepreparationand 1 mL of
Polysorbate 80 solution.Adjust with 1 N sodium hydroxide
to a pH of 6.8, and dilute with water to 100 mL. Place10-mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 121° for
15 min. Cool as rapidly aspossible to avoid color formation
resulting from overheating the medium.

Suspension medium: Dilute a measured volume of the
Basal mediumstock solutionwith an equal volume of water.
Place 1O-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed in Culture medium.

Stock culture of Lactobacillusleichmannii: To 100 mL of the
Culture mediumadd 1.0-1 .5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves. Place
1O-mL portions of the hot solution in test tubes, cover the
tubes, sterilize at 121° for 15 min in an autoclave, and allow
the tubes to cool in an upright position. Inoculate three or
more of the tubes by stab transfer of a pure culture of
Lactobacillus leichmannii.' [NOTE-Before first using a fresh

, Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus
delbruecklt) may be obtained as No. 7830 from ATCC, 10801 University
Blvd., Manassas, VA 20110-2209 (www.atcc.org).
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culture in this assaymake NLT 10 successive transfers of the
culture in a 2-week period.]
Incubatefor 16-24 h at a temperature between 30°and 40°

held constant to within ±0.5°. Store in a refrigerator.
Prepare fresh stab culturesat least three times each week,

and do not use them for preparing the Inoculum ifmore
than 4 days old. The activity of the microorganism can be
increased by dailyor twice-daily transfer of the stab
culture to the point where definite turbidity in the liquid
Inoculum can be observed 2-4 h after inoculation. A
slow-growing culture seldom gives a suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
leichmannii may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.]Transfer
cells fromthe Stock cultureofLactobacillus leichmannii to two
sterile tubes each containing 10 mL of the Culture medium.
Incubate these culturesfor 16:....24 h at a temperature
between 30° and 40° held constant to within ±O.SO. Under
aseptic conditions centrifugethe cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile
Suspension medium, adjust the volumeso that a 1-in-20
dilution in salineTS produces 70% transmittance when
read on.asuitable spectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 1O-mm cell, and
read against salineTS set at 100% transmittance. Preparea
1-in-400dilution of the adjusted suspension using sterile
Basal medium stocksolution. [NoTE-This dilution may be
altered, when necessary, to obtain the desired test
response.] The cellsuspension so obtained is the Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically using a standard
wavelengthcellor other suitabledevice.Before readingany
tests.callbrate the spectrophotometer for 0% and 100%
transmittance using water and with the wavelenqth set at
530 nm.

Analysis
Samples: Standardsolutionand Sample solution
Because of the high sensitivity of the test organism to

minimum amounts of vitamin B12 activity and to traces of
many cleansing agents, cleanse meticulously by suitable
meansfollowed preferably by heating at 250°for2 h using
hard-glass 20-mm x 150-mm test tubes and other
necessary qlassware,

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of.the Standard solution.To each of these
tubes and to four similar empty tubes add 5.0 mL of the
Basal medium stock solutionand sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of the Basal medium stock solutionand
sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rackand
the duplicate set in a second rack or section of a rack,
preferably in random order.

Coverthe tubes to prevent bacterialcontamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclaveifnecessary. Coolas rapidlyas possible to avoid
colorformation resulting from overheating the medium.
Take precautions to maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, becausepacking
the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of the Inoculum to each tube so
prepared, except two of the four containing no Standard
solution(the uninoculated blanks). Incubate the tubes at a
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temperature between 30° and 40°, held constant to
within ±0.5°for 16-24 h.

Terminategrowth by heating to a temperature NLT 80°for
5 min. Coolto roomtemperature.After agitatingcontents
read the transmittance at 530 nm when a steady state is
reached. This steady state isobserveda few seconds after
agitation when the reading remains constant for 30 s or
more. Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference isgreater than 5% or ifthere isevidenceof
contamination with a foreign microorganism, disregard
the results of the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assayifthe slope of the
standard curve indicatesa problemwith sensitivity.

Calculation: Preparea standard concentration-response
curveby the following procedure.Testforand replaceany
aberrant individual transmittances. Foreach level of the
Standard, calculatethe response from the sum of the
duplicate values of the transmittances (Es) as the
difference, y=2.00 - Es•Plotthis responseon the ordinate
of cross-section paper against the logarithm of the mL of
the Standard solution per tube on the abscissa, usingfor
the ordinate either an arithmetic or a logarithmic scale,
whichevergivesthe better approximation to a straight
line.Draw the straight lineor smooth curve that best fits
the plotted points.
Calculatethe response, y = 2.00 - Eu, adding together the

two transmittances (Eu) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standard solutioncorresponding to
each of those values of y that falls withinthe range ofthe
lowest and highest points plotted for the Standard.
Subtract from each logarithm so obtained the logarithm
of the volume, in niL, of the Sample solutionto obtain
the difference, X, for each dosage level. Average the
valuesQf Xfor each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Determine the quantity, in IJg, of cyanocobalamin
(C63H8SCoN14014P) in the portion of Oral Solution
taken:

antilog M =antilog (M' + log R)

R =IJg of cyanocobalamin assumed to be present in
the portion of Oral Solution taken

Calculate the percentage of the labeled amount of
cyanocobalamin in the portion of Oral Solution taken:

Result = [(antilog M)/N]x 100

N =nominal amount of cyanocobalamin in the
portion of Oral Solution taken

Replication: Repeatthe entire determination at leastonce
using separately prepared Sample solutions. Ifthe
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material(see Design and Analysis ofBiological Assays (111 >,
The Confidence Intervaland Limits of Potency, Vitamin B12

Activity). lfthe two determinations differ by more than
0.08, conduct one or more additional determinations.
From the mean of two or more valuesof Mthat do not
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differ by more than 0.15, compute the mean potency of
the preparation under assay.

Acceptance criteria: 90.00/0-450.0% of the labeled amount
of cyanocobalamin (C63HssCoN14014P)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: Methanol and 0.2 M monobasic sodium

phosphate (3:97). Adjust with 1.7 M phosphoric acid to a
pH of 3.2 ± O.l.

Standard solution: 80 j.Jg/mL of USP Calcium
Pantothenate RS in Mobile phase

System suitability solution: 80 j.Jg/mLof USP Racemic
Panthenol RS in Mobile phase. Mix the resulting solution
and Standard solution (1:1).

Sample solution: Equivalent to 80 j.Jg/mL of calcium
pantothenate from Oral Solution in the Mobile phase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 j.JL

System suitability
Samples: Standard solution and System suitability solution
Suitability requirements

Resolution: NLT 1.5 between panthenol and calcium
pantothenate, System SUitability solution

Tailing factor: NMT 2.0 for both the calcium
pantothenate and the panthenol peaks,System suitability
solution

Relative standard deviation: NMT 2.0%, Standard
" solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of calcium

pantothenate (ClsH32CaN2010) in the portion of Oral
Solution taken:

Result,» (rufrs) x (CslCu) x 100

= peak area of calcium pantothenate from the
Sample solution

=peak area ofcalcium pantothenate from the
Standard solution

=concentration of USP Calcium Pantothenate RS in
the Standard solution (mg/mL)

=nominal concentration of the Sample solution
(mg/mL) ".',

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaN2010)

• CALCIUM PANTOTHENATE, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium

Pantothenate RS, previously dried and stored in the dark
over phosphorus pentoxide and protected from absorption
of moisture while weighing, in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
j.Jg/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute a volume
of the Standard stock solution with water to obtain a
concentration of 0.01-0.04 j.Jg/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in Analysis, 2.0 and 4.0 mL
of the Standard solution being used, are within the linear
portion of the log-concentration response curve.

USP 43

Sample solution: Transfer an accurately measured volume
of Oral Solution, equivalent to 50 mg of calcium
pantothenate, to a 1OOO-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and
100 mL of sodium acetate solution (i in 60), dilute with
water to volume, and filter. Dilute a measured volume of
this solution quantitatively, and stepwise if necessary, with
water to obtain a solution with about the same
concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 9 of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Removethe hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 9 of
activated charcoal, stir for 1 h, and filter. Repeatthe
treatment with activated charcoal. Store under toluene in a
refrigerator at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 9 of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 9 of
D,L-tryptophan) in 700-800 mL of water, heat to 70°-80°,
and add dilute hydrochloric acid (1 in 2) dropwise, with
stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a refrigerator at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution: 20
j.Jg/mLof riboflavin, 10 j.Jg/mL of thiamine hydrochloride,
and 0.04 j.Jg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 j.Jg/mL of p-aminobenzoic acid, 50 j.Jg/mL of
niacin, and 40 j.Jg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve 109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous sulfate, and 0.5 9 of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal medium stock solution: Dissolvethe anhydrous
Dextrose and anhydrous Sodium acetate in the solutions
previously mixed according to Table 2, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 2

Acid-hydrolyzed casein solution 25 ml

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 g

Sodium acetate, anhydrous 5g

Adenine-guanine-uracil solution 5mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL
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Table 2 (continued)

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mL ofwater; add 500 mg of anhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g
ofagar; and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portionsof the hot
solution to the test tubes, closeor cover the tubes, sterilize
in an autoclave at 121° for 15 min, and allowthe tubes to
cool in an upright position. Preparestab cultures in three
or more of the tubes usinga pure culture of Lactobacillus
piantatum.? incubating for 16-24 h at a temperature
between 30° and 37° held constant to within ±0.5°. Store
in a refrigerator. Preparea fresh stab of the stock culture
everyweek, and do not use for the Inoculum ifthe culture
is more than 1 week old.

Culture medium: Toeach ofaseriesoftest tubes containing
5.0 mL of the Basal medium stock solutionadd 5.0 mL of
water containing 0.2 ~g of calcium pantothenate. Plugthe
tubes with cotton, sterilize in an autoclaveat 121° for
15 min, and cool.

Inoculum: [NOTE-A frozen suspensionof Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.] Transfer
cells from the Stock cultureofLactobacillus plantarum to a
steriletube containing 10 mL of the Culture medium.
Incubate this culturefor 16-24 h at a temperature between
30° and 37° held constant to within ±0.5°.The cell
suspension so obtained is the Inoculum.

Analysis
Samples: Standard solutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0, 1.5,

2.0, 3.0,4.0, and 5.0 mL of the Standard solution. To each
, tube and to four similar empty tubes add 5.0 mL of the

Basal mediumstock solutionand sufficient water to make
10 mL. - .

To similar separate test tubes add, in duplicate, volumes
of the Sample solutioncorresponding to three or more of
the levels specified for the Standard solution including the
levels of 2.0, 3.0.. and 4.0 mL. To each tube add 5.0 mL
of the Basal mediumstock solutionand sufficient water to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rackor section of a rack, preferably in
random order.

Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclaveat 121° for 5 min. Cool, add
1 drop of the Inoculum to each tube, except two of the
four tubes containing no Standard solution(the
uninoculated blanks). Incubatethe tubes at a temperature
between 30° and 3r, held constant to within ±0.5°,
following 16-24 h of incubation, until there has been no
substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transferto an
optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached.
This steady state isobserveda few seconds after agitation
when the galvanometer reading remains constant for 30 s

2 ATCC No.8014 issuitable.Thisstrainwasformerly knownas Lactobacillus
arabinosus 17-5.
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or more. Allow approximately the same time interval for
the reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
'blank, read the transmittance for each of the remaining
tubes. Ifthere isevidenceof contaminationwith a foreign
microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard calculate
the responsefrom the sum of the duplicate valuesof the
transmittance (~s) as the difference, y = 2.00 - ~s. Plotthis
response on the ordinate of cross-section paper against
the logarithm of the mL ofthe Standard solution per tube
on the abscissa usingfor the ordinate either an arithmetic
or a logarithmic scale, whichever givesthe better
approximation to a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculate the response, y=2.00 - ~u, adding together the

two transmittances (~u) for each level of the Sample
solution. Read from the standard curve the logarithm of
the volume of the Standard solutioncorresponding to
each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard.
Subtractfrom each logarithmso obtained the logarithm
of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the
valuesQf X for each of three or more dosage levels to
obtain X, which equals the log-relative potency, M', of
the Sample solution.

Determinethe quantity, in mg, of USP Calcium
Pantothenate RS corresponding to the calcium
pantothenate (C,sH3ZCaNzO,o) in the portion of Oral
Solution taken:

antilog M =antilog (M' + log R)

R =number of mg of calcium pantothenate assumed
to be present inthe portionofOralSolution taken

Calculate the percentage of the labeled amount of
calcium pantothenate (C'SH3ZCaNzOl0) in the portion of
Oral Solution taken:

Result = [(antilog M)/N] x 100

N = nominalamount of calcium pantothenate in the
portion of Oral Solution (mg)

Replication: Repeatthe entiredetermination at leastonce,
using separately prepared Sample solutions. Ifthe
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Design andAnalysis ofBiological Assays (111 ),
The Confidence Intervaland Limits ofPotency). Ifthe two
determinations differ by more than 0.08, conduct one or
more additionaldeterminations. From the mean of two or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeledamount
of calcium pantothenate (ClsH3ZCaNzO,o)

• DEXPANTHENOL OR PANTHENOL, Method 1
Mobile phase and Chromatographic system: Proceed as

directed in Calcium Pantothenate, Method 7.
Standard solution: 80 ~g/mL of USP Dexpanthenol RS or

USP Racemic Panthenol RS in the Mobilephase. [NOTE-Use
USP Dexpanthenol RS to analyze Oral Solution that
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containsdexpanthenol, and use USP Racemic Panthenol RS
to analyze OralSolution that contains panthenol.]

System suitability solution: 80 J,Jg/ml of USP Calcium
Pantothenate RS in the Mobilephase. Mix the resulting
solutionand the Standardsolution (1:1).

Sample solution: Equivalent to 80 J,Jg/ml of dexpanthenol
or panthenol from Oral Solution in the Mobilephase

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

dexpanthenol or panthenol (C9H19N04) in the portion of
Oral Solution taken:

Result =(rufrs) x (Cs/Cu) x 100

ru =peakarea ofdexpanthenol or panthenol fromthe
Sample solution

rs =peakarea ofdexpanthenol or panthenol fromthe
Standardsolution

Cs =concentration of USP Dexpanthenol RS or USP
Racemic Panthenol RS in the Standardsolution
(mg/ml)

Cu = nominalconcentration of the Sample solution
(mg/ml)

Acceptance criteria: 90.00/0-150.0% of the labeledamount
of dexpanthenol or panthenol (C9H19N04)

• DEXPANTHENOL OR PANTHENOL, Method 2
[NoTE-The following procedure isapplicablealso to
the determination of the dextrorotatory component
of racemicpanthenol in preparationscontaining

" panthenol.]
Dehydrated mixtures yielding formulations similar to the

media describedherein may be used providedthat, when
constituted as directed, they have growth-promoting
propertiesequal to or superiorto those obtained with the
media prepared as described herein.

Standard stock solution: 800 J,Jg/ml of USP
pexpanthenol RS 01:.]600 J,Jg/ml of USP Racemic
Panthenol RS in water. Store in a refrigerator, protected
from light, and use within 30 gays. [NoTE-,-Use USP
Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol, and use USP Racemic Panthenol ~S to
analyze Oral Solution that contains panthenol.]

Standard solution: On the day ofthe assay, prepare 1.2 J,Jg/
ml of dexpantheriolor 2.4 J,Jg/ml of racemicpanthenol
from the Standardstock solutionwith water.

Sample solution: 1.2 '~g/ml of dexpanthenol or 2.4 uq/rnt,
of panthenol from Oral Solution in water

Acid-hydrolyzedcasein solution: Mix 100 g ofvitamin-free
caseinwith 500 ml of 6 N hydrochloric acid (1 in 2), and
reflux the mixturefor8-12 h. Remove the hydrochloric acid
from the mixture by distillation under reduced pressure
until a thickpaste remains. Redissolve the resulting paste in
about 500 ml ofwater, adjust the solutionwith 1 Nsodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to
1000 mL Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeatthe treatment with activated charcoal. Store
under toluene in a refrigerator at a temperature NlT 10°.
Filter the solution ifa precipitateforms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine
in a solution of 1.0 9 of L-tryptophan (or 2.0 g of
o.i-tryptophan) in 700-800 ml of water, heat to 75 ± 5°,
and add 6 Mhydrochloric aciddropwise, with stirring, until
the solidsare dissolved. Cool, dilutewithwater to 1000 ml,
and mix. Store under toluene in a refrigerator at a
temperature NlT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
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the aid of heat, in 10 ml of 4 N hydrochloric acid. Cool,
add dilute with to 200 ml, and mix. Store under toluene
in a refrigerator.

Polysorbate 80 solution: 100 mg/ml of polysorbate 80 in
alcohol

Riboflavin-thiamine hydrochloride-biotin solution:
Prepare a solutionof riboflavin, thiamine hydrochloride,
and biotin in 0.02 N acetic acid containing 20 J,Jg/ml of
riboflavin, 10 J,Jg/ml of thiamine hydrochloride, and 0.04
J,Jg/ml of biotin. Store under toluene protected from light
in a refrigerator.

p",Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: Preparea solution in neutral 25% alcohol
containing 10 J,Jg/ml of p-aminobenzoic acid,50 J,Jg/ml of
niacin, and 40 J,Jg/ml of pyridoxine hydrochloride. Store
in a refrigerator.

Salt solution A: Dissolve 25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL Add 5 drops of hydrochloric acid,
and mix. Store under toluene.

Salt solution B: Dissolve lag of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous 'sulfate, and 0.5 9 of
manganese sulfate in water to make500 mL Add5 drops
of hydrochloric acid, and mix. Store under toluene.

Pyridoxal-calcium pantothenate solution: Dissolve 40 mg
of pyridoxal hydrochloride and 375 J,Jg of calcium

. pantothenate in 10% alcohol to make 200 ml, and mix.
Store in a refrigerator, and use within 30 days.

Polysorbate 4Q-oleic acid solution: Dissolve 25 9 of
polysorbate40 and 0.25 9 of oleicacid in 20% alcohol to
make 500 ml, and mix. Store in a refrigerator, and use
within 30 days.

Modified pantothenate medium: Dissolve anhydrous
Dextrose and Sodium acetate in the solutions previously
mixed according to Table 3, and adjust with 1 N sodium
hydroxideto a pH of 6.8. Finally, dilute with water to
250 ml, and mix.

Table 3

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 109

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5 mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution 1 5 mL

Salt solution 2 5 mL

Pyridoxal-calcium pantothenate solution 5 mL

Polysorbate 40-oleic acid solution 5 mL

Double-strength modified pantothenate medium:
Prepareas directed in Modifiedpantothenatemedium, but
make the final dilution to 125 ml instead of 250 mL
Preparefresh.

Stockculture of Pediococcus acidilactici: Dissolve in800 ml
of water, with the aid of heat, 6.0 9 of peptone, 4.0 9 of
pancreatic digest of casein, 3.0 9 of yeast extract, 1.5 9 of
beef extract, 1.0 9 of dextrose, and 15.0 9 of agar. Adjust
with 0.1 N sodium hydroxide or 0.1 N hydrochloric acid
to a pHbetween 6.5 and 6.6, dilutewithwater to 1000 ml,
and mix.Add 1O-ml portions of the solution to culture
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tubes, placecaps on the tubes, and sterilize in an autoclave
at 121° for 15 min. Coolon a slant, and store in a.
refrigerator. Preparea stock cultureof Pediococcus
acidilactici3 on a slant of this medium. Incubateat 35° for
20-24 h, and store in a refrigerator. Maintain the stock
culture by monthly transferonto fresh slants.

Inoculum: Inoculate three 250-mL portions of sterile
Modified pantothenate mediumfrom a stockculture slant,
and incubate at 35°for 20-24 h. Centrifuge the suspension
from the combined portions, and wash the cells with the
Modified pantothenatemedium. Resuspend the cells in
sufficient sterile Modifiedpantothenate medium so that a
l-in-50 dilution, when tested in a 13-mm diameter test
tube, gives80% light transmission at 530 nm. Transfer
1.2-mL portions of this stock suspension to sterile glass
ampuls,seal,freeze in liquid nitrogen,and store ina freezer.
On the day of the assay, allowthe ampuls to reach room
temperature, mix the contents, and dilute1 mL of thawed
culturewith sterilesalineTS to 150 mL. [NOTE-This dilution
may be altered when necessary to obtain the desired test
response.]

Analysis: Prepare in triplicatea series of eight culture tubes
by adding the following quantities of water to the tubes
within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5,
1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard solution.
Prepare in duplicate a series of five culturetubes by adding

the following quantities of water to the tubes withina set:
4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of
the Sample solution.

Add 5.0 mLof Double-strength modified pantothenate
medium to each tube, and mix. Cover the tubes with
metal caps, and sterilize in an autoclave at 121°for 5 min.
Coolto room temperature in a chilled water bath, and
inoculateeach tube with 0.5 mL ofthe Inoculum. Allow to
incubate at 37° for 16 h. Terminategrowth by heating
to a temperature NLT 80°, such as bysteaming at
atmospheric pressure in a sterilizer for 5-10 min. Cool,
and concomitantly determine the percentage
transmittance of the suspensions, in cells of equal
pathlength, on a suitable spectrophotometer, at a
wavelength of 530 nm. .

Calculation: Drawa dose-responsecurve on arithmetic
graph paper by plotting the average response, in percent
transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is
drawn by connecting each adjacent pairof points with a
straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of
each tube containing portions of the Sample solution.
Divide the potency of each tube by the amount of the
Sample solution added to it to obtain the individual
responses. Calculatethe mean response by averaging the
individual responses that varyfrom their mean by NMT
15%, using NLT halfthe total number oftubes. Calculate
the potency of the portion of the Oral Solution taken for
assay, by multiplying the mean response by the
appropriate dilutionfactor.
Calculate the percentage of the labeled amount of

dexpanthenol or panthenol in the portion of Oral
Solution taken:

P

Result =(PIN) x 100

= calculated potency ofdexpanthenolor panthenol
in the portion of Oral Solution taken (mg)

N =nominal amount of dexpanthenol or panthenol
in the portion of OralSolution taken (mg)

Acceptance criteria: 90.0%:-150.0% of the labeledamount
of dexpanthenol or panthenol (C9H19N04)

• NIACIN OR NIACINAMIDE
[NOTE-Use low-actinic glassware throughout this

procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Methanol, glacial acetic acid, triethylamine,

and 0.008 M sodium l-hexanesulfonate (350: 15:0.4:
1634.6)

Standard solution: 0.10 mg/mL of USP Niacin RS or USP
Niacinamide RS in the Diluent. [NoTE-Use USP Niacin RS
for Oral Solution that contains niacin, and use USP
Niacinamide RS for Oral Solution that contains
niacinamide.]

Sample solution: Dilute an accurately measured volume of
Oral Solution with Diluentto obtain a solutionwith a
concentration of 0.1 mg/mL of niacin or niacinamide.

Chromatographic system
(See Chromatography (621 >, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solutionand Sample solution
Calculatethe percentage of the labeledamount of niacin

(C6HsN02) or niacinamide (C6H6N20) in the portion of
Oral Solution taken:

Result =(rulrs) x (CsiCu) x 100

ru =peak area of niacin or niacinamide from the
Sample solution

rs =peak area of niacin or niacinamide from the
Standard solution

Cs =concentration of USP Niacin RS or USP
Niacinamide RS in the Standard solution
(mg/mL)

Cu = nominalconcentration of niacin or niacinamide
in the Sample solution(mg/mL)

Acceptance criteria: 90.0%-150.0% of the labeledamount
of niacin (C6HsN02) or niacinamide (C6H6N20)

• PYRIDOXINE HYDROCHLORIDE
Diluent, Mobile phase, and Chromatographic system:

Proceed as directed in Niacinor Niacinamide.
Standard solution: Equivalent to 24 IJg/mL of USP

Pyridoxine Hydrochloride RS in the Diluent
Sample solution: Equivalent to 24 IJg/mL of pyridoxine

hydrochloride from Oral Solution in the Diluent
Analysis

Samples: Standard solutionand Sample solution
Calculatethe percentage of the labeled amount of

pyridoxine hydrochloride (C8H11N03 • HCI) in the portion
of Oral Solution taken:

Result =(rulrs) x (CslCu) x 100

= peak area of pyridoxine hydrochloride from the
Sample solution

3 ATCC No. 8042 is suitable.
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F

Cv

Cv

Result= (lu/ls) x (CslCu) x 100

Iv .. = fluorescence intensity from the Sample solution
Is =fluorescence intensity from the Standard solution
Cs = concentration of USP Riboflavin RS in the

Standardsolution (mg/mL)
Cv = nominal concentration of riboflavin in the Sample

solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of riboflavin (C17H20N406)

• THIAMINE
Diluent, Mobile phase, and Chromatographic system:

Proceed as directed in Niacin or Niacinamide.
Standard solution: Equivalent to 24 J.Ig/mL of USP

Thiamine Hydrochloride RS in the Diluent
Sample solution: Equivalent to 24 J.Ig/mL of thiamine

hydrochloride from Oral Solution in the Diluent
Analysis

Samples: Standardsolution and Sample solution
For products containing thiamine hydrochloride, calculate

the percentage of the labeled amount of thiamine
hydrochloride (C12H17CIN40S . HCI) in the portion of Oral
Solution taken:

solution, 1 N hydrochloric acid, 2.5 M sodium acetate, and
water (2:1 :2:95).

Instrumental conditions
(See Fluorescence Spectroscopy (853).)
Mode: Fluorescence
Analytical wavelengths

Excitation: 440 nm
Emission: 530 nm

Blank: Solvent blank
Analysis

Samples: Standardsolution and Sample solution
Determine the maximum fluorescence intensities, Isand li»

of the Standardsolution and the Sample solution,
respectively. . .

Calculate the percentage of the labeled amount of
riboflavin (C17H2oN406) in the portion of Oral Solution
taken:

Result=(rulrs) x (Cs/Cu) x 100

= peak area of thiamine from the Sample solution
= peak area of thiamine from the Standard solution
=concentration of USP Thiamine Hydrochloride RS

in the Standardsolution (mg/mL)
=nominal concentration of thiamine hydrochloride

in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-250.0% of the labeled amount
of thiamine hydrochloride (C12H17CIN40S . HCI)

• IODIDE
Mobile phase: Dissolve5.15 9 of tetrabutylammonium

bromide in 320 mL of acetonitrile. Dilute with water to
2000 mL.

Standard stock solution: 1.3 mg/mL of potassium iodide in
the Mobilephase. This solution hasaconcentration of 1 mg/
mL of iodide.

Standard solution: 2.5 J.Ig/mL of iodide from the Standard
stock solution in the Mobilephase

System sultablllty solution: Transfer 0.13 9 of potassium
iodide and 0.5 9 of potassium iodate to a 100-mL
volumetric flask. Dissolve in the Mobilephase, using
sonication if necessary, dilute with the Mobilephaseto
volume, and mix. Transfer 1.0 mL of this solution to a
1OO-mL volumetric flask, dilute with the Mobilephaseto

=peak area of pyridoxine hydrochloride from the
Standardsolution

= concentration of USP Pyridoxine
Hydrochloride RS in the Standardsolution
(mg/mL)

=nominal concentration of pyridoxine
hydrochloride in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of pyridoxine hydrochloride (CSHllN03 • HCI)

• RIBOFLAVIN OR RIBOFLAVIN-5'-PHOSPHATE SODIUM,
Method 1

[NOTE-Riboflavin-5'-phosphate sodium is quantitated
against USP Riboflavin RS in this procedure. In the
chromatogram of the Sample solution, the riboflavin
5'-phosphate peak is the only peak measured for
caIculation.]

Diluent, Mobile phase, and Chromatographic system:
Proceed as directed in Niacin or Niacinamide.
[NOTE-The relative retention times for riboflavin

5'-phosphate and riboflavin are about 0.18 and 1.0,
respectively.] .

Standard solution: Equivalent to 8 J.Ig/mL of USP
Riboflavin RS in the Diluent, by heating if necessary

Sample solution: Equivalent to 8 J.Ig/mL of riboflavin from
Oral Solution in the Diluent

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of

riboflavin (C17H2oN406) in the portion of Oral Solution
taken:

Result=(ru/rs) x (Cs/Cu) x F x 100
I

= peak area of riboflavin-5'-phosphate from the
Sample solution .

= peak area of riboflavin fromthe Standardsolution
=concentration of USP Riboflavin RS in the

Standardsolution (mg/mL)
=nominal concentration of riboflavin in the Sample

solution (mg/mL). -.
= factor for converting the response obtained for

riboflavin-5'-phosphate to riboflavin, 1,493.
[NoTE-Riboflavin Phosphate Sodium is a mixture
of isomeric monophosphates and diphosphates
containing an average amount of 67% of
riboflavin-5'-,~onophosphate, which separatesin
this chromatographic system. The factor 1.493
assumes 67% of riboflavin-5'-monophosphate.]

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17H2oN406)

• RIBOFLAVIN OR RIBOFLAVIN-5'-PHOSPHATE SODIUM,
Method 2

[NoTE-Use low-actinic glasswarethroughout this
procedure.]

Solvent blank: 1 N hydrochloric acid, 2.5 M sodium
acetate, and water (1:2:97)

Riboflavin stock solution: Transfer 0.16 mg/mL of USP
Riboflavin RS in 1 N hydrochloric acid, 2.5 M sodium
acetate, and water (1:2:97). Mix the resulting solution and
water (1:9).

Standard solution: Riboflavin stock solution, 1 N
hydrochloric acid, 2.5 M sodium acetate, and water
(1:1 !2:96)

Sample solution: Transfer the equivalent to 0.8 mg of
riboflavin from the Oral Solution to a 1OO-mL volumetric
flask, and dilute with water to volume. Mix the resulting
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volume, and mix. Transfer 25.0 mL of this solution to a
1OO-mL volumetric flask, and dilute with the Mobilephase
to volume.

Sample solution: Dilute an accurately measuredvolume of
Oral Solution to obtain a solution with a concentration of
2.5 ~g/mL of iodine in the Mobile phase.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm x 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 ~L

System suitability
Samples: Standardsolution and System suitabilitysolution

[NoTE-The relative retention times for iodate and
iodide are about 0.32 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System

suitability solution
Relative standard deviation: NMT 2.0% for the iodide

peak, Standardsolution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of the labeled amount of iodine

(I) in the portion of Oral Solution taken:

Result=(rulrs) x (CslCu) x 100

to =peak area of iodide from the Sample solution
rs = peak area of iodide from the Standardsolution
Cs . =concentration of iodide in the Standardsolution

(~g/mL)
Cu = nominal concentration of iodine in the Sample

solution (uq/rnt)

Acceptance criteria: 90.0%-160.0%'of the labeled amount
of iodine (I)

-IRON _
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-mL volumetric flaslcdissolve in 6 N
hydrochloric acid, and dilute with water to volume.

.Standard solutions: To separate 1OO-mL volumetric flasks,
transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of the Iron standard
stock solution. Dilute the contents of eachflaskwith 0.125 N
hydrochloric acid to volume to obtain concentrations of
2.0, 4.0, 5.0, 6.0, and 8.0 ~g/mL of iron.

Sample solution: 6 ~g'lmL of iron from Oral Solution in
0.125 N hydrochloric acid

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 248.3 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutionsand Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in uq/rnl, of iron, and draw the
straight line best fitting the five plotted points. From the
graph so obtained, determine the concentration, C, in ~gl

mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe)

in the portion of Oral Solution taken:

Result=(C/Cu) x 100
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C =concentration of iron in the Sample solutionfrom
the graph (pq/rnt)

Cu =nominal concentration of iron in the Sample
solution (~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of iron (Fe)

- MAGNESIUM
Magnesium standard solution: Transfer 1.00 g of

magnesium ribbon to a 1OOO-mL volumetric flask. Dissolve
in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.

Standard stock solution: 20 ~g/mL of magnesium from the
Magnesium standardsolution in 0.125 N hydrochloric acid

Standard solutions: To separate1OO-mL volumetric flasks,
transfer 5.0, 7.5, 10.0, 12.5, and 15.0 mL of the Standard
stocksolution." Dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and
3.0 ~g/mL of magnesium.

Sample solution: 2.5 ~g/mL of magnesium from Oral
Solution in 0.125 N hydrochloric acid

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 285.2 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standardsolutions
versus the concentration, in ~g/mL, of magnesium, and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in ~g/mL, of magnesium in the Sample
solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Oral Solution taken:

Result= (C/Cu) x 100

C = concentration of magnesium in the Sample
solution from the graph (~g/mL)

Cu =nominal concentration of magnesium in the
Sample solution (~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

- MANGANESE
Manganese standard stock solution: Transfer 1.0 g of

manganese to a 1OOO-mL volumetric flask. Dissolve in
20 mL of nitric acid, and dilute with 6 N hydrochloric acid
to volume.

Standard stock solution: 50 ~g/mL of manganesefrom the
Manganese standard stock solution in 0.125 N
hydrochloric acid

Standard solutions: To separate1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Standardstock
solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known
concentrations of 0.5, 0.75, 1.0, 1.5, and 2.0 ~g/mL of
manganese.

Sample solution: Dilute an accurately measured volume of
Oral Solution to obtain a solution with a concentration of
1.5 ~g/mL of manganese in 0.125 N hydrochloric acid.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Lamp: Manganese hollow-cathode
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C

DEFINITION

Water-Soluble Vitamins with Minerals Tablets contain one or
more of the following water-solublevitamins:Ascorbic Acid
or itsequivalentasCalcium Ascorbateor SodiumAscorbate,
Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide,
pantothenic acid (as Calcium Pantothenate or Racemic
Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin, and Thiamine Hydrochloride or Thiamine
Mononitrate; and one or more mineralsderive.d.from
substances generally recognized as safe,furni~hin£;l.§ne or
more of the following elements in ioniz~I::?I?{9rftli}.b.qron,
calcium, chromium, copper, fluorine,.iqQ!8J~,/1~;~~J
magnesium, manganese, molybdenYftlli@j~~~·h$;;.t:
phosphorus, potassium,seleniuQl, tip,/¥
Tablets contain NLT 90.0% and
labeled amount of ascorbic~.si

(ClOH16N203S), cyanocobal~[TJ
acid (C19H19N706)' calciyQl.
niacin (C6HsN02) orpl~c:ina

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I(611) (if present):

90.0%-120.0% of the labeled amount of alcohol
(C2HsOH)

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103du/mL and the
combined molds and yeasts count does not exc~ed 3 x
102du/mL.

• ABSE~CE OF SPECIFIED MICROORGANISMS (2022): Meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli

ADDITIONAL REQUIREMENTS
• PACKA,GING AND ST0R.AGE: Preserve in tight, light-resistant

containers, under an Inert gas or with a minimum of
headspace.

• LABELING: The labelstates that the product isWater-Soluble
Vitamins with Minerals Oral Solution. The label states the
quantity of each vitaminand mineral present in terms of
metric units in a given volume of the Oral Solutionand
where necessary, the chemical form in which a vitamin'is
present, and alsostates the salt form of the mineral used as
the s~urce of each element. Where products are labeled to
contain panthenol, the label states the equivalent content

. o! dexpanthen,?1. Where m.ore than one assay method is
gl~en fo~ a particularvitaminor mineral, the labelingstates
With which assaymethod the product complies only if
Method 7 is not used.

• USP REFERENCE STANDARDS (11)
USP Calcium Pantothenate RS
USP Cyanocobalamin (Crystalline) RS
USP Dexpanthenol RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Racemic Panthenol RS
USP Riboflavin RS
USP Thiamine Hydrochloride RS

Water-Soluble Vitamins with Minerals
Tablets

=concentration of zinc in the Sample solution from
the graph (J.Ig/mL)

= nominal concentration of zinc in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeledamount
of zinc (Zn)

Flame: Air-acetylene
Analytical wavelength: 279.5 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutionsagainst the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J.Ig/mL, of manganese and
draw the straight line best fitting the five plotted points.
From the graph so obtained, determine the
concentration, C, in J.Ig/mL, of manganese in the Sample
solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Oral Solutiontaken:

Result = (C/Cu) x 100

C =concentration of manganese in the Sample
solution from the graph (J.Ig/mL)

Cu =nominal concentration of manganese in the
Sample solution (J.Ig/mL)

Acceptance criteria: 90.0%-125.0% labeled amount of
manganese (Mn)

• ZINC
Zinc standard solution: Transfer 311 mg of zinc oxide to a

250-mLvolumetric flask, and add 80 mLof 6 N
hydroch.loric acid, warming if necessaryto dissolve. Cool,
dilutewith water to volume, and mix to obtain a solution
with a known concentration of 1000 J.Ig/mL of zinc.

Standard stock solution: 50 J.Ig/mL of zinc from the Zinc
standard solution in 0.125 N hydrochloric acid

Standard solutions: Transfer1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard stock solution to separate 100-mL
volumetricflasks. Dilutethe contents of each flask with
0.125 N hydrochloricacid to volume to obtain
concentrations of 0.5, 1.0, 1.5,2.0, and 2.5 J.Ig/mL of zinc.

Sample solution: Dilutean accurately measured volume of
Oral Solutionto obtain a solution with a concentration of 1
J.I'g/mL of zinc in 0.12'"5 N hydrochloric acid.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).) .
Mode: Atomicabsorption spectrophotometer
lamp: Zinc hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 213.~ nm
Blank: 0.125 N hydrochloric acid

Analysis
Sample.s: Standard solutions and Sample solution
Determine the absorbances of the solutionsagainst the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in J.Ig/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the
graph s~ ob~ained determine the concentration, C, in IJg/
mL, of zinc In the Sample solution.

. Calculatethe percentage of the labeled amount ofzinc(Zn)
in the portion of Oral Solution taken:

Result = (C/Cu) x 100

www.webofpharma.com

https://nhathuocngocanh.com/



USP43 Dietary Supplements / Vitamins 5553

Injection volume: 100 I-IL
System suitability

Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolutionand Sample solution
Measure the responses for the biotin peaks. Calculate the

percentage of the labeled amount of biotin (CloH16N203S)
in the portion of Tablets taken:

Result=(rufrs) x (Cs/Cu) x 100

=peak response from the Sample solution
=peak response from the Standardsolution
= concentration of USP Biotin RS in the Standard

solution (l-Ig/mL)
=nominal concentration of biotin in the Sample

solution (l-Ig/mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (Cl0H16N203S)

• BIOTIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Dehydrated mixtures yielding formulations similar to the

. media described herein may be used provided that when
constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the
media prepared as described herein.

Standard stock solution: 50 I-Ig/mLof USP Biotin RS in 50%
alcohol. Store in a refrigerator.

Standard solution: On the day of the assay, dilute the
Standardstocksolution with water to a concentration of
0.1 ng/mL of USP Biotin RS.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
100 I-Ig of biotin, to a'200-mL volumetric flask. Add 3 mL
of 50% alcohol, and swirl to wet the contents. Heat the flask
in a water bath at 60°-70° for 5 min. Sonicate for 5 min,
dilute with diluted alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if
necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with 1 N sodium hydroxide to a pH of
3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms during storage.

Cystine-tryptophan solution: Suspend 4.0 g of L-cystine in
1.0 g of L-tryptophan (or 2.0 g of D,L-tryptophan) in 700
800 mL of water. Heat to 70°-80°, and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the
solids are dissolved. Cool, and dilute with water to
1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol

1':.MalV~20;ZO) (CaH11N03 •

and thiamine
ICMaY+,t.U,~UJ NLT 90.0% and NMT 1

of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P),
potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amount of boron (B), chromium
(Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium 0/).

They do not contain any form of Beta Carotene or vitamin A,
D, E, or K. They may contain other labeled added
substances that are generally recognized as safe, in
quantities that are unobjectionable.

IDENTIFICATION

• ASCORBIC ACID, CALCIUM ASCORBATE, and SODIUM
ASCORBATE

(See Vitamin CAssay (580).)
[NoTE-For labeling purposes, consi~~r:(580), Method I

- TitrimetricMethod as Method 1;

STRENGTH
[NoTE-In the following assays, where more than one

assaymethod is given for an individual ingredient, the
requirements may be met by following any o.neof the
specified methods, with the method used being stated
in the labeling only if Method 1 is not used.]

<illYtL·qj
Acceptance criteria: 90.0%-] 50.0% of the labeled amount

of ascorbic acid (C6Ha06)
• BIOTIN, Method 1 <."

[NoTE-Use low-actinic glassware throughout this
procedure.]

Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium
perchlorate, and 1 mL of phosphoric acid, and dilute with
water to 1000 mL.

Standard stock solution: 0.333 mg/mL of USP Biotin RS in
dimethyl sulfoxide

Standard solution: 5 I-Ig/mL of USP Biotin RS prepared by
diluting the Standardstocksolution in water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of powder, equivalent to a nominal amount of 1 mg
of biotin, to a 200-mL volumetric flask. Add 3 mL of
dimethyl sulfoxide, and swirl to wet the contents. Placethe
flask in a water bath at 60°-70° for 5 min. Sonicate for
5 min, dilute with water to volume, and filter.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 15-cm; 3-l-Im packing L7
Flow rate: 1.2 mL/min
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Calcium pantothenate solution: 10 ~g/mL of calcium
pantothenate in 50% alcohol. Store in a refrigerator.

Riboflavin-thiamine hydrochloride solution: 20 ~g/mL of
riboflavin and 10 uq/rn],of thiamine hydrochloride in
0.02 N acetic acid. Store under toluene, protected from
light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
mixtureof neutralized alcohol and water (1 :3). Store in a
refrigerator.

Salt solution A: Dissolve 25 g of monobasic potassium.
phosphate and 25 g of dibasic potassium phosphate in
water to make 500 mL. Add5 drops of hydrochloric acid.
Store under toluene. .

Salt solution B: Dissolve 109 of magnesiumsulfate, 0.5 g
of sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid, and mix. Store under toluene.

Basal medium stock solution: Dissolve the anhydrous
dextrose and anhydrous sodium acetate in the solutions
previously mixedaccordingto Table 1,and adjustwith 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Table 1

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous
I 59

Adenine-quanlne-uracll solution 5 mL

Calcium pantothenate solution 5mL

Riboflavin-thiamine hydrochloride solution 5mL

p-Al11inobenzoicacid-niacin-pyridoxine hydrochloride solu-
tion 5 mL

Salt solution A 5mL

Salt solution B 5mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100'mL ofwater. Add500 mg of anhydrous
dextrose, 500 mg ofanhydrous sodium acetate, and 1.5 g
of agar, and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portionsof the hot
solution to test tubes, closeor cover the tubes, sterilize in
an autoclave at 121°, and allow the tubes to cool in an
upright position. Preparestab cultures in 3 or more of the
tubes, using a pure culture of Lactobacillus plantarum, 1

incubating for 16-24 h at a temperature between 30° and
, 3JO held constant to within ±0.5°. Store in a refrigerator.

Preparea freshstab of the stockcultureeveryweek, and do
not usefor Inoculum ifthe culture ismore than 1 weekold.

Culture medium: Toeach ofa series oftest tubes containing
5.0 mL of Basal mediumstocksolutionadd 5.0 mL of water
containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclaveat 121°, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculumcomparable to a fresh culture.] Transfer
cells from the Stock cultureof Lactobacillus plantarum to a
steriletube containing 10 mL of Culture medium. Incubate

1 ATCC #8014 is suitable. This strain was formerly known as Lactobacillus
arabinosus 17-5.
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this culture for 16-24 h at a temperature between 30° and
3r held constant to within ±0.5°.Thecell suspension isthe
Inoculum.

Analysis
Samples: Standardsolutionand Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standardsolution. To
each tube and to 4 similar but empty tubes add 5.0 mL of
Basal mediumstock solutionand sufficient water to make
10 mL.

To similar test tubes add, in duplicate, volumesof the
Sample solution corresponding to 3 or more of the levels
specified for the Standardsolution, including the levels of
2.0, 3.0, and 4.0 mL. Toeach tube add 5.0 mL of the Basal
mediumstock solutionand sufficient water to make 10 mL.
Place one complete set of Standard and sample tubes
together inone tube rack and the duplicateset ina second
rackor section of a rack, preferably in random order.

Coverthe tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool. Add
1 drop of Inoculum to each tube, except 2 'of the 4 tubes
containing no Standardsolution (the uninoculated
blanks). Incubate the tubes at a temperature between 30°
and 37° held constant to within±0.5°until, following 16
24 h of incubation,there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents of each tube, and transfer to a
spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific
wavelength of 540-660 nm, and read the transmittance
when a steady state is reached. This steady state is
observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculatedblank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittancefor each of the remaining
tubes. Ifthere isevidenceof contaminationwith a foreign
microorganism, disregardthe resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the responsefrom the sum of the duplicate values of the
transmittance (~) as the difference, Y=2.00 -~. Plotthis
response on the ordinate of cross-section paper against
the logarithmof the milliliter of Standardsolutionper tube
on the abscissa, usingfor the ordinate either an arithmetic
or a logarithmic scale,whichever givesthe better
approximationto a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculatethe response, y, adding together the two

transmittancesforeach level ofthe Sample solution. Read
from the standard curvethe logarithmof the volume
of the Standardsolutioncorresponding to each of those
values of y that fall within the range of lowestand
highest points plotted for the Standard. Subtract from
each logarithmso obtained the logarithmofthe volume,
in mL, of the Sample solution to obtain the difference,
X, for each dosage level. Average theyalues ofXfor each
of 3 or more dosage levels to obtain X, which equals the
log-relative potency, M', of the Sample solution.

Determinethe quantity, in ~g, of USP Biotin RS
correspondingto the biotinineach mg of the portionof
Tablets taken:

antilog M = antilog (M' + log R)
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R = amount of biotin assumed to be present in each
mg in the portion of Tablets taken (lJg)

Replication: Repeatthe entire determination at leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Design andAnalysis of Biological Assays (111),
The Confidence Interval and Limitsof Potency). If the two
determinations differ by more than 0.08, conduct one or
more additional determinations. From the mean of 2 or
more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (ClOH16N203S)

• BIOTIN, Method 3
[NoTE-Use low-actinic glasswarethroughout this

procedure.]
Solution A: Transfer 800 mL of water and 100 mL of

triethylamine to a 1OOO-mL volumetric flask. Add 80 mL of
85% phosphoric acid, and dilute with water to volume.

Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of
Solution A to a 1OOO-mL volumetric flask. Dilute with water
to volume.

Standard solution: 0.6 IJg/mL of USP Biotin RS in water.
[NOTE-A portion of the Standardsolutionwill be used to
determine the percent recovery of biotin from the
Solid-phase extraction procedure.]

Sample solution: Finely powder NLT 20 Tablets. Transferan
amount of powdered Tablets to a volumetric flask to
obtain a nominal concentration of 0.61Jg/mL of biotin. Add
water up to 80% of the flask capacity, and sonicate for 30
40 min, with occasional'mixing, to dissolve. Dilute with
water to volume, and filter. Adjust the pH of the solution
with either diluted acetic acid or 0.1 N sodium hydroxide
to 6.0-7.0.

Solid-phase extraction: [NoTE-Condition the extraction
.colurnn specified in-this procedure in the following manner.
Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] 'Separately pipet
5.0 mL of the Sample solution and Standardsolution into
freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent massof
60 mg. [NOTE-The mixed-mode packing consists of
anion-exchange and reversed-phase sorbents. The
reverse-phase component is a copolymer
N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino qroup."]
Wash the column with 10 mL of 30% (v/v) methanol in

water. Apply an appropriate volume (4.9 mL) of 30%
(v/v) methanol in 0.1 N hydrochloric acid to the column.
Collect the eluate in a 5-mL volumetric flask, containing
100 IJL of 40% (w/v) sodium acetate in water, and dilute
with 30% (v/v) methanol in 0.1 N hydrochloric acid to
volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 IJL

System suitability
Samples: Standardsolution and a portion of Standard

solution that has undergone Solid-phase extraction

2 Asuitable cartridge is the Waters Oasis MAX VacRC cartridge, particle
size 30 IJm, part #186000371.
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Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard

solution and Standardsolution that has undergone
Solid-phase extraction

Recovery: 95%-100%, Standard solution that has
undergone Solid-phase extraction

Analysis .
Samples: Standardsolution and Sample solution that have

both undergone Solid-phase extraction
Measure the responses for the biotin peak.
Calculate the percentage of the labeled amount of biotin

(ClOH16N203S) in the portion of Tablets taken:

Result=(rvlrs) x (CsICv) x 100

to = peak response from the Sample solution
ts = peak response from the Standard solution
Cs =concentration of USP Biotin RS in the Standard

solution (lJg/mL)
Cv = nominal concentration of biotin in the Sample

solution (lJg!mL)

Acceptance criteria: 90.0%-150.0% of the labeled amount
of biotin (ClOH16N203S)

• CYANOCOBALAMIN, Method 1
. [NoTE-Use low-actinic glasswarethroughout this

procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 IJg/mL of USP

Cyanocobalamin RS in water. [NOTE-Store in a dark place,
and discard after 1 week.]

Standard solution: 1 IJg/mL of USP Cyanocobalamin RS
from the Standardstocksolution diluted with water

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
100 IJg of cyanocobalamin, to a 250-mL flask.
Quantitatively add 100.0 mL of water, and carefully extract
for 2 min. Filter 10 mL of the extract, and use the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate

the percentage of the labeled amount of cyanocobalamin
(C63H88CoN14014P) in the portion of Tablets taken:

Result= (rv/rs) x (CsiCv) x 100

ru = peak response of cyanocobalamin from the
Sample solution

rs = peak response of cyanocobalamin from the
Standardsolution

Cs = concentration of USP Cyanocobalamin RS in the
Standardsolution (lJg/mL)

Cu =nominal concentration of cyanocobalamin in the
Sample solution (~g/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of cyanocobalamin (C63H88CoN14014P)
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• CYANOCOBALAMIN, Method 2
[NoTE-Use low-actinic glassware throughout this

procedure.]
Standard cyanocobalamin stock solution: 1.0 I-Ig/mL of

USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.

Standard solution: Dilute a suitable volume of Standard
cyanocobalamin stock solution with water to a measured
volume such that after the incubation period as directed
in the Analysis, the difference in transmittance between the
inoculated blank and the 5.0-mL level of the Standard
solution is NLT that which corresponds to a difference of
1.25 mg in dried cell weight. This concentration usually falls
between 0.01 and 0.04 ng/mL of Standard solution. Prepare
this solution fresh for each assay.

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powdered Tablets, equivalent to a nominal
amount of 1.0 I-Ig of cyanocobalamin, to an appropriate
vessel containing, for each gram of powdered Tablets
taken, 25 mL of an aqueous extracting solution prepared
just before use to contain, in each 100 mL, 1.29 g of dibasic
sodium phosphate, 1.1 g of anhydrous citric acid, and 1.0 g
of sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved particles of the extract to
settle, and filter or centrifuge if necessary. Dilute an aliquot
of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal
activity of the Standard solution.

Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free
casein with 500 mL of 6 N hydrochloric acid, and reflux the
mixture for 8-12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water,
adjust the solution with l'N sodium hydroxide to a pH of
3.5 ± ,0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the
treatment with activated charcoal. Store under toluene in a
cool place at a temperature NLT 10°. Filter the solution if a
precipitate forms durirJ.g storage.

Asparagine solution: Dissolve2.0 g of L-asparaginein water
to make 200 mL. Store under toluene in-a refrigerator.

Adenine-guanine-uracil solution: Dissolve 200 mg each
of adenine sulfate, guanine hydrochloride, and uracil, with
the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
and dilute with water to 200 mL. Store under toluene in a
refrigerator. .,

Xanthine solution: Suspend 0.20 g of xanthine in 30-
40 mL of water, heat 'to70°, add 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and
dilute with water to 200 mL. Store under toluene in a
refrigerator.

Salt solution A: Dissolve 109 of monobasic potassium
phosphate and 109 of dibasic potassium phosphate in
water to make 200 mL, and add 2 drops of hydrochloric
acid. Store this solution under toluene.

Salt solution B: Dissolve4.0 g of magnesium sulfate, 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of
manganese sulfate in water to make 200 mL. Add 2 drops
of hydrochloric acid. Store this solution under toluene.

Polysorbate 80 solution: Dissolve20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator.

Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of
thiamine hydrochloride, 100 I-Ig of biotin, and 20 mg of
niacin in 0.02 N glacial acetic acid to make 400 mL. Store
under toluene, protected from light, in a refrigerator.

Vitamin solution B: Dissolve 20 mg ofp-aminobenzoic
acid, 10 mg of calcium pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of
pyridoxamine dihydrochloride, and 2 rng of folic acid in a

USP 43

mixture of water and neutralized alcohol (3:1) to make
400 mL. Store, protected from light, in a refrigerator.

Basal medium stock solution: Prepare the medium
according to the following formula and directions. A
dehydrated mixture containing the same ingredients may
be used provided that, when constituted asdirected in the
labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully

dissolving cystine and tryptophan in the hydrochloric acid
before adding the next 8 solutions in the resulting
solution. Add 100 mL of water, and dissolve the dextrose,
sodium acetate, and ascorbic acid. Filter, if necessary.
Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of between 5.5 and 6.0, and dilute with
Purified Water to 250 mL.

Table 2

L-Cystine 0.1 9

L-Tryptophan 0.05 9

1 N hydrochloric acid 10 mL

Adenine-guanine-uracil solution 5 mL

Xanthine solution 5mL

Vitamin solution A 10 mL

Vitamin solution B 10mL

Salt solution A 5 mL

Salt solution B 5 mL

Asparagine solution 5 mL

Acid-hydrolyzed casein solution 25 mL

Dextrose, anhydrous 10 9

Sodium acetate, anhydrous 5g

Ascorbic acid 1 9

Polysorbate 80 solution 5 mL

Tomato juice preparation: Centrifuge commercially
canned tomato juice so that most of the pulp is removed.
Suspend 5 giL of analytical filter aid in the supernatant and
pass, with the aid of reduced pressure, through a layer of
the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a
refrigerator.

Culture medium: [NOTE-A dehydrated mixture containing
the same ingredients may be used provided that, when
constituted asdirected in the labeling, it yields a medium
equivalent to that obtained from the formula given
herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of
monobasic potassium phosphate in 60-70 mL of water.
Add 10 mL of Tomato juice preparation and 1 mL of
PolY$orbate 80 solution. Adjustwith 1 N sodium hydroxide
to a pH of 6.8, and dilute with water to 100 mL. Place10-mL
portions of the solution in test tubes, and plug with cotton.
Sterilize the tubes and contents in an autoclave at 121° for
15 min. Cool asrapidly aspossible to avoid color formation
resulting from overheating the medium.

Suspension medium: Dilute a measured volume of Basal
medium stock solution with an equal volume of water. Place
1O-mL portions of the diluted medium in test tubes.
Sterilize, andcool as directed for Culture medium.

Stock culture of Lactobacillus leichmannii: To 100 mL of
Culture mediumadd 1.0-1.5 g of agar, and heat the mixture
on a steam bath, with stirring, until the agar dissolves.Place
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1O-mL portionsofthe hot solutionintotest tubes, coverthe
tubes, sterilize at 121° for 15 min in an autoclave(exhaust
linetemperature), and allowthe tubes to cool inan upright
position. Inoculate 3 or more of the tubes by stab transfer
of a pure culture of Lactobacillus letcnmanntl?
[NoTE-Before first using a fresh culture in this assay, make
NLT 10 successive transfers of the culture in a 2-week
period.] Incubatefor16-24 h at a temperature between 30°
and 40° held constant to within ±0.5°. Store in a
refrigerator.
Prepare fresh stab culturesat least 3 times each week, and

do not use them for preparing the Inoculum ifmore than
4 days old. The activity of the microorganism can be
increased by dailyor twice-daily transferof the stab
culture, to the point where definite turbidity in the liquid
Inoculum can be observed 2-4 h after inoculation. A
slow-growing culture seldom givesa suitable response
curve and may lead to erratic results.

Inoculum: [NOTE-A frozen suspensionof Lactobacillus
leichmanniimay be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.] Transfer
cells from the Stock cultureofLactobacillus leichmanniito 2
sterile tubes each containing 10 mL of the Culture medium.
Incubate these culturesfor 16-24 h at a temperature
between 30° and 40° held constant to within ±0.5°. Under
aseptic conditions centrifuge the cultures, and decant the
supernatant. Suspend the cells from the culture in 5 mL of
sterileSuspension medium, and combine. Using sterile
Suspension medium, adjust the volumeso that a l-in-20
dilution in salineTS produces 70% transmittance when
read on a suitablespectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 1O-mm cell, and
read against salineTS set at 100% transmittance. Preparea
l-in-400 dilution of the adjusted suspension using Basal
mediumstock solution. [NOTE-This dilution may be altered,
when necessary, to obtain the desired test response.] The
cell suspension is the Inoculum.

Calibration of spectrophotometer: Checkthe wavelength
of the spectrophotometer periodically, using a standard
wavelengthcell or other suitabledevice.Before readingany
tests, calibratethe spectrophotometerfor 0% and 100%
transmittance, using water and with the wavelength set at
530 nm.

Analysis
Samples: Standa~d solution and Sample solution
Because of the high sensitivity of the test organismto

minute amounts ofvltarnln B12 activity and to traces of
many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250° for 2 h,
using hard-glass 20-mm x 150-mm test tubes and other
necessary glassware.

To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0,
4.0, and 5.0 mL of the Standardsolution. To each of these
tubes and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solutionand sufficient water to make10 mL.

To similar separate test tubes add, in duplicate, 1.0, 1.5,
2.0, 3.0, and 4.0 mL of the Sample solution. To each tube
add 5.0 mL of Basal mediumstocksolutionand sufficient
water to make 10 mL. Place one complete set of Standard
and sample tubes together in one tube rackand the
duplicate set in a second rackor section of a rack,
preferably in random order.

Coverthe tubes to prevent bacterial contamination, and
sterilize in an autoclave at 121° for 5 min, arranging to
reach this temperature in NMT 10 min by preheating the
autoclaveifnecessary. Coolas rapidly as possible to avoid

3 Pureculturesof Lactobacillus leichmannii (listedas Lactobacillus delbruekil)
may be obtained as No. 7830 from ATCC, 10801 University Blvd.,
Manassas, VA 20110-2209 (www.atcc.org).
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colorformation resulting from overheating the medium.
Take precautionsto maintain uniformity of sterilizing and
coolingconditionsthroughout the assay, becausepacking
the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so
prepared, except 2 of the 4 containing no Standard
solution(the uninoculated blanks). Incubatethe tubes at a
temperature between 30° and 40°, held constant to
within ±0.5°,for 16-24 h.

Terminategrowth by heating to a temperature NLT 80°for
5 min. Cool to room temperature. After agitating
contents, placethe container ina spectrophotometer that
has been set at a wavelength of 530 nm, and read the
transmittance when a steady state is reached. This steady
state isobserved a few seconds after agitation when the
reading remains constant for 30 s or more. Allow
approximately the same time interval for the reading on
each tube.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of the inoculated blank. If
the difference isgreater than 5%, or ifthere isevidence of
contamination with a foreign microorganism, disregard
the results of the assay.

With the transmittance set at 100% for the uninoculated
blank, read the transmittance of each of the remaining
tubes. Disregard the results of the assayifthe slopeof the
standard curve indicatesa problem with sensitivity.

Calculation: Preparea standard concentration-response
curvebythe following procedure.Testfor and replaceany
aberrant individual transmittances. Foreach level of the
Standard, calculate the responsefrom the sum of the
duplicate values of the transmittances (2:) as the
difference, y= 2.00 - 2:. Plotthis responseon the ordinate
of cross-section paper against the logarithmof the
milliliter of Standardsolution per tube on the abscissa,
usingfor the ordinate either an arithmeticor a logarithmic
scale,whichevergivesthe better approximationto a
straight line. Drawthe straight lineor smooth curvethat
best fits the plotted points.
Calculate the response, y, adding together the two

transmittancesfor each level ofthe Sample solution. Read
from the standard curve the logarithmof the volume
of the Standardsolution corresponding to each of those
values of y that falls within the range of the lowestand
highest points plotted for the Standard. Subtractfrom
each logarithmso obtained the logarithmofthe volume,
in mL, of the Sample solution to obtain the difference,
X, foreach dosage level. Average theyalues of Xforeach
of 3 or more dosage levels to obtain X, which equalsthe
log-relative potency, M', of the Sample solution.

Determinethe quantity, in I-Ig, of USP Cyanocobalamin RS
correspondingto the cyanocobalamin ineach mg of the
portion of Tabletstaken:

antilog M =antilog (M' + log R)

R = amount of cyanocobalamin assumed to be
present ineach mg inthe portion ofTablets taken
(1-1g)

Replication: Repeatthe entire determinationat leastonce,
usingseparately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potency of the test
material (see Design and Analysis ofBiological Assays (111 ),
The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or
more additionaldeterminations. Fromthe mean of 2 or
more values of M that do not differ by more than 0.15,
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Table 3

• CALCIUM PANTOTHENATE, Method 2
Standard stock sol~Jig~.:/(.~.if;~~lye 50 mg of USP Calcium

Pantothenate RS~~(iJ$P(it~aY~.20~() in 500 mL of water in a
1OOO-mL volumetric flask. Add 10 mL of 0.2 N acetic acid
and 100 mL of sodium acetate solution (1 in 60), and dilute
with water to volume to obtain a concentration of 50
~g/mL of USP Calcium Pantothenate RS. Store under
toluene in a refrigerator.

Standard solution: On the day of the assay, dilute avolume
of Standard stock solution with water to obtain a
concentration of 0.01-0.04 ~g/mL of calcium
pantothenate, the exact concentration being such that the
responses obtained as directed in Analysis, 2.0-4.0 mL of
the Standard solution being used, are within the linear
portion of the log-concentration responsecurve.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
50 mg of calcium pantothenate, to a 1OOO-mL volumetric
flask containing 500 mL of water. Add 10 mL of 0.2 N acetic
acid and 100 mL of sodium acetate solution (16.66 mg/
mL), dilute with water to volume, and filter. Dilute avolume
of this solution to obtain a solution with approximately the
same concentration as that of the Standard solution.

Acid-hydrolyzed casein solution: Prepare asdirected in
Cyanocobalamin, Method 2.

Cystine-tryptophan solution: Suspend4.0 9 of L-cystine
and 1.0 9 of L-tryptophan (or 2.0 9 of o,L-tryptophan) in
700-800 mL of water, heat to 70°-80°, and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the
solids are dissolved. Cool, and dilute with water to
1000 mL. Store under toluene ina cool place ata
temperature NLT 10°.

Adenine-guanine-uracil solution: Prepare as directed in
Cyanocobalamin, Method 2.

Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in
alcohol .

Riboflavin-thiamine hydrochloride-biotin solution: 20
~g/mL of riboflavin, 10 ~g/mL of thiamine hydrochloride,
and 0.04 ~g/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride
solution: 10 ~g/mL of p-aminobenzoic acid, 50 ~g/mL of
niacin, and 40 ~g/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a
refrigerator.

Salt solution A: Dissolve25 9 of monobasic potassium
phosphate and 25 9 of dibasic potassium phosphate in
water to make 500 mL. Add 5 drops of hydrochloric acid.
Store under toluene.

Salt solution B: Dissolve109 of magnesium sulfate, 0.5 9
of sodium chloride, 0.5 9 of ferrous sulfate, and 0.5 9 of
manganese sulfate in water to make 500 mL. Add 5 drops
of hydrochloric acid. Store under toluene.

Basal'medium stock solution: Dissolve the anhydrous
dextrose and anhydrous sodium acetate in the solutions
previously mixed according to Table 3, and adjust with 1 N
sodium hydroxide to a pH of 6.8. Dilute with water to
250 mL.

Acid-hydrolyzed casein solution 25 mL

Cystine-tryptophan solution 25 mL

Polysorbate 80 solution 0.25 mL

Dextrose, anhydrous 10 9

Cu

=peak response ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Sample solution

= peak response ratio of calcium pantothenate to
p-hydroxybenzoic acid from the Standard
solution

= concentration of USP Calcium Pantothenate RS in
the Standard solution (mg/mL)

= nominal concentration of calcium pantothenate
in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (C18H32CaN201O)

compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of cyanocobalamin (C63H88CoN14014P)

• FOLIC ACID, Method 1
...Proceed qsd

"P(ocediJre 1. , ,oj
Acceptance criteria: 90.0%-150.0% of the labeled amount

of folic acid (C19H19N706)

• FOLIC ACID, Method 2
~p -a
if!/"~ .' , )

Acceptance criteria: '90.0%-150.0% of the labeled amount
of folic acid (C19H19N706)

• CALCIUM PANTOTHENATE, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic

acid in 3 mL of alcohol. Add 50 mL of water and 7.1 9 of
dibasic sodium phosphate, and dilute with water to
1000 mL. Adjust with phosphoric acid to a pH of 6.7.

Standard solution: 0.6 mg/mL of USP Calcium
Pantothenate RS in Internal standard solution

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
15 mg of calcium pantothenate, to a centrifuge tube. Add
25;0 mL of the Internal standard solution, and shake
vigorously for 10 min. Centrifuqe, filter, and use the clear
filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm x 1-S-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 ~L

System suitability
-Sample: Standard solution

[NoTE-The relative retention times for calcium
pantothenate an,p p-hydroxybenzoic acid are about
0.5 and 1.0, respectively.] "

Suitability requirem.ents
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and

the internal standard. Calculate the percentage of the
labeled amount of calcium pantothenate
(C18H32CaN2010) in the portion of Tablets taken:

Result=(Ru/Rs) x (Cs/Cu) x 100

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

Table 3 (continued)

Sodium acetate, anhydrous 59

Adenine-guanine-uracil solution 5 mL

Riboflavin-thiamine hydrochloride-biotin solution 5mL

p-Aminobenzoic acid-niacin-pyridoxine hydrochloride solu-
5 mLtion

Salt solution A 5 mL

Salt solution B 5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of
yeast extract in 100 mL ofwater; add 500 mg of anhydrous
dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g
ofagar; and heat the mixtureon a steam bath, withstirring,
until the agar dissolves. Add 1O-mL portions of the hot
solution to the test tubes, closeor cover the tubes, sterilize
in an autoclaveat 121°, and allowthe tubes to cool in an
upright position. Prepare stab cultures in 3 or more of the
tubes, using a pure culture of Lactobacillus plantarum, 1

incubating for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°. Store in a refrigerator.
Preparea freshstab of the stockculture everyweek, and do
not usefor Inoculum ifthe culture is more than 1 weekold.

Culture medium: Toeach ofa seriesof test tubes containing
5.0 mL of Basal medium stock solution add 5.0 mL of water
containing 0.2 IJg of calcium pantothenate. Plug the tubes
with cotton, sterilize in an autoclave at 121°, and cool.

Inoculum: [NOTE-A frozen suspension of Lactobacillus
plantarum may be used as the stock culture, provided it
yields an Inoculum comparable to a fresh culture.]Transfer
cells from the Stock culture of Lactobacillus plantarum toa
steriletube containing "f0 mL of Culture medium. Incubate
this culture for 16-24 h at a temperature between 30° and
37° held constant to within ±0.5°.The cellsuspensionisthe
Inoculum.

Analysis
,Samples: Standardsplution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or

1.5, 2.0, 3.0, 4.0, and 5.0 rnl, of the Standardsolution. To
each tube and to 4 similar but empty tubes add 5.0 mLof
Basal medium stock solutionand sufficient water to make
10 mL.

To similar separate test tubes add, in duplicate, volumes
of the Sample solutioncorresponding to 3 or more of the
levels specified for the Standard solution, including the
levels of 2.0, 3.0, ana 4.0 mL. To each tube add 5.0 mL
of the Basal medium stock solution and sufficientwater to
make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rackand the duplicate
set in a second rackor section of a rack, preferably in
random order.

Cover the tubes of both series to prevent contamination,
and sterilize in an autoclave at 121° for 5 min. Cool, and
add 1 drop of Inoculum to each tube, except 2 of the 4
tubes containing no Standard solution (the uninoculated
blanks). Incubatethe tubes at a temperature between 30°
and 37°,heldconstant to within±0.5°until,following 16
24 h of incubation,there has been no substantial increase
in turbidity in the tubes containing the highest level of
Standard during a 2-h period.

Determine the transmittance of the tubes in the following
manner. Mix the contents ofeach tube, and transferto an
optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific
wavelength between 540 and 660 nm, and read the
transmittance when a steady state is reached. This steady
state isobserved a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more.
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Allow approximatelythe same time interval for the
reading on each tube.

With the transmittance set at 1.00 for the uninoculated
blank, read the transmittance of the inoculated blank.
With the transmittance set at 1.00 for the inoculated
blank, read the transmittancefor each of the remaining
tubes. If there isevidenceofcontaminationwith a foreign
microorganism, disregard the resultof the assay.

Calculation: Preparea standard concentration-response
curve as follows. Foreach level of the Standard, calculate
the response from the sum of the duplicate values of the
transmittance (1:) as the difference, y = 2.00 - 1:. Plotthis
response on the ordinate of cross-section paper against
the logarithmof the milliliter of Standard solutionper tube
on the abscissa, usingfor the ordinateeitheran arithmetic
or a logarithmicscale,whichever gives the better
approximation to a straight line. Drawthe straight lineor
smooth curve that best fits the plotted points.
Calculatethe response, y, adding together the two

transmittancesfor each level ofthe Sample solution. Read
from the standard curve the logarithm of the volume
of the Standardsolutioncorrespondingto each of those
valuesof y that fall within the range of the lowestand
highest points plotted for the Standard. Subtractfrom
each logarithmso obtained the logarithm ofthe volume,
in mL, of the Sample solutionto obtain the difference,
X,for each dosage level. Average theyalues of Xfor each
of 3 or more dosage levels to obtain X, whichequals the
log-relative potency, M', of the Sample solution.

Determine the quantity, in mg, of USP Calcium
Pantothenate RS corresponding to the calcium
pantothenate in each mg of the portion of Tablets
taken:

antilog M =antilog (M' + log R)

R =amount of calcium pantothenate assumed to be
present ineach mg inthe portionofTablets taken
(mg)

Replication: Repeatthe entiredeterminationat leastonce,
using separately prepared Sample solutions. If the
difference between the two log-potencies Mis NMT 0.08,
their mean, M, is the assayed log-potencyof the test
material(see Design andAnalysis ofBiological Assays (111),
The Confidence Intervaland Limits ofPotency). If the two
determinations differ by more than 0.08, conduct one or
more additional determinations. From the mean of 2 or
more valuesof M that do not differ by more than 0.15,
compute the mean potency of the preparation under
assay.

Acceptance criteria: 90.0%-150.0% of the labeled amount
of calcium pantothenate (C,sH32CaN20 ,o)

• CAI.CIUM PANTOTHENATE, Method 3
, Buffer solution: 5.0 mg/mL of monobasicpotassium

phosphate in water. Adjust with phosphoricacid to a pHof
3.5.

Mobile phase: Methanol and Buffer solution (1 :9)
Standard stock solution: 0.25 mg/mLof USP Calcium

Pantothenate RS in water. Prepare fresh every4 weeks.
Store in a refrigerator.

Standard solution: 40 IJg/mL of USP Calcium
Pantothenate RS from Standard stock solutiondiluted with
water

Sample solution: Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalentto a nominal amount of
10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add10 mL of methanol, and swirl the flask to disperse.
Dilute with water to volume, mix, and filter.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm x 30-cm; 5-lJm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 IJL

System sultablllty
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standard solutionand Sample solution
Measure the peak areas for calcium pantothenate. Calculate

the percentage of the labeled amount of calcium
pantothenate (ClsH32CaN2010) in the portion of Tablets
taken:

Result= (rulrs) x (CslCu) x 100

ru =peak area from the Sample solution
rs =peak area from the Standard solution
Cs =concentration of USP Calcium Pantothenate RS in

the Standardsolution(mg/mL)
Cu =nominal concentration of calcium pantothenate

,in the Sample solution(mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of calcium pantothenate (ClsH32CaN201O)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method J
[NoTE-Use low-actinic glassware throughoutthis

procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water

(5:1 :94) - -,'
Mobile phase: A mixture of methanol, glacial acetic acid,

and water (27:1 :73) containing .140 m~fof sodium
1-hexanesulfonate per 100 mL

Standard solution: [NOTE-Use USP Niacin RS in place of
USP Niacinamide RS for formulations containing niacin.]
Transfer 80 mg of ysP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS,
and 20 mg of USP Thiamine Hydrochloride RS to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°-70° for 10 min
with regular shaking, or using a vortex mixer, until all the
solid materials are dissolved. Chill rapidly in a cold water
bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: Finely powder NLT 30 Tablets. Transfer a
portion of the powder, equivalent to a nominal amount of
10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a
50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the
powder. Immerse the centrifuge tube in a hot water bath
maintained at 65°-70°, heat for 5 min, and mix on a vortex
mixer for 30 s. Return the tube to the hot water bath, heat
for another 5 min, and mix on a vortex mixer for 30 s.
Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [NOTE-Use the filtrate within 3 h
of filtration.]

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC

USP 43

Detector: UV 280 nm
Column: 3.9-mm x 30-em; packing L1
Flow rate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
Irlt£~fl~gifl~~l~

Suitability requirements
Relative standard deviation: NMT 3.0%

Analysis
Samples: Standardsolutionand Sam Iesolution

labeled amount
of

)
Acceptance criteria: 90.00/0-150.0%of the labeled amount

of niacin (C6HsN02)

• NIACINAMIDE, Method 2

Acceptance criteria: 90.0%-150.0% of the labeled amount
of niacinamide (C6H6N20)

• PYRIDOXINE HYDROCHLORIDE, Method 2
[NOTE-Use low-actinic glassware throughout this

procedure.]
Extraction solvent, Mobile phase, and Sample solution:

Prepare as directed in Niacin, Method2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine

Hydrochloride RS in Extraction solvent '
Standard solution: Transfer 5.0 mL of Standard stock

solution to a 25-mL volumetric flask, and dilute with
Extraction solventto volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 IJL
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acid (9:1) and 30.0 mL of a mixture of methanol and
ethylene glycol (1:1). Insert the stopper, shake for 15 min
in a water bath maintained at 60°, and cool. Filter,
discarding the first few milliliters of the filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm x 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Sam les: Standardsolution and Sam Iesolution

Acceptance criteria: 90.0%-150.0% of the labeled amount
of riboflavin (C17HzoN406)

• RIBOFLAVIN, Method 2
~R.

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areas for pyridoxine. Calculate the

percentage of the labeled amount of pyridoxine
hydrochloride (C8H" N03 • HCI) in the portion of Tablets
taken:

Result=(ru/rs) x (Cs/Cu) x 100

ru =peak area of pyridoxine from the Sample solution
ts =peak areaof pyridoxine from the Standardsolution
Cs =concentration of USP Pyridoxine

Hydrochloride RS in the Standardsolution
(mg/mL)

Cu = nominal concentration of pyridoxine
hydrochloride in the Sample solution (mg/mL)

Acceptance criteria: 90.00/0-150.0% of the labeled amount
of pyridoxine hydrochloride (C8H"N03 • HCI)

• NIACIN OR NIACINAMIDE, PYRIDOXINE HYDROCHLORIDE,
RIBOFLAVIN, and THIAMINE, Method 3
[NoTE-Use low-acjlnk glassware throughout this

procedure.] -
Reagent: 25 mg/mL.Qf.edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of

glacial acetic acid, and 350 ml of methanol to a 2000-mL
volumetric flask. Dilute with 0.008 M sodium
1-hexanesulfonate to volume.

Standard stock solution: 1.5 mg/mL of USP Niacin RS or
USP Niacinamide RS, 0.24 mg/mL of USP Pyridoxine
Hydrochloride RS, 0.08 mg/ml of USP Riboflavin RS, and
0.24 mg/mL of USP Thiamine Hydrochloride RS in Reagent,
with heating if necessary

Standard solution: Transfer 5.0 ml of Standardstock
solution to a stoppered 125-mLflask. Add 10.0 mL of a
mixture of methanol and glacial acetic acid (9:1) and
30.0 mL of a mixture of methanol and ethylene glycol (1:1).
Insert the stopper, shakefor 15 min in a water bath
maintained at 60°, and cool. Filter, discarding the first few
milliliters of the filtrate.

Sample solution: Weigh and finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to a nominal
amount of 7.5 mg of niacin or niacinamide, 1.2 mg of
pyridoxine hydrochloride, 0.4mg of riboflavin, and 1.2 mg
of thiamine hydrochloride, to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic
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C

C =measuredconcentration of calcium in the Sample
solution (lJg/ml)

=nominal concentration of calcium in the Sample
solution (lJg/ml)

Acceptance criteria: 90.00/0-125.0%of the labeled amount
of calcium (Ca)

• CHROMIUM, Method 1
Chromium standard solution: 1000 IJg/mL of chromium

from potassium dichromate, previously dried at 120 0 for
4 h, in water. Store in a polyethylene bottle..

Standard stock solution: 10 IJg/mL of chromium from
Chromium standardsolution diluted with 6 N hydrochloric
acid and water (1 in 20)

Standard solutions: Transfer 10.0 and 20.0 mL of the
Standardstock solution to separate 1OO-mL volumetric
flasks and transfer 15.0 and 20.0 mL of the Standardstock
soluti~n to separate50-ml volumetric flasks. Dilute the
contents of each of the 4 flasks with 0.125 N hydrochloric
acid to volume to obtain concentrations of 1.0, 2.0, 3.0,
and 4.0 IJg/mL of chromium.

Sample solution: Prepareasdirec.ted in Calcium, Method 1,
except obtain 1 pq/rnl, of chromium and omit the useof
the Lanthanumchloride solution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Chromium emission line at

357.9 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Samp/~ solutio~

Determine the absorbances of the solutions against the
Blank. Plot the absorbances of the Standardsolutions
versusthe concentration, in IJg/mL,of chromium, and
draw the straight line best fitting the 4 plotted points.
From the graph, determine the concentration (C), in
IJg/mL of chromium in the Sample solution.

Calculate the percentage of the labeled amount of
chromium (Cr) in the portion of Tablets taken:

graph, determine the concentration (C), in IJg/ml of
calcium in the Sample solution.

Calculate the percentage of the labeled amount of calcium
(Ca) in the portion of Tablets taken:

Result=(C/Cu) x 100

Result=(C/Cu) x 100

= measured concentration of chromium in the
Sample solution (lJg/m L)

=nominal concentration of chromium in the
Sample solution (lJg/ml)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of chromium (Cr)

• COPPER, Method 1
Copper standard solution: Dissolve 1.00 s of co~p~r fo~1

in a minimum volume of a 50% (v/v) solution of nltric acld,
and dilute with a 1% (v/v) solution of nitric acid to 1000 ml.
This solution contains 1000 IJg/mL of copper.

Standard stock solution: 100 IJg/mL of copperfrom Copper
standard solution diluted with 0.125 N hydrochloric acid

Standard solutions: To separate 200-ml volumetric flasks
transfer 1.0, 2.0, 4.0, 6.0, and 8.0 mL of the Standardstock
solution. Dilute with water to volume to obtain

[NoTE-Commeraally availabl~ atomic absorptio~
standard solutions for the minerals, where applicable,
may be used where preparation ~f a Standard stock
solution is described in the following assays. Use
deionized water where water isspecified. Where atomic
absorption spectrophotometry is specified in the assay,
the Standardsolutionsand the Sample solutionmay be
diluted quantitatively w!th the so~vent specified, if.
necessary, to yield solutions of ~ultable concentrations
adaptable to the linear or working range of the
instrument.]

• CALCIUM, Method J
Lanthanum chloride solution: 267 mg/mL of lanthanum

chloride heptahydrate in 0.125 N hydrochlori.c acid.
Calcium standard solution: 400 IJg/mLof calcium. Dissolve

1.001 9 of calcium carbonate, previously dried at 3000 for
3 h and cooled in a desiccator for 2 h, in 25 ml of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute
with water to 1000 ml.

Standard stock solution: 100 IJg/ml of calcium from
Calcium standard solution diluted with 0.125 N
hydrochloric acid .

Standard solutions: Into .separate 1OO-mL volumetric flasks
pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standardst?ck
solution. To each flask add 1.0 ml of Lanthanum chlotide
solution, and dilute with water to volume to obtain
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 IJg/ml of
calcium. .

Sample solution: Finely powder NlT 20 Tablets. Transfer a
portion of the,Powder, equivale~t to.5Jab.lets, to a
porcelain crucible. Heat the crucible In a muffle furnace
maintained at 550 0 for 6-12 h, and cool. Add 60 ml of
hydrochloric acid, and boil gently on a hot plate 'or steam
bath for 30 min, intermittently rinsing the inner surface of
the crucible with 4 N hydrochloric acid. Cool, and
quantitatively transfer the ~oiitents of t~e cru~ible to a
1OO-ml volumetric flask. Rinse the crucible With small
portions of 6 N hydrochloric acid, and add.the ri~sings .to
the flask. Dilute with water to volume, and filter, discarding
the first 5 ml of the filtrate. Dilute this solution,
quantitatively, with 0.125 N hydrochloric .acid to o~tain a
nominal concentration of 2 IJg/mL of calcium, adding
1 ml of Lanthanumchloride solutionper 100 mL of the final
volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Calcium emission line at

422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mlof

Lanthanumchloride solution per 100 mL
Analysis

Samples: Standardsolutions and Samp/~ solutio~

Determine the absorbancesof the solutions against the
Blank. Plot the absorbancesof the Standard solutions
versus the concentration, in IJg/ml, of calcium, and draw
the straight line best fitting the 5 plotted points. From the
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concentrations of 0.5, 1.0,2.0, 3.0, and 4.0 IJg/mL of
copper.

Sample solution: Prepare asdirected in Calcium, Method 7,
except obtain 2 IJg/mL of copper and omit the use of the
Lanthanum chloride solution.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in IJg/mL, of copper, and draw
the straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in IJg/mL of
copper in the Sample solution.

Calculate the percentage of the labeled amount of copper
(OJ) in the portion of Tablets taken: '.

Result=(C/ Cu) x 100

C =measured concentration of copper in the Sample
solution (lJg/mL)

Cu = nominal concentration of copper in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of copper (Cu)

• FLUORIDE, Method 1
[Nort--Store all solutions in plastic containers.]

3 M sodium acetate solution: Dissolve408 g of sodium
acetate in 600 mL of water in a 1OOO-mL volumetric flask.
Allow the solution to equilibrate to room temperature, and
dilute with water to volume. Adjust with a few drops of
acetic acid to a pH qf 7.0.

Sodium citrate solution: Dissolve222 g of sodium citrate
in 250 ml of water in a 1OOO-mLvolumetric flask. Add
28 mL of perchloric acid, and dilute with water to volume.

Fluoride standard stock solution: 500 IJg/mL of fluoride
. from a quantity of sodium fluoride, previously dried at 100 0

for 4 h and cooled in a desiccator in water .
Intermediate stock' solution A: 100 IJg/mL of fluoride from

Fluoride standard stocksolution diluted with water
Intermediate stock solution B: 10 IJg/mL of fluoride from

Fluoride standard stocksolution diluted with water
Standard solutions: To 5 separate 1OO-mL volumetric flasks

transfer 3.0, 5.0, and 10.0 mL of Intermediate stock solution
Band 5.0 and 10.0 ml of Intermediate stock solution A. To
each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and
10.0 IJg/mL of fluoride.

Sample solution: Transfer a quantity of the finely powdered
Tablets, equivalent to a nominal amount of 200 IJg of
fluoride, to a 1OO-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 ml of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution, and dilute with
water to 100 mL.

Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a

plastic-coated stirring bar, transfer 50.0 ml each of the
Standard solutions and the Sample solution. Measure the
potentials (see pH(791», in mV, of the Standard solutions

USP43

and the Sample solution with a pH meter capable of a
minimum reproducibility of ±0.2 mVand equipped with a
fluoride-specific ion-indicating electrode and a calomel
reference electrode. [NoTE-When taking measurements,
immerse the electrodes in the solution, stir on a magnetic
'stirrer with an insulated top until equilibrium is attained
(1-2 min), and record the potential. Rinse and dry the
electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]

Plot the logarithms of fluoride concentrations, in IJg/mL,
of the Standard solutions versus the potential, in mV.From
the standard response curve and the measured potential
of the Sample solution, determine the concentration (C),
in IJg/ml, of fluoride in the Sample solution.

Calculate the percentage of the labeled amount of fluorine
(F) in the portion of Tablets taken:

Result=(C/Cu) x 100

C =measured concentration of fluoride in the Sample
solution (lJg/mL) .

Cu =nominal concentration of fluorine in the Sample
solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• FLUORIDE, Method 2
[NoTE-Use plastic containers and deionized water

throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to

1000 mL of 0.05 M sodium bicarbonate.
Mobile phase: Alcohol, 0.1 Nsulfuric acid, and water

(20:5:175)
Standard stock solution: 220 IJg/ml of USP Sodium

Fluoride RS in water. This solution contains 100 IJg/ml of
fluoride.

Standard solution: [NoTE-Condition the solid-phase
extraction column speclfled for use in the Standard solution
and the Sample solution in the following manner. Using a
vacuum at a pressure not exceeding 5 mm of mercury,
wash the column with 1 column volume of methanol
followed by 1 columnvolume of pH 70.0buffer. Do not
allow the column top to dry. If the top of the column
becomes dry, recondition the column.] Transfer10.0 ml of
the Standard stock solution to a 1OO-ml volumetric flask.
Add 75 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.4 ±0.1. Dilute with water to
volume. Filter, discarding the first 15 ml of the filtrate.
Transfer 25.0 mL of the filtrate to a 50-mL volumetric flask,
add 15.0 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 70.0 buffer to
volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that
is connected through an adaptor to a second solid-phase
extraction column containing sulfonylpropyl strong
cation-exchange packing. Discard the first 3 ml of the
eluate, and collect the rest of the eluate in a suitable flask
for injection into the chromatograph.

Sample solution: Finely powder NlT 20 Tablets. Transfer a
portion of powdered Tablets, equivalent to a nominal
amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sides of the flask with 15 mlof water
to a 1OO-mL volumetric flask.Add 15 mlofwater, and allow
to stand for 10 min. Dilute with water to 85 ml, adjust with
1 N sodium hydroxide to a pH ofl 0.4 ±0.1, and dilu.tewith
water to 100 mL. Prepare asdirected .for the $t(J[1dgrd
solution, beginning with "Filter, discarding th~fir~,tJ5 mL
of the filtrate." .. . .. ,

Chromatographic system .. . ... ..
(SeeChromatography (621), System Suitability.)· i
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Mode: LC
Detector: Conductivity
Columns

Guard: 4.6-mm x 3-cm; packing L17
Analytical: 7.8-mm x 30-cm; packing L17

Flow rate: 0.5 mL/min
Injection volume: 100 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Measure the peak areasfor fluoride. Calculate the

percentage of the labeled amount of fluorine (F) in the
portion of Tablets taken:

Result= (rulrs) x (CsICu) x 100

ru =peak area of fluorine from the Sample solution
rs =peak area of fluorine from the Standardsolution
Cs = concentration of fluoride in the Standardsolution

(lJg/mL)
Cu =nominal concentration of fluorine in the Sample

solution (lJg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount
of fluorine (F)

• IODIDE
Bromine water: To 20 mL of bromine in a glass-stoppered

bottle add 100 rntof water. Insert the stopper into the
bottle, and shake. Allow to stand for 30 min, and use the
supernatant.

Analysis: Transfer a portidn of finely powdered Tablets,
equivalent to a nominal amount of 3 mg of iodide, to a
nickel crucible. Add 5 g of sodium carbonate,S mL of 50%
(w/v) sodium hydroxide solution, ana 10 mL of alcohol,
taking care that the entire specimen is moistened. Heat the
crucible on a steam hath to evaporate the alcohol, then dry
the crucible at 100° for 30 min to prevent spattering upon
subsequent heating. Transfer the crucible with its contents
to a furnace heated to 500°, and heat the crucible for
15 min. [NOTE-Heating at 500° is necessary to carbonize
any organic matter present; a higher temperature may be
used, if necessary, to ensure complete carbonization of all
organic matter.] Cbol the crucible, add 25 mL of water,
cover the crucible with a watch glass, and boil gently for
10 min. Filter the solution, and wash the crucible with
boiling water, collecting the filtrate and washings in a
beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid.
Add excess of Bromine water, and boil the solution gently
until colorless and then for 5 min longer. Add a few crystals
of salicylic acid, and cool the solution to 20°. Add 1 mL of
phosphoric acid and 0.5 g of potassium iodide, and titrate
the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TSwhen the liberated iodine color hasnearly
disappeared.
Calculate the percentage of the labeled amount of iodine

(I) in the portion of Tablets taken:

Result=V x NA X F x Ime x (AJW) x (100IL)

F

=volume of sodium thiosulfate consumed (mL)
=actual normality of the sodium thiosulfate

solution used (meq/mL)
=correction factor to convert mg to IJg, 1000

IJg/mg -
= milliequivalent weight of iodine, 21 mg/meq
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Aw =average weight of the Tablets
W =weight of the portion of Tablets taken
L = labeled amount of iodine (uq/Tablet)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of iodine (I)

• IRON, Method 1
Iron standard stock solution: Transfer 100 mg of iron

powder to a 1OOO-mL volumetric flask. Dissolve in 25 mL of
6 N hydrochloric acid, dilute with water to volume,
and mix.

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 4.0, 5.0, 6.0, and 8.0 mL of Iron standardstock
solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and
8.0 IJg/mL of iron.

Sample solution: Proceedasdirected in Calcium, Method
7, except obtain a nominal concentration of 5 IJg/mL of
iron and omit the use of the Lanthanumchloride solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid

-Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbancesof the Standardsolutions
versusthe concentration, in IJg/mL, of iron, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (0, in IJg/mL, of
iron in the Sample solution.

Calculate the percentage of the labeled amount of iron (Fe)
in the portion of Tablets taken:

Result = «(/Cu) x 100

C = measured concentration of iron in the Sample
solution (lJg/mL)

Cu =nominal concentration of iron in the Sample
solution (lJg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of iron (Fe)

• MAGNESIUM, Method 1
Lanthanum chloride solution: Prepare as directed in

Calcium, Method 7.
Magnesium standard solution: Transfer 1.0 g of

magnesium ribbon to a 1OOO-mL volumetric flask, dissolve
in 50 mL of 6 N hydrochloric acid, dilute with water to
volume, and mix to obtain a solution with a concentration
of 1000 IJg/mL of magnesium.

Standard stock solution: 20 IJg/mL of magnesium from
Magnesium standardsolutiondiluted with 0.125 N
hydrochloric acid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 2.5, and 3.0 mL of Standardstock
solution. To each flask add 1.0 mL of Lanthanumchloride
solution, and dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 0.2, 0.3, 0.4, 0.5, and
0.6 IJg/mL of magnesium.

Sample solution: Proceedasdirected in Calcium, Method
7, except obtain a nominal concentration of 0.4 IJg/mL of
magnesium.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
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Lamp: Magnesium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Magnesium emission line at

285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mLof

Lanthanum chloride solutionper 100 mL
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutionsagainst the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of magnesium, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
~g/mL, of magnesium in the Sample solution.

Calculate the percentage of the labeled amount of
magnesium (Mg) in the portion of Tablets taken:

Result = (C/ Cu) x 100

C = measured concentration of magnesium in the
Sample solution (~g/mL)

Cu = nominal concentration of magnesium in the
Sample solution(~g/mL)

Acceptance criteria: 90.0%-125.0% of the labeled amount
of magnesium (Mg)

• MANGANESE, Method 1
Manganese standard stock solution: Transfera weighed

amount of 1.00 g of manganese to a 1OOO-mL volumetric
flask. Dissolve in 20 mLof nitric acid, dilute with 6 N
hydrochloricacid to volume, and mix to obtain a solution
with a concentration of 1000 ~g/mL of manganese.

Standard stock solution: 50 ~g/mL of manganese from
Manganese standardstoe:k solutiondiluted with 0.125 N
hydrochloricacid

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 1.0, 1.5, 2.0, 3.0, and 4.0 ml, of Standard stock
solution. Dilutethe contents of each flask with 0.125 N
hydrochloricacid to,volume to obtain solutions with
'concentrations of 0.5~ 0.75, 1.0, 1.5, and 2.0 ~g/mL of
manganese.

Sample solution: Prepareas directed in Calcium, Method 7,
except obtain a nominal concentration of 1 ~g/mL of
manganese and omit the use of the Lanthanum chloride '
solution.

Instrumental conditions _
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Manganese emission line at

279.5 nm
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of manganese, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (C), in
~g/mL, of manganese (Mn) in the Sample solution.

Calculate the percentage of the labeled amount of
manganese (Mn) in the portion of Tablets taken:

Result =(C/Cu) x 100

C =measured concentration of manganese in the
Sample solution(~g/mL)

Cu =nominal concentration of manganese in the
Sample solution (~g/mL)
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Acceptance criteria: 90.0%-125.0% of the labeled amount
of manganese (Mn)

• MOLYBDENUM, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of

molybdenum wire to a 1OOO-mL volumetric flask, and
dissolvein 50 mLof nitricacid, warming ifnecessary.Dilute
with water to volume, and mix to obtain a solution with a
concentration of 1000 uq/m], of molybdenum.

Standard stock solution: 100 ~g/mL of molybdenum from
Molybdenum standardsolutiondiluted with water

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 2.0, 10.0, and 25.0 mLof the Standard stock
solution, and add 5.0 mLof perchloric acid to each flask.
Gently boil the solution in each flask for 15 min, cool to
room temperature, and dilute each with Diluentto volume
to obtain concentrations of 5.0, 10.0, and 25.0 ~g/mL of
molybdenum.

Sample solution: Transfera portion of the powder,
equivalent to a nominal amount of 1000 ~g of
molybdenum, to a suitable flask, and add 12 mLof nitric
acid. [NoTE-The volume of nitric acid may be varied to
ensure that the powder is uniformly dispersed.] Carefully
swirl the flask to disperse the test specimen. Sonicate for
10 min, or until the test specimen is completely dissolved.
Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mLof perchloric acid, heat
until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until
no fumes are present. Cool to room temperature.
Quantitativelytransfer the contents of the flask to a 100-mL
volumetric flask with the aid of Diluent, and dilute with
Diluent to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide-acetylene
Analytical wavelength: Molybdenum emission line at

313.3 nm
Blank: Diluentand perchloric acid (20:1)

Analysis .
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of molybdenum, and
draw the straight line best fitting the 3 plotted points.
From the graph, determine the concentration (C), in
~g/mL, of molybdenum in the Sample solution.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result =(C/Cu) x 100

C =measured concentration of molybdenum in the
Sample solution(~g/mL)

Cu =nominal concentration of molybdenum in the
Sample solution (~g/mL)

Acceptance criteria: 90.00/0-160.0%of the labeled amount
of molybdenum (Mo)

• MOLYBDENUM, Method 2
Sodium fluoride solution: Add 200 mLof water to 10 g of

sodium fluoride, stir until the solution is saturated, and
filter. Store in a polyethylene bottle:

Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in
water

Potassium thiocyanate solution: 200 mg/mL of potassium
thiocyanate in water
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20% stannous chloride solution: Transfer40 9 of stannous
chloride to a beaker, add 20 mL 6.5 N hydrochloric acid,
and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 mL.

Diluted stannous chloride solution: 20% stannouschloride
solution diluted with water (1 in 25). Preparethis solution
fresh at the time of use.

Standard solution: 20 IJg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent

to a nominal amount of 40 IJg of molybdenum
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol

Analysis
Samples: Standard solution and Sample
Transfer the Sampleand 2.0 mL of the Standardsolution to

separate200-mL beakers. Add 20 mL of nitric acid to each
beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room
temperature. Add 6 mL of perchloric acid, cover the
beakerswith a watchglass, and continue the heating until
digestion is complete, as indicated when the liquid
becomes colorless or pale yellow. Evaporatethe solutions
in the beakers to dryness. Rinse the sidesof the beakers
and the watchglasses with water, and add more water to
make 50 mL in each beaker. Gently boil the water solution
for a few min. Cool to room temperature. Add 2 drops of
methyl orange TS, and neutralize with ammonium
hydroxide. Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to
separate 1OO-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding
volumetric flasks, and dilute with water to volume.
Transfer 50.0 mL of each solution to separatory funnels.
To each separatory funnel add 1.0 mL of Sodium fluoride
solution, 0.5 mL of ferrous sulfate solution, 4.0 mL of
Potassium thiocyanate solution, 1.5 mL of 20% stannous
chloridesolution, and 15.0 mL of amylalcohol, and shake
the separatory funnels for 1 min. Allow the layersto
separate, and discard the aqueous layers.Add 25 mL of
Diluted stannouschloridesolution to each separatory
funnel, and shake gently for 15 s. Allow the layers to
separate, and discard the aqueous layers.Transfer the
organic layersfrom each separatory funnel to a centrifuge
tube, and centrifuqe'at 2000 rpm for 10 min. Determine
the absorbances of the organic phases from the Standard
solution and the Sample, and correct with the Blank.

Calculate the percentage of the labeled amount of
molybdenum (Mo) in the portion of Tablets taken:

Result=(Au/As) x [(V x Cs)/Mu] x 100

.Au = absorbance of the solution from the Tablets
As = absorbance of the solution from the Standard

solution
V =volume of the Standardsolution analyzed, 2.0 mL
Cs = concentration of molybdenum in the Standard

solution (lJg/mL)
Mu = nominal amount of molybdenum in the Sample

(lJg)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of molybdenum (Mo)

• PHOSPHORUS, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water

(37.5: 100), and mix.
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Ammonium molybdate solution: 50 mg/mL of
ammonium molybdate in Sulfuric acid solution and water
(2:3). [NOTE-Dissolve in water first, then dilute with Sulfuric
acid solution to volume.]

Hydroquinone solution: 5 mg/mL of hydroquinone in
water. Add 1 drop of sulfuric acid per 100 mL of solution.

Sodium bisulfite solution: 200 mg/mL of sodium bisulfite
in water

Phosphorus standard stock solution: Weigh 4.395 9 of
monobasic potassium phosphate, previously dried at 105°
for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolvein water, add 6 mL of sulfuric acid
as a preservative, dilute with water to volume, and mix to
obtain a solution with a concentration of 1000 IJg/mL of
phosphorus.

Standard solution: 20 IJg/mL of phosphorus from
Phosphorus standard stocksolution diluted with water

Sample solution: [NoTE-Finely powder and weigh a
counted number of Tablets.] Transfer a portion of the
powder, equivalent to a nominal amount of 100 mg of
phosphorus, to 25 mL of nitric acid, and digest on a hot
plate for 30 min. Add 15 mL of hydrochloric acid, and
continue the digestion to the cessationof brown fumes.
Cool, and transfer the contents of the flask to a 500-mL
volumetric flask with the aid of small portions of water.
Dilute with water to volume. Transfer 10.0 mL of this
solution to a 1OO-mL volumetric flask,and dilute with water
to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm

Analysis
Samples: Standardsolution and Sample solution
To 3 separate 25-mL volumetric flasks transfer 5.0 mL each

of the Standardsolution, the Sample solution, and water to
provide the blank. To each of the 3 flasksadd 1.0 mL
each of Ammonium molybdate solution, Hydroquinone
solution, and Sodium bisulfitesolution, and swirl to mix.
Dilute the contents of each flask with water to volume,
and allow the flasks to stand for 30 min. Determine the
absorbances of the solutions against the blank.

Calculate the percentage of the labeled amount of
phosphorus (P) in the portion of Tablets taken:

Result= (Au/As) x (Cs/Cu) x 100

Au =absorbance of the Sample solution
As =absorbance of the Standardsolution
Cs = concentration of phosphorus in the Standard

solution (lJg/mL)
Cu =nominal concentration of phosphorus in the

Samplesolution (lJg/mL)

Acceptance criteria: 900/0-125% of the labeled amount of
phosphorus (P)

• POTASSIUM
Potassium standard solution: 100 IJg/mL of potassium
from potassium chloride, previously dried at 105° for 2 h,
in water

Standard stock solution: 10 IJg/mL of potassium from
_Potassium standard solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and
25.0 mL of the Standardstocksolution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 IJg/mL of potassium.
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Sample solution: Prepareasdirected in Calcium, Method 7,
except obtain a nominal amount of 1 J..lg/mL of potassium
and omit the use of the Lanthanum chloride solution.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Potassium emission line at

766.5 nm
Blank: Water

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J..lg/mL, of potassium, and
draw the straight line best fitting the 5 plotted points.
From the graph, determine the concentration (0, in
IJg/mL, of potassium in the Sample solution.

Calculate the percentage of the labeled amount of
potassium (K) in the portion of Tablets taken:

Result= (C/ Cu) x 100

C = measured concentration of potassium in the
Sample solution (J..lg/mL)

Cu =nominal concentration of potassium in the
Sample solution (J..lg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of potassium (K)

• SELENIUM, Method 1
Diluent: Prepare as directed in Molybdenum, Method 7.
Selenium standard solution: [CAUTION-Selenium is toxic;

handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness. Add
2 mL of water, and evaporate to dryness. Repeat the
addition of water and the evaporation to dryness 3 times.
Dissolve the residue in 3 N hydrochloric acid, transfer to a
1000-mL volumetric 11ask, and dilute with 3 N hydrochloric
acid to volume to obtain a concentration of.l 000 J..lg/mL of
selenium.

Standard stock solution: 100 J..lg/mL of selenium from
Selenium standard solution diluted with water .

Standard solutions: To separate 1OO-mL volumetric flasks
transfer 5.0, 10.0, and 25.0 rnl, of the Standard stock
solution, and add 5.0 mL of perchloric acid to each flask.
Gently boil the solutions for 15 min, cool to room
temperature, and dilute each with Diluent to volume to
obtain solutions with concentrations of 5.0, 10.0, and 25.0
J..lg/mL of selenium.

Sample solution: Transfer a portion of powder, equivalent
to a nominal amount of 1000 J..lg of selenium, to a suitable
flask, and add 12 mL of nitric acid. [NoTE-The volume of
nitric acid may be varied to ensure that the powder is
uniformly dispersed.] Carefully swirl the flask to disperse the
test specimen. Sonicate for 10 min or until the test
specimen is completely dissolved. Gently boil the solution
for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until
perchloric acid fumes appear, and swirl the flask to dissipate
the fumes. Repeatthe heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the
aid of Diluent, and dilute with Diluent to volume.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
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Flame: Air-acetylene
Analytical wavelength: Selenium emission line at

196.0 nm
Blank: Diluent and perchlork acid (20:1)

Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versusthe concentration, in J..lg/mL, of selenium, and draw
the straight line best fitting the 3 plotted points. From the
graph, determine the concentration (0, in IJg/mL, of
selenium in the Sample solution.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result=(C/ Cu) x 100

C =measured concentration of selenium in the
Sample solution (lJg/mL)

Cu = nominal concentration of selenium in the Sample
solution (J..lg/mL)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of selenium (Se)

• SELENIUM, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with

water (1 in 10)
50% ammonium hydroxide solution: Ammonium

hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of

hydroxylamine hydrochloride in water. [NOTE-Dissolve
edetate disodium in a portion of water first, add
hydroxylamine hydrochloride, then dilute with water to
volume.]

Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene
to a 250-mL separatory funnel, and add 200 mL of 0.1 N
hydrochloric acid. Wash the solution with 3 40-mL portions
of cyclohexane, and discard the cyclohexane layer. Filter
the solution into a brown bottle, and cover the solution
with a l-cm layer of cyclohexane. This solution is stable for
1 week if stored in a refrigerator.

Standard stock solution: [CAUTION-Selenium is toxic;
handle it with care.] Dissolve 1 g of metallic selenium in a
minimum volume of nitric acid. Evaporate to dryness. Add
2 mL of water, and evaporate to dryness. Repeat the
addition of water and evaporation to dryness 3 times.
Dissolve the residue in 3 N hydrochoric acid, transfer to a
1OOO-mL volumetric flask, and dilute with 3 N hydrochloric
acid to volume to obtain a solution with a concentration of
1000 J..lg/mL of selenium. Dilute a volume of the solution
with 0.125 N hydrochloric acid to obtain a concentration
of 2.0 J..lg/mL of selenium.

Standard solution: Transfer 10.0 mL of the Standard stock
solution to a glass-stoppered flask. Add 1 mL of perchloric
acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.

Sample solution: Transfer a portion of finely powdered
Tablets, equivalent to a nominal amount of 20 J..lg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and
warm gently on a hot plate. Continue heating until the
initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid. [CAUTION-Exercise care at this stage,
because the perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of
white fumes of perchloric acid or until the digest begins to
darken. Add 0.5 mL of nitric acid, and resume heating,
adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of
perchloric acid fumes or until the digest becomes colorless.
Cool the flask. Add 2.5 mL of Hydrochloric acidsolution, and
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return the flask to the hot plate to expel residual nitric acid.
Heat the mixture for 3 min after it begins to boil. Cool the
flask to room temperature, and dilute with water to 20 mL.

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid

solution diluted with water to 20 mL
Analysis

Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as

follows. Add 5 mL of Reagent A to each flask, and swirl
gently to mix. Adjust the solution in each flask with 50%
ammonium hydroxide solution to a pH of 1.1 ± 0.1 . Add
5 mL of Reagent B to each flask, and swirl gently to mix.
Place the flasks in a water bath maintained at 50°, and
equilibrate for 30 min, taking care that the flasks are
covered to protect them from light. Cool to room
temperature, and transfer the contents of each flask to
separate separatory funnels. Transfer 10.0 mL of
cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer
the cyclohexane layer to a centrifuge tube, and centrifuge
at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the
Samples against the solution from the Blank.

Calculate the percentage of the labeled amount of selenium
(Se) in the portion of Tablets taken:

Result =(Au/As) x [(Vx Cs)/Mu] x 100

= absorbance of the cyclohexane layer from the
Sample solution

= absorbance of the cyclohexane layer from the
Standard solution '

= volume of the Standard stock solution used to
prepare the.§tandard solution, 10 mL

=concentration of selenium in the Standard stock
solution (J,Jg/mL) .

=nominal amount of selenium in the Sample
solution (J,Jg)

Acceptance criteria: 90.00/0-160.0% of the labeled amount
of selenium (Se) "

• ZINC, Method 1
Zinc standard stock sofutlon: 1000 J,Jg/mL of zinc from zinc

oxide dissolved in 5 M hydrochloric acid (3.89 mg/mL) and
diluted with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming if necessary,cool, then dilute
to final volume.]

Standard stock solution: 50 J,Jg/mL of zinc from Zinc
standard stock solution diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard stock solution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain
concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 J,Jg/mL of zinc.

Sample solution: Prepare as directed in Calcium, Method 1,
obtain a nominal concentration of 2 J,Jg/mL of zinc and omit
the use of the Lanthanum chloride solution.

Instrumental conditions
(See. Atomic Absorption Spectroscopy (852).)
Mode: Atomic. absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
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Blank: 0.125 N hydrochloric acid
Analysis

Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in J,Jg/mL, of zinc, and draw the
straight line best fitting the 5 plotted points. From the
graph, determine the concentration (C), in J,Jg/mL, of
zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc (Zn)
in the portion of Tablets taken:

Result =(C/Cu) x 100

C =measured concentration of zinc in the Sample
solution (J,Jg/mL)

Cu = nominal concentration of zinc in the Sample
solution (J,Jg/mL)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of zinc (Zn)

• BORON, NICKEL, TIN, and VANADIUM, Method 1; CALCIUM,
CHROMIUM, COPPER, IRON, MAGNESIUM, MANGANESE,
PHOSPHORUS, and ZINC, Method 2; MOLYBDENUM and
SELENIUM, Method 3

Stock aqua regia solution: Prepare a mixture of
hydrochloric acid and nitric acid (3:1) by adding the nitric
acid to the hydrochloric acid. [NOTE-Periodically vent the,
solution in an appropriate fume hood.]

Diluent: Prepare a mixture of Stock aquaregia solution and
water (1 :9) by adding 1 volumeof Stock aqua regia solution
to 2 volumesof water. Dilute with additional water to
volume, and mix well.

System suitability solution: Prepare a mixture of 1000 mg/
L of yttrium in 5% (v/v) nitric acid solution and
1000 mg/L of scandium in 5% (v/v)nitric acid solution with
Diluent (1:1 :198), and mix.

Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn)
: [NOTE-It is necessary to include only the minerals of
interest in the solution.] Using commercially available
element standard (single- or multi-element) solutions in 5%
(v/v) nitric acid solution, pipet the appropriate amount of
element standard solution into a volumetric flask, and dilute
with 5% (v/v) nitric acid solution to obtain a solution with
final concentrations of about 1000 mg/L of calcium,
100 mg/L of copper, 250 mg/L of iron, 500 mg/L of
magnesium, 100 mg/L of manganese, 800 mg/L of
phosphorus, and 250 mg/mL of zinc.

Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V):
[NOTE-It is necessaryto include only the minerals of interest
in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v)
hydrochloric acid solution, pipet the appropriate amount
of element standard solution into a volumetric flask, and
dilute with 20% (v/v) hydrochloric acid solution to obtain a
solution with final concentrations of about 200 mg/L of
boron and 100 mg/L each of chromium, molybdenum,
nickel, selenium, tin, and vanadium.

Standard solutions: Prepare a mixture of Standard stock
solution 1 and Standard stock solution 2 as required, in
Diluent, to prepare a6-point calibration curve to bracket the
concentration range of each mineral of interest.

Sample solution 1 (for Tablets containing minerals in
Standardstocksolution 1 and Standard stocksolution 2):
Weigh and finely powder NLT than 20 Tablets. Transfer a
portion, equal to 3.5 times the average Tablet weight, to a
250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing.
[NOTE-If the sample contains a carbonate, bubbling will
occur. Wait until bubbling ends to proceed.] Bring the
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CH3

CH3

USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Sodium Fluoride RS
USP Thiamine Hydrochloride RS

F = dilution factor of the Sample solution
Cw = average Tablet weight (mg)
L =labeled amount/Tablet (mg)

Acceptance criteria: 90.00/0-125.0% of the labeled amount
of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), and zinc (Zn); and
90.00/0-160.0% of the labeled amount of boron (B),
chromium (Cr), molybdenum (Mo), nickel (Ni), selenium
(Se), tin (Sn), and vanadium 0/).

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040), Dissolution:

Meet the requirements ,
• WEIGHT VARIATION (2091): Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 3 x 103 du/g, and the
combined molds and yeasts count does not exceed 3 x
102 cfu/g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022), Test
Procedures, Test for Absence of Salmonella Species and Test
for Absence of Escherichia coli: Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label statesthat the product isWater-Soluble

Vitamins with Minerals Tablets. The label also states the
quantity of each vitamin and mineral in terms of metric
units per dosage unit and, where necessary, the chemical
form in which a vitamin is present, and also states the salt
form of the mineral used as the source of each element.
Where more than one assay method is given for a particular
vitamin or mineral, the labeling states with which assay
method the product complies only if Method 7 is not used.

meso-Zeaxanthin

C4oHs602 568.88
p,p-Carotene-3,3'-diol (3R,3'5)-;
(3R,3'S-meso)-Zeaxanthin [31272-50-1].

DEFINITION
meso-Zeaxanthin consists chiefly of the 3R,3'S-isomer of

zeaxanthin. It contains NLT 80.0% of total carotenoids

Result=ex (V/W) x Fx (Cw/L) x 100

=measured concentration of the relevant element
; in the Sample solution (mg/L)

=volume of the Sample solution (L)
= sample weight (mg)

c.
V
W

solution to a boil on a hot plate. Continue to heat gently
until fumes cease(about 1 h). [NOTE-If the sample contains
selenium, digest for NMT 15 min.] Removefrom heat, cool,
and dilute with water to volume. Pass about 30 mLinto a
centrifuge tube, using a nylon syringe filter of 5-lJm pore
size. If necessary, make any further dilutions using Diluent.

Sample solution 2 (for Tablets containing minerals only in
Standard stocksolution2): Weigh and finely powder NLT
20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly
add 25 mL of Stock aqua regia solution in 5-mL increments,
followed by mixing. [NOTE-If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to
proceed.] Bring the solution to a boil on a hot plate.
Continue to heat gently until fumes cease (about 1 h).
[NOTE-If the sample contains selenium, digest for NMT
15 min.] Remove from heat, cool, and dilute with water to
volume. Pass about 30 mL into a centrifuge tube using a
nylon syringe filter of 5-lJm pore size. If necessary, make any
further dilutions using Diluent.

Sample solution 3 (for Tablets containing minerals only in
Standard stocksolution 1): Weigh and finely powder NLT
20 Tablets. Transfer a portion, equal to the average Tablet
weight, to a 250-mL volumetric flask. Slowly add 25 mL of
Stock aqua regiasolution in 5-mL increments, followed by
mixing. [NOTE-If the sample contains a carbonate,
bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat
gently (about 1 h) until fumes cease. Remove from heat,
cool, and dilute with water to volume. Pass about 30 mL
into a centrifuge tube, using a nylon syringe filter of 5-lJm
pore size. If necessary, make any further dilutions using
Diluent.

Instrumental conditions '
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma emission spectrometry,

using a spectrometer set to measure the emission of each
mineral of interest at about the corresponding
wavelength. [NOTE~The operating conditions may be
'developed and optimized on the basisof the
manufacturer's recommendation. The-wavelengths
selected should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity"
accuracy, and precision.]

System suitability
Sample: System suitability solution [NOTE-Analyze the

System suitability solution, and obtain the response as
directed in Analysis:]

Suitability requirements
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolutionsand Sample solution
Determine the emission of each mineral of interest in the

Standardsolutionsand Sample solutionwith an inductively
coupled plasma system using Diluentasthe blank. Plot the
emission of the Standardsolutions versus the
concentration, in mg/L,of the minerals of interest, and
draw the straight line best fitting the plotted points. From
the graph,determine the concentration (C), in mg/L, for
each mineral of interest in the Sample solution.

,Calculate the' percentage of the labeled amount for each
mineral:

www.webofpharma.com

https://nhathuocngocanh.com/



USP 43

calculated as zeaxanthin (C4oHs602) and NLT 74.0% of
zeaxanthin (C4oHs602) on the anhydrous basis.

IDENTIFICATION

• A.
Sample solution: Use the Sample solution of the test for

Contentof Total Carotenoids.
Analysis: Record the UV-Vis spectrum from 300 to 600 nm.
Acceptance criteria: The Sample solution showsa shoulder

at about 427 nm and a maximumabsorption at about
453 nm and at about 480 nm.

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the test for Contentof Zeaxanthin.

• C. The retention time of the major peak of the Sample
solutioncorresponds to that of (3R,3'S-meso)-zeaxanthin
from the Standardsolution, as obtained in the test for
Stereoisomeric Composition.

COMPOSITION
• CONTENT OF TOTAL CAROTENOIDS

[NOTE-Use low-actinic glassware.]
Sample stock solution: Transfer 25.0 mg of

meso-Zeaxanthin to a 1OO-mL volumetric flask, add 20 mL
of chloroform, and place the flask in an ultrasonic bath at
30°for 2-5 min to obtain a clear solution. Dilute with
cyclohexane to volume to obtain a solutioncontaining250
IJg/mL.

Sample solution: 2.5 IJg/mL of the Sample stock solution in
cyclohexane

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 453 nm
Cell: 1 cm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Calculate the percentage of total carotenoidsas zeaxanthin

(C4oHs602) in the portion of meso-Zeaxanthin taken:

Result = A/(Cxf)~ __

A =absorbance of the Sample solution
C = concentration of the Sample solution (g/mL)
F = coefficient of extinction (E1%) of zeaxanthin in

cydohexane (100 mL·s' .crrr"), 2540

Acceptance criteria: NJ.T 80.0% of total carotenoids (7) as
zeaxanthin (C4oHs602) on the anhydrous basis

• CONTENT OF ZEAXANTHIN
[NOTE-Use low-actinic glassware.]

Mobile phase: Hexaneand ethyl acetate (75:25)
Standard solution: 150 IJg/mL of USP meso-Zeaxanthin RS

prepared as follows. Dissolve 15.0 mg of USP
meso-Zeaxanthin RS in 10 mL of chloroform, swirling
briefly, and dilute with Mobilephase to 100 mL.

Sample solution: Transfer 15.0 mg of sample to a 100-mL
volumetric flask, add 10 mL of chloroform, and place the
flask in an ultrasonic bath at 30°for 2-5 min to obtain a
clearsolution. Dilutewith Mobilephaseto volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: 453 nm
Column: 4.6-mm x 25-cm; 3-lJm packing L3
Column temperature: 25°
Flowrate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution
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[NOTE-The approximate relative retention times for
luteinand zeaxanthinare 0.95 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between zeaxanthin and lutein
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis: Injectthe Sample solution, and measure the peak
areas. [NoTE-The peak responseof zeaxanthin is NLT
90.0% of the sum of all the peak responses.]
Calculatethe percentage of zeaxanthin (C4oHs602) in the

sample taken:

Result =(ru/rr) x T

tu =peak responseof zeaxanthin
rr =sum of all the peak responses
T = percentage of total carotenoids as determined in

the test for Contentof TotalCarotenoids

Acceptance criteria: NLT 74.0% of zeaxanthin (C4oHs60~

on the anhydrous basis
• LUTEIN AND OTHER RELATED COMPOUNDS

[NOTE-Use low-actinic glassware.]
Mobile phase, Standard solution, Sample solution, and

Chromatographic system: Proceed as directed in the test
for Contentof Zeaxanthin.

Analysis
Sample: Sample solution

[NOTE-The peakresponseof luteinisNMT 9.0% of the
sum of all the peak responses.]

Calculatethe percentage of lutein in the portion of
meso-Zeaxanthin taken:

Result = (ru/rr) x T

ru = peak responseof lutein
rr =sum of all the peak responses
T =percentage of- total carotenoids as determined in

the test for Contentof TotalCarotenoids

Calculatethe percentage ofother relatedcompounds inthe
portion of meso-Zeaxanthin taken:

Result =(rulrr) x 100

tu =individual peak responseof any other peak
(excluding zeaxanthin and lutein)

rr = sum of all the peak responses

Acceptance criteria
Lutein: NMT 8.5%
Other related compounds: NMT 1.0% of any other

individual related compound
• STEREOISOMERIC COMPOSITION

[NOTE-Use low-actinic glassware.]
Mobile phase: Gradientelution (see Table 7)

Table 1
Time n-Hexane z-Propanol
(min) (%) (%)

0.0 95 5

50 95 5

55 50 50

63 50 50

65 95 5

75 95 5
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Standard solution: Transfer2.5 mg of USP
meso-ZeaxanthinRS to a 50-mLvolumetricflask, add 25 mL
of dehydrated alcohol, and sonicate at 60° for 2-5 min to
dissolve the substance. Cool the flask to room temperature
and dilute with n-hexane to volume. Transfer 1.0 mLof the
resultant solution to a 15-mLtest tube, and evaporate
with a stream of nitrogen to dryness. Dissolve the residue
in a 1O.O-mL mixture of 2-propanol and n-hexane(5:95).
Passthrough a membrane filter of 0.45-lJmpore size.

Sample solution: Transfer2.5 mg of meso-Zeaxanthin to a
50-mL volumetric flask, add 25 mLof dehydrated alcohol,
and sonicate at 60° for 2-5 min to dissolve the substance.
Cool the flask to room temperature and dilute with
n-hexane to volume. Transfer1.0 mLof the resultant
solution to a 15-mLtest tube, and evaporate with a stream
of nitrogen to dryness. Dissolve the residue in a 10.0-mL
mixture of 2-propanol and n-hexane (5:95). Pass through a
membrane filter of 0.45-lJm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: 453 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L51
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution

[NoTE-Theapproximate relativeretention times for
(3S,3'S)-zeaxanthin, (3R,3'S-meso)-zeaxanthin, (3R,
3'R)-zeaxanthin, and (3R,3'R,6'R)-lutein are 0.94,

.1.00, 1.06, and 1.11, respectively.]
Suitability requirements

Resolution: NLT 1.0 between each pair of peaks due to
(35,3'S)-zeaxanthin, (3R,3'S-meso)-zeaxanthin, (3R,
3'R)-zeaxanthin, and (3R,3'R,6'R)-lutein

Chromatogram similarity: The chromatogram from the
Standardsolution is similarto the reference
chromatogram provided with the lot of USP

, meso-Zeaxanthin R:s being used.
Analysis .

Samples: Standardsolution and Sample solution
Identifythe peaksof the relevantanalytesfrom the Standard

solution by comparison with the referencechromatogram
provided with the USP Reference Standard being used.

Calculate the percentages of{3S,3'S)-zeaxanthin, (3R,
3'S-meso)-zeaxant~i~, and (3R,3'R)-zeaxanthin:

Result =(ru/rr) x 100

to =peak response of the corresponding analyte
rr =sum of all the peak responses

Acceptance criteria
(3R,3'S-meso)-Zeaxanthin: NLT85.0%
(3R,3'R)-Zeaxanthin: NMT 15.0%
(3S,3'S)-Zeaxanthin: NMT 1.0%

IMPURITIES
e LEAD (251): NMT1 ppm
e RESIDUE ON IGNITION (281): NMT 1.0%

SPECIFIC TESTS
e WATER DETERMINATION, Method I (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
e PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
!' ·USP REFERENCE STANDARDS (11)

USP meso-Zeaxanthin RS
p,p-Carotene-3,3'-diol (3R,3'S)-;

USP 43

(3R,3'S-meso)-Zeaxanthin.
C4oHs602 568.88

meso-Zeaxanthin Preparation
DEFINITION
meso-Zeaxanthin Preparation is a combination of

meso-Zeaxanthinwith one or more inert substances. It may
be in a solidora liquidform. Itcontains NLT95.0%and NMT
130.0% of the labeled amount of total carotenoids,
calculated as zeaxanthin (C4oHs602) on the anhydrous basis.
Itcontains NLT 85.0% ofzeaxanthin and NMT 9.0% of lutein
of the total carotenoid content.

IDENTIFICATION
eA.

Sample solution: Prepare as directed for Sample solutionA
or Sample solutionB in the test for Contentof Total
Carotenoids.

Analysis: Record the UV-Vis spectrum from 300 to 600 nm.
Acceptance criteria: The Samplesolutionshows a shoulder

at about 427 nm, an absorption maximum at about
453 nm, and another maximum at about 480 nm.

e B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the test for Contentof Zeaxanthin.

e C. The retention time of the major peak of the Sample
solution corresponds to that of (3R,3'S-meso)-zeaxanthin
from the Standardsolution, as obtained in the test for
Stereoisomeric Composition.

COMPOSITION
e CONTENT OF TOTAL CAROTENOIDS

Sample stock solution A (for solid Preparations): Transfer
an amount of Preparation equivalent to 7.5 mg of
zeaxanthin to a 1OO-mL low-actinicvolumetric flask, add
5mL of water, and sonicate at 60° for 5 min. Add50 mLof
alcohol, and dilute with methylene chloride to volume.
Shakethoroughly to obtain a fine dispersion, transfer10 mL
of this dispersion to a centrifuge tube, and centrifuge.
Discardthe foremost 2 mLof the supernatant. Use the clear
solution.

Sample solution A: Transfer1.0 mLof Sample stock solution
A to a 50-mL low-actinic flask, and dilute with a mixture of
cyclohexane and alcohol (9:1) to volume.

Sample stock solution B(for liquid Preparations): Transfer
an amount of Preparation equivalent to 7.5 mg of
meso-zeaxanthin to a 1OO-mL low-actinic volumetric flask,
add 20 mLof chloroform, and sonicate for 5 min. Cool the
solution to room temperature, and dilute with cyclohexane
to volume. Shake thoroughly to obtain a fine dispersion,
transfer 10 mLof this dispersion to a centrifuge tube, and
centrifuge.

Sample solution B: Transfer 1.0 mLof Sample stock solution
B to a 50-mL low-actinicflask, and dilute with cyclohexane
to volume.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 453 nm
Cell: 1 cm
Blank: Cyclohexane

Analysis
Sample: Sample solution
Calculate the percentage of total carotenoids (7) as

zeaxanthin (C4oHs602) in the portion of Preparation
taken:
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Result = AI(C x F)

A = absorbance of the Sample solution
C = concentration of Preparationin Sample solution A

or Sample solutio!"' B.(g/mL) . .
F =coefficient of extinction (E'%) of zeaxanthin In

cyclohexane(100 mL· g-' . ern:'), 2540

Calculate the percentage of the labeled amount of total
carotenoids:

T

L

Result = (TIL) x 100

= percentage of total carotenoids found as
calculatedabove

=labeledamount of total carotenoids (%)

• LUTEIN AND OTHER RELATED COMPOUNDS
Mobile phase, Standard solution, Sample solution, and

Chromatographic system: Proceed as directed in the test
for ContentofZeaxanthin.
Injection volume: 10 IJL

Analysis
Sample: Sample solution
Calculate the percentage of lutein and .oth.er related .

compounds relative to total carotenolds In the portion of
Preparationtaken:

Result = (r vir r) x 100

=peak response of luteinor other individual
related compounds

=sum of all the peak areas

Acceptance criteria: 95.00/0-130.0% of the labeled amount
of total carotenoids as zeaxanthin (C4oHs602) on the
anhydrous basis

• CONTENT OF ZEAXANTHIN
[NOTE-Use low-actinic glassware.]

Mobile phase: Hexaneand ethyl acetate (75:25) .
Standard solution: 75 IJg/mL of USP meso-Zeaxanthin RS

in Mobilephase
Sample solution: Proceedas directed in Sample stock

solutionA or Sample stocksolution B in the test for Content
of Total Carotenoids. Pass through a membrane filter of
0.45-lJm pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 453 nm
Column: 4.6-mm x 25-cm; 3-lJm packing L3
Flowrate: 1.5 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standardsolution. . . .

[NoTE-The relative retention times for ~eaxanthln and
\ lutein are about 1.a-and 0.95, respectively.]

Suitability requirements _ .
Resolution: NLT 1.0 between zeaxanthin and lutein
Tailing factor: NMT 2.0

. Relativestandard deviation: NMT 2.0%
Analysis

Sample: Sample solution
Calculate the percentage of zeaxanthin.relative to total

carotenoids in the portion of Preparation taken:

Result = (r vir r) x 100

r u = individual peak response of zeaxanthin
r r = sum of all the peak responses

Calculate the percentage of zeaxanthin in the portion of
Preparation taken:

Result = (r vir r) x T

= individual peak response of meso-zeaxanthin in
the Sample solution

= sum of all the peak responses
= percentage of total carotenoids as determined in

the test for Content of Total Carotenoids

Acceptance criteria: NLT 85.0% of zeaxanthin in the total
carotenoid content

Acceptance criteria
Lutein: NMT 9.0%
Any other individual related compound: NMT 1.0%
Total related compounds (including lutein): NMT 15.0%

• STEREOISOMERIC COMPOSITION
[NOTE-Use low-actinic glassware.]

Mobile phase: Gradient elution (see Table 1)

Table 1
Time n-Hexane 2-Propanol
(min) (%) (%)

0.0 95 5

50 95 5

55 50 50

63 50 50

65 95 5

75 95 5

Standard solution: Transfer 2.5 mg of USP
meso-Zeaxanthin RS to a 50-mL volumetric flask, add 25 mL
of dehydrated alcohol, and sonicateat 60° for 2-5 min to
dissolve the substance. Coolthe flask to room temperature
and dilute with n-hexane to volume. Transfer 1.0 mL of the
resultant solution to a 15-mL test tube, and evaporate
with a stream of nitrogen to dryness. Dissolve the residue
in a 1O.O-mL mixture of 2-propanoland n-hexane (5:95).
Pass through a membrane filter of 0.45-lJm pore size.

Sample solution: Proceed as directed for Sample stock
solutionA or Sample stocksolution B in the test for Conte!"'t
of TotalCarotenoids. Transfer 1.0 mL ofSample stock solution
A or Sample stock solution B~o a 15-mL test tube! and
evaporate with a stream of nitrogento dryness. Dissolve the
residue in a 1O.O-mL mixtureof 2-propanol and n-hexane
(5:95). Pass through a membrane filter of 0.45-lJm
pore size.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HPLC
Detector: 453 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L51
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standardsolution

[NOTE-The approximate relative retention times for
(35,3'S)-zeaxanthin, (3R,3'5-meso)-zeaxanthin, (3R,.
3'R)-zeaxanthin,and (3R,3'R,6'R)-Iutein are 0.94,
1.00, 1.06, and 1.11, respectively.]
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Suitability requirements
Resolution: NLT 1.0 between each pairof peaksdue to

(3S,3'S)-zeaxanthin, (3R,3'S-meso)-zeaxanthin, (3R,
3'R)-zeaxanthin, and (3R,3'R,6'R)-lutein

Chromatogram similarity: The chromatogramfrom the
Standardsolution issimilar to the reference
chromatogram providedwith the lot of USP
meso-Zeaxanthin RS being used.

Analysis
Samples: Standardsolutionand Sample solution
Identify the peaks of the relevantanalytes in the

chromatogram of the Standardsolution by comparison
with the referencechromatogram provided with the USP
Reference Standard being used.

Calculate the percentage of (3S,3'S)-zeaxanthin, (3R,
3'S-meso)-zeaxanthin, and (3R,3'R)-zeaxanthin:

Result = (r vir T) x 100

r u =peak response of the correspondinganalyte
r T =sum of all the peak responses

IDENTIFICAnON
• A. IDENTIFICATION TESTS-GENERAL, Zinc (191): Asolution

(1 in 10) meets the requirements.
• B. IDENTIFICATION TESTS-GENERAL, Citrate(191): A

solution (1 in 10) meets the requirements.

ASSAY
• PROCEDURE

Sample: 350 mg of ZincCitrate, previously dried at 105°for
2h

Blank: 60 mL of water
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.05 Medetate disodiumVS
Endpoint detection: Visual

Analysis; Dissolve the Sample in 60 mL of water. Add10 mL
of ammonia-ammonium chloride bufferTS and 0.1 mL of
eriochrome black TS. Titratewith the Titrant to a blue
endpoint. Perform a blankdetermination.
Calculatethe percentage of zinc (Zn) in the portion of Zinc

Citrate taken:

Zinc Acetate Oral Solution-see ZincAcetate
Oral Solution GeneralMonographs

C12H10014Zn3·2HzO 610.36
2-Hydroxy-l ,2,3-propanetricarboxylic acidzincsalt,dihydrate

[5990-32-9].
Anhydrous [546-46-3].

DEFINITION
ZincCitrate contains NLT 31.3%of zinc (Zn), calculatedon

the dried basis.

Result =[(V - B) x M x F x 100]IW

V = sample titrant volume (mL)
B = blanktitrant volume (mL)

. M =titrant molarity (mM/mL)
F = equivalency factor, 65.4 mg/mM
W = sample weight (mg)

Acceptance criteria: NLT 31.3% on the dried basis

IMPURITIES
• CHLORIDE AND SULFATE, Chloride (221): A1.0-g portion

shows no more chloridethan corresponds to 0.7 mL of
0.020 N hydrochloric acid (NMT 0.05%).

• CHLORIDE AND SULFATE, Sulfate (221): A 1.8-g portion
shows no more sulfate. than corresponds to 0.5 mL of
0.020 N sulfuric acid (NMT 0.05%).

• LIMIT OF ARSENIC, CADMIUM, AND LEAD
Arsenic standard solution: 1.0 J,Jg/mL in 1% nitric acid,

prepared from an arsenic standard solution (10 mg/L)
Cadmium standard solution: 1.0 J,Jg/mL in 1% nitric acid,

prepared from a cadmium standard solution (10 mg/L)
Lead standard solution: 1.0 J,Jg/mL in 1% nitric acid,

prepared from a lead standard solution (10 mg/L)
Multi-element standard solution: 10 J,Jg/L of lead, 5 J,Jg/L

of cadmium, and 3 J,Jg/L of arsenic in 1% nitric acid,
prepared from the Lead standardsolution, Cadmium
standardsolution, and Arsenic standardsolution, respectively

Sample solution: 2 mg/mL of ZincCitrate in 1% nitric acid
Instrumental conditions

(See Plasma Spectrochemistry (730).)
Mode: ICP-MS
Radio frequency: 1350 Watts
Nebulizer flow rate: 0.9 L/min
[NoTE-The radiofrequency and nebulizerflow rate

settings maybe developedand optimizedbasedon the
manufacturer's recommendation.]

Detection atomic masses: As, Cd, and Pb
Blank: 1% nitric acid solution

Analysis
Samples: Multi-element standardsolutkm; Sample

solution, and Blank
Determine the responses of the Multi-elementstandard

solution, Sample solution, and Blankatthe masses
indicated above.

Calculatethe content of each element, ln J,Jg/g, in the
portion of ZincCitratetaken:

• 2H,O3Zn2>

Acceptance criteria
(3 R,3' 5-meso)-Zeaxanthin: NLT 85.0%
(3 R,3' R)-Zeaxanthin: NMT 15.0%
(3 5,3' S)-Zeaxanthin: NMT 1.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 2.0%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 8.0% for

solid Preparations; NMT 1.0% for liquid Preparations

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightlysealed, Iight

and oxygen-resistantcontainers. Store in a cool place.
• LABELING: The labelstates the name and content of any

carriers and antioxidantsadded to the formulation, and the
content of total carotenoids as zeaxanthin.

• USP REFERENCE STANDARDS (11)
USP meso-Zeaxanthin RS

p,p-Carotene-3,3'-diol (3R,3'S)~;

(3R,3'S-meso) ..:Zeaxanthin.
C4oHs60Z 568.88

Zinc Citrate

I
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Result =(rulrs) x (CsICu)

ru =peak responseof the corresponding element
from the Sample solution

rs =peak response of the corresponding element
from the Multi-elementstandard solution

Cs = concentration of the corresponding element in
the Multi-elementstandard solution (~g/L)

Cu =concentration of Zinc Citrate in the Sample
solution (giL)

Acceptance criteria
Arsenic: NMT 3 ~g/g

Cadmium: NMT 5 ~g/g

Lead: NMT 10 ~g/g

SPECIFIC TESTS
• Loss ON DRYING (731): Dry a sample at 1050 for 2 h: it loses

NMT 1.0% of its weight.
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 103 clu/g. The total
combined yeastsand molds count does not exceed102 clul
g.

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
MICROORGANISMS (2022): It meets the requirements of
the test for absenceof Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Zinc Citrate Tablets

DEFINITION
Zinc Citrate Tablets contain NLT 90.0% and NMT 110.0% of

the labeledamount of zinc (Zn).

IDENTIFICATION
• A. The Sample solution for Strength produces line emissions

or absorptions at the characteristic wavelengths for zinc.
• B. IDENTIFICATION TESTS-GENERAL, Citrate (191)

Sample solution: Transfer a quantity of powdered Tablets,
equivalent to about 15 mg of zinc, to a centrifuge tube. Add
2-5 mL of water, sonicate for 1 min, shake,and centrifuge.

Acceptance criteria: Meets the requirements

STRENGTH
• CONTENT OF ZINC

Method 1
[NOTE-A standard stock solution is commercially available

at different zinc concentrations, which may be used for
preparation of the Standardstocksolution. Necessary
volumetric adjustment can be made in the Standard
solution. Concentrations of the Standardsolution and the
Sample solution may be modified to fit the linear or
working range of the instrument.]

Standard stock solution: Dissolve 625 mg of zinc oxide,
weighed, and previously ignited to constant weight, in
10 mL of nitric acid, and add water to make 500.0 mL.
This solution contains 1000 mg/L of zinc.

Standard solution: To a 500-mL volumetric flask add
200 mL of water and 10 mL of nitric acid, and mix
thoroughly. Pipette 10.0 mL of the Standardstocksolution
into the volumetric flask, and dilute with water to volume
to obtain a solution having a known concentration of
about 20 mg/L of zinc.

Sample solution: Weigh and finely powder NLT 20
Tablets. Transfer weighed portion of the powdered

Dietary Supplements / Zinc 5575

Tablets, equivalent to about 0.1 g of zinc, to a 50-mL flask.
Add 10 mL of nitric acid, and heat the solution on a hot
plate to boil gently, during which process fuming evolves.
Boil the solution for an additional 30 min with constant.
swirling, during which no fuming should be observed.
Cool the solution to room temperature, quantitatively
transfer all of the solution to a 500-mL volumetric flask,
dilute with water to volume, and mix. Pipette 25.0 mL of
this solution into a 250-mL volumetric flask, add 5 mL of
nitric acid, dilute with water to volume, mix, and filter.

Inductively coupled plasma system
(See Plasma Spectrochemistry (730).)
Mode: Atomic emission spectroscopy
Analytical wavelenqth: 206.20 nm. [NOTE-The

operating conditions may be developed and optimized
based on the manufacturer's recommendation. A typical
setting includes radio frequency (RF) power of about
1300 watts, argon torch flow of about 15 L/min, argon
auxiliary flow of about 0.2 L/min, and a nebulizer flow
rate of about 0.8 L/min.]

Blank: 2% nitric acid solution
Analysis

Samples: Standardsolutions, Sample solution, and Blank
Calculate the percentage of the labeled amount of zinc

(Zn) in the portion of Tablets taken:

Result=(rufrs) x (CslCu) x 100

= responsefrom the Sample solution
=responsefrom the Standardsolution
=concentration of the Standardsolution (mg/L)
= nominal concentration of zinc in the Sample

solution (mg/L)

Acceptance criteria: 90.0%-110.0%
Method 2

Standard stock solution A: 1000 ~g/mL of zinc from zinc
oxide in 5 M hydrochloric acid (3.89 mg/mL) and diluted
with water to final volume. [NOTE-Dissolve in 5 M
hydrochloric acid by warming, if necessary. Cool, and
then dilute to final volume.]

Standard stock solution B: 50 ~g/mLof zinc from
Standardstocksolution A diluted with 0.125 N
hydrochloric acid

Standard solutions: Transfer 1.0,2.0, 3.0,4.0, and 5.0 mL
of Standardstocksolution Bto separate1OO-mL volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of
0.5, 1;0, 1.5, 2.0, and 2.5 ~g/mL of zinc.

Sample solution: Finely powder NLT 20 tablets. Transfer
an equivalent to 5 tablets to a porcelain crucible. Heat the
crucible in a muffle furnace maintained at 5500 for 6-12 h,
and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently
rinsing the inner surface of the crucible with 6 N
hydrochloric acid. Cool, and quantitatively transfer the
contents of the crucible to a 1OO-mL volumetric flask.
Rinse the crucible with small portions of 6 N hydrochloric
acid, and add the rinsings to the flask. Dilute with water
to volume, and filter, discarding the first 5 mL of the
filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid to obtain a nominal concentration of 2
uq/rnt, of zinc.

Instrumental conditions
(See Atomic AbsorptionSpectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air-acetylene

www.webofpharma.com

https://nhathuocngocanh.com/



5576 Zinc / Dietary Supplement

Blank: 0.125 N hydrochloric acid
Analysis

Samples: Standardsolutions and Sample solution
Determine the absorbances of the solutions against the

Blank. Plot the absorbances of the Standard solutions
versus the concentration, in ~g/mL, of zinc, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/mL, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc
(Zn) in the portion of Tablets taken:

Result= (CICu) x 100

C =determined concentration of zinc in the Sample
solution (~g/mL)

Cu =nominal concentration of zinc in the Sample
solution (~g/mL)

Acceptance criteria: 90.00/0-110.0%

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040)

Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Analysis: Proceed as directed in Method 7 or Method2 for

Strength, making any necessary volumetric adjustments.
Sample solution: If Method 7 is used, pipet 10.0 mL of the

filtered pooled solution under test to a 50-mL volumetric
flask, and dilute with 2% nitric acid solution to 50 mL. If
Method 2 is used, dilute the filtered pooled solution under
test with 0.125 N hydrochloric acid to a concentration
falling within the range pf the Standardsolutions.
Calculate the percentage of the labeled amount of zinc (Zn)

dissolved:
. '.

Result = Cx (VMla) x (DIL) x 100

C =concentration of zinc in the Sample solution(mgl
L)

VM =volume of Medium, 900 mt "
a =aliquot of solution under test (mL)
o =dilution factor to prepare the Sample solution

from the aliquot taken
L = label clalm (mg/Tablet)

Tolerances: NLT 75.%. of the labeled amount of zinc is
dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 103 cfu/g, and the total
combined yeast and mold count does not exceed 102

cfu/g.
• ABSENCE OF SPECIFIED MICROO~GANISMS (2022): It meets

the requirements of the test for absence of Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: The label states the quantity of zinc in terms of

mg/Tablet.

Zinc Gluconate
-see Zinc Gluconate General Monographs
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Zinc and Vitamin C Lozenges
DEFINITION
Zinc and Vitamin C Lozenges contain NLT 90.0% and NMT

110.0% of the labeled amount of zinc (Zn) derived from
substances generally recognized as safe and furnishing an
ionizable form of zinc; and NLT 90.0% and NMT 120.0% of
the labeled amount of vitamin C, as ascorbic acid (C6Hs06),
sodium ascorbate (C6H1Na06), or calcium ascorbate
dihydrate (C12H14Ca012 . 2H20). It contains no other vitamins
or minerals for which nutritional value is claimed. It may
contain other labeled added substances or additional
ingredients in amounts that are unobjectionable.

IDENTIFICATION

• A.
Analysis: Proceed asdirected in Strengthfor Content of Zinc.
Acceptance criteria: The Sample solution produces line

emissions or absorptions at the characteristic wavelengths
for zinc. .

• B.
Analysis: Triturate a quantity of finely powdered Lozenges

with sufficient alcohol to obtain a solution containing the
equivalent of 20 mg/mL of ascorbic acid, sodium ascorbate,
or calcium ascorbate dihydrate, and filter. Add 1 mL of
0.1 N hydrochloric acid to 4 mL of the filtrate from
Lozenges containing sodium ascorbate or calcium
ascorbate.

Acceptance criteria: A portion of the filtrate reduces
alkaline cupric tartrate TS slowly at room temperature but
more readily upon heating.

STRENGTH
• CONTENT OF ZINC

Procedure 1
[NoTE-A standard stock solution is commercially available

at different zinc concentrations, which may be used for
preparation of Standardstock solution. Necessary
volumetric adjustment can be made in the Standard
solution. Concentrations of the Standardsolutionand the
Sample solutionmay be modified to fit the linear or
working range of the instrument.]

Standard stock solution: Dissolve 625 mg of zinc oxide,
weighed, and previously ignited to constant weight, in
10 mL of nitric acid, and add water to make 500.0 mL.
This solution contains 1000 ~g/mL of zinc.

Standard solution: To a 500-mL volumetric flask add
200 mL of water and 10 mL of nitric acid, and mix
thoroughly. Pipet 10.0 mL of the Standardstock solution
into the volumetric flask, and dilute with water to volume
to obtain a solution having a known concentration of
about 20 ~g/mL of zinc.

Sample solution: Weigh and finely powder NLT 20
Lozenges. Transfer an accurately weighed portion of the
powdered Lozenges, equivalent to about 0.1 g of zinc,
to a 50-mL flask. Add 10 mL of nitric acid, and heat the
solution on a hot plate to boil gently, during which
process fuming evolves. Boil the solution for an additional
30 min with constant swirling, during which no fuming
should be observed. Cool the solution to room
temperature, quantitatively transfer all of the solution to a
500-mL volumetric flask, dilute with water to volume, and
mix. Pipet 25.0 mL of this solution into a 250-mL
volumetric flask, add 5 mL of nitric acid, dilute with water
to volume, mix, and filter.

Inductively coupled plasma system
(See Plasma Spectrochemistry (730).)
Mode: Atomic emission spectroscopy
Analytical wavelength: 206.20 nm .
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[NOTE-The operating conditionsmay be developedand
optimized based on the manufacturer's
recommendation. Atypical setting includes radio
frequency(RF) powerofabout 1300watts, argon torch
flowof about 15 l/min, argon auxiliary flowof about
0.2 l/min, and a nebulizer flow rate of about 0.8 II
min.]

Blank: 2% nitric acid solution
Analysis

Samples: Standard solutions, Sample.soiution, and Blank
Calculate the percentage of the labeledamount of zinc

(Zn) in the portion of lozenges taken:

Result =(rvlrs) x (CsICv) x 100

tu = responsefrom the Sample solution
rs = responsefrom the Standard solution
Cs = concentration ofzincinthe Standardsolution(~g/

m~ .
Cv = nominal concentration of zinc in the Sample

solution (~g/ml)

Acceptance criteria: 90.00/0-110.0% of the labeled
amount of zinc

Procedure 2
Standard stock solution A: Dissolve zinc oxide in 5 M

hydrochloric acid with warming, if necessary, to obtain a
solutionwith a concentration of 3.89 mg/mL Dilute with
water to obtain a solutionwith a concentration of 1000
~g/ml of zinc.

Standard stock solution B: 50 ~g/ml of zincfrom
Standard stock solutionA in 0.125 N hydrochloric acid

Standard solutions: Transfer 1.0, 2.0,3.0,4.0, and 5.0 ml
of Standard stock solution Bto separate 1OO-ml volumetric
flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volumeto obtain solutions
containing 0.5, 1.0, 1.5, 2.0, and 2.5 ~g/ml'of zinc.

Sample solution: Finely powder NlT 20 lozenges.
Transfer an equivalent to 5 lozenges to a porcelain
crucible. Heat the crucible in a muffle furnace maintained
at 5500 for 6-12 h, and cool.Add 60 ml of hydrochloric
acid, and boilgently on a hot plate or steam bath for
30 min, intermittentlyrinsing the inner surfaceof the

. crucible with 6 N hydrochloric acid. Cool, and .
quantitatively transfer the contents of the crucible to a
1OO-ml volumetricflask. Rinse the cruciblewith small
portionsof 6 N hydrochloric acid, and add the rinsings to
the flask. Dilute withwater to volume, and filter,
discarding the first5 mL of the filtrate. Dilute this solution
quantitatively with 0.125 N hydrochloric acid to obtain a
nominalconcentration of 2 ~g/mL of zinc.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 21 3.8 nm
Lamp: Zinc hollow-cathode
Flame: Air-acetylene
Blank: 0.125 N hydrochloric acid

Analysis
Samples: Standardsolutions and Sample solution .
Determinethe absorbances of the solutionsagainst the

Blank. Plotthe absorbances of the Standard solutions
versus the concentration, in ~g/mL, of zinc, and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in ~g/ml, of zinc in the Sample solution.

Calculate the percentage of the labeled amount of zinc
(Zn) in the portion of lozenges taken:

Dietary Supplements / Zinc 5577

Result = (C/Cv) x 100

C =determined concentration of zinc in the Sample
solution(~g/mL)

Cv = nominalconcentration of zinc in the Sample
solution (uq/rnl.)

Acceptance criteria: 90.00/0-110.0% of the label claim
• CONTENT OF VITAMIN C

Sample solution: Transfer NlT 20 Lozenges to a 1000-ml
volumetric flask containing 250 mL of metaphosphoric
acetic acidsTS. Insertthe stopper in the flask, and shake by
mechanical means for 30 min or until the lozenges have
disintegrated completely. Dilute with water to volume.
Transfer a portion of the solution to a centrifugetube, and
centrifuge until a clearsupernatant isobtained.
Quantitatively dilute the clearsupernatant with water, if
necessary, to obtain a solutioncontaining 0.5 mg/mL of
ascorbicacid.

Blank: Amixtureof 5.5 mL of metaphosphoric- aceticacids
T5and 15 mL of water

Titrimetric system
(See Titrimetry(541 ).)
Mode: Directtitration
Titrant: Standard dichlorophenol-indophenolVS
Endpoint detection: Visual, a rose-pink color that persists
for at least 5 s

Analysis: Transfer a volume of the Sample solution,
equivalent to 2 mg of ascorbicacid, into a 50-mL conical
flask. Add 5 mL of metaphosphoric-acetic acids TS, and
titrate with Titrant. Correct for the volumeof the Titrant
consumed by the Blank.

Calculate the percentage of the labeledamount of ascorbic
acid (C6Hs0 6) in the portion of the Lozenges taken:

Result ={[(Vs- VB) x FJ/W} x 100

Vs = Titrant volume consumed by the Sample solution
(mL) .

VB =Titrant volume consumed by the Blank (mL)
F =ascorbicacid equivalentof the Titrant (mg/ml)
W = nominalweight ofascorbic acidtakenforAnalysis

(mg)

Acceptance criteria: 90.00/0-120.0% ofthe labeled amount

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (2021): The total aerobic

microbial count does not exceed 103 cfu/g, and the total
combinedyeastsand moldscount does not exceed102 cful
g.

• ABSENCE OF SPECIFIED MICROORGANISMS (2022): It meets
the requirements of the test for absence of Escherichia coli.

PERFORMANCE TESTS
• DISINTEGRATION AND DISSOLUTION (2040)

Medium: 0.1 N hydrochloric acid; 900 ml
Apparatus 2: 75 rpm
Time: 60 min
Analysis: Determinethe amount of zinc (Zn)and vitamin C

dissolved, using the procedures in Strength for Content
of Zinc and Contentof Vitamin C, making any necessary
volumetric adjustments. [NOTE-Proceed without delay in
the vitamin C determination.]
Calculate the percentage ofthe labeledamount ofzinc(Zn)

dissolved:

Result = C x (VMla) x (OIL) x 100
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C =measured concentration of Zinc in the Sample
solution (mg/mL)

VM =volume of Medium, 900 mL
a = aliquot of solution under test taken (mL)
o =dilution factor to prepare the Sample solution

from the aliquot taken
L = labeled amount of zinc (mg/Tablet)

Calculate the percentage of the labeled amount of vitamin
C, as ascorbic acid (C6Ha0 6) , dissolved:

Result =(Vs - VB) x Fx [(VM/a)/L] x 100

Vs ~ Titrant volume consumed by the Sample solution
(mL)

VB = Titrant volume consumed by the Blank (mL)
F =concentration of the Titrant in terms of the

equivalent of ascorbic acid (mg/mL)
VM = volume of Medium, 900 mL
a = volume of the aliquot taken for Analysis
L =labeled amount of ascorbic acid (mg/Tablet)

Tolerances: NLT 75% of the labeled amount of zinc (Zn)
and vitamin C is dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS (2091):
Meet the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers .
• LABELING: The label statesthe quantity of zinc and vitamin C

as ascorbic acid in mg per Lozenge, and the salt form of
zinc and the chemical form of vitamin C present in the
Lozenges.

USP43
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NF Admissi ns

First Supplement (August 1, 2019)
Star Anise Oil

Second Supplement (December 1,
2019)
Neohesperidin Dihydrochalcone

New Articles Appearing in Nf 38 That
Were Not Included in Nf 37 Including
Supplements
[NoTE-The articles included in this list are noted in the
book with the following symbols .4 .4(NF 1.May-2020)' This applies
to new articles aswell assections of existing items that have
been revised.]

NEW ARTICLES ApPEARING IN NF38
Glyceryl Mono and Dicaprylate
Glyceryl Mono and Dicaprylocaprate
Polypropylene Glycol 11 Stearyl Ether

Articles Admitted to NF 38
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NF Annotated List

General Notices, Monographs, General
Chapters, Reagents, and Tables Affected by

Changes Appearing in NF 38

Page citationsrefer to thepages of NF38. Note-In the list below, if a section is new or if a subsection isaddedto or deleted from
an existing section, it is labeled assuch in parentheses after thesection or subsection name. Itemson this list that appearwithout the
designation "new", "added", or "deleted" are items in which changes havebeenmade to existing official text.

Exciplents (USP and NF), Listed by
Category

Emollient; Solvent;Vehicle
PolypropyleneGlycol 11 Stearyl Ether(new)

Lubricant; Emulsifying Agent
. Glyceryl Mono and Dicaprylate(new)

Glyceryl Mono and Dicaprylocaprate (new)
Sweetening Agent; Flavors and Fragrance

Anise Oil (new)
Neohesperidin Dihydrochaltone (new)

M,onographs (~.F 38)
Alginic Acid, 5608

DEFINITION
IDENTIFICATION
ADDITIONAL REQUIREMENTS

USP Reference Standards (added)
Lew-Substituted Carboxymethylcellulose Sodium,

5682
IDENTIFICATYON
ADDITIONAL REQUIREMENTS
USP Reference Standards (added)

Gelatin (Stage4 Harmonization official May 1,2020),
5783

DEFINITION
IDENTIFICATION
SPECIFIC TESTS

SulfurDioxide
GlycerylMono and Dicaprylate (new), 5794
Glyceryl Mono and Dicaprylocaprate(new), 5796
Glyceryl Monocaprylate, 5799

TITLE
DEFINITION
IDENTIFICATION

Fats and Fixed Oils
ASSAY
ADDITIONAL REQUIREMENTS

Labeling (deleted)

Glyceryl Monocaprylocaprate,5802
TITLE
CHEMICAL INFORMATION
DEFINITION
IDENTIFICATION

Fats and Fixed Oils
ASSAY
ADDITIONAL REQUIREMENTS

USP Reference Standards
Labeling (deleted)

Hexylene Glycol, 5814
CHEMICAL INFORMATION
DEFINITION
IDENTIFICATION

Test A andTest B(added)
ASSAY (added)
IMPURITIES (added)
ADDITIONAL REQUIREMENTS

USP Reference Standards
PolypropyleneGlycol 11 Stearyl Ether(new), 5963
Potassium Alginate, 5975

DEFINITION
IDENTIFICATION
ADDITIONAL REQUIREMENTS

USP Reference Standards (added)
Potassium Sorbate, 5980

CHEMICAL INFORMATION
DEFINITION
IDENTIFICATION
ASSAY
IMPURITIES (added)
ADDITIONAL REQUIREMENTS

USP Reference Standards (added)
Sodium Alginate, 6011

DEFINITION
IDENTIFICATION
ADDITIONAL REQUIREMENTS

USP Reference Standards (added)
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Medium-Chain Triglycerides, 6095
IDENTIFICATION
IMPURITIES

Alkaline Impurities
SPECIFIC TESTS

Fats and Fixed Oils, Unsaponifiable Matter
(deleted)

Fats and Fixed Oils, Saponification Value
(deleted)

Refractive Index (deleted)
ADDITIONAL REQUIREMENTS

Labeling

NFAnnotated List5583
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Excipients

USP and NF Excipients, Listed by Functional
Category

In the following reference table, the grouping of excipients by functional category is intended to summarize commonly
identified purposes that these excipients serve in drug product formulations. The association of a functional category with a
particular dosage form in this table is not absolute and does not limit the use of an excipient to a single type of dosage form
or delivery system.

Adhesive
Dosage Form: Transdermals and "Patches"

Dimethicone
Polyisobutylene

Air Displacement
Carbon Dioxide

-, Nitrogen

Alcohol Denaturant
o'enatonium Benzoate
Methyl Isobutyl Ketone
SucroseOctaacetate

Ant'foamlng Agent
Dimethicone
Lauric Acid
Myristic Acid
Palmitic Acid
Simethicone

Antimicrobial Preservative
Dosage Form: Oral Liquids

Alcohol
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Boric Acid
Butylparaben
Calcium Acetate
Calcium Chloride
Calcium Lactate
Calcium Propionate
Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol

Chloroxylenol
Cresol
Dehydroacetic Acid
Erythorbic Acid
Ethylparaben
Ethylparaben Sodium
Glycerin
Imidurea
Mandelic Acid
Methylparaben
Methylparaben Sodium
Monothioglycerol
Pentetic Acid
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Metabisulfite
Potassium Sorbate
Propionic Acid
Propylene Glycol
Propylparaben
Propylparaben Sodium
Sodium Acetate
Sodium Benzoate
Sodium Borate
Sodium Dehydroacetate
Sodium Lactate Solution
Sodium Metabisulfite
Sodium Propionate
Sodium Sulfite
Sorbic Acid
Sulfur Dioxide
Thimerosal
Thymol
Zinc Oxide

Dosage Form: Ophthalmic Preparations
Benzalkonium Chloride
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Benzyl Alcohol
Chlorobutanol
Propylparaben
Sorbic Acid

Antioxidant
Dosage Form: Oral liquids

Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene
Citric Acid Monohydrate
Erythorbic Acid
Fumaric Acid
Hypophosphorous Acid
Lactobionic Acid
Malic Acid
Methionine
Monothioglycerol
Potassium Metabisulfite
Propionic Acid
Propyl Gallate
Racemethionine
Sodium Ascorbate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Stannous Chloride
Sulfur Dioxide
Thymol
Tocopherol
Tocopherols Excipient
Vitamin E
Vitamin EPolyethylene Glycol Succinate .

Bulking Agent
Alpha-Lactalbumin
Polydextrose "
Polydextrose, Hyqrqgenated
Pullulan

Dosage Form: Parenterals
Creatinine
Glycine
Mannitol
Trehalose

Capsule Shell
Dosage Form: Tablets and Capsules

Gelatin
Hypromellose
Pullulan

Dosage Form: Dry Powder Inhalers
Gelatin
Hypromellose

Excipients 5585

Carrier
Dosage Form: Dry Powder Inhalers

Lactose, Anhydrous
Lactose, Monohydrate

Chelatlng and/or Complexlng Agent
Dosage Form: Oral liquids

Alfadex
Betadex
Betadex Sulfobutyl Ether Sodium
Citric Acid Monohydrate
Edetate Calcium Disodium
Edetate Disodium
Edetic Acid
Galactose
Gamma Cyclodextrin
Hydroxypropyl Betadex
Alpha-Lactalbumin
Malic Acid
Oxyquinoline Sulfate
Pentetic Acid
Potassium Citrate
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic

Coating Agent
Dosage Form: Tablets and Capsules

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer

.Ammonio Methacrylate Copolymer Dispersion
Calcium Carbonate
Carboxyrnethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium,

Enzymatically-Hydrolyzed
Cellaburate
Cellacefate
Cellulose Acetate
Cetyl Alcohol
Chitosan
Coconut Oil
Coconut Oil, Hydrogenated
Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Ethylcellulose Dispersion Type B
Ethylene Glycol and Vinyl Alcohol Graft Copolymer
Gelatin
Glaze, Pharmaceutical
Glucose, Liquid
Glyceryl Behenate

[(Title for this monograph-not to change until
December 1, 2019.) (Prior to December 1,2019, the
current practice of labeling the article of commerce
with the name Glyceryl Behenate may be continued.
Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use
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of this name will not be mandatory until December 1,
2019. The 60-month extension will provide the time
needed by manufacturers and users to make
necessarychanges.)]

Glyceryl Dibehenate
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hypromellose
Hypromellose Acetate Succinate
Hypromellose Phthalate
Isomalt
Alpha-Lactalbumin
Maltitol
Maltodextrin
Methacrylic Acid and Ethyl Acrylate Copolymer
Methacrylic Acid and Ethyl Acrylate Copolymer

Dispersion
Methacrylic Acid and Ethyl Acrylate Copolymer,

Partially-Neutralized
Methacrylic Acid and Methyl Methacrylate Copolymer
Methylcellulose
Palm Kernel Oil
Palm Oil
Palm Oil, Hydrogenated
Polydextrose
Polydextrose, Hydrogenated
Polyethylene Glycol
Polyethylene Glycol 3350

.Polyethylene Oxide
Polyvinyl Acetate I

Polyvinyl Acetate Dispersion
Polyvinyl Acetate Phthalate
Polyvinyl Alcohol
Pullulan

\ Rapeseed Oil, Ful~, Hydrogenated
Rapeseed Oil, Superglycerinated F~I-,>, Hydrogenated
Shellac ..,

Starch, Pregelatinized Modified
Sucrose
Sugar, Confectioner's
Sunflower Oil ."
Titanium Dloxlde;
Wax, Carnauba
Wax, Microcrystalline
Xylitol
Zein
Zinc Oxide

Colloid Stabilizing Agent
Dosage Form: Radiopharmaceuticals

Gelatin

Coloring Agent
Caramel
Ferric Oxide
Ferrosoferric Oxide

Dosage Form: Tablets and Capsules
Aluminum Oxide

NF 38

Desiccant
Calcium Chloride
Calcium Sulfate
Polyvinyl Acetate
Silicon Dioxide

Diluent
Dosage Form: Tablets and Capsules

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Calcium Carbonate
Calcium Phosphate, Dibasic, Anhydrous
Calcium Phosphate, Dibasic, Dihydrate
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellaburate
Cellulose, Microcrystalline
Cellulose, Silicified Microcrystalline
Cellulose, Powdered
Cellulose Acetate
Corn Syrup
Corn Syrup Solids
Dextrates
Dextrin
Dextrose
Dextrose EXcipient
Erythritol
Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion
Fructose
Invert Sugar
Isomalt
Kaolin
Alpha-Lactalbumin
Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Magnesium Carbonate
Magnesium Oxide
Maltitol
Maltodextrin
Maltose
Mannitol
Methacrylic Acid and Ethyl Acrylate Copolymer
Methacrylic Acid and Ethyl Acrylate Copolymer

Dispersion
Methacrylic Acid and Methyl Methacrylate Copolymer
Polydextrose
Polyethylene Glycol
Polyethylene Glycol 3350
Propylene Glycol Monocaprylate
Pullulan
Slmethkone
Sodium Chloride
Sorbitol
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Corn
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Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Starch Hydrolysate, Hydrogenated
Sucrose
Sugar, Compressible
Sugar, Confectioner's
Sugar Spheres
Sunflower Oil
Talc
Trehalose
Xylitol

Dlslntegrant
Dosage Form: Tablets and Capsules

Alginic Acid
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Cellulose, Silicified Microcrystalline
Cellulose, Powdered
Croscarmellose Sodium
Crospovidone
Glycine
Guar Gum
Hydroxypropyl Cellulose, Low-Substituted
Magnesium Alurniqum Silicate
Maltose
Methylcellulose
Polacrilin Potassium
Pullulan
Silicon Dioxide, Colloidal
Sodium Alginate'
Sodium Starch Glycolate
Starch, Pregelatinized Modified
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Trehalose

Emollient
, .

Dosage Form: Semisolids, Topicals, and Suppositories
Alkyl (C12-15) Benzoate

Excipients 5587

Almond Oil
Aluminum Monostearate

. Canola Oil
Castor Oil
Cetostearyl Alcohol
Cholesterol
Coconut Oil
Cyclomethicone
Dimethicone
Ethylene Glycol Stearates
Glycerin
Glyceryl Monooleate
Glyceryl Monostearate
Isopropyl Isostearate
Isopropyl Myristate
Isopropyl Palmitate
Isostearyl Isostearate
Hydrogenated Lanolin
Lecithin
Mineral Oil
Mineral Oil, Light
Myristyl Alcohol
Octyldodecanol
Oleyl Alcohol
Oleyl Oleate
Petrolatum

Propylene Glycol Dilaurate
Propylene Glycol Monolaurate
Safflower Oil
Soybean Oil, Hydrogenated
Sunflower Oil
Wax, Cetyl Esters
Xylitol
Zinc Acetate

Emulsifying Agent
Dosage Form: Oral Liquids

Acacia
Agar
Behenoyl Polyoxylglycerides
Benzalkonium Chloride
Benzyl Benzoate
Caprylic Acid
Caprylocaproyl Polyoxylglycerides
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Cetostearyl Alcohol
Cetyl Alcohol
Cetylpyridinium Chloride
Cholesterol
Coconut Oil
Desoxycholic Acid

[(Title for this monograph-not to change until
December 1, 2021.) (Prior to December 1, 2021, the
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current practice of labeling the article of commerce
with the name Desoxycholic Acid may be continued.
Use of the name Deoxycholic Acid will be permitted
as of December 1, 2016; however, the use of this
name will not be mandatory until December 1, 2021.
The 60-month extension will provide the timeneeded
by manufacturers and users to make necessary
changes.)]

Deoxycholic Acid
Diethanolamine (Adjunct)
Diethylene Glycol Monoethyl Ether
Diethylene Glycol Stearates
Egg Phospholipids
Ethylene Glycol Stearates

Distearate

Glyceryl Monocaprylate
Glyceryl Monocaprylocaprate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate
Glyceryl Tricaprylate
Glyceryl Tristearate
Hydroxypropyl Cellulose
Hypromellose
Isopropyl Isostearate
Isostearyl Isostearate

._, Alpha-Lactalbumin
Lanolin
Hydrogenated Lanoli~
Lanolin Alcohols
Lauric Acid
Lauroyl Polyoxylglycerides
Lecithin _,
Linoleoyl Polyoxylglycerides
Magnesium Oxide
Medium-chain Triglycerides
Methylcellulose
Mono- and Di-glycerides
Monoethanolamlne (Adjunct)
Myristic Acid
Octyldodecanol
Oleic Acid (Adjunct)
Oleoyl Polyoxylglycerides
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
Palm Oil
Palmitic Acid
Pectin
Poloxamer
Polycarbophil
Polyglyceryl 3 Diisostearate
Polyglyceryl Dioleate
Polyoxyl 10 Oleyl Ether
Polyoxyl15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Castor Oil, Hydrogenated
Polyoxyl 40 Stearate

NF 38

Polyoxyl Lauryl Ether
Polyoxyl Stearate
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Potassium Alginate
Propylene Glycol Alginate
Propylene Glycol Diacetate
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Dilaurate
Propylene Glycol Monocaprylate
Propylene Glycol Monolaurate
Propylene Glycol Monostearate
Rapeseed Oil, Superglycerinated Fully Hydrogenated
Sodium Borate
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stannous Chloride
Starch, Hydroxypropyl Corn
Starch, Hydroxypropyl Pea
Starch, Hydroxypropyl Potato
Stearic Acid
Stearoyl Polyoxylglycerides
Sucrose Palmitate
Sucrose Stearate
Sunflower Oil
Trolamine
Vitamin E Polyethylene Glycol Succinate
Wax, Emulsifying

Film-Forming Agent
Dosage Form: Tablets and Capsules

Alginic Acid
Amino Methacrylate Copolymer

.Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium,

Enzymatically-Hydrolyzed
Cellaburate
Cellacefate
Cellulose Acetate
Chitosan
Copovidone
Dibutyl Phthalate
Diethyl Phthalate
Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion . .,.

Ethylcellulose
Ethylcellulose Aqueous Dispersion
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Ethylcellulose Dispersion Type B
Ethylene Glycol and Vinyl Alcohol Grafted Copolymer
Gelatin
Glaze, Pharmaceutical
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hypromellose
Hypromellose Acetate Succinate
Hypromellose Phthalate
Methacrylic Acid and Ethyl Acrylate Copolymer
Methacrylic Acid and Ethyl Acrylate Copolymer

Dispersion
Methacrylic Acid and Ethyl Acrylate Copolymer,

Partially-Neutralized
Methacrylic Acid and Methyl Methacrylate Copolymer
Methylcellulose
Polyethylene Glycol 3350
Polyvinyl Acetate
Polyvinyl Acetate Dispersion
Polyvinyl Acetate Phthalate
Polyvinyl Alcohol
Pullulan
Pyroxylin
Shellac
Sodium Alginate

Dosage Form: Transdermals and "Patches"
Chitosan
Dextrin
Gelatin
Hydroxyethyl Cellulose
Hypromellose
Pectin
Polyethylene Glycol
Polyvinyl Alcohol _
Pullulan
Sodium Alginate
Xanthan Gum

Filtering Aid
Cellulose, Powdered
Siliceous Earth, Purified

'. _.:.

Flavors and Fragrance

Dosage Form: Tablets and Capsules
Adipic Acid
Almond Oil
Anethole
Benzaldehyde
Denatonium Benzoate
Ethyl Acetate
Ethyl Maltol
Ethyl Vanillin

Excipients 5589

Ethylcellulose
Fructose
Fumaric Acid
L-Glutamic Acid, Hydrochloride
Lactitol
Leucine
Malic Acid
Maltol
Menthol
Methionine
Methyl Salicylate
Monosodium Glutamate
Peppermint
Peppermint Oil
Peppermint Spirit
Racemethionine
RoseOil
RoseWater, Stronger
Sodium Acetate
Sodium Lactate Solution
Tartaric Acid
Thymol
Vanillin

Free Radical Scavenger
Dosage Form: Radiopharmaceuticals

Aminobenzoic Acid
Methylene Blue

Glldant and/or Antlcaklng Agent
Dosage Form: Tablets and Capsules

Calcium Phosphate, Tribasic
Calcium Silicate
Cellulose, Powdered
Magnesium Oxide
Magnesium Silicate
Magnesium Trisilicate
Silica, Dental-Type
Silica, Hydrophobic Colloidal
Silicon Dioxide, Colloidal
Sodium Stearate
Talc

Humedant
Corn Syrup Solids
Cyclomethicone
Erythritol
Glycerin
Hexylene Glycol
Inositol
Hydrogenated Lanolin
Maltitol
Polydextrose
Polydextrose, Hydrogenated
Propylene Glycol
Sodium Lactate Solution
Sorbitol
Sorbitol Sorbitan Solution
Starch Hydrolysate, Hydrogenated
Tagatose
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Triacetin
Xylitol

Lubricant
Dosage Form: Tablets and Capsules

Behenoyl Polyoxylglycerides
Calcium Stearate
Castor Oil, Hydrogenated
Coconut Oil, Hydrogenated
Glyceryl Behenate

[(Title for this monograph-not to change until
December 1,2019.) (Prior to December 1, 2019, the
current practice of labeling the article of commerce
with the name Glyceryl Behenate may be continued.
Use of the name Glyceryl Dibehenate wiJI be
permitted as of December 1, 2014; however, the use
of this name will not be mandatory until December 1,
2019. The 60-month extension will provide the time
needed by manufacturers and users to make
necessarvchanges.)]

Monocaprylate .
Monocaprylocaprate
Monostearate
Tricaprylate
Tristearate

Lauric Acid
Magnesium Stearate
Mineral Oil, Light
Myristic Acid
Palm Oil, Hydrogenated
Palmitic Acid ~-

Poloxamer
Polyethylene Glycol '
Polyethylene Glycol 3350
Polyoxyl 10 Oleyl Ether
Polyoxyl 15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 CastorOil
Polyoxyl 40 Castor Oil, Hydrogenated
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Potassium Benzoate
Sodium Benzoate
Sodium Lauryl Sulfate
Sodium Stearate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
SorbitanSesquioleate
Sorbitan Trioleate
Stearic Acid

NF 38

Stearic Acid, Purified
Sucrose Stearate
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Ointment Base
Dosage Form: Semisolids, Topicals, and Suppositories

Caprylocaproyl Polyoxylglycerides
Coconut oil
Diethylene Glycol Monoethyl Ether
Lanolin
Hydrogenated Lanolin
Lanolin Alcohols
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White

. Ointment, Yellow
Oleoyl Polyoxylglycerides
Paraffin
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Polydecene, Hydrogenated
Polyethylene Glycol
Polyethylene Glycol 3350
Polyethylene Glycol Monomethyl Ether
Polyglyceryl 3 Diisostearate
Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II
Vitamin E Polyethylene Glycol Succinate

Pharmaceutical Water
Dosage Form: Parenterals

Water for Injection
Water for Injection, Bacteriostatic
Water for Injection, Sterile
Water for Irrigation, Sterile
Water Purified
Water Purified, Sterile

pH Modifier (Acidifying Agent/
Alkalizing Agent/Buffering Agent)

Sodium Succinate

Dosage Form: Oral Liquids
Acetic Acid
Acetic Acid, Glacial
Adipic Acid
Ammonia Solution, Strong
Ammonium Carbonate
Ammonium Chloride
Ammonium Phosphate
Boric Acid
Calcium Carbonate
Calcium Hydroxide
Calcium Lactate
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Calcium Phosphate, Tribasic
Citric Acid Monohydrate
Citric Acid, Anhydrous
Diethanolamine
Fumaric Acid
Glycine
Hydrochloric Acid
Hydrochloric Acid, Diluted
Alpha-Lactalbumin
Lactic Acid
Lysine Hydrochloride
Maleic Acid
Malic Acid
Methionine
Monoethanolamine
Monosodium Glutamate
Nitric Acid
Phosphoric Acid
Phosphoric Acid, Diluted
Potassium Bicarbonate
Potassium Citrate
Potassium Hydroxide
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Propionic Acid
Racemethionine
Sodium Acetate
Sodium Bicarbonate
Sodium Borate
Sodium Carbonate
Sodium Citrate
Sodium Hydroxide
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid
Sulfuric Acid
Tartaric Acid
Trolamine

Plasticizer
Dosage Form: Tablets and Capsules

Acetyltributyl Citrate
Acetyltriethyl Citrate
Benzyl Benzoate
Castor Oil
Chlorobutanol
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Mannitol
Polyethylene Glycol
Polyethylene Glycol 3350
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Pullulan
Sorbitol
Sorbitol Sorbitan Solution
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Triacetin
Tributyl Citrate
Triethyl Citrate
Vitamin E

Polymer Membrane
Dosage Form: Tablets and Capsules

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion .
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Ethylcellulose Dispersion Type B
Pullulan

Polymers for Ophthalmic Use
Dosage Form: Ophthalmic Preparations

Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carmellose
Guar Gum
Hydroxyethyl Cellulose
Hypromellose
Polyvinyl Alcohol
Povidone
Xanthan Gum

Propellant
Dosage Form: Aerosols

Butane
Carbon Dioxide
Dichlorodifluoromethane
Dichlorotetrafluoroethane
Isobutane
Nitrogen
Nitrous Oxide
Propane
Trichloromonofluoromethane

Reducing Agent
Dosage Form: Radiopharmaceuticals

Stannous Chloride
Stannous Fluoride

Release-Modifying Agent
Dosage Form: Tablets and Capsules

Alginic Acid
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Carrageenan
Cellaburate
Ethylcellulose
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EthyJcelluloseAqueous Dispersion
EthyJcellulose Dispersion Type B
Glyceryl Monooleate
Glyceryl Monostearate
Guar Gum
Hydroxypropyl Betadex
Hydroxypropyl Cellulose
Hypromellose
Polyethylene Oxide
Polyvinyl Acetate Dispersion
Shellac
Sodium Alginate
Starch, Pregelatinized
Starch, Pregelatinized Modified
Xanthan Gum

Sequestering Agent
Dosage Form: Oral Liquids

Betadex
Betadex Sulfobutyl Ether Sodium
Calcium Acetate
Cyclodextrin, Gamma
Hydroxypropyl Betadex
Pentetic Acid
Pullulan
Sodium Citrate
Sodium Tartrate
Tartaric Acid

Solvent
Acetone
Alcohol
Alcohol, Diluted -'
Almond Oil
Amylene Hydrate
Benzyl Alcohol
Benzyl Benzoate
Butyl Alcohol ~

Butylene Glycol
Canola Oil ~.. ~.

Caprylocaproyl Polyoxylglycerides
Castor Oil
Corn Oil
Cottonseed Oil
Dibutyl Phthalate
Diethyl Phthalate
Diethylene Glycol Monoethyl Ether
Dimethyl Sulfoxide
Ethyl Acetate
Ethyl Oleate
Glycerin
Hexylene Glycol
Isobutyl Alcohol
Isopropyl Alcohol
Isopropyl Myristate
Isopropyl Palmitate
Lauroyl Polyoxylglycerides .
Linoleoyl Polyoxylglycerides
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Medium-chain Triglycerides
Methyl Alcohol
Methyl Isobutyl Ketone
Methylene Chloride
Methylpyrrolidone
Mineral Oil
Mineral Oil, Light
Oleoyl Polyoxylglycerides
Peanut Oil
Polydecene, Hydrogenated
Polyethylene Glycol
Polyethylene Glycol 3350
Polyethylene Glycol Monomethyl Ether

Igl~i~~I~J!ID~~~m~~JJwl1!lf~ti~iJI~m!~!li!lmlt~lll~~~)
Propylene Carbonate
Propylene Glycol
Propylene Glycol Diacetate
Safflower Oil
SesameOil
Soybean Oil
Stearoyl Polyoxylglycerides
Sunflower Oil
Triacetin
Triethyl Citrate
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Sorbent
Cellulose, Powdered
Charcoal, Activated
Siliceous Earth, Purified

Sorbent, Carbon Dioxide
Barium Hydroxide Lime
Soda Lime

Stiffening Agent
Dosage Form: Semisolids, Topicals, and Suppositories

Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Palmitate
Dextrin
Hard Fat
Alpha-Lactalbumin
Paraffin
Paraffin, Synthetic
Rapeseed Oil, Fully Hydrogenated
Rapeseed Oil, Superglycerinated Fully Hydrogenated
Sodium Stearate
Stearyl Alcohol
Wax, Cetyl Esters
Wax, Emulsifying
Wax, Microcrystalline
Wax, White
Wax, Yellow
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Suppository Base
Dosage Form: Semisolids, Topicals, and Suppositories

Agar
Cocoa Butter
Hard Fat
Palm Kernel Oil
Polyethylene Glycol
Polyethylene Glycol 3350

Suspending and/or Viscosity-Increasing
Agent
Dosage Form: Semisolids, Topicals, and Suppositories

Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
.Carborner 941
Carbomer 1342
Carbomer Copolymer I

Carborner Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium

\ Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carboxymethylcellulose Sodium,

Enzymatically-Hydrolyzed
Carmellose
Carrageenan
Cellulose, Microtrystalline -
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium
Cellulose, Powdered
Cetostearyl Alcohol
Chitosan
Corn Syrup
Corn Syrup Solids
Cyclomethicone
Dextrin
Egg Phospholipids
Ethylcellulose
Gelatin
Gellan Gum
Glyceryl Behenate

[(Title for this monograph-not to change until
December 1, 2019.) (Prior to December 1, 2019 the

, current practice of labeling the article of comme'rce
with the name Glyceryl Behenate may be continued.
Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use
of this name will not be mandatory until December 1,
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2019. The 60-month extension will provide the time
needed by manufacturers and users to make
necessary changes.)]

Glyceryl Dibehenate
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hypromellose
Isomalt
Alpha-Lactalbumin
Kaolin
Magnesium Aluminum Silicate
Maltitol Solution
Maltodextrin
Medium-chain Triglycerides
Methylcellulose
Pectin
Polycarbophil
Polydextrose
Polydextrose, Hydrogenated
Polyethylene Oxide
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Polyvinyl Alcohol
Potassium Alginate
Povidone
Propylene Glycol Alginate
Pullulan
Silica, Dental-Type
Silica, Hydrophobic Colloidal
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Sucrose
Sucrose Palmitate
Tragacanth
Vitamin E Polyethylene Glycol Succinate
Xanthan Gum
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Sweetening Agent
Dosage Form: Oral Liquids

Acesulfame Potassium
Aspartame
Aspartame Acesulfame
Corn Syrup
Corn Syrup, High Fructose
Corn Syrup Solids
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Glucose, Liquid
Glycerin
Inulin
Invert Sugar
Isomalt
Lactitol
Maltitol
Maltitol Solution
Maltose
Mannitol
Neotame

Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Starch Hydrolysate, Hydrogenated
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner's
Syrup
Tagatose'
Trehalose " ,.
Xylitol

Tonicity Agent
Dosage Form: Parenterals

Corn Syrup
Corn Syrup Solids
Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Traflsfer Ligand
Dosage Form: Radiopharmaceuticals

Edetate Disodium
Sodium Acetate
Sodium Citrate
Sodium Gluconate
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Sodium Tartrate

Vehicle

Dosage Form: Oral Liquids

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
Ethyl Maltol
Peppermint Water,
Sorbitol Solution
Syrup
Trehalose

OLEAGINOUS
Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Castor Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Myristyl Alcohol
Octyldodecanol
Olive Oil
Peanut Oil
Polydecene, Hydrogenated
Polyoxyl 15 Hydroxystearate
Safflower Oil
SesameOil
Soybean Oil
Squalane
Sunflower Oil

SOLID CARRIER
Chitosan
Corn Syrup Solids
Alpha-Lactalbumin
Glyceryl Tricaprylate
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Sugar Spheres

STERILE
rAlbumin Human
Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Water-Repelling Agent
Cydomethicone
Dimethicone
Simethicone
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Wet Binder
Dosage Form: Tablets and Capsules

Acacia
Agar
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Calcium Carbonate
Calcium Lactate
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Cellulose, Silicified Microcrystalline
Coconut Oil, Hydrogenated
Copovidone
Corn Syrup
Corn Syrup Solids
Dextrates
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion
Ethylcellulose
Ethylene Glycol and Vinyl Alcohol Graft Copolymer
Gelatin
Glucose, Liquid
Glyceryl Behenate I

[(Title for this monograph-not to change until
December 1,2019.) (Prior to December 1, 2019, the
current practice of labeling the article of commerce
with the name Glyceryl Behenate may be continued.
Use of the narneGlyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use
of this name will not be mandatory-until December 1,
2019. The 60-month extension will provide the time
needed by manufacturers and users to make
necessary changes.)]

Glyceryl Dibehe~ate
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Cellulose, Low-Substituted
Hypromellose
Hypromellose Acetate Succinate
Inulin
Invert Sugar
Alpha-Lactalbumin
Lactose, Monohydrate
Maltodextrin
Maltose
Methacrylic Acid and Ethyl Acrylate Copolymer
Methacrylic Acid and Ethyl Acrylate Copolymer

Dispersion
Methacrylic Acid and Methyl Methacrylate Copolymer
Methylcellulose
Palm Oil, Hydrogenated
Polycarbophil .
Polydextrose, Hydrogenated
Polyethylene Oxide
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Polyvinyl Acetate
Povidone
Pullulan
Sodium Alginate
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Starch Hydrolysate, Hydrogenated
Sucrose
Sunflower Oil
Syrup
Trehalose
Vegetable Oil, Hydrogenated
Vitamin E Polyethylene Glycol Succinate
Zein

Wetting and/or Solubilizing Agent
Betadex Sulfobutyl Ether Sodium

Dosage Form: Oral tlqulds
Behenoyl Polyoxylglycerides
Benzalkonium Chloride
Benzethonium Chloride
Butylene Glycol
Caprylocaproyl Polyoxylglycerides
Cetylpyridinium Chloride
Docusate Sodium
Egg Phospholipids
Glycine
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Nonoxynol9
Octoxynol9
Oleoyl Polyoxylglycerides
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Castor Oil, Hydrogenated
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearate
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
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Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
SorbitanTrioleate
Stearoyl Polyoxylglycerides
Tyloxapol
Wax, Emulsifying
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ficial Mono r h
F3

Acacia
DEFINITION
Acacia is the dried gummy exudate from the stems and

branches of Acacia senegal (L.) Willd. or of other related
African speciesof Acacia (Fam. leguminosae).

IDENTIFICAnON

• A.
Analysis: To 10 ml of a cold solution (1 in 50) add 0.2 ml

of diluted lead subacetate TS.
Acceptance criteria: Aflocculent, or curdy, white

precipitate isformed immediately.

IMPURITIES
• ARSENIC, Method /I (211): NMT 3 ppm
• LEAD (251): NMT 10 ppm

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS
Acada: Spheroidal tears up to 32 mm in diameter or in

angular fragments of white to yellowish white color. It is
translucent or somewhat opaque from the presence of
numerous minute fissures; verybrittle, the fracturedsurface
glassy and occasionally iridescent. Itis almost odorless and
produces a mucilaginous sensation on the tongue.

FlakeAcacia: White to yellowish white, thin flakes,
appearing under the 'microscope as colorless, striated
fragments -- .

Powdered Acacia: Whit~ to yellowish white, angular
microscopic fragments with only traces of starch or
vegetable tissues present .

Granular Acacia: White to pale yellowish white, fine
granules. Under the microscope it appears as colorless,
glassy, irregularly angular fragments up to 100 IJm in
thickness, some of which exhibit parallel linearstreaks.

Spray-dried Acacia: White to off-white compacted
microscopic fragments or whole spheres

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): Meetsthe requirements
of the tests for absence of Salmonella species

• WATER DETERMINATION, Method III (Gravimetric) (921)
Analysis: Forunground Acacia, crush in a mortar until it

passesthrough a No.40 sieve, and mixthe ground material
before weighing the test specimen. Drya sample at 105°
for 5 h.

Acceptance criteria: NMT 15.0% of its weight
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash (561):

NMT 0.5%
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT

4.0%
• INSOLUBLE RESIDUE

Sample solution: Dissolve 5.0 g of powdered or finely
ground Acacia in 100 ml ofwater. Add 10 ml of 3 N
hydrochloric acid.

Analysis: Boil the Sample solution gentlyfor 15 min. Pass by
suction, while hot, through a tared filtering crucible. Wash
thoroughly with hot water, dry at 105°for 1 h, and weigh.

Acceptance criteria: The weight of the residuethus
obtained does not exceed 50 mg.

• STARCH OR DEXTRIN
Sample solution: Asolution (1 in 50)
Analysis: Boil the Sample solution cool, and add iodine TS.
Acceptance criteria: No bluish or reddish colorisproduced..

• SOLUBILITY AND REACTION
Sample: 1 g
Analysis: Dissolve the Sample in 2 ml of water.
Acceptance criteria: The resulting solutionflows readily

. and isacid to litmus.
• TANNIN-BEARING GUMS

Sample solution: Asolution (1 in 50)
Analysis: To 10 mL of the Sample solution add 0.1 mL of

ferric chlorideTS.
Acceptance criteria: No blackish coloration or blackish

precipitate is produced.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Acacia Syrup
DEFINITION
PrepareAcacia Syrup as follows (see Pharmaceutical

Compounding-Nonsterile Preparations (795».

Acacia, granular or powdered 100 g

Sodium Benzoate 1 g

Vanilla TIncture 5 mL

Sucrose 800 9

Purified Water, a sufficient quantity to make 1000 mL

Mix Acacia, Sodium Benzoate, and Sucrose. Add 425 mL of
Purified Water, and mix. Heat the mixtureon a steam bath
until dissolved. When cool, removethe scum, add Vanilla
Tincture and sufficient Purified Water to make the product
measure 1000 ml, and strain, ifnecessary.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): Meetsthe requirements
of the test for absence of Salmonella species

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package intight containers,and

prevent exposure to excessive heat.
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Acesulfame Potassium

• LABELING: The labelstates the Latin binomial name and,
following the official name, the part of the plant source
from which the article was derived.

v
c

W

Buffer solution: Mix equal volumes of Solution A,
Solution B, and Solution C, and adjustwith ammonium
hydroxide to a pH of 7.5. .

Standard stock solution: Weigh 0.442 9 ofsodiumfluoride,
previously dried at 3000 for 12 h, into a l-l volumetric flask,
and dilute with water to volume. Store the solution in a
closed plastic container. Immediately before use, pipet
5 ml, of this solutioninto a 1OO-mL volumetric flask, and
dilute with water to volume. Each mL of this solution
contains 10 ~g of fluoride ion.

Standard solution A: Mix 0.5 mL of Standardstock solution
and 15.0 mL of Buffer solution, and dilute with water to
50 mL.

Standard solution B: Mix 1.0 mL of Standardstock solution
and 15.0 mL of Buffer solution, and dilute with water to
50 mL. .

Standard solution C: Mix 1.5 mL of Standardstock solution
and 15.0 ml of Buffer solution, and dilute with water to
50 mL.

Standard solution D: Mix 3.0 ml of Standardstock solution'
and 15.0 ml of Buffer solution, and dilute with water to
50 mL.

Sample solution: To a 50-ml volumetric flask add 3 9 of
Acesulfame Potassium. Dissolve in water, add 15.0 mL of
Buffer solution, and dilute with water to volume.

Analysis
Samples: StandardsolutionA, Standardsolution8, Standard

solution C, Standard solution0, and Sample solution
Concomitantlymeasure the potential (see Titrimetry

(541 », in mY, of the Standard solutions and the Sample
solution, with a suitable pH meter equipped with a
fluoride-specific ion electrodeand a silver-silver chloride
referenceelectrode. When taking the measurements,
transferthe solutionto a 25-mL beaker,and immersethe
electrodes. Inserta polytef-coated stirring bar into the
beaker, place the beakeron a magnetic stirrerhavingan
insulated top, and allow to stir until equilibrium is
attained (1-2 min)-.Rinse, and dry the electrodes
between measurements, takingcare not to scratch the
crystal in the fluoride-specific ionelectrode. Measure the
potential of each Standardsolution, and plot the fluoride
concentration, in ~g/mL, versus the potential, in mY, on
semilogarithmic paper. Measure the potential of the
Sample solution, and determine the fluoride
concentration from the standard curve, in ~g/mL.

Calculate the content, in ppm, offluoride in the portion of
Acesulfame Potassium taken:

Result = (V x C/W)

= volume of the.Sample solution(ml)
=concentration of fluoride in the Sample solution,

from the standard curve(uq/rnt)
=weight of Acesulfame Potassium taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 3 ppm
• CHROMATOGRAPHIC PURITY

Solution A: 3.3 mg/ml of tetrabutylammonium hydrogen
sulfate

Mobile phase: Acetonitrile and Solution A (2:3)
System suitability solution: 2 ~g/mL each of USP

Acesulfame Potassium RS and ethylparaben
Standard solution: 0.2 ~g/ml of USP Acesulfame

Potassium RS
Sample solution: 10 mg/ml
Chromatographic system

(SeeChromatography (621), System Suitability.)
Mode: LC
Detector: UV 227 nm

= titrant volume consumed by the Sample (ml)
=titrant volume consumed by the Blank (mL)
= titrant actual normality (mEq/mL)
=equivalency factor, 201.2 mg/mEq
=weight of Sample (mg)

V
B
N
F
W

C4H4N04SK 201.24
6-Methyl-l,2,3-oxathiazine-4(3H)-one-2,2-dioxide potassium

salt;
3,4-Dihydro-6-methyl-l,2,3~oxathiazine-4-one-2,2-dioxide
potassium salt [55589-62-3].

DEFINITION
Acesulfame Potassium contains NLT99.0% and NMT 101.0%

of C4H4N04SK, calculated on the dried basis.

IDENTIFICATION

o
H'C~O'//

I eo
N Kt

o

• A.,
'~pg§;rQ~

• B. IDENTIFICATION TESTS-GENERAL, Potassium (191)
Sample solution: 100 mg/mL
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 150 mg
Tltrlmetrlc system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N perchJoric acid VS
Blank: 50 mL of glacial acetic acid
Endpoint detection: Potentiometric -- .

Analysis: Dissolve the Sample in 50 mL of glacial aceticacid.
Titratewith 0.1 N perchloric acid VS. Perform a blank
determination. .
Calculatethe percentage of acesulfame potassium

(C4H4N0 4SK) in the Sample: .

Result ='[(V- 8) x N x Fx 100]/W

Acceptance criteria: 99.0%-101 .0% on the dried basis

IMPURITIES
• LIMITOF FLUORIDE

[NOTE-Use plasticware throughout this test.]
Solution A: Dissolve 210 9 of citricacid monohydrate in

400 mL of water. Adjust with concentrated ammonia to a
pH of 7.0, and dilute with water to 1000 mL.

Solution B: 132 mg/mL of dibasicammonium phosphate
Solution C: To a suspension of 292 gof edetic acid in

500 mL of water, add 200 mL of ammonium hydroxide,
adjust with ammonium hydroxideto a pH between 6 and
7, and dilute with water to make 1000 mL.
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Diluted Acetic Acid

DEFINITION
Diluted Acetic Acid is a solution containing, in each 100 mL,

NLT 5.7 g and NMT 6.3 g of acetic acid (C2H402) .

Prepare Diluted Acetic Acid as follows (see Pharmaceutical
Compounding-Nonsterile Preparations (795».

Analysis: To 10 mL of the Sample solution add 5 drops of
silver nitrate TS. '

Acceptance criteria: No opalescence is produced.
• SULFATE

Sample solution: Acetic acid (1 in 10) in water
Analysis: To 10 mL of the Sample solution add 5 drops of

barium chloride TS.
Acceptance criteria: No turbidity is produced.

• READILY OXIDIZABLE SUBSTANCES
Analysis: Dilute 4.0 mL in a glass-stoppered vessel with

20 mL of water, and add 0.30 mL of 0.10 N potassium
permanganate.

Acceptance criteria: The pink color is not changed to
brown at once, and the liquid does not become entirely
brown or free from a pink tint in less than 30 s.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

158 mL

1000 mLPurified Water, a sufficient quantity to make

Acetic Acid

Mix the ingredients.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Acetate (191): Meets

the requirements

ASSAY
• PROCEDURE

Sample: 25 mL
Analysis: To the Sample add 15 mL of carbon dioxide-free

water. Add phenolphthalein TS,and titrate with 1 N sodium
hydroxide VS. Each mL of 1 N sodium hydroxide is
equivalent to 60.05 mg of acetic acid (C2H402) .

Acceptance criteria: 5.7-6.3 g of acetic acid per 100 mL of
Diluted Acetic Acid

IMPURITIES
• liMIT OF CHLORIDE

Sample solution: A solution of Diluted Acetic Acid in water
(6 in 10)

Analysis: Add 5 drops of silver nitrate TS to 10 mL of the
Sample solution.

Acceptance criteria: No opalescence is found.
• liMIT OF SULFATE

Sample solution: A solution of Diluted Acetic Acid in water
(6 in 10)

Analysis: Add 5 drops of barium chloride TSto 10 mL of the
Sample solution.

Acceptance criteria: No turbidity is produced.
• liMIT OF NONVOLATILE RESIDUE

Sample: 20 mL .
Analysis: Evaporate the Sample in a tared porcelain dish on a

steam bath, and dry it at 105° for 1 h.
Acceptance criteria: The weight of the residue does not

exceed 1.0 mg (NMT 0.005%).

Column: 4.6-mm x 25-cm;5-l..Im packing L1
Flow rate: 1 mL/min
Injection size: 20 I..IL

System suitability
Sample: System sqitability solution
Suitability requirements

Resolution: NLT 2 between acesulfame potassium and
ethylparaben

Analysis
Samples: Standard solution and Sample solution

Record the chromatograms for a run time NLT 3 times the
retention time of the acesulfame potassium peak, and
measure the area responses of the peaks. .

Acceptance criteria: The responseof any peak at a retention
time other than that of acesulfame potassium from the
Sample solution does not exceed the response of the
acesulfame potassium peak from the Standard solution
(0.002%).

SPECIFICTESTS
• ACIDITY OR ALKALINITY

Sample solution: 4.0 g in 20 mL of carbon dioxide-free
water

Analysis: Add 0.1 mL of bromothymol blue TS. If the
solution is yellow, titrate with 0.01 N sodium hydroxide to
produce a blue color. If the solution is blue, titrate with
0.01 N hydrochloride acid to produce a yellow color.

Acceptance criteria: NMT 0.2 mL of 0.01 N sodium
hydroxide or NMT 0.2 mL of 0.01 N hydrochloric acid is
required.

• loss O,N DRYING (731): Dry a sample at 105° for 3 h: it loses
NMT 1.0% of its weight.

ADDiTIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a well-closed

container, and protect from light. Store at room
temperature.

• USP REFERENCE STANDARDS (11)
USP Acesulfame Potassium RS

Acetic Acid

Acetic acid;
Acetic acid [64-19-7}.

DEFINITION _."
Acetic Acid is a solution containing NLT 36.0% and NMT

37.0%, by weight, of C2H402•

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Acetate (191): Meets

the requirements

ASSAY
• PROCEDURE

Analysis: Place6 mL in a tared, glass-stoppered flask, and
weigh. Add 40 mL of water, then add phenolphthalein TS.
Titrate with 1 N sodium hydroxide VS. Each mL of 1 N
sodium hydroxide is equivalent to 60.05 mg of C2H40 2•

Acceptance criteria: 36.0%-37.0% ' .

IMPURITIES
• NONVOLATILE RESIDUE

Analysis: Evaporate 20 mL in a tared porcelain dish on a
steam bath, and dry at 105° for 1 h.

Acceptance criteria: The weight of the residue does not
exceed 1.0 mg (0.005%). .

• CHLORIDE
Sample solution: Acetic acid (1 in 10) in water
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SPECIFIC TESTS
• READILY OXIDIZABLE SUBSTANCES

Sample: 20 mLin a glass-stopperedflask
Analysis: Add 0.30 mL of 0.10 N potassium permanganate

to the Sample.
Acceptance criteria: The pinkcolor is not changed to

brown immediately, and the liquiddoes not become
entirely brown or free from a pink tint in lessthan 30 s.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Acetic Acid, Glacial-see GlacialAcetic AcidGeneral
Monographs

Acetone

C3H60 58.08
2-Propanone;
Acetone [67-64-1].

DEFINITION
Acetone contains NLT 99.0% of C3H60 , calculated on the

anhydrous basis.
[CAUTION-Acetone isveryflammable. Donot usewhere it may

be ignited.]

IDENTI~ICATION

•A·i~i~~~~~g~~
~J:?g(2'~r;()~g9!d}1;>1 ....·..1

• B. The retention time 0 the Sample corresponds to that of
USP Acetone RS, as obtained in the Assay.

ASSAY
• PROCEDURE

Sample: Acetone "
System suitability solution: Dilute1.0 mLof USP Methyl

Alcohol RS and 1.0 ml-of USP Acetone RS with
tetrahydrofuran to 50 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mmx 30-mfused-silica capillary; 1.s-pm of

phase G43
. Temperature

Column: See Table 7.

Table 1
Hold Time at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperaturee) (Ojmln) e) (mih)

40 0 40 5

40 20 240 -

Injector: 2000

Detector: 2800

Carrier gas: Helium

NF 38

Flow rate: 35 cmls (linearvelocity)
Split ratio: 400:1
Injection volume: 1 IJL

System suitability
Sample: System suitabilitysolution

[NOTE-The relative retention timesfor methyl alcohol,
acetone, and tetrahydrofuran are about 0.6, 1.0, arid
1.9, respectively.]

Suitability requirements
Resolution: NLT 15 between the methyl alcohol and

acetone peaks
Analysis

Sample: Sample
Calculate the percentage of acetone (C3H60 ) in the

portion of Acetone taken:

Result = (r ulrr) x 100

=peak area due to the acetone peak in the Sample
= sum of the areas of all the peaks in the Sample

[NOTE-No separate correction isapplied for water
content, because water does not respond to the
flame-ionization detector.]

Acceptance criteria: NLT 99.0~ on the anhydrous basis

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): NMT 0.789
• NONVOLATILE RESIDUE: Evaporate 50 mLin a tared

porcelain dish on a steam bath, and dry at 1050 for 1 h.
Acceptance criteria: The weight of the residue does not

exceed 2 mg (0.004%).
• WATER

Sample: Acetone
Standard solution: Transfer0.50 mLof water to a dry

1OO-mL volumetricflask, dilute with dehydrated isopropyl
alcohol to volume, and mix.

Blank: Dehydrated isopropyl alcohol
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 0.32-mm x 50-m capillary; 5.0-lJm layerof

support S2
Temperature

Column: See Table 2.

Table 2

Hold Time at FI-
Initial Temperature Final nal

Temperature Ramp Temperature Temperaturee) e/min) e) (min)

100 25 190 -

Injector: 2500

Detector: 2500

Carrier gas: Helium
Flow rate: 11 mL/min
Split ratio: 4.5:1
Injection size: 1.0 IJL

Analysis
Samples: Acetone, Standardsolution, and Blank

[NoTE-Identify the peaks based on theirrelative
retention times, which are 1.0 for water and about
1.9 for isopropyl alcohol.j . . - - ". , ,

Acceptance criteria: The area of the water peakfor Acetone
is NMT that from the Standardsolution,corrected for the
area of the water peak from the Blank (0.5%).
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Acetyltriethyl Citrate

Carrier gas: Helium
Injection type: Split, 30:1
Injection size: 1 IJL

System suitability
. Sample: System suitabilitysolution

[NOTE-The relative retention times for tributyl citrate
and acetyl tributyl citrate are 0.9 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between tributyl citrate and acetyl

tributyl citrate
Relative standard deviation: NMT 2.0% determined

from both the tributyl citrate and acetyl tributyl citrate
peaks, based on area percent calculation

Analysis
Sample: Sample solution

[NoTE-Measure all of the peak areas, excluding the
solvent peak.]

Calculate the percentage of C2oH340S in the portion of
Acetyltributyl Citrate taken:

Result=(ru/rr) x l 00

ru = peak area of the Sample solution
rr =sum of all the peak areas

.Acceptance criteria: NLT 99.0% on the anhydrous basis

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.045-1.055
• REFRACTIVE INDEX (831): 1.4410-1 .4425
• ACIDITY

Neutralized isopropyl alcohol: To a suitable quantity of
isopropyl alcohol add 2-3 drops of bromothymol blue TS
and just sufficient 0.10 N sodium hydroxide dropwise to
produce a faint blue color. [Nets-Prepare Neutralized
isopropyl alcoholjust before use.]

Sample solution: 32.0 g of Acetyltributyl Citrate in 30 mL
of Neutralized isopropyt alcohol

Analysis: Add bromothymol blue TS.Titrate with 0.10 N
sodium hydroxide to a faint blue endpoint.

Acceptance criteria: NMT 1.0 mL of 0.10 N sodium
hydroxide is required.

• WATER DETERMINATION, MethodI (921): NMT 0.25%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Acetyltributyl Citrate RS
USP Tributyl Citrate RS

(H,

~~~ R »<.?o CH,

o

Official Monographs / Acetyltriethyl 5601

DEFINITION
Ac~tyltriethyl Citrate contains NLT 99.0% of acetyltriethyl

citrate (C14H2iOs), calculated on the anhydrous basis.

402.48

Flow rate: 1.9 mL/min

• A.
,,;,.~.J

• B~ The retention time of t e Sample solution corresponds to
that of a similar preparation of USP Acetyltributyl
Citrate RS, as obtained i':l the Assay.

ASSAY
• PROCEDURE

System suitability sotutlon; 30 mg/mL each of USP
Acetyltributyl Citrate RS and tJSP Tributyl Citrate RS in
toluene

Sample solution: 30 mg/mL of Acetyltributyl Citrate in
toluene .

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m, bonded with a 0.5-lJm layer of

phase G42
Temperature

Injector: 240 0

Detector: 280 0

Column: See the temperature program table below.

Acetyltributyl Citrate

Acetylcysteine-seeAcetylcysteine General Monographs

• READILY OXIDIZABLE SUBSTANCES
Analysis: Mix 20 mL with 0.10 mL of 0.10 N potassium

permanganate in a glass-stoppered bottle.
Acceptance criteria: The permanganate color of the.

mixture does not completely disappear within 15 min.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers

remote from fire. '
• USP REFERENCE STANDARDS (11)

USP Acetone RS
USP Methyl Alcohol RS

DEFINITION
Acetyltributyl Citrate contains NLT 99.0% of C2oH340S,

calculated on the anhydrous basis.

IDENTIFICATION

NF 38

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) (o/min) e) (min)

80 - 80 0

80 20 230 15
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IDENTIFICATION

• A.
~R

• B. The retention time of the major peak of the Sample
solution corresponds to that of the System suitability
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: 30 mg/mL each of USP
Acetyltriethyl Citrate RS and USP Triethyl Citrate RS in
toluene

Sample solution: 30 mg/mL in toluene
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: GC, equipped with an on-column,

temperature-programmable injector
Detector: Flame ionization
Column: 0.32-mm x 30-m, bonded with a 0.5-J,lm layerof

phase G42
Temperatures

Injector: See Table 7.
Detector: 2750

Column: See Table 2.

Table 1

Start End Hold
Temperature Ramp Temperature Time

(") (") (0) (min)

85 - 85 0.5

85 20 I 225 10

Table 2

Start End Hold
Temperature Ramp Temperature Time

, o ~.(O) (") (min)

80 - 80-- 0.5

80 20 ~ 220 10

NF 38

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.135-1 .139
• REFRACTIVE INDEX (831): 1.432-1.441
• ACIDITY

Sample: 32.0 g
Analysis: Dissolve the Sample in 30 mLof isopropylalcohol,

previouslyneutralized to bromothymol blue. Add
brombthymol blue TS, and titrate with 0.10 N sodium
hydroxide to a faint blue endpoint.

Acceptance criteria: NMT 1.0 mL of 0.10 N sodium
hydroxide is required.

• WATER DETERMINATION, MethodI (921): NMT 0.3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Acetyltriethyl Citrate RS
USP Triethyl Citrate RS

Charcoal, Activated -see Activated Charcoal General
Monographs

Adipic Acid

HO, /'.. »<: JlIf .................... 'OH

o

C6H1004 146.14
Hexanedioic acid;
l,4-Butanedicarboxylic acid [124-04-9].

DEFINITION
Adipic Acid contains NLT 99.0% and NMT101.0%

of C6H1004, calculated on the dried basis.

IDENTIFICATION

ASSAY
• PROCEDURE

Sample: 60 mg
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Blank: 50.0 mLof water
Endpoint detection: Colorimetric

Analysis: Dissolve the Sample in 50 mLof water. Add 0.2 mL
of phenolphthalein TS, and titrate with 0.1 N sodium
hydroxide VS to a permanent pale pink'endpoint. Performa
blank determination. Calculate the percentage of adipic
acid (C6HlO04) in the Sample taken:

Result =[(V- B)x N x Fx 100]/W

Flow rate: 2.3 mL/min
Carrier gas: Helium
Injection volume: 1 J,lL

System suitability
Sample: System suitabilitysolution
[NoTE-The relativeretention times of triethylcitrate and

acetyltriethyl citrate are 0.9 and 1.0, respectively.]
Suitability requirements

Resolution: NLT 1.5 between triethyl citrate and
acetyltriethyl citrate ... .

Relative standard deviation: NMT2.0% determined
from both the triethyl citrate and acetyltriethyl citrate
peaks

Analysis
Sample: Sample solution

Calculate the percentage of acetyltriethyl citrate
(C14H220S) in the portion of sample taken:

Result= (r vir T) x 100

r u = peak area of acetyltriethylcitrate from the Sample
solution

r T =sum of all the peaks excluding the solvent peak

Acceptance criteria: NLT 99.0% on the anhydrous basis

=titrant volume consumed by the Sample (mL)
=titrant volume consumed by the Blank (mL)
=titrant actual normality(mEq/mL) .
=equivalencyfactor, 73.1 mg/mEq
=weight of the Sample (mg)
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Acceptance criteria: 99.0%-101 .0% on the dried basis

IMPURITIES
• ResIDuE ON IGNITION (281): NMT 0.1%
• LIMIT OF NITRATES

Standard stock solution: 1.63 mg/mL of potassium nitrate
Standard solution: Dilute 1 mL of the Standard stock

solutionwith water to 10 mL. Dilute 1 mL of this solution
with water to 50 mL to obtain a solution containing 2
~g/mL of nitrate.

Sample solution: Transfer 5 g of Adipic Acid to a 50-mL
volumetric flask. Dissolve in water, with heating, and dilute
with water to volume. Allow to cool and crystallize, then
pass through a sintered-glass filter. Wash the filter with
water, and collect the filtrate and washings until a volume
of 50 mL is obtained. [NOTE-This solution is also to be
used for Chloride, Sulfate, and Iron.]

Control: 2 mg/L of potassium permanganate
Analysis: Transfer 1.0 mL of the Sample solution, 1.5 ml of

the Standard solution, and 1 mL of water (blank) to three
separate flasks. To each flask add 2 mL of concentrated
ammonia, 0.5 mL of 10 mg/mL manganese sulfate, and
1 mL of 10 mg/mL sulfanilamide, and dilute each solution
with water to 20 mL. Add 100 mg of zinc powder to each
of the three flasks, and cool in an ice bath for 30 min,
shaking the solutions periodically. Separately filter 10 ml of
each solution, cool in an ice bath, and then add 2.5 mL of
hydrochloric acid and 1 ml of 10 mg/ml of
naphthylethylenediamine dihydrochloride. Allow the
solutions to stand at room temperature for 15 min.

System suitability: The test is invalid if the concomitantly
prepared blank solution is darker than the Control.

Acceptance criteria: The color of the solution containing
the Sample solution is not darker than the concomitantly
prepared solution containing the Standard solution(NMT
30 ppm).

• CHLORIDE AND SULFATE, Chloride (221)
Sample: A5-mL portion of the Sample solution from Limit of

Nitrates
Analysis: Proceed as directed in the chapter.
Acceptance criteria: The Sample shows _no more chloride

than a corresponding 0.14-ml portion of 0.020 N
hydrochloric acid (NMTO.02%).

• .CHLORIDE AND SULFATE, Sulfate (221 )
Sample: A 5-mL portion of the Sample solutionfrom Limit of

Nitrates ,
Analysis: Proceed as directed in the chapter.
Acceptance criteria: .The Sample shows no more sulfate

than a corresponding 0.26-mL portion of 0.020 N sulfuric
acid (NMT 0.05%).

• IRON (241)
Sample: A 1O-ml portion of the Sample solutionfrom Limit

of Nitrates
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 10 ppm

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 151°-154°
• Loss ON DRYING (731): Dry a sample at 105° to constant

weight; it loses NMT 0.2% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a tight containers.

No storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP.Adipic Acid RS

Official Monographs / Agar 5603

Agar

[9002-18-0].

DEfiNITION
Agar is the dried, hydrophilic, colloidal substance consisting of

the polysaccharides extracted from Gelidium cartilagineum
(l.) Gaillon (Fam. Gelidiaceae), Gracilaria confervoides (l.)
Greville (Fam. Sphaerococcaceae), and related red algae
(Class Rhodophyceae).

IDENTIFICATION

" c. )

• B. Iodine TS colors some of the fragments of Agar bluish
black, with some areas reddish to violet.

• C.
Analysis: Boila sample with 65 times its weight of water for

10 min, with constant stirring, and subsequently adjust
with hot water to a concentration of 1.5%, by weight.

Acceptance criteria: Agar forms a clear liquid that congeals
at 30°-39° to form a firm resilient gel, which does not
liquefy below 80°.

IMPURITIES
INORGANIC IMPURITIES
• Arsenic, Method" (211): NMT 3 ppm
• lead (251): NMT 10 ppm
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash(561):

NMT 0.5%, on a dry-weight basis
ORGANIC IMPURITIES
• Procedure 1: Limit of Gelatin
Sample solution: Dissolve 1 g of sample in 100 ml of boiling

water. Allow to cool to about 50°.
Analysis: To 5 ml of the Sample solutionadd 2-3 drops of a

mixture of 0.2 M potassium dichromate solution and 3 N
hydrochloric acid (4:1).

Acceptance criteria: No yellow precipitate is formed.
• Procedure 2: Limit of Foreign Starch .
Sample solution: Boil0.10 g in 100 ml of water.
Acceptance criteria: The Sample solutiondoes not, upon

cooling, produce a blue color upon the addition of iodine TS.
• Procedure 3: Limit of Foreign Insoluble Matter
Sample dispersion: Add sufficient water to 7.5 g of sample

to make 500 g, boil for 15 min, and readjust to the original
500 g.

Analysis: To 100 g of the uniformly mixed Sample dispersion
add hot water to make 200 ml. Heat almost to boiling, filter
while hot through a tared filtering crucible. Rinse the
container with several portions of hot water, and pass these
rinsings through the crucible. Dry the crucible and its
contents at 105° to a constant weight.

Acceptance criteria: NMT 15 mg (1.0%) remains in the
crucible.

• Procedure 4: Articles of Botanical Origin, Foreign Organic
Matter (561): NMT 1.0%

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cfu/
g. It meets the requirements of the tests for absence of
Salmonella species and Escherichia coli.

• WATER DETERMINATION, Method 11/ (921)
Analysis: If necessary, cut a sample into pieces from a 2- to

5-mm square, and dry at 105° for 5 h.
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Albumin Human-see AlbuminHuman General
Mo~ographs

DEFINITION
Recombinant Albumin Human (rAlbumin Human or rHA) is

produced by recombinant DNA expression in .
Saccharomyces cerevisiae. Structural equivalence (primary,
secondary, and tertiary) between rHA and human serum
albumin (HSA) has been demonstrated. It consists of three
domains composed of 585 amino acids containing a single
tryptophan (Trp214)' one free thiol (CyS34)' and 17 disulfide
bridges. It ispresented asa sterile and nonpyrogenic aqueous
liquid consisting of a 10% (w/v) or 20% (w/v) solution in
Water for Injection. No human- or animal-derived raw

Acceptance criteria: The sample losesNMT 20.0% of its
weight.

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
6.5%, on a dry-weight basis

• WATER ABSORPTION
Sample: 5.0 g
Analysis: Placethe Sample in a 1OO-mL graduated cylinder,

fill to the mark with water, mix, and allow to stand at 25°
for 24 h. Pour the contents of the cylinder through
moistened glasswool, allowing the water to drain into a
second 1OO-mL graduated cylinder.

Acceptance criteria: NMT 75 mL of water is obtained.
• BOTANIC CHARACTERISTICS

Agar: Usually occurs in bundles consisting of thin,
membranous, agglutinated strips or in cut, flaked, or
granulated forms. It may be colored weak yellowish orange,
yellowish gray to pale yellow, or colorless. It is tough when
damp, brittle when dry.

Histology: When mounted in water, Agar appears granular
and somewhat filamentous; a few fragments of the spicules
of sponges and a few frustules of diatoms may be present.
In Japanese Agar, the frustules of Arachnoidiscus ehrenbergii
Baillon often occur, being disk-shaped and 100-300 urn in
diameter.

Powdered agar: White to yellowish white or pale yellow; in
chloral hydrate TS, its fragments are transparent, more or
less granular, striated, and angular, and occasionally they
contain frustules of diatoms.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.
• USP REFERENCE STANDARDS (11)

USP Agar RS

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC

material is involved in its manufacture. It contains NLT 95%
and NMT 105% of the labeled amount and NLT 99% of its
total protein is albumin. It contains no added antimicrobial
agents, but it may contain appropriate stabilizing agents.
The presence of process-related impurities, host cell DNA,
and host cell proteins isprocessspecific; suitable limits should
be determined by appropriately validated methods.
However, the limit for host cell proteins should be NMT 0.15
~g/g.

IDENTIFICATION
• A. PEPTIDE MAPPING

[NOTE-See Biotechnology-Derived Articles-PeptideMapping
(1055) for guidance.]

Tris buffer: 0.1 M tris(hydroxymethyl)aminomethane.
Adjust with hydrochloric acid to a pH of 8.0.

Dilute Tris buffer: Tris bufferand water (50:50)
Solution A: Trifluoroacetic acid and water (1:1000)
Solution B: To 350 mL of acetonitrile add 150 mL of water

and 425 JJL of trifluoroacetic acid.
Dithiothreitol solution: 0.1 M dithiothreitol
lodoacetamide solution: 0.1 M iodoacetamide in Tris buffer
Trypsin solution: 1 mg/mL of trypsin in 1_0 mM

hydrochloric acid
EDTA solution: 0.1 M ethylenediaminetetraacetic acid

(EDTA) in water
Diluent: To 5.76 g of guanidine hydrochloride add 5 mL of

Dilute Tris bufferand 200 ~L of EDTA solution. Dilute with
Dilute Tris buffer to a final volume of 10 mL.

Standard solution: Add 20 ~L of USP rAlbumin Human RS
to 80 ~L of Diluent. Add 5 ~L of Dithiothreitolsolution, and
incubate at 3r for 75 min. Add 10 ~L of lodoacetamide
solution,and incubate for an additional 75 min at 37° in the
dark. Add 100 JJL of Dilute Tris buffer, 400 ~L of water, and
10 ~L of Trypsin solution, and incubate at 37° with shaking
for 24 h. Centrifuge, and dilute a portion of the
supernatant in Solution A (50:50).

Sample solution: 50 mg/mL of rAlbumin Human in water.
To 20 JJL of this solution add 80 ~L of Diluent. Add 5 ~L of
Dithiothreitol solution, and incubate at 3r for 75 min. Add
10 JJL of lodoacetamide solution, and incubate for an
additional 75 min at 37° in the dark. Add 100 ~L of Dilute
Tris buffer, 400 ~L of water, and 10 ~L of Trypsin solution,
and incubate at 37° with shaking for 24 h. Pulse centrifuge,
and dilute a portion of the supernatant in Solution A
(50:50).

Mobile phase: See Table 7.

Table 1

Time Solution A Solution B Flow Rate
(min) (%) (%) (mL/min)

0 95 5 0.5

5 95 5 0.5

75 60 40 0.5

100 40 60 0.5

104 0 100 0.5

108 0 100 0.5

109 95 5 1.0

115 95 5 1.0

116 95 5 0.5

120 95 5 0.5

66,438 Da

rAlbumin Human

OAHKSEVAHR FK&LGEENFK AlVLIAFAQY LQQCPFEDHV KLVNEVTEFA
KTCvAiiESAENCOKSLHTLF GOKLCTVATL RmGEMAOC CAKQEPERNE
CFLQHKOONP NLPRLlJRPEV OVMCTAFHON EETFLKKYLY EIARRHPYFY

APELLFFAKR YKAAFTEl'tQ AADKAACLLP KLOELROEGK ASSAK~
ASLQKFGERA FKAWAVARLS QRFPKAEFAE VSKLVTDLTK VHTE~CHGOL

LECAoORAOL AKYICENQDS ISSKLKE~CE KPLLEKSHcr AEVENOEMPA
OLPSLAADFV ESKOVCKNYA EAKOVFLGMF LYEYARRHPO YSVVLLLRLA
KTYETTLEKC EAAADPHEP AKVFOEFKPL VEEPQNLIKQ NCELFEQLGE
YKFQNALLVR YTKKVPQVST PTLVEVSRNL GKVGSKP:KHliJEAKRMPfAE

OYLSVVLNQL CVLHEKTPVS ORVTK~tTES LVNRRPyFSA LEvomVPK
EFNAETFTFH ADICTLSEKE RQIKKQTAlV ELVKHKPKAT KEQLKAVMOO

FAAFVEK~tK AOOKETYFAE EGKKLVAASQ AALGL

C2936H4624N7860889S41
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Detector: UV214 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Column temperature: 35°
Flow rate: See Table 1.
Injection volume: 100 IJL

Analysis
Samples: Standardsolutionand Sample solution

Acceptance criteria: The peptide map chromatographic
profiles of the Sample solutionare similar to those of the
Standard solution.

• B. ELIECTROSPRAY MASS SPECTROMETRY
Solution A: Trifluoroacetic acid and water (1:1000)
Solution B: To 140 mL of acetonitrile add 60 mL of water

and 180 IJL of trifluoroacetic acid.
Solution C: Acetonitrile and water (50:50)
Solution D: To 5 mL of Solution Cadd 10 IJL of formic acid.
System suitability solution: Dissolve2 mg of horse heart

myoglobin in 589 IJL of Water for Injection. Dilute 25 IJL of
this solution with 475 IJL of Solution D.

Sample solution: 10 mg/mL of rAlbumin Human in water
Mobile phase: See Table 2.

Table 2

Time SolutionA SolutionB
(min) (%) (%)

0 95 5

5 95 5

10 0 100

15 0 100

Chromatoqraphk system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV280 nm
Column: 2.1-mm x 3-cm; desalting cartridge, equilibrated

with Solution C
Flow rate: 0.2 mL/min
Injection volume: 26 IJL of the Sample solution

Analysis: Desalt the Sample solution, and collect the eluate.
Ensure that a single protein peak elutes.

Spectrometric system
(See Mass Spectrometry (736).)
Mode: LC/MS (using infusion pump)

[NOTE-The lnfuslori system flow rate can be adjusted
as needed. To assist in nebulization, the infusion
system can contafria sheathing gas fluid.]

Mobile phase: Solution C
Detector: Electrospray in the positive ion mode
Injection volume: 50 IJL of desalted Sample solution

System suitability
Sample: System suitabilitysolution
Suitability requirements

Peak position: A single peak in the 16,949-16,953 Da
range is found.

Analysis: Obtain and transform the spectrogram for the
desalted Sample solution.

Acceptance criteria: The massis within 20 Da of the
theoretical mass.

1Asuitable reverse-phasedesalting column is available from Perkin Elmer
(No. 0711-0056).
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ASSAY
• ALBUMIN CONTENT

Stock sample bufferr' Mix 4 mL of 0.5 M Tris hydrochloride
pH 8.6, 0.5 mL of 0.1% bromophenol blue, 2.0 mL of
glycerol, and dilute with water to 1000 mL.

Diluted sample buffer: Stock sample bufferand water (1:1)
Native stock running buffer.' 29 mg/mL of Tris baseand

144 mg/mL of glycerol
Running buffer: Nativestock runningbufferand water

(1:9)
Gel-staining solution: A suitable Coomassie G-250-based

solution"
Native PAGEgel: Preparea 14% Tris-Glycine gel.s
Sample solution: 4 mg/mL of rAlbumin Human in water.

Dilute this solution with Stock sample buffer to 2 mg/mL.
Calibration solutions: Dilute the Sample solution

quantitatively, and stepwise if necessary, with Diluted
sample buffer to 1DO, 20, 15, 10, 5, 2, and 1 IJg/mL of
rAlbumin Human.

Electrophoretic system
Run buffer: Running buffer
Voltage: 125 V
Amperage: 35 rnA
Wattage: 5.0 W
Run time: Approximately 2 h
Loading volume: 10 IJL

'Analysis
Samples: Sample solutionand Calibration solutions

Gel loading scheme
Lane 1: 1 IJg/mL Calibration solution
Lane 2: 2 IJg/I11L Calibration solution
Lane 3: 5 IJg/mL Calibration solution
Lane 4: 10 IJg/mL Calibration solution
Lane 5: 15 IJg/mL Calibration solution
Lane 6: 20 IJg/mL Calibration solution
Lane 7: Dilutedsample buffer
Lane 8: Sample solution
Lane 9: Sample solution
Lane 10: Dilutedsample buffer

Gel staining: Place the gel in 100 mL of water, and shake
gently with circumgyration for about 30 min. Pour
approximately 50 mL of Gel-staining solution into a
staining container. Place the gel into the staining
container, and allow the stain to completely cover the
gel. Place the staining container on an orbital shaker, and
stain the gel for 120 min with gentle shaking.

Destaining: Drain the Gel-staining solution, and add
100 mL of water to the container to cover the gel. Place
the container on an orbital shaker, and shakeat low
speed for about 60 min. Change the water, and repeat
for a total of two washes.

Gel scan procedure: Set up a gel scanner according to
the manufacturer's instructions. Place the gel in the
detector, and obtain a single image of all 10 lanesof
the gel.

Data analysis: Perform image analysis of Lanes 1-6 to
generate a linear calibration curve. Determine the linear
regressionequation of the standardsby the least-squares
method, with standard concentrations, in ng, asthe
dependent variable (x), and the sample band intensity
(optical density) asthe independent variable (y). Record
the linear regression equation and the correlation

2 Available from Invitrogen (No. LC2673).
3 Available from Invitrogen(No. LC2672).
4 Asuitable Coomassiestain is available from Pierce(No. 24890 or No.
24592).
5 Alternatively, a precast 14% Tris-Glycine gel is available from Invitrogen
(No. EC6485).
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coefficient, r. A suitable system is one that yields a line
having an r 2 of NLT 0.990.
Examine Lanes 8 and 9 (the Sample solution lanes)for

the presence of bands below the main albumin band.
If bands are present below the main albumin band in
either or both lanes,quantify the relative amount, in
ng, of protein present in each band against the
calibration curve. Convert the quantified value to a
contaminant level in percentage by dividing the
quantified value by a factor of 200.

Calculate the purity of the Sample solution:

Result= 100 - C I

C I =mean of the percentages of contaminant levels
found in Lanes 8 and 9 (all the bands other than
the albumin band), disregarding any band due
to the Dilutedsample buffer

Acceptance criteria: Sample solutionpurity is NLT 99.0%.
[NoTE-The main albumin band is not quantitated. See the
test for TotalProtein.]

• TOTAL PROTEIN
Sodium chloride solution: 0.15 M sodium chloride in water
Copper sulfate solution: 60 mq/rnl.of copper sulfate

pentahydrate and 600 mg/mL of potassium sulfate" in
sulfuric acid low in nitrogen

Sample solution: Dilute 0.5 g of rAlbumin Human with
2.5 mL of Sodium chloride solution (equivalent to about
3.3 mg/mL of total protein).

Blank: 33.3 mg/mL of glycine in Sodium chloride solution
Analysis: To 3.0 mL of the Sample solutionand the Blank, in

suitable distillation tubes, add 5 mL of Copper sulfq,te
solution. Incubate at 420~ for a minimum of 2 h, or until the
residuesappear white. When the solutions arecool, transfer
the residues quantitatively with a minimum quantity of
water to a micro-Kjeldahl flask, and determine the
residues, using NitrogenDetermination (461), MethodII.
Multiply the result, corrected for the Blank and for the
specific gravity of the·Sample solution, by 6.25 to calculate
the quantity of protein. .__ .

Acceptance criteria: 95%-105% of the quantity of protein
stated on the label .

OTHER COMPONENTS
• SODIUM CONTENT

Diluent: 1.0 mg/mt of cesium chloride in water
Standard solutions: .~r,~pare 0;5, 1.00, 1.50, and 2.00 mgl

mL of sodium chloride in Diluent.
Sample solution: 80 IJg/mL of rAlbumin Human in Diluent
Apparatus

Mode: Atomic absorption
Emission wavelength: 589 nm

Analysis: [NoTE-Use peak area measurements for
quantitation.]
Samples: Diluent (as blank), Standard solutions, and

Sample solution
Introduce a blank solution (Diluent) into the atomic

generator, and adjust the instrument reading to zero.
Determinations are made by comparison with the
Standardsolutions of known concentration. If the Sample
solution emission exceedsthat of the Standard solutions
with the highest concentration, dilute the Sample
solution with Diluent. Introduce the most concentrated
Standardsolution into the instrument, and adjust the
sensitivity to obtain a suitable reading. Introduce the .

6 Copper sulfate penta hydrate and potassium sulfate tablets (each tablet
with 1.5 9 of K2S04+ 0.15 9 of CUS04 . 5H20 ) are availablefrom Foss (No.
15270054).
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Sample solutionand Standard solutions into the
instrument at least three times, and record the steady
reading. Rinse the apparatus with blank solution each
time, and ascertain that the readinq returns to its initial
blank value. Plot the mean of the readings obtained for

. the Standard solutions against their respectivesodium
concentrations. From the standard curve, calculate the
sodium concentration content in the Sample solution,
and adjust for the specific gravity of the rAlbumin
Human (see TotalProtein).

Acceptance criteria: 120-160 mM sodium

IMPURITIES
• LIMIT OF HIGH MOLECULAR WEIGHT PROTEINS

Solution A: 200 mg/mL of sodium azide
Buffer: Dissolve54.2 g of dibasic sodium phosphate .

dihydrate, 30.0 g of monobasic sodium phosphate
dihydrate, and 284.0 g of anhydrous sodium sulfate in
1600 mL of water. Add 50 mL of Solution A, and dilute with
water to 2000 mL.

Mobile phase: Buffer and water (10:90)
Sample solution: 40 mg/mL of rAlbumin Human
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 7.8-mm x 30-cm; 5-lJm packing L59
Flow rate: 1.0 mL/min
Injection volume: 50 IJL. [NoTE-The peak due to high

molecular weight impurities, such asthe polymer of
albumin, appears in the void volume of the
chromatogram.]

Analysis
Sample: Sample solution
Calculate the percentage of albumin polymer in the

sample:

Result=(r vir T) x 100

ru =peak response of albumin polymer
r T =sum of all rAlbumin Human related peak

responses

Acceptance criteria
Individual impurities: NMT 1.0%

SPECIFIC TESTS
• pH (791)

Sample solution: 1% (wlv) protein solution diluted with
0.9% (wiv) sodium chloride

Acceptance criteria: 6.4-7.4
• STERILITY TESTS (71): Meets the requirements
• BACTERIAL ENDOTOXINS TEST (85): NMT 0.5 USP Endotoxin

Unit/mL of rAlbumin Human

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight glass

containers, and store at 2°-8°. Do not freeze.
• LABELING: Label to indicate that the material is of

recombinant DNA origin.
• USP REFERENCE STANDARDS (11)

USP rAlbumin Human RS

Alcohol-see Alcohol General Monographs
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Alfadex

Cv

=peak response of alpha cyclodextrin from the
Sample solution

=peak response of alpha cyclodextrin from the
Standard solution

=concentration of alpha cyclodextrin in the
Standard solution(mg/mL)

=concentration of alpha cyclodextrin in the
Sample solution(mg/mL)

Acceptance criteria: 98.00/0-101.0% on the anhydrous
basis

System suitability solution: 0.5 mg/mL of USP Alpha
Cyclodextrin RS, 0.5 mg/mL of USP Beta Cyclodextrin RS,
and 0.5 mg/mL of USP Gamma Cyclodextrin RS

Standard solution: 1.0 mg/mL of USP Alpha
Cyclodextrin RS

Sample stock solution: Transfer 250 mg of Alfadex to a
25-mL volumetric flask, and dissolve in water with the aid
of heat. Cool, and dilute with water to volume.

Sample solution: 1.0 mg/mL of Alfadex, diluted from the
Sample stock solution

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractiveindex
Column: 4.6-mm x 15-cm; 5-J..lm packing L1
Temperature

Column: 30°
Detector: 40°

Flow rate: 1.5 mL/min
Injection volume: 50 J..lL

System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention times for gamma
cyclodextrin, alpha cyclodextrin, and beta
cyclodextrin are 0.8, 1.0, and 2.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between the gamma cyclodextrin

and alpha cyclodextrin peaks
Tailing factor: 0.8-2.0 for the three cyclodextrins
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solutionand Sample solution

Calculate the percentage of alfadex (C6H100 S) 6 in the
portion of the sample taken:

Result= (r vir s) x (C siCv) x 100
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IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 0.1 %

• LIMIT OF LIGHT-ABSORBING SUBSTANCES
Sample solution: 10 mg/mL of Alfadex, calculated on the

anhydrous. basis, in water that has been previously boiled
and cooled to room temperature. Pass through a filter of
0.2-J..lm pore size.

Analysis: Determine the absorbance of the Sample solution
in a 1-cm cell with a suitable spectrophotometer, after
correcting for the blank.

Acceptance criteria: Between 230 and 350 nm, the
absorbance is NMT0.10; and between 350 and 750 nm,
the absorbance is NMT 0.05.

• LIMIT OF BETADEX, GAMMA CYCLODEXTRIN, AND OTHER
RELATED SUBSTANCES

System suitability solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.

Standard solution: System suitabilitysolution and water
(1:9)

500 ml

500 ml

IAlcohol

Diluted Alcohol

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

remote from fire.

DEFINITION
Diluted Alcohol is a mixture of Alcohol and water containing

NLT 41 .0% and NMT 42.0% by weight, corresponding to
NLT 48.4% and NMT 49.5% by volume, at 15.56°,
of C2HsOH.

Diluted Alcohol may be prepared as follows.

Measure the Alcoholand the Purified Waterseparately at the
same temperature, and mix. Ifthe water and the Alcohol and
the resulting mixture are measured at 25°, the volume of the
mixture will be 970 mL.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.935-0.937 at 15.56°, indicating

41.0%-42.0% by weight, or between 48.4% and 49.5%
by volume, of C2HsOH

• OTHER REQUIREMENTS: In other respects, it meets the
requirements in Alcohol, allowance being made for the
difference in alcohol concentration.

(C6H100 S) 6 972.84
Alpha cyclodextrin [10016-20-3].

DEFINITION
Alfadex iscomposed of six alpha-(1-4) linked D-glucopyranosyl

units. It contains NLT98.0% and NMT 101.0% of alfadex
(C6H100 S)6, calculated on the anhydrous basis.

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standard solution, as
obtained in the Assay.

• B. It meets the requirements of the test for OpticalRotation
(7815), Specific Rotation.

• C.
Sample: 0.2 g
Analysis: Mix the Sample with 2 mL of iodine TS, warm in a

water bath to dissolve, and allow to stand at room
temperature.

Acceptance criteria: A yellow-brown precipitate is formed.

ASSAY
'. PROCEDURE

Mobile phase: Methanol and water (7:93)
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IDENTIFICATION

Alginic Acid is a hydrophilic colloidal carbohydrateextracted
with dilute alkali from various s eciesof brown seaweeds
(Phaeo h ceae .

(C6Hs06)n
Alginic acid [9005-32-7].

DEFINITION

• WATER DETERMINATION, Method J(921): NMT 11.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• USP REFERENCE STANDARDS (11)

U$p Alpha Cyclodextrin RS
USP Beta Cyclodextrin RS
USP DextroseRS
USP Gamma Cyclodextrin RS

:Ri. OH qjH -/OH° ° .o=< 0,-- ,=Q,-" *
HO OH HO. OH HO OH n HO OH

'12

Alginic Acid

Analysis ;i.r,z

0.1 N sodium n\lt;rn,vi,.,la

Acceptance ;~=.z=~,;+~,,·~

precipitate is
• C.
Analysis: To 5 mg in a test tube add 5 mL of water, 1 mL

of a freshly prepared 1-in-l00 solutionof
1,3-naphthalenediol in alcohol, and 5 mL of hydrochloric
acid. Heatthe mixtureto boiling, boil gentlyfor3 min,then
cool to 15°. Transfer the contents of the test tube to a
30-mL separator with the aid of 5 mL ofwater, and extract
with 15 mL of isopropyl ether. ,

Acceptance criteria: The isopropyl ether extract exhibits a
deeper purplish hue than that from a blank, similarly
prepared.

IMPURITIES
• ARSENIC (211), Procedures, Method 1/: NMT 3 ppm

• B.

Sample solution: Use the Sample stock solution prepared as
directed in the Assay.

Analysis
Samples: Standard solution and Sample solution

Acceptance criteria
Beta cyclodextrin: Thearea of any peakcorrespondingto

beta cyclodextrin is NMT 0.5 times the area of the
corresponding peakfrom the Standard solution (0.25%).

Gamma cyclodextrin: Theareaofany peakcorresponding
to gamma cyclodextrin is NMT 0.5 times the area of the
corresponding peakfrom the Standard solution (0.25%).

Other related substances: The sum of allof the peak
areas, excludingthe alpha cyclodextrin, beta
cyclodextrin, and gamma cyclodextrin isNMT the area of
the peak due to alpha cyclodextrin from the Standard
solution (0.5%).

• LIMIT OF REDUCING SUGARS
Cupric solution: 150 mg/mL of cupric sulfate
Tartrate solution: 25 mg/mL of anhydrous sodium

carbonate, 25 mg/mL of potassium sodium tartrate,
20 mg/mL of sodium bicarbonate, and 200 mg/mL of
anhydrous sodium sulfate

Cupric-tartaric solution: Immediately before use, mix
Cupric solution with Tartrate solution (1 :25).

Ammonium molybdate reagent: Mix 10 mL of disodium
arsenate solution (6 in 100), 50 mL of a solutionof
ammonium molybdate (1 in 10), and 90 mL of diluted
sulfuric acid, and dilute with water to 200 mL.

Sample solution: 1.0 g of Alfadex, calculated on the
anhydrous basis, in 100 mL of water that has been
previously boiledand cooledto room temperature. To1 mL
ofthis solution add 1 mL of Cupric-tartaric solution. Heat
on'a water bath for 10 min,then cool to roomtemperature.
Add 10 mL of Ammonium molybdate reagent, and allowto
stand for 15 min.

Standard stock solution: 20 mg/L of USP Dextrose RS
Standard solution: Prepare as directed for the Sample

solution,' at the same time, except use 1 mL of Standard
stock solution in place'of 1 mL of 10 mg/mL of Alfadex
solution. ~_.

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: Vis -
Analyticalwavelength: 740 nm
Blank: Water

Analysis "
Samples: Sample solution and Standard solution

Measure the Samplese: the analytical wavelengthsagainst
the Blank.

Acceptance criteria: Theabsorbance of the Sample solution
is NMT that of the Standard solution (0.2%).

SPECIFIC TESTS
• CLARITY OF SOLUTION

Sample: 10 mg/mL in previously boiled and cooled water
Acceptance criteria: The resulting solution isclear.

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
bacterial count does not exceed 103 du/g, the total
combined moldsand yeastscount does not exceed 102 dul
g, and it meets the requirementsof the tests for absence of
Salmonella species and Escherichia coli.

• OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: 10 mg/mL
Acceptance criteria: +147° to +152°, determined at 20°

• pH (791)
Diluent: 224 gIL of potassium chloride
Sample solution: 30 mL of its aqueous solution (1 in 100)

and 1 mL of Diluent
Acceptance criteria: 5.0-8.0
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• LEAD (251)
Standard solution: 5 mL of Dilutedstandardleadsolution
Test preparation: Add 1.0 g to 20 mL of nitric acid in a

250-mL conical flask, mix, and heat carefully until the
Alginic Acid is dissolved. Continue heating until the volume
is reduced to 7 mL. Cool rapidly to room temperature,
transfer to a 1OO-mL volumetric flask, and dilute with water
to volume.

Analysis: Proceed asdirected in the chapter, using 15 mL of
ammonium citrate solution, 3 mL of potassium cyanide
solution, and 0.5 mL of hydroxylamine hydrochloride
solution. After the first dithizone extraction, wash the
combined chloroform layerswith 5 mL of water, discarding
the water layer and continuing in the usual manner by
extracting with 20 mL of 0.2 N nitric acid.

Acceptance criteria: A 50.0-mL portion of the Test
preparationcontains NMT 5 ~g of lead (corresponding to
NMT 10 ppm).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MaCROORGANISMS (62): The total aerobic
microbial count does not exceed 2 x 102cfu/g. The tests
for Salmonella speciesand Escherichia coli are negative.

• pH (791): 1.5-3.5, in a 3-in-l00 dispersion in water
• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 15.0%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh

Sample: 4 g of Alginic Acid
Analysis: Proceed as directed in the chapter, carefully

ignJting the Sample in a tared platinum dish, until the
residue is thoroughly carbonized (5 min). Then ignite in a
muffle furnace at a temperature of 800 ± 25° until the
carbon is completely burned off (20-35 min).

Acceptance criteria: NMT 4.0% of ash .
• FATS AND FIXED OILS (401), Procedures, AcidValue

Sample: 1 g of Alginic Acid
Analysis: Suspend the-Sample in a mixture of 50 mL of water

and 30.0 mL of calcium acetate solution (11 in 250). Shake
thoroughly, allow the mixture to stand for 1 h, and add
phenolphthalein TS. Titrate the liberated acetic acid with
0.1 N sodium hydroxide VS.
Perform a blank determination, and calculate the

AcidValue:

Result.:=,[(Vs - VB) x N x Fj/W

Vs =volume of 0.1 N sodium hydroxide VS consumed
in the titration of the Sample (mL)

VB = volume of 0.1 N sodium hydroxide VS consumed
in the titration of the blank (mL)

N =normality of sodium hydroxide VS (mEq/mL)
F = equivalency factor of potassium hydroxide, 56.11

(mg/mEq)
W = weight of Alginic Acid taken (g)

Acceptance criteria: NLT 230 on the dried basis

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
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Alkyl (C12-15) Benzoate
o

~,
C2oH3202 304.47 (average)
Benzoic acid, C12-15 alkyl ester . [68411-27-8].

DEFINITION
Alkyl (C12-15) Benzoate consists of estersof a mixture of

C12 to C15 primary and branched alcohols and benzoic acid.

IDENTIFICATION
• A. Infrared absorption spectrum, obtained by spreading a

capillary film of it between sodium chloride plates, exhibits
maxima at 2800 crrr? (broad); 2950 cm-1 (broad);
1730 crrr' (medium, sharp); 1270 crrr' (medium, sharp);
and 710 crrr' (medium, sharp).

IMPURITIES
• RESIDUE ON IGNITION (281): NMTO.5%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 0.3%
• SPECIFIC GRAVITY (841): 0.915-0.935
• FATS AND FIXED OILS, Acid Value (401): NMT 0.5
• REFRACTIVE INDEX (831): 1.483-1.487 at 20°
.. FATS AND FIXED OILS, Saponification Value (401)

Sample: 2 g of Alkyl (C12-15) Benzoate
Analysis: Transfer the Sample to a 200-mL flask. Proceed as

directed in the chapter, except use 50.0 mL of 0.5 N
alcoholic potassium hydroxide VS instead of 25.0 mL,
maintaining reflux for 2 h instead of 30 min, and rinsing the
reflux condenser with 25 mL of water after the reflux
period.

Acceptance criteria: 169-182
• VISCOSITy-RoTATIONAL METHODS (912)

Sample: 500 mL
Analysis: Transfer the Sample to a 600-mL tall-form beaker,

and adjust the temperature to 25 ± 0.10. Using a suitable
rotational viscometer with a spindle havinq a cylinder
5.63 cm in diameter and 2.25 cm in height attached to a
shaft 0.32 cm in diameter, the distance from the top of the
cylinder to the lower tip of the shaft being 2.91 cm, and
the immersion depth being 6.11 cm (No. 1 spindle),
operate the viscometer at 100 rpm for 60 s, accurately
timed, and record the scale reading. Convert the scale
reading to centipoises by multiplying by the constant for
the spindle and speed used.

Acceptance criteria: The average of three viscosities
obtained is NMT 100 centipoises.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

Almond Oil
Almond Oil [8007-69-0].

DEFINITION
Almond Oil is the refined fixed oil obtained by expressionfrom

the kernels of varieties of Prunus dulcis (Miller) D.A. Webb
(formerly known as Prunus amygdalus Batsch) (Fam.
Rosaceae), except for Prunus dulcis (Miller) D.A. Webb var.
amara (De Candolle) Focke. It may contain suitable
antioxidants.
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IDENTIFICATION
• A. IDENTITY BY FATTY ACID COMPOSITION
Analysis: Proceed as directed in the test for Fats and Fixed

Oils (401), Procedures, FattyAcidComposition.
Acceptance criteria: Meets the compositionprofile of fatty

acids in Table 1
• B. IDENTITY BY TRIGLYCERIDE PROFILE
Ana!ysis: Proceedas directed in Identification of Fixed Oilsby

Thin-Layer Chromatography (202), Identification, MethodI or
Method II.

Acceptance criteria: Meetsthe requirementsin the chapter

SPECIFIC TESTS
• FATS AND FIXED OILS (401 ),Procedures, AcidValue: NMT 0.5
• FATS AND FIXED OILS (401 ),Procedures, FattyAcid

Composition: Almond Oil exhibits the composition profiles
of fatty acids in Table 1.

• FATS AND FIXED OILS (401),Procedures, Peroxide Vaiue: NMT
5.0

• FATS AND FIXED Oils (401 ),Procedures, Unsaponifiable
Matter: NMT 0.9%... «,

• SPECIFIC GRAVITY (841): 0.910-0.915
• STEROL COMPOSITION

Separation of the sterols fraction
Reference solution A: 5% (w/v) of cholesterol in

chloroform
Developing solvent system: Tolueneand acetone (19:1)

or hexane and ether (13:7)
Sample solution A: Weigh 5 g of Almond Oil into a

250-mL flask. Add 50 ml of 2 N alcoholic potassium
hydroxide, and heat to gentle boiling with continuous
vigorous stirring until saponification takes place (the
solution becomes clear). Continue heating for an
additional 20 min, and add 50 mL of water from the top
of the condenser. Cool the flask to approximately 300

•

Transfer the contents of the flask to a 500-mL separating
funnel with several rinses of water, amounting in all to
50 mL. Add approximately80 mL of ether, shake
vigorously for approximately30 s, and allow to settle.
[NoTE-Any emulsioncan be destroyed byadding small

quantities of ethyl or methyl alcohol by means of a
spray.]

24 0

Separate the loweraqueous phase, and collectit into a
second separating funnel. Perform two further
extractionson the water-alcoholphase in the sameway,
using 60-70 mL of ether on each occasion. Pool the
ether extracts into a singleseparatingfunnel, and wash

. with water, 50 mL at a time, until the wash water is no
longer alkaline to phenolphthalein. Drythe ether phase
with anhydroussodium sulfate, and filter on anhydrous
sodium sulfateinto a previously weighed 250-mL flask,
washing the funnel and filter with small quantitiesof
ether. Distill the ether down to a few milliliters, and bring
to dryness under a slight vacuum or in a stream of
nitrogen. Completely dry at 1000 for approximately
1? min, and then weigh after cooling in a desiccator.
Dissolve the unsaponifiables so obtained in chloroform
to prepare a solution havinga concentration of
approximately 5%.

Sample s~lution B: Treat5 Q~f canolaoilin the sameway
as p.res~rJbe~ fO~,Almond all In Sample solution A,
beginning With Add 50 mL of 2 N alcoholic potassium
hydroxide".

Sample solution C: Treat 5 g of sunflower oil in the same
way. as 'presc~ib~? for Almond Oil in Sample solution A,
beginning With Add 50 mL of 2 N alcoholic potassium
hydroxide".

Analysis: Precondition the thin-layer chromatographic
plate (see Chromatography (621 », 20-cm x 20-cm silica
gel on polyesterwith a layerthickness of 200 urn and
particlesizeof 5-1 7 urn, by immersing completely in the
0.2 N alcoholic potassium hydroxide for 10 s then allow
to dry ina fume cupboard for2 h, and finally placeat 1000

for 1 h.
Remove from the validated heating device, and keep the

plate in a desiccatoruntil required for use.The plates
must be used within 15 days. [NOTE-Thin-layer
chromatographic plates without requiring the
preconditioning are also commercially available.] Use a
separate plate for each Sample solution.

Place the Developing solvent system in the chamber to a
depth of approximately 1 cm. Close the chamber with
the appropriate cover, and leave for at least 30 min.
Strips of filter paper dipping into the eluant may be
placed on the internal surfaces of the chamber. The
Developing solvent system should be replaced for every
test to ensure reproducibleelution conditions.

Apply 0.3 mL of Sample solution A approximately 2 cm
from the loweredge in a streakthat is as thin and as
uniform as possible. In linewith the streak, place2-3
ul,of Reference solutionA at one end ofthe plate. Develop
the chromatograms in an equilibrated chamber with a
Developing solvent system until the solventfront reaches
approximately 1 cm from the upper edge of the plate.
Remove the plate from the developing chamber, and
evaporate the solvent under a current of hot air (avoid
excessive heat), or by leavinq the plate for a short while
under a hood. Spraythe plate with a 0.2% alcoholic
solutionof 2,7-dichlorofluorescein, and examine in UV
light at 254 nm.

[NOTE-The platespretreated with UV indicatorarealso
commercially available and used equivalently.]

Ineach of the plates, mark the limits of the sterol band
identified through being alignedwith the stain of
Reference solution A along the edges of the fluorescence
and additionally include the area of the zones 2-3 mm'
above and belowthe visible zones correspondingto
Reference solution A. Remove the silica gel in the marked
area into a filter funnel with a G3 porous septum. Add
10 ml of.hot chloroform, mix carefully with the metal
spatula, filterunder vacuum, and collect the filtrate in

~0.2

~0.1

~0.2

~0.8

~0.2

~0.2

~3.0

~0.2

~0.4

~0.1

~0.3

4.0-9.0

62.0-76.0

20.0-30.0

Percentage
(%)

3

16 0

22 0

20 0

17 0

Table 1

18 0

20

16 1

18

18 1

17 1

22

18 2

<16 0

Number of
Double

Carbon-Chain Length Bonds
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the conical flask attached to the filter funnel. Wash the
residue in the funnel three times with ether, 10 mL each
time, and collect the filtrate in the same flask attached
to the funnel. Evaporate the filtrate to a volumeof 4-
5 mL, transfer the residual solution to a previously
weighed 1O-mL test tube with a tapering bottom and a
sealingstopper, and evaporate to drynessby mild
heating in a gentle stream of nitrogen. Dissolve the
residue in a few drops of acetone, and evaporate again
to dryness. Place at 1050forapproximately 10 min,allow
to cool in a desiccator, and weigh.

Treat Sample solutionB and Sample solution Cthe same
way as prescribedfor Sample solution A.

Determination of the sterols
Sample solution D: To the test tube containing the sterol

fraction separated from Almond Oil by thin-layer
chromatography add a freshly prepared mixtureof
anhydrous pyridine, hexamethyldisilazane, and
chlorotrimethylsilane (9:3:1) in the ratioof50 ~L for every
mg of sterols, avoidingany uptake of moisture.
[NOTE-This reagent isalsocommercially available and

used equivalently.]
Stopper the test tube, and shakecarefully until the sterols
are completely dissolved. Allow it to stand for at least
15 min at ambient temperature, and centrifugefor a few
minutes if necessary. Use the supernatant. The slight
opalescence that mayform is normaland does not cause
an anomaly. However, the formationofa whiteflocor the
appearance of a pinkcolor is indicative of the presence of
moisture or deterioration of the reagent. Ifthese occur,
repeat the test.

Reference solution E: To 9 parts of the sterolsseparated
from canola oil by thin-layer chromatography add 1 part
of cholesterol. Treat the/mixture in the same way as
prescribed in Sample solutionO.

Reference solution F: Treat the sterolsseparated from
sunfloweroil by thin-layer chrornatoqraphyln the same
way as prescribed in Sample solutionO.

Chromatographic sy,stem
'(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: Glass or fused-silica capillary; length 29-30 m,

internal diameter 0.25-0.32 mm, coated with a 0.10
0.30-~m layerof stationary phase G27 or G36

Temperatures "
Column: 260 ± 50
Injection port: 2800
Detector: 2900

Carrier gas: Either helium with a linearvelocity of 20
35 cm/s or hydrogen with a linearvelocity of 30-
50 cm/s

Injection volume: 1 ~L

Injection type: Split, 50:1 to 100:1
System suitability

Samples: Reference solutionEand Reference solutionF
Suitability requirements

The retention time for ~-sitosterol is20 ±5 min, and all
of the sterols present must be separated.
[NOTE-For peak identification purposes, the

chromatogram Reference solutionEshowsfour
principal peaks corresponding to cholesterol,
brasslcasterol, campesterol, and ~-sitosterol; the
chromatogram obtained with Reference solutionF

.shows four principal peakscorresponding to
campesterol, stigmasterol, ~-sitosterol, and
/17-stigmastenol.The retention timesof the sterols
with referenceto ~-sitosterol are given in Table 2.]
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Table 2. Relative Retention Times of Sterols for Two
Different Columns

G36 G27
Identification Column Column

Cholesterol 0.67 0.63

Brassicasterol 0.73 0.71

24.Methylene-cholesterol 0.82 0.80

Campesterol 0.83 0.81

Campestanol 0.85 0.82

Stigmasterol 0.88 0.87

!!.7·Campesterol 0.93 0.92

!!.5,23-Stigmastadienol 0.95 0.95

Clerosterol 0.96 0.96

~-Sitosterol 1.00 1.00

Sitostanol 1.02 1.02

!!.5-Avenasterol ).03 1.03

!!.5,24.Stigmastadienol 1.08 1.08

!!.7.Stigmastenol 1.12 1.12

!!.7-Avenasterol 1.16 1.16

Analysis
Samples: Sample solution 0, Reference solution E, and

Reference solutionF
Calculatethe percentage of each individual sterol in the

sterol fraction of Almond Oil taken:

Result = (ru/rr) x 100

to =peak area due to the sterolcomponent to be
determined

rr =sum of the peak areas due to the components
indicated in Table 2

Acceptance criteria: Almond Oil exhibits the composition
profiles of sterolsgiven in Table 3.

Table 3
Percentage

Component (%)

Cholesterol ~0.7

Brassicasterol ~0.3

Campesterol ~5.0

Stigmasterol ~4.0

~-Sitosterol 73.0-87.0

!!.5-Avenasterol 2:5.0

!!.7.Stigmasteno~ 53.0

!!.7-Avenasterol 53.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant,

and well-filled containers. No storage requirements
specified.

• LABELING: Label it to indicatethe name and quantity of any
added antioxidants.
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Aluminum Monostearate

Aluminum, dihydroxy(octadecanoato-O-)-;
Dihydroxy(stearato)aluminum [7047-84-9].

DEFINITION
Aluminum Monostearate is a compound of aluminum with a

mixture of solid organic acids obtained from sources of
vegetable or animal origin, and consists mainly of variable
proportions of aluminum monostearate (C,8H37AI04) and
aluminum monopalmitate (C,6H33AI04)' The content of
stearic acid in the fatty acid fraction is NLT 40.0% of the
total content. The sum of stearic acid and palmitic acid in
the fatty acid fraction is NLT 90.0% of the total content.
Aluminum Monostearate contains the equivalent of NLT
14.7% and NMT 16.7% of aluminum oxide (A/203) on the
dried basis. Additionally, it contains small amounts of the
aluminum salts of other fatty acids.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL (191), Chemical

Identification Tests, Aluminum
Sample: 1 g
Analysis: Heat the Sample with a mixture of 25 mL of water

and 5 mL of hydrochloric acid for 1 h, replacing the water
as it evaporates.

Acceptance criteria: Fatty acids are liberated, floating as an
oily layer on the surface of the liquid, and the water layer
meets the requirements.

• B. The retention times of the two major peaks of the
Sample solutioncorrespond to those of the Standard
solution, as obtained in the Contentof Stearic Acidand
Pa{mitic Acid test in the Assay.

ASSAY
• CONTENT OF ALUMINUM

Sample: 5 g
Analysis

Sample: Sample
Weigh the Sample ina covered platinum crucible that

previously has been ignited for 20 min, cooled over
anhydrous magnesium perchlorate, and weighed. Heat
the open crucible gently, without allowing the Sample to
burst into flame, and gradually increase the heat until the
ash is white. Ignite the ash for 20 min after the organic
matter is removed, and cool. Add 15 mL of water, cover
the crucible with a small watch glass, and boil gently for
5 min, using a srnall.stirrinq rod to break up any large
lumps of ash. Decant the solution through ashlessfilter
paper, retaining most of the ash in the crucible. Repeat
the extraction with water twice, passing the solutions
through the same filter. Transfer the ash to the filter by
means of a fine stream of water, and wash the crucible
and the residue three times with warm water. Transfer the
filter paper and the residue to the crucible, dry, and ignite
for 20 min after the filter paper has burned away.
Following the ignition period, cover the crucible, cool over
anhydrous magnesium perchlorate for 15 min, and weigh
the residue of aluminum oxide (AI203)rapidly. Repeat the
ignition until constant weight is attained, using 20-min
ignition periods and 15-min cooling periods. From the
weight of the residue remaining in the crucible, calculate
the content of aluminum oxide (AI203).

Acceptance criteria: 14.7%-16.7% on the dried basis
• CONTENT OF STEARIC ACID AND PALMITIC ACID

Boron trifluoride-methanol solution: 140 giL of boron
trifluoride in methanol

Sample solution: Dissolve 100 mg of Aluminum
Monostearate in a small conical flask fitted with a suitable
reflux attachment with 5 mL of Boron trifluoride-methanol
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solution. Boil under reflux for 10 min. Add 4.0 mL of
n-heptane through the condenser, and boil again under
reflux for 10 min. Allow to cool. Add 20 mL of a saturated
solution of sodium chloride. Shake, and allow the layers to
separate. Dry the organic layer over 0.1 g of anhydrous
sodium sulfate. Dilute 1.0 mL of this solution with
n-heptane to 10.0 mL.

Standard solution: Prepare as directed in the Sample
solution using 50 mg each of USP Stearic Acid RS and USP
Palmitic Acid RS.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m x 0.32-mm; coated with a 0.5-~m film of

phase G16
Temperatures

Injection port: 220 0

Detector: 2600

Column: See Table 1.

)Table 1
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

(") ("/mln) o (min)

70 - 70 2

70 5 240 5

Carrier gas: Helium, passed through a bed of molecular
sieve for drying, if necessary

Flow rate: 2.4 mL/min
Injection volume: 1 ~L

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for methyl
palmitate and methyl stearate are about 0.9 and 1.0,
respectively. ]

Suitability requirements
Resolution: NLT 5.0 between the methyl palmitate and

methyl stearate peaks
Relative standard deviation: NMT 3.0% for the methyl

stearate and methyl palmitate peaks (from six replicate
injections of the Standardsolution); NMT 1.0% for the
ratio of the peak areas of methyl palmitate to the peak
areas of methyl stearate (from six replicate injections of
the Standardsolution)

Analysis
Sample: Sample solution
Calculate the percentage of stearic acid (C'8H~602) in the

fatty acid fraction of the sample taken:

Result = (rvdrr) x 100

rVI =peak area due to methyl stearate
rr = sum of all the peak areas, excluding the

solvent peak

Calculate the percentage of palmitic acid (C16H3202) in the
fatty acid fraction of the sample taken:

Result = (rvirr) x 100

rV2 = peak area due to methyl palmitate
rr = sum of all the peak areas, excluding the

solvent peak
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Acceptance criteria
Stearic acid: NLT 40.0%
Sum of stearic acid and palmitic acid: NLT 90.0%

IMPURITIES
• ARSENIC (211), Procedures, Method I

Test preparation: To 3.75 g of Aluminum Monostearate
add 12.5 mL of hydrochloric acid and 0.5 mL of
bromine T5, and heat on a steam bath until a transparent
layer of melted fatty acid forms. Add 50 mL of water, heat
on a hot plate until the volume is about 25 mL, and filter
while hot. Cool, dilute the filtrate with water to 50 rnt,'and
to a 1O-mL aliquot of this solution add 2.5 mL of
hydrochloric acid, then dilute with water to 55 mL.

Acceptance criteria: NMT 4 JJg/g; the Test preparation
meets the requirements, omitting the addition of 20 mL of
7 N sulfuric acid specified for Procedure.

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 3.0%

• ACIDITY AND ALKALINITY
Sample solution: To 1.0 g of Aluminum Monostearate

add 20 mL of carbon dioxide-free water and boil on a steam
bath for 1 min with continuous shaking. Cool and filter. To
10 mL of the filtrate add 0.05 mL of bromothymol blue T5.

Analysis: Titrate with 0.01 N hydrochloric acid or 0.01 N
sodium hydroxide.

Acceptance criteria: NMT 0.5 mL of 0.01 N hydrochloric
acid or 0.01 N sodium hydroxide is required to change the
color of the indicator.

• BACTERIAL ENDOTOXINS TEST (85): If labeled for use in
preparing parenteral dosage forms, it also meets the
following requirements. The level of bacterialendotoxins is
such that the requirement in the relevant dosage form
monograph(s) in which Aluminum Monostearate is used
can be met. Where the label states that Aluminum
Monostearate must be subjected to further processing
during the preparation of injectable dosage forms, the level
of bacterial endotoxins is such that the requirement in the
relevant dosage form monograph(s) in which Aluminum
Monostearate is used can be met.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate the content of stearicacid and

the sum of stearic acid and palmitic acid content in the fatty
acid .fraction and to indicate the fatty acids usedto produce
Aluminum Monostearate are from sources of vegetable or
animal origin. Where Aluminum Monostearate must be
subjected to further processing during the preparation of
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injectable dosage forms to ensure acceptable levelsof
bacterial endotoxins, it is so labeled.

• USP REFERENCE STANDARDS (11)
U5P Palmitic Acid R5
USP Stearic Acid R5

Aluminum Oxide

AI203 101.96
[1344-28-1].

DEFINITION
Aluminum Oxide contains NLT 47.0% and NMT 60.0%

of A1203•

IDENTIFICATION
• IDENTIFICATION TESTS-GENERAL, Aluminum (191)

Sample: 2.5 g
Analysis: Dissolve the Sample in 15 mL of hydrochloric acid

on a heated water bath. Dilute with water to 100 mL.
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 800 mg
Analysis: Add the Sample to 10 mL of 2 M hydrochloric acid

on a heated water bath. Cool, and dilute with water to
50.0 mL. To 10.0 mL of the solution, add dilute ammonia
solution (460 mL of strong ammonia solution/L) until a
precipitate begins to appear. Add the smallest quantity of
0.6 M hydrochloric acid needed to dissolve the precipitate,
and dilute with water to 20 mL. Transfer 20 mL of the
Sample to a 500-mL conical flask, add 25.0 mL of 0.1 M
edetate disodium and 10 mL of a mixture of equal volumes
of a 155 gil solution of ammonium acetate and 2 N acetic
acid. Boil for 2 min, then cool. Add 50 mL of ethanol and
3 mL of a freshly prepared 250 mg/L solution of dithizone
in alcohol. Titrate (seeTitrimetry(541» the excess of edetate
sodium with 0.1 M zinc sulfate until the color changes from
greenish-blue to reddish-violet. Each mL of 0.1 M edetate
sodium is equivalent to 5.098 mg of A1203•

Acceptance criteria: 47.00/0-60.0% of AI203

IMPURITIES
INORGANIC IMPURITIES
• Arsenic, Method I (211)
Sample solution: Dissolve2.5 g of Aluminum Oxide in 15 mL

of hydrochloric acid on a heated water bath. Dilute with
water to 100 mL. Use 30 mL of this solution for the test.

Acceptance criteria: NMT 4 ppm
• CHLORIDE AND SULFATE, Chloride (221)

Chloride solution: 0.824 mg/mL of sodium chloride
Standard solution: On the day of use, dilute 1.0 mL of

Chloride solutionwith water to 100 mL. Mix 10 mL of this
solution (5 ppm CI) with 5 mL of water.

Sample solution: Dissolve 0.1 g of Aluminum Oxide with
heating in 10 mL of dilute nitric acid and dilute with water
to 100 mL. Dilute 5 mL of the solution with water to 15 mL.

Analysis: Proceed as directed.
Acceptance criteria: The Sample solutionshows no more

chloride than the Standard solution(NMT 10,000 ppm).
• CHLORIDE AND SULFATE, Sulfate (221)

Sulfate stock solution: 1.8 mg/mL of potassium sulfate
Sulfate solution: On the day of use,dilute 1.0 mL of Sulfate

stock solutionwith water to 100 mL (10 ppm 504) ,

Standard solution: Add 3 mL of a 250 mg/mL solution of
barium chloride to 4.5 mL of Sulfate solution. Shake and
allow to stand for 1 min.
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Sample solution: Dissolve 2.5 g of Aluminum Oxide in
15 mL of hydrochloric acid on a heated water bath. Dilute
with water to 100 mL. Dilute 4 mL of this solution with
water to 100 mL.

Analysis: To two separate glass cylinders, add 2.5 mL of
Standardsolution. Then to cylinder 1, add 15 mL of the
Sample solutionand 0.5 mL of acetic acid. To cylinder 2 add
15 mL of the Sulfate solutionand 0.5 mL of acetic acid.

Acceptance criteria: After 5 min, any opalescence in
cylinder 1 containing the Sample solution is not more
intense than that of cylinder 2 containing the Sulfate
solution (NMT 10,000 ppm).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
bacterial count is NMT 1000 cfu/g and the total combined
molds and yeastscount is NMT 100 cfu/g. It also meets the
requirements of the tests for absence of Escherichia coliand
bile-tolerant Gram-negative bacteria.

• ApPEARANCE OF SOLUTION
Dilute hydrochloric acid: 10 mg/mL
Control solution: [NOTE-Prepare immediately

before use.] Mix 9.6 mL of ferric chloride CS, 0.2 mL of
cobaltous chloride CS,and 0.2 mL of cupric sulfate CSwith
Dilute hydrochloric acid to make 10 mL; and dilute 1.5 mL
of this solution with the Dilutehydrochloric acid to 100 mL.

Sample solution: 2.5 g of Aluminum Oxide in 15 mL of
hydrochloric acid on a heated water bath. Dilute with water
to 100 mL.

Analysis: Make the comparison by viewing 2.0 mL of Sample
solution and 2.0 mL of Controlsolution downward in
matched color-comparison tubes against a white surface
(see ColorandAchromicity (631).

Acceptance criteria: The Sample solution is not more
intensely colored than the Controlsolution.

• CLARITY OF SOLUTION..
Hydrazine sulfate solution: 10 mg/mL of hydrazine sulfate.

Allow to stand for 4-6 h before use. [CAUTrON-Hydrazine
sulfate is highly toxic. Avoid skin contact.]

Methenamine solution: 2.5 g of methenamine to a 100-mL
glass-stoppered flask, add 25.0 mL of water, insert the glass
stopper, and mix tp dissolve.

Primary opalescent mixture: To the flask containing
Methenamine solutiQ(1,.add 25.0 mL of Hydrazine sulfate
solution, mix, and allow to stand for 24 h. [NOTE-This
suspension is stable for 2 months. Mix before use, and do
not use if it adheres to the container.]

Opalescent standard: Dilute 15.0 rnl, of the Primary
opalescent mixturewith water to 1000.0 mL. [NOTE-Use
this suspension within 24 h after preparation.] .

Reference suspension: Transfer 30.0 mL of Opalescence
standard to a 1OO-mL volumetric flask, and dilute with
water to volume.

Sample solution: Use the Sample solution from the test for
Appearance of Solution.

Analysis: Transfer a sufficient portion of the Sample solution
to a test tube of colorless, transparent, neutral glasswith a
flat base and an internal diameter of 15-25 mm to obtain a
depth of 40 mm. Similarly transfer a portion of the Reference
suspension to a separate matching test tube. Compare the
Sample solutionand the Reference suspension in diffused

daynQ~~!~i~~i~~i~~~i5;~II~?'~~~ii~;~~i~i;~.~~ck background (see
~'VisY~/r!;~QirJpg~i~q~~~~g){ii~~;~~~Si~g~~~1). [NOTE-The

\ Sample solution is to be compared to the Reference
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suspension 5 min after preparation of the Reference
suspension.] .

Acceptance criteria: The Sample solution is not more
opalescent than the Reference suspension.

• ALKALINE IMPURITIES
Sample: 1.0 g
Analysis: Shake the Sample with 20 mL of carbon

dioxide-free water for 1 min and filter. To 10 mL of the
filtrate add 0.1 mL of phenolphthalein TS.

Acceptance criteria: Anypink color disappears with the
addition of 0.3 mL of 0.1 M hydrochloric acid.

• NEUTRALIZING CAPACITY: Carry out the test at 3r. Disperse
0.5 g of aluminum oxide in 100 mL of water, heat, add
100.0 mL of 0.1 M hydrochloric acid, previously heated,
and stir continuously: the pH of the solution after 10, 15,
and 20 min is NLT 1.8, 2.3, and 3.0 respectively and is at
no time greater than 4.5. Add 10.0 mL of 0.5 M
hydrochloric acid, previously heated, stir continuously for
1 h, and titrate with 0.1 M sodium hydroxide to pH 3.5:
NMT 35.0 mL of 0.1 M sodium hydroxide is required.

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in a tight container at a

temperature not exceeding 30°.

Amino Methacrylate Copolymer

~CH:I or

-CH3

Ratio: CH2CH2N(CH3)2:C4H9:CH3 =2:1:1
Poly«2-dimethylaminoethyl)methacrylate, butyl

methacrylate, methyl methacrylate) (2:1:1);
N,N-Dimethylaminoethyl methacrylate-butyl methacrylate

methyl methacrylate copolymer (2:1:1) [24938-16-7].

DEFINITION
Amino Methacrylate Copolymer is a polymerized copolymer

of (2-dimethylaminoethyl) methacrylate, butyl methacrylate,
and methyl methacrylate. It contains NLT20.8% and NMT
25.5% of dimethylaminoethyl groups (C4H10N), calculated
on the dried basis.

IDENTIFICATION

• B.
Sample solution: 1 mL of the Sample solution in the. test for

Viscosity
Analysis: Pour the Sample solutiononto a glass plate, and

allow the solvent to evaporate.
Acceptance criteria: A clear, colorlessfilm results..

ASSAY
• PROCEDURE .

Sample: 200 mg
Blank: 4 mL of water and 96 mL of glacial acetic acid
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Titrimetric system
(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis: Dissolvethe Sample in a mixture of 4 mL of water
and 96 mL of glacial acetic acid. Titrate with the Titrant to a
potentiometric endpoint. Perform a blank determination.
Calculate the percentage of dimethylaminoethyl groups

(C4H 10N) in the portion of the sample taken:

Result=([(V s - V8) x N x AIW} x 100

Vs =Titrant volume consumed by the Sample (mL)
V 8 = Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 72.1 mg/mEq
W =Sample weight (mg)

Acceptance criteria: 20.8%-25.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF BUTYL METHACRYLATE AND METHYL

METHACRYLATE
Buffer: 8.9 giL of anhydrous dibasic sodium phosphate and

8.5 giL of monobasic potassium phosphate. Adjust with
phosphoric acid to a pH of 2.0. This is pH 2.0 phosphate
buffer (0.0625 M).

Mobile phase: Methanol and Buffer(55:45)
Diluent: Acetonitrile and Buffer(40:60)
Standard solution: Dissolve20 mg of butyl methacrylate

and 10 mg of methyl methacrylate in 3 mL of n-butanol.
Dilute with Diluentto 10 rJ1L. Dilute 1.0 mL of this solution
with Diluent to 250.0 mL, and mix. This solution contains
aboutB IJg/mL of butyl methylcrylate and 4 IJg/mL of
methyl methacrylate.

Sample solution: 20 mg/mL of Amino Methacrylate
Copolymer in Diluent

Chromatographic system
(See Chromatography (621), System Suitapility.)
Mod~ LC .
Detector: UV 205 nm
Column: 4.6-mm x 12-cm; packing L1
Flow rate: 2 mL/min
Injection volume: ,50 IJL

System suitability
Sample: StandardsoLution
Suitability requirements

Resolution: NLT 10 between butyl methacrylate and
methyl methacrylate

Relative standard deviation: NMT 3.0%
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of each monomer in the portion

of Amino Methacrylate Copolymer taken:

Result=(r ulr s) x (C siC u) x Fx 100

r u =peak response of each monomer (butyl
methacrylate or methyl methacrylate) from. the
Sample solution

r s =peak response of each monomer (butyl
methacrylate or methyl methacrylate) from the
Standardsolution

C s = concentration of each monomer (butyl
methacrylate or methyl methacrylate) in the
Standardsolution (lJg!mL)

C u = concentration of Amino Methacrylate Copolymer
in the Sample solution (mg/mL)
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F =conversion factor, 10-3 mg/lJg

Acceptance criteria: NMT 0.1% for each monomer
• LIMIT OF 2-DIMETHYLAMINOETHYL METHACRYLATE

Buffer: 3.4 giL of monobasic potassium phosphate. This is
the monobasic potassium phosphate solution (0.025 M).

Mobile phase: Tetrahydrofuran and Buffer(75:25)
Standard solution: 8 IJg/mL of 2-dimethylaminoethyl

methacrylate in tetrahydrofuran
Sample solution: 20 mg/mL of Amino Methacrylate

Copolymer in tetrahydrofuran
Chromatographic system

(See Chromatography (621)/ System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 12-cm; packing L8
Flow rate: 2 mL/min
Injection volume: 50 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of 2-dimethylaminoethyl

methacrylate in the portion of Amino Methacrylate
Copolymer taken:

Result= (r ulr s) x (C siC u) x F x 100

r u =peak response of 2-dimethylaminoethyl
methacrylate from the Sample solution

r s = peak response of 2-dimethylaminoethyl
methacrylate from the Standardsolution

C s =concentration of 2-dimethylaminoethyl
methacrylate in the Standard solution (lJg/mL)

C u =concentration of Amino Methacrylate Copolymer
in the Sample solution (mg/mL)

F =conversion factor, 10-3 mg/lJg

Acceptance criteria: NMT 0.1%

SPECIFIC TESTS
• VISCOSITY-RoTATIONAL METHODS (912)

Sample solution: Dissolve 12.5 9 in a mixture of 35.0 9 of
acetone and 52.5 9 of isopropyl alcohol. [NoTE-Reservea
portion of this solution for the Colorof Solution test.]

Analysis: Equip a suitable rotational viscometer with an
adapter comprising a cylindrical spindle rotating within an
accurately machined chamber (or tube).' Pipet the Sample
solution in the specified volume, which is recommended by
the instrument manufacturer, into the chamber (or tube),
and ensure that the temperature of the test specimen is at
20 ± 0.1". The cylindrical spindle rotates at the value of rpm,
which corresponds to a rate of shearof approximately
37 S-1. 2 Measure the apparent viscosity following the
instrument manufacturer's directions.

Acceptance criteria: Viscosity, 3-6 mPa. s
• COLOR OF SOLUTION

Sample solution: Usethe Sample solution prepared in the
test for Viscosity.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)

, A commercial device is availablefrom Brookfield as an ultra-low (UL)
viscosityadapter. The adapter comprises a OA-cm diameter shaft, an
accurately machined chamber (or tube) with an internal diameter of
2.8 cm and a depth of 13.5 cm, and a cylindrical spindle 2.5 cm indiameter
and 9.1 cm in height.
2 For the Brookfield UL adapter, the cylindrical spindle rotates at 30 rpm,
which corresponds to a rate of shear of approximately 37 S-I.
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R, =CH,;R2 =CH,or

R, =H;R2 =CoH,or

Ammonio Methacrylate Copolymer

=1 N sodium hydroxide VS consumed by the Blank
(mL)

=1 N sodium hydroxide VS consumed by the
Sample (mL)

= actual normality of the Back titrant (mEq/mL)
=equivalency factor, 17.03 mg/mEq
=weight of the Sample (mg)

B

V

N
F
W

Ratio of ethyl acrylate groups to methyl methacrylate groups
to trimethylammonioethyl methacrylate groups is about
1:2:0.2 as being Type A or 1:2:0.1 as being Type B.

Poly(ethyl acrylate, methyl methacrylate, .
trimethylammonioethyl methacrylate chloride) (1: 2: 0.2);

Ethyl acrylate-methyl methacrylate-trimethylammonioethyl
methacrylate chloride copolymer (1: 2: 0.2);

Poly(ethyl acrylate, methyl methacrylate,
trimethylammonioethyl methacrylate chloride) (1: 2: 0.1);

Ethyl acrylate-methyl methacrylate-trimethylammonioethyl
methacrylate chloride copolymer (1: 2: 0.1) [33434-24-1].

DEFINITION
Ammonio Methacrylate Copolymer is a polymerized

copolymer of ethyl acrylate, methyl methacrylate, and a low
content of methacrylic acid ester with quaternary
ammonium groups (trimethylammonioethyl methacrylate
chloride). The Assay requirements differ for the two types as
set forth in the accompanying table.

H,C, r-
R,=CH,; R2= '~~'CH, CI

Titrate the excess acid with 1 N sodium hydroxide VS, using
methyl red TS as the indicator. Perform a blank
determination. Each mL of 1 N sulfuric acid is equivalent
to 17.03 mg of NH3•

Acceptance criteria: 27.0%-31.0%

IMPURITIES
• LIMIT OF NONVOLATILE RESIDUE

Sample: 10 mL .
Analysis: Evaporate the Sample in a tared platinum or

porcelain dish to dryness, and dry at 105° for 1 h.
Acceptance criteria: NMT 5 mg of residue remains

(0.05%).
• READILY OXIDIZABLE SUBSTANCES

Sample solution: 4 mL of Strong Ammonia Solution
Analysis: Mix the Sample solutionwith 6 mL of water, and

add a slight excess of 2 N sulfuric acid and 0.10 mL of 0.1 N
potassium permanganate.

Acceptance criteria: The pink color does not completely
disappear within 10 min.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, at a

temperature not above 25°.

Mode: Vis
Analytical wavelength: 420 nm
Cell: 1 em

Analysis: Determine the absorbance of the Sample, using
water as the blank. .

Acceptance criteria: NMT 0.300
• Loss ON DRYING (731)

Analysis: .Dry a sample at 110° for 3 h.
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at a temperature below 30°.
• USP REFERENCE STANDARDS (11)

USP Amino Methacrylate Copolymer RS

Strong Ammonia Solution

NH3 . 17.03
Ammonia [7664-41-7].

DEFINITION
Strong Ammonia Solution is a solution of NH3, containing NLT

27.0% and NMT 31.0% (w/w) of NH3• On exposure to air,
it loses ammonia rapidly.
[CAUTION-USe care in handling Strong Ammonia Solution

because of the caustic nature of the Solution and the
irritating properties of its vapor. Cool the container well
before opening, and cover the closure with a cloth or
similar material while opening. Do not taste Strong
Ammonia Solution, and avoid inhalation of its vapor.]

I

IDENTIFICATION
• A. I

Analysis: Hold a glass rod moistenedwith hydrochloric acid
near the surface of the Solution.

Acceptance criteria: Dense, white fumes are produced.
\ ~.,

ASSAY
• PROCEDURE

Sample: Transfer quickly a portion of Strong Ammonia
Solution to a stoppered, thick-walled container (a pressure
bottle issuitable) to obtain a column height of about 20 em,
insert the stopper, and cool the container and contents to
10° or lower. Accurately weigh a glass-stoppered, 125-mL
conical flask contalnlnq 35.0 mL of 1 N sulfuric acid VS.
Insert a graduated 1O-mL measuring pipet into the cooled
solution, allow the liquid to rise in the pipet without
vacuum, remove the pipet, wipe off adhering liquid, and
discard the first mL of the solution permitted to run from
the pipet. Hold the pipet just above the surface of the 1 N
sulfuric acid VS in the conical flask, and transfer about 2 mL
of the solution into the flask. Insert the stopper, and again
weigh to obtain the weight of the portion taken of the
Sample.

Titrimetric system
(See Titrimetry (541 ).)
Mode: Residual titration
Titrant: 1 N sulfuric acid VS
Back titrant: 1 N sodium hydroxide VS
Blank: Proceed as directed for the Sample, omitting the

Strong Ammonia Solution
Endpoint detection: Colorimetric

Analysis
Calculate the percentage of NH3 in the portion of the

Sample taken: .

Result = [(8 - V) x N x Fx 100]/W
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Ammonia Methacrylate Units,
Dried Basis

(%)

Type Min. Max.

A 8.85 11.96

B 4.48 6.77

IDENTIFICATION

)

• B. Meets the requirements of the Assay

ASSAY
• PROCEDURE

Sample: 1 9 of Ammonio Methacrylate Copolymer Type A,
or 2 9 of Type B, previously dried

Titrimetric system
(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis
Sample: Sample

Dissolvethe Sample in 75 mL of glacial aceticacid at about
50° within 30 min. After the solution coolsdown to room
temperature, add 25 mL of 0.6% cupric acetate in glacial
acetic acid. Titrate this solution and a blank, and make
any necessary corrections. Each mL of 0.1 N perchloric
acid is equivalent to 20.772 mg of ammonio
methacrylate (CgH18CIN02) units.

Acceptance criteria
Type A: 8.85%-11.96%
Type B: 4.480/0-6.77%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1% 
ORGANIC IMPURITIES
• Procedure: Limit of Monomers
Sodium perchlorate solution: 35 mg/mL of sodium'

perchlorate (NaCI04 • H20)

Mobile phase: Dilute 'phosphoric acid with water to obtain a
solution with a pH of 2.0.,Mix 4 volumes of this solution with
1 volume of methanol:' ,"

Standard stock solution: 1.6 mg/mL of ethyl acrylate and
0.2 mg/mL of methyl methacrylate in methanol

Standard solution: Dilute 1 mL of the Standard stock solution
with methanol to 100 mL. Add 10 mL of this solution to 5 mL
of the Sodium perchlorate solution. This solution contains
about 10.67 ~g/mL of ethyl acrylate and 1.33 ~g/mL of
methyl methacrylate.

Sample solution: Dissolve 5 9 of Ammonio Methacrylate
Copolymer in methanol, and dilute with the samesolvent to
50 mL. Add 5 mL of the Sodium perchlorate solutiondropwise
to 10 mL of this solution while continuously stirring. Remove
the precipitated polymer by centrifugation. Usethe clear
supernatant. Calculate the concentration of Ammonio
Methacrylate Copolymer, in mg/mL, as C v.

Chromatographic system
(See Chromatography (621), System Suitability.)
Moder. LC
Detector: UV 202 nm
Column: 4.6-mm x 12-cm; packing L1
Flow rate: 2 mL/min
Injection size: 50 ~L
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System suitability
Sample: Standard solution
[NOTE-The relative retention times for ethyl acrylate and

methyl methacrylate are 1.00 and 1.14, respectively.]
Suitability requirements

Resolution: NLT 1.0 between the pair of analytes
Relative standard deviation: NMT 5.0% for each analyte

Analysis
Samples: Standard solutionand Sample solution

Calculate the percentage of ethyl acrylate (or methyl
methacrylate) in the portion of Ammonio Methacrylate
Copolymer taken:

Result= (r vir s) x (C siCv) x Fx 100

r u =peak response of ethyl acrylate (or methyl
methacrylate) from the Sample solution

r s =peak response of ethyl acrylate (or methyl
methacrylate) from the Standard solution

C s = concentration of ethyl acrylate (or methyl
methacrylate) in the Standard solution(~g/mL)

C u = concentration of Ammonio Methacrylate
Copolymer in the Sample solution(mg/mL)

F =conversion factor, 10-3 mg/~g

Acceptance criteria
Ethyl acrylate: NMT 100 ppm
Methyl methacrylate: NMT 50 ppm

SPECIFIC TESTS
• loss ON DRYING (731): Dry a sample in a vacuum at 80° for

5 h: it loses NMT 3.0% of its weight.
• VISCOSITY-ROTATIONAL METHODS (912)

Sample solution: Place 52.5 9 of isopropyl alcohol and
35.0 9 of acetone in aconical flaskwith a ground-glass joint.
Add a quantity of Ammonio Methacrylate Copolymer,
equivalent to 12.5 9 of solids on the dried basis, while
stirring until the polymer has dissolved completely.

Analysis: Equip a suitable rotational viscometer with an
adapter comprising a cylindrical spindle rotating within an
accurately machined chamber (or tube).' Pipet the Sample
solution in the specified volume, which is recommended by
the instrument manufacturer, into the chamber (or tube),
and ensure that the temperature of the test specimen is at
20 ± 0.10. The cylindrical spindle rotates at the value of rpm,
which corresponds to a rate of shear of approximately
37 S-'.2 Measure the apparent viscosity following the
instrument manufacturer's directions.

Acceptance criteria: 1-15 mPa . s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at a temperature not exceeding 30°.
• LABELING: Label it to state whether it is Type A or Type B.
• USP REFERENCE STANDARDS (11)

USP Ammonio Methacrylate Copolymer, Type A RS
Poly(ethyl acrylate, methyl methacrylate,

trimethylammonioethyl methacrylate chloride) (1: 2:
0.2);

Ethyl acrylate-methyl methacrylate
trimethylammonioethyl methacrylate chloride
copolymer (1: 2: 0.2).

, Acommercial device is available from Brookfield as an ultra-low (Ul)
viscosity adapter. The adapter comprisesa O.4-cm diameter shaft, an
accurately machined chamber (or tube) with an internal diameter of
2.8 cm and a depth of13.5 cm, and a cylindrical spindle2.5 cm indiameter
and 9.1 cm in height.
2 Forthe Brookfield Ul adapter, the cylindrical spindle rotates at 30 rpm,
which corresponds to a rate of shear of approximately 37 S-1.
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USP Ammonio Methacrylate Copolymer, Type BRS
Poly(ethyl acrylate, methylmethacrylate,
trimethylammonioethyl methacrylate chloride) (1 : 2:
0.1);

Ethyl acrylate-methyl methacrylate
trimethylammonioethyl methacrylate chloride
copolymer (1 : 2: 0.1).

Ammonio Methacrylate Copolymer
Dispersion
DEFINITION
Ammonio Methacrylate Copolymer Dispersion isan aqueous

dispersion ofAmmonio Methacrylate Copolymer TypeAor B
in water. It may contain suitableantimicrobial preservatives
and alkalizing agents. The Assay requirements differ for the
two types, as set forth in the accompanying table.

Ammonia Methacrylate Units, Dried Basis (%)

Type Min. Max.

A 10.18 13.73

B 6.11 8.26

IDENTIFICATION

• A.
1- . .

Sample: Residue obtained in the test for Loss on Drying
Acceptance criteria: Meets the requirements

ASSAY .
• PROCEDURE '""

Sample: Dry under vacuum 2 g of Ammonio Methacrylate
CopolymerDispersion TypeA, or 4 g of Ammonio
Methacrylate CopolymerDispersion Type B, at 90° for
30 min.

Blank: 75 mL of glacial acetic acid
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.1 N perchlorlc acidVS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 75 mL of glacial acetic acid
at about 50°, within about 30 min. After the solution has
cooled down, add 25 mL of 0.6% cupric acetate solution
in glacial acetic acid. Titratethis solution with the Titrant.
Perform a blankdetermination.
Calculatethe percentage of ammonio methacrylate

(C9H,8CIN02) units in the portion of the Sample taken:

Result ={[(Vs - VB) x N x Fj/W} x 100

Vs =Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 207.72 mg/mEq
W = Sample weight (mg)

Acceptance criteria
Type A: 10.180/0-1 3.73%
Type B: 6.11%-8.26%

NF 38

IMPURITIES
• RESIDUE ON IGNITION (281)
Analysis: Using mild heating conditions(e.g., steam bath,

sand bath, etc.) to avoid loss of material, evaporate the
dispersion to dryness before ignition.

Acceptance criteria: NMT 0.5% calculated on the undried
dispersion basis

• LIMIT OF MONOMERS
Sodium perchlorate solution: 35 mg/mLof sodium

perchlorate (NaCI04 • H20)

Mobile phase: Dilute phosphoricacidwithwaterto obtain a
solution havinga pH of 2.0. Mix four volumes of this
solutionwith one volume of methanol, filter, and degas.

Standard stock solution: 1.6 mg/mL of ethylacrylate and
0.2 mg/mL of methyl methacrylate in methanol

Standard solution: Dilute 1 mL of the Standard stock
solutionwith methanol to 100 mL. Add 10 mL of this
solution to 5 mL of Sodium perchlorate solution.

Sample solution: Dissolve 5 g of Dispersion in methanol,
and dilute with the same solvent to 50 mL. Add 5 mL of
Sodium perchlorate solutiondropwiseto 10 mL of this
solutionwhilecontinuously stirring. Remove the
precipitated polymerby centrifugation. Use the clear
supernatant. Calculate the concentration of Dispersion, in
mg/mL, as Cu.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 202 nm
Column: 4.6-mm x 12-cm; packing L1
Flowrate: 2 mL/min
Injection volume: 50 IJL

System suitability
Sample: Standard solution
[NoTE-The relative retention timesforethylacrylate and

methyl methacrylateare 1.00 and 1.14, respectively.]
Suitability requirements

Resolution: NLT 1.0 between the pairof analytes
Relativestandard deviation: NMT 5.0%

Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of ethyl acrylate and methyl
methacrylatein the portion of Dispersion taken:

Result =(rufrs) x (Cs/Cu) x Fx 100

to =peak response of ethyl acrylate or methyl
methacrylate from the Sample solution

ts =peak response of ethyl acrylate or methyl
methacrylatefrom the Standard solution

Cs =concentration of ethyl acrylateor methyl
methacrylate in the Standard solution (lJg/mL)

Cu =nominal concentration of Dispersion in the
Sample solution (mg/mL)

F =conversion factor, 10-3 mg/lJg

Acceptance criteria: NMT 0.002% of methyl methacrylate
and NMT 0.008% of ethyl acrylate

SPECIFIC TESTS
• VISCOSITY-ROTATIONAL METHODS (912)
Analysis: Use a viscometerequipped with a spindlehaving a

cylinder1.88 cm in diameter and 6.51 cm high attached
toa shaft 0.32 cm in diameter. The distance from the top
of the cylinder to the lowertip of the shaft is0.75 ern, and
the immersion depth is8.15 ern.Adjust the temperature to
20 ± 0.1O". With the spindle rotating at 30 rpm,
immediately record the scale reading. Multiply the scale
reading by the constant for the viscometer spindle and
speed used to obtain the viscosity in'centlpolses.
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Acceptance criteria: NMT 100 mPa· s
• Loss ON DRYING (731)

Analysis: Dry a sample at 110° for 6 h.
Acceptance criteria: 68.50/0-71.5%

• COAGULUM CONTENT
Sample: 100 g
Analysis: Weigh a stainless steel sieve having 125-JJm

openings, and filter the Sample through it. Wash the sieve
with distilled water until a clear filtrate is obtained, and dry
the sieve to constant weight at 105°.

Acceptance criteria: The weight of the residue does not
exceed 1000 mg, corresponding to NMT 1%.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein tight containers, at a

temperature not exceeding 25° for Type A and not
exceeding 30° for Type B. Protect from freezing .

• LABELING: Label it to state whether it is Type A or Type B.
Label it to indicate the name and quantity of any added
antimicrobial preservative or alkalizing agent.

• USP REFERENCE STANDARDS (11)
USP Ammonio Methacrylate Copolymer, Type A RS
USP Ammonio Methacrylate Copolymer, Type BRS

Ammonium Carbonate
Carbonic acid, monoammonium salt mixture with ammonium

carbamate;
Monoammonium carbonate mixture with ammonium

carbamate [8000-73-5].

DEFINITION
Ammonium Carbonate consists of ammonium bicarbonate

(NH4HC0 3) and ammonium carbamate (NH2COONH4) in
varying proportions. It yields NLT 30.0% and NMT 34.0% of
ammonia (NH 3) .

IDENTIFICATION
• A. When heated, it is volatilized without _~harring, and the

vapor is alkaline to moistened litmus paper. Asolution (1 in
20) effervesceswith acids.

ASSAY
• PROCEDURE

Sample solution: Place 10 mL of water in a weighing bottle,
tare the bottle and its contents, add 2 g of Ammonium
Carbonate, and weigli .'

Titrimetric system
(See Titrimetry (541 ).)
Mode: Residual titration
Titrant: 1 N sulfuric acid VS
Back-titrant: 1 N sodium hydroxide VS
Blank: 50.0 mL of 1 N sulfuric acid VS,accurately measured
Endpoint detection: Colorimetric

Analysis: Transfer the Sample solutionto a 250-mL flask, add
50.0 mL of 1 N sulfuric acid VS, and when the solution has
been effected, add methyl orange TS. Titrate the excess
acid with 1 N sodium hydroxide VS. Perform a blank
determination. Calculate the percentage of ammonia (NH 3)

in the sample taken.

Result =[(B - \I) x N x F x 100]/W

B = 1 N sodium hydroxide VSconsumed by the Blank
(mL)

V = 1 N sodium hydroxide VS consumed by the
sample (mL)

N = actual normality of the Back-tritrant (mEq/mL)
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F =equivalency factor, 17.03 mg/mEq
W =weight of the sample (mg)

Acceptance criteria: 30.0%-34.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221): A 2.0-g portion

shows no more chloride than corresponds to 0.10 mL of
0.020 N hydrochloric acid (0.0035%).

• CHLORIDE AND SULFATE, Sulfate (221): A 2.0-g portion .
shows no more sulfate than corresponds to 0.10 mL of
0.020 N sulfuric acid (0.005%).:

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at a temperature not above 30°.

Ammonium Glycyrrhizate

C42H62016' NH 3 840.08
Monoammonium glycyrrhizinate;
Glycyrrhizic acid ammonium salt;
c-o-Glucopyrenoslduronlcacid, (3P,20~)-20-carboxy-ll-oxo-

30-norolean-12-en-3-yl 2-0-~-D-glucopyranuronosyl-,
ammonium salt (1 :1);

a-D-Glucopyranosiduronic acid, (3~,20~)-20-carboxy-l1-oxo
30-norolean-12-en-3-yl 2-0-~-D-glucopyranuronosyl-,
monoammonium salt [53956-04-0].

DEFINITION
Ammonium Glycyrrhizate is a mixture of ammonium 18a- and
18~-glycyrrhizate (ammonium salt of (20~)
3~-[[2-0-(~-D-glucopyranosyluronic

acid)-a-D-glucopyranosyluronic acid]oxy]-11-oxoolean
12-en-29-oic acid), and the 18p-isomer is the main
component. It contains NLT 78.0% and NMT 102.0% of
ammonium 18a- and 18~-glycyrrhizate, on the anhydrous
basis.

IDENTIFICATION
• A. The retention times of the peaks of 1Be- and

18~-glycyrrhizic acid from the Sample solutioncorrespond
to those from the System suitabilitysolution, as obtained in
the Content of Ammonium 18a-and 18p-Glycyrrhizate.
[NOTE-The peak of 18a-glycyrrhizic acid could be absent
in the Sample solution.]

• B. IDENTIFICATION TESTS-GENERAL, Ammonium (191)
Acceptance criteria: Meets the requirements

ASSAY
• CONTENT OF AMMONIUM 18«- AND 18p-GLYCYRRHIZATE

Mobile phase: Acetonitrile, glacial acetic acid, and water
(38:1 :61)

Standard solution: 0.5 mg/mL of USP Glycyrrhizic Acid RS
in Mobilephase
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System suitability solution: 0.5 mg/mL of USP Ammonium
Glycyrrhizate RS in Mobilephase

S~mple solution: 0.5 mg/mL of Ammonium Glycyrrhizate
In Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm x 30-cm analytical column; 5-10 IJm

packing Ll
Flow rate: 2.0 mL/min
Injection volume: 10 IJL

System sultablllty
Samples: System sUitabilitysolution and Standardsolution

[NO!E-The relative retention times of 18p-glycyrrhizic
acid an~ 18a.-glycyrrhizicacid are about 1.0 and 1.2,
respectively, System suitability solution.]

Suitability requirements
Resolution: NLT 2.0 between the peaksdue to

18p-glycyrrhizic acid and 18a.-glycyrrhizicacid System
suitability solution '

Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standardsolution, System suitabilitysolution and

Sample solution '
Determine the peak areas for each isomer

(18a.-glycyrrhizic acid or 18p-glycyrrhizic acid).
Calculate the.percentage of ammonium 18a.-glycyrrhizate

(or ammonrum 18p-glycyrrhizate) in the portion of
Ammonium Glycyrrhizate taken:

Result=(rvlrs) x (Cs/Cv) x (Mw(salt/MW(Acid) x 100

rv =peak area of th~ 18a.-glycyrrhizic acid (or
18p-glycyrrhizic acid) in the Sample solution

rs =peak area of the 18p-glycyrrhizic acid in the
Standardsolution

Cs =concentration of the USP Glycyrrhizic Acid RS in
the Standardsolution (mg/mL)

Cu = concentration of the Sample solution (mg/mL)
MW(salt) =molecular weight of ammonium glycyrrhizate,

840.08 g/mol '
MW(Acid) =molecular weight of glycyrrhizic acid,

821.59 g/mol

Acceptance c~iteria~ The total percentage of ammonium
18a.-glycyrrhlzate and-arnmonium 18p-glycyrrhizate is
78.0%-102·9%, a.nd the percentage of ammonium
IBc-qlycyrrhlzats IS NMT 13.0%, on the anhydrous basis.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 9
Acceptance criteria: NMT 0.5%

• LIMIT OF ORGANIC IMPURITIES
Mobile phase, System sultablllty solution, and
Chromat~graphic system: Proceedasdirected in Content
of Ammomu'!1 78a.- and 78j3-Glycyrrhizate.

Sample solution: 1.0 mg/mL of Ammonium Glycyrrhizate
in the Mobile phase

Referenc~ solu.tion A: 0.05 mg/mL of Ammonium
Glycyrrhizate In the Mobile phase prepared from the
Sample solution '

Referenc~ solu.tion B: 0.057 mg/mL of Ammonium
Glycyrrhlzate In the Mobile phase prepared from the
Sample solution '

System suitability
Sample: System sUitability solution

[NoTE-The relative retention times for
24-hydroxyglycyrrhizinic acid, 18p-glycyrrhizic
acid, and 18a.-glycyrrhizicacid are about 0.7,
1.0 and 1.2, respectively.]

Suitability requirements
Resolution: NLT 2.0 between the peaksdue to

18p-glycyrrhizic acid and 18a.-glycyrrhizicacid
An~lysis ~

Samples: System suitability solution, Reference solution A,
Reference solution B, and Sample solution

Acceptance criteria: See Table 7.

Table 1

Relative
Retention Acceptance

Name Time Criteria

NMT the sum of the areasof the
peaksin the chromatogramfrom

24-Hydroxy- Reference solutionB,correspond-
glycyrrhizinic acid" 0.7 ing to NMT 5.7%

Foreach impurity, NMT 0.4 times
the sum of the areasof the peaks

- in the chromatogramfrom Refer-
ence solutionA, corresponding to

Any other impurity NMT 2.0%

NMT 1.6 timesthe sumofthe areas

- of the peaksin the chromate-
gramfrom Reference solution A,

Sumof other impurities corresponding to NMT 8.0%

0.04 timesthe sum of the areasof

- the peaksin the chromatogram
from Reference solutionA, corre-

Disregard limit sponding to 0.2%

a(4~,20/3)-3/3-[[2-0-(~-D-Glucopyranosyluronic acid)-a-o-g/ucopyranosyluronic
acid]oxy]-23-hydroxy-l1-oxoolean-12-en-29-oic acid.

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781)

Sample solution: 1O.O·mg/mL of Ammonium Glycyrrhizate
in 50% ethanol

Acceptance c:riteria: +49.0 to +55.0 on the anhydrous basis
• WATER DETERMINATION, Method la (921)

Sample: 0.25 g
Acceptance criteria: NMT 6.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cool, dry place.
• USP REFERENCE STANDARDS (11)

USP Ammonium Glycyrrhizate RS
USP Glycyrrhizic Acid RS

Ammonium Phosphate
(NH4)2HP04 132.06
Phosphoric acid, diammonium salt;
Diammonium phosphate [7783-28-0].

DEFINITION
Ammonium Phosphate contains NLT 96.0% and NMT

102.0% of (NH4)2HP04'

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Ammonium (191): A

solution (1 in 20) meets the requirements.
• B. IDENTIFICATION TESTS-GENERAL, Phosphate (191): A

solution (1 in 20) meets the requirements.
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ASSAY
• PROCEDURE

Sample: 600 mg of Ammonium Phosphate
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N sulfuric acid VS
Endpoint detection: potentiometric

Analysis: Dissolve the Sample in 40 mL of water, and titrate
with 0.1 N sulfuric acid VSto a pH of 4.6. Each mL of 0.1 N
sulfuric acid is equivalent to 13.21 mg of (NH4)2HP04'

Acceptance criteria: 96.0%-102.0%

IMPURITIES
• CHLORIDE AND SULFATE, Chloride (221): A 1.0-g portion

shows no more chloride than corresponds to 0040 mL of
0.020 N hydrochloric acid (0.03%).

• CHLORIDE AND SULFATE, Sulfate (221): A 0.20-g portion
shows no more sulfate than corresponds to 0.30 mL of
0.020 N sulfuric acid (0.15%).

• ARSENIC, Method I (211): NMT 3 ppm

SPECIFIC TESTS
• pH (791): 7.6-8.2, in a solution (1 in 100)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Ammonium Sulfate

(NH4)2S04 132.14
Ammonium sulfate [7783-JO-2].

DEFINITION
Ammonium Sulfatecontains NLT 99.0% and NMT 100.5% of

(NH4) 2S0 4'

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Ammonium(191): A

solution (1 in 20) meets the requirements..
• B. IDENTIFICATION TESTS-GENERAL, Sulfate (191): A

solution (1 in 20) meets the requirements.

ASSAY
• PROCEDURE

Sample: 2.5 9 of Ammonium Sulfate
Titrimetric system .. "

(See Titrimetry (541).)
Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Back titrant: 1 N sulfuric acid VS
Endpoint detection: Colorimetric
Blank: 50.0 mL of 1 N sodium hydroxide VS, accurately

measured
Analysis: Add the Sample to a 500-mL conical flask and

dissolve in 50 mL of water. Add 50.0 ml of 1 N sodium
hydroxide VS, place a filter funnel loosely in the neck of the
flask, and boil until ammonia is expelled (about 10-
15 min), asdetermined with litmus paper. Cool, add
0.15 mL of thymol blue TS, and titrate the excess sodium
hydroxide with 1 N sulfuric acid VS. Perform a blank
determination.
Calculate the percentage of ammonium sulfate

[(NH4)2S04] in the Sample taken:

Result= [(B - V) x N x Fxl OO]/W

B = 1 N sulfuric acid VS consumed by the Blank
(mL)
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v =1 N sulfuric acid VS consumed by the Sample
(mL)

N =actual normality of the Back titrant (mEq/mL)
F =equivalency factor, 66.07 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 99.0%-100.5%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 20 9
Acceptance criteria: NMT 0.005%

• LIMIT OF INSOLUBLE MATTER
Sample: 20 9
Analysis: Transfer the Sampleto a covered beaker, and

dissolve in 200 mL of water. Heat to boiling, and warm on a
steam bath for 1 h. Filter the hot solution through a tared
sintered-glass crucible of medium porosity (10-15 IJm).
Wash the beaker and the filter with hot water, dry the
crucible at 105°, cool in a desiccator, and weigh.

Acceptance criteria: NMT 1 mg of insoluble matter isfound
(0.005%).

• LIMIT OF PHOSPHATE
Standard phosphate solution, Phosphate reagent A, and

Phosphate reagent B: Prepareasdirected for Phosphate
in Reagents under Reagents, Indicators, and Solutions-

. General Tests for Reagents.
Sample: 4.0 9
Control: 0.2 mL of Standardphosphate solution
Analysis

[NoTE-The tests for the Sample and the Control are
made preferably in matched color-comparison
tubes.]

Dissolvethe Sample in 25 mL of 0.5 N sulfuric acid, add
1 mL each of Phosphate reagentA and Phosphate reagent
B, and allow to stand at room temperature for 2 h.
Proceedwith the Controlusing the samequantities of the
same reagents as in the test for the Sample.

Acceptance criteria: Any blue color obtained from the
Sampleshould not exceed that produced from the Control
(NMT 5 ppm).

• CHLORIDE AND SULFATE, Chloride (221)
Standard chloride solution: Transfer 165 mg of sodium

chloride to a 1OO-mL volumetric flask.Dissolve in and dilute
with water to volume. Transfer 10.0 mL to a 1000-mL
volumetric flask, and dilute with water to volume to
obtain a solution having a concentration of 10 IJg/mL of
chloride.

Acceptance criteria: A 2-g portion shows no more chloride
than corresponds to 1.0 mL of Standardchloridesolution
(NMT 5 ppm). .

• LIMIT OF NITRATE
Standard nitrate solution and Brucine sulfate solution:

Prepare asdirected for Nitrate in Reagents under Reagents,
Indicators, and Solutions-General Tests for Reagents.

Sample solution: Dissolve1.0 9 in 3 mL of water by heating
in a boiling water bath, and add Brucine sulfatesolution to
make 50 mL.

Control solution: To 1.0 mL of Standardnitrate solution add
1.0 9 ammonium sulfate, then add Brucine sulfatesolution
to make 50 mL. .

Blank: 50 mL of Brucine sulfatesolution
Analysis: Heat the Sample solution, Controlsolution, and

Blankin a boiling water bath for 15 min with periodic gentle
swirling, then cool rapidly in an ice bath to room
temperature. Adjust a suitable spectrophotometer with the
Blank to zero absorbance at 410 nm. Determine the
absorbance of the Sample solution, note the result, and
adjust the instrument with the Sample solution to zero
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absorbance. Determine the absorbance of the Control
solution.

Acceptance criteria: The absorbance reading for the
Sample solutiondoes not exceed that for the Control
solution (NMT 10 ppm).

• IRON (241)
Sample solution: Dissolve 2.0 g in 40 mLof water, and add

2 mL of hydrochloric acid.
Acceptance criteria: NMT 5 ppm

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1000 cfu/g, and the total
combined molds and yeasts count does not exceed 10 cfu/
g.

• pH (791): 5.0-6.0 in a solution (1 in 20)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.

Amylene Hydrate

CSH120 88.15
2-Butanol, 2-methyl-;
tert-Pentyl alcohol [75-85-4].

DEFINITION
Amylene Hydrate contains NLT 99.0% and NMT 100.0%

of CSH120.

IDENTIFICATION

IMPURITIES
INORGANIC IMPURITIES
• Limit of Nonvolatile Residue
Sample: 10 mL
Analysis: Evaporate the Sample in a tared porcelain dish on a

steam bath to a volume of about 1 mL, and allow it to
evaporate spontaneously to dryness while protected
from dust.

Acceptance criteria: The residue, if any, is colorless, and
when dried at 105° for 1 h, weighs NMT 2 mg (0.02%).

ORGANIC IMPURITIES
• Procedure
Sample solution: 1 in 20 .
Analysis: To 10 mL of the Sample solution add 0.10 mL of

0.10 N potassium perrnanqanate.
Acceptance criteria: The pink color does not completely

disappear within 10 min.

SPECIFIC TESTS
• SPECIFIC GRAVITV (841): 0.803-0.807
• DISTILLING RANGE, Method J(721): It distills completely at

between 97° and 103°, a correction factor of 0.037°jmm
being applied as necessary.

• WATER: The relative retention time of water on the gas
chromatographic column used in the Assay is
approximately 0.2 times that of Amylene Hydrate. From the
area under the curve obtained in the Assay, calculate the
percentage (a/a) of water in the Amylene Hydrate taken:
NMT 0.5% is found.

• ALDEHVDE
Sample solution: 1 in 20
Analysis: To 10 mLof the Sample solutionadd 1 mLof silver

ammonium nitrate TS, and heat the mixture on a water
bath at 60° for 10 min.

Acceptance criteria: No darkening occurs.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Anethole
~CH3

~H3CO

C,oH,20 148.20
Benzene, 1-methoxy-4-(1-propenyl)-, (E)-;
(E)-p-Propenylanisole [4180-23-8].
Synthetic [104-46-1].

DEFINITION
Anethole is obtained from Anise Oil and other sources, or it is

prepared synthetically. It contains NLT 98.0% and NMT
102.0% of (E)-1-methyl-4-(1-propenyl) benzene (or
trans-anethole) (ClOH120).

IDENTIFICATION

• B.· CHROMATOGRAPHIC IDENTITV
Analysis: Proceed as directed in the Assay for trans-Anethole.
Acceptance criteria: The retention time of the major peak,

excluding the internal standard peak, of the Sample
solution corresponds to the anethole peak of the Standard
solution.

• A•.•~
~f.t~~>, ..

• B. PROCEDURE
Sample solution: 1 in 10
Analysis: To 10 I11,L of the Sample solutionquickly add 5 mL

of a 1-in-100 solution of vanillin in sulfuric acid.
Acceptance criteria: A violet-red color is produced.

ASSAY
• PROCEDURE

Sample solution: Amylene Hydrate
Chromatographic system

Mode: GC
Detector: Thermal conductivity
Column: 4-mm x 2-cm glass column; packed with

chromatographic support S2 (under typical conditions)
Temperature

Column: 190°
Injector: 200°
Detector block: 200°

Carrier gas: Helium
Flow rate: 50 mL/min
Injection size: 0.4 I.JL

Analysis
Sample: Sample solution

From the area under the curve, calculate the percentage
(a/a) of CSH120 in the Amylene Hydrate taken.

Acceptance criteria: 99.0%-100.0%
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ASSAY
• ASSAY FOR trans-ANETHOLE

Internal standard solution: 2 mg/mL of USP Menthol RS
(internal standard) in hexanes .

Standard solution: 2 mg/mL of USP AnetholeRS in Internal
standard solution (use a freshly prepared solution)

Sample solution: 2 mg/mL of Anetholein Internal standard
solution (use a freshly prepared solution)

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary; bonded with a

1.0-lJm layerof phase G16
Temperatures

Injection port: 2500

Detector: 2500

Column: 1250 (isothermally)
Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 1.0 IJL
Injection type: Split injection; split ratio of 10:1
Run time: 30 min

System suitability
Sample: Standard solution

[NoTE-The relative retention times for menthol and
trans-anethole are about 0.5 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 15 between menthol and

trans-anethole
Tailing factor: 0.8-2.0 for menthol and trans-anethole

peaks
Relative standard deviation: NMT 2.0% for the peak

response ratioof trans-anethole to the internalstandard
Analysis.

Samples: Standard solution and Sample solution
Calculate the percentage of trans-anethole (C10H120 ) inthe

portion of Anetholetaken:

Result =(R~~/R s) x (CsiCu) x 100

Ru = peak response ratio of trans-anethole to the
internal standard (peak response of
trans-anethole/peak response of the internal
standard) from the Sample solution

R5 = peak response ratio of.trans-anethole to the
internal standard (peak response of
trans-anethole/peak response of the internal
standard) from the Standard solution

C5 =concentration of USP AnetholeRS in the Standard
solution (mg/mL)

Cu =concentration of Anethole in the Sample solution
(mg/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• LIMIT OF d.s-ANETHOLE, p-ANISALDEHYDE, AND OTHER

VOLATILE IMPURITIES
Internal standard solution: 0.01 mg/mL of USP

Menthol RS (internal standard) in hexanes
System suitability solution: 4 mg/mL of USP Anethole RS

in Internal standard solution after exposure to UV lightfor
1 h

Standard solution: 0.01 mg/mL of USP Anethole RS and
0.01 mg/mL of USP p-Anisaldehyde RS in Internal standard
solution (use a freshly prepared solution)

Sample solution: 2 mg/mL of Anetholein Internal standard
solution (use a freshly prepared solution)
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Chromatographic system: Proceed as directed in the
Assay, except use a Run timeof 60 min.

System suitability
Samples: System suitability solution and Standard solution

[NoTE-See Table 7for the relative retention times.]

Table 1

Relative
Retention

Name Time

Menthol (internal standard) 0.5

cis-Anethole 0.75

trans-Anethole 1.0

p-Anisaldehyde 2.2

Suitability requirements
Resolution: NLT 5 between cis-anethole and

trans-anethole, System suitability solution
Relative standard deviation: NMT 5.0% for the peak

response ratioof trans-anethole to the internal standard
and NMT 5.0% for the peak response ratio of
p-anisaldehyde to the internal standard, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculatethe percentage of p-anisaldehyde in the portion

of Anethole taken:

Result =(R udRSI) x (CsdC u) x 100

RVI =peak response ratioof p-anisaldehyde to the
internal standard (peak response of
p-anisaldehyde/peakresponse of the internal
standard) from the Sample solution

R51 =peak response ratioof p-anisaldehyde to the
internal standard (peak response of
p-anisaldehyde/peakresponseof the internal
standard) from the Standard solution

C51 =concentration of USP p-Anisaldehyde RS in the
Standard solution (mg/mL)

CV =concentration of Anethole in the Sample solution
(mg/mL)

Calculate the percentage of cis-anethole or any other
unspecified volatile impurity in the portion of Anethole
taken:

Result = (R V2/R 52) x (C 52/C u) x 100

RU2 =peak response ratioof cis-anethole or any other
unspecified impurity to the internal standard
(peak response of cis-anethole or any other
unspecified impurity/peak response of the
internal standard) from the Sample solution

R52 = peak response ratio of trans-anethole to the
internal standard (peak response of
trans-anethole/peak response of the internal
standard) from the Standard solution

C52 =concentration of USP Anethole RS in the Standard
solution (mg/mL)

Cu =concentration of Anethole in the Sample solution
(mg/mL)

Acceptance criteria: Disregard peaks that are less than
0.05% for any unspecified impurities and any peaksdue to
solvent.
Total impurities including cis-anethole, p-anisaldehyde,

and all other unspecified impurities: NMT 2.0%
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• LIMITOF PHENOLS
Sample: 1 mL
Analysis: Shakethe Sample with 20 mL of water, and allow

the liquids to separate. Pass the water layerthrough-afilter
paper previously moistened with water, and to 10 mL of
the filtrate add 3 drops of ferric chlorideTS.

Acceptance criteria: No purple or purplish color is
produced.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.983-0.988
• DISTILLING RANGE, MethodI (721): 2310-23r, a correction

factor of 0.063°/mm being applied as necessary
• OPTICAL ROTATION, AngularRotation (781 A): -0.15° to

+0.15°
• REFRACTIVE INDEX (831): 1.557-1.561

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: Label to indicatewhether it isof natural sources

or is prepared synthetically.
• USP REFERENCE STANDARDS (11)

USP Anethole RS
USP p-Anisaldehyde RS
USP Menthol RS

Anise Oil

DEFINITION
Anise Oil is the volatile oildistilled with steam from the dried,

ripefruitof Pimpinella ansiumL. (Fam. Apiaceae) or fromthe
dried ripefruit of Illicium verum Hook. f. (Fam. lIIiciaceae).
[NOTE:""'lf solidmaterial has separated, carefully warm the

Anise Oil until it is completely liquefied, and mix before
using.] .

IMPURITIES
• LIMITOF PHENOLS

Sample solution: Recently distilled Ariise all in90% alcohol
(1 in 3)

Acceptance criteria: The Sample solution is neutral to
moistened litmus paper, and developsno blue or brownish
color upon the addltlon of 1 drop of ferric chlorideTS to
5 mL of the solution.

SPECIFIC TESTS
• SOLUBILITY IN 90% ALCOHOL: One volumedissolves in 3

volumesof 90% alcohol.
• SPECIFIC GRAVITY (841): 0.978-0.988
• CONGEALING TEMPERATURE (651): NLT 15°
• OPTICAL ROTATION, AngularRotation (781 A): _2° to +1°
• REFRACTIVE INDEX (831): 1.553-1.560 at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-filled, tight

containers, and avoid exposure to excessive heat.
• LABELING: The labelstates the Latin binomial name and,

following the official name, the part of the plant source
fromwhichthe article wasderived.The label alsostates that
ifsolid material has separated, carefully warm the oil until
it is completely liquefied, and mix before using.

Arginine
-see Arginine General Monographs
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Aromatic Elixir
DEFINITION
PrepareAromatic Elixir as follows.

Suitableessential oil(s)

Syrup 375 mL

Talc 30 9

Alcohol, Purified Water,each a sufficient quantity to make 1000 mL

Dissolve the oil(s) in Alcohol to make 250 mL. To this solution
add the Syrup in several portions, agitating vigorously after
each addition. Then add the required quantity of
Purified Waterin the same manner. Mix Talcwith the liquid,
and passthrough a filter, dampened with DilutedAlcohol, and
return the filtrate until a clear liquid isobtained.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method1/ (611): 21.0%-23.0%

of C2HsOH, with acetone being used as the internal
standard

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight containers.

Ascorbic Acid-see Ascorbic AcidGeneral Monographs

Ascorbyl Palmitate

C22H3807 414.53
L-Ascorbic acid, 6-hexadecanoate;
L-Ascorbic acid 6-palmitate [137-66-6].

DEFINITION
Ascorbyl Palmitate contains NLT 95.0% and NMT 100.5% of

ascorbyl palmitate (C22H3807), calculatedon the dried basis.

IDENTIFICATION

• A.
jf;jg<c "

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solutioncorrespondsto that of the Standard
solution.

ASSAY
• PROCEDURE

Mobile phase: Acetonitrile, methanol, 0.01 M perchloric
acid (10:65:25)

Standard solution: 0.5 mg/mLof USP Ascorbyl Palmitate RS
in methanol

Sample solution: 0.5 mg/mL of Ascorbyl Palmitate in
methanol
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Asparagine

H2N~ /'.. 1If '( 'OH

o NH2

[(V- B) x N x Fx 100]IW

=volume of Titrant consumed by the Sample (mL)
=volume of Titrant consumed by the Blank(mL)
=actual normality of the Titrant (mEq/mL)
=equivalency factor for asparagine, 132.1 mg/mEq
=weight of the Sample (mg)

V
B
N
F
W

IDENTIFICATION

• A.
'£

[NOTE-Use USP Asparagine Anhydrous RS and USP
Asparagine Monohydrate RS for the evaluation of the
anhydrous and monohydrate forms of Asparagine,
respectively.]

ASSAY
• PROCEDURE

Sample: 130 mg
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Blank: 3 mL of formic acid in 50 mL of glacial acetic acid
Endpoint detection: Potentiometrically

Analysis: Dissolve the Sample with 3 mL of formic acid in
50 mLof glacial acetic acid. Perform a blank determination.
Calculate the percentage of asparagine (C4H8N20 3) in the

Sample taken:

Acceptance criteria: 98.00/0-101.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 9
Acceptance criteria: NMT 0.1 %

• LEAD (251)
Sample: 1 g
Control: 5 mL of DilutedStandard Lead Solution (5 IJg of

Pb)
Acceptance criteria: NMT 5 ppm

• CHROMATOGRAPHIC PURITY
Standard solution: 0.05 mg/mL of USP Asparagine

Anhydrous RS or USPAsparagine Monohydrate RS
[NOTE-Use USP Asparagine Anhydrous RS and USP

Asparagine Monohydrate RS for the evaluation of the
anhydrous and monohydrate forms of Asparagine,
respectively. ]

Sample solution: 10 mg/mL
Chromatographic system .

(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 IJL
Developing solvent system: Butylalcohol, glacial acetic

acid, and water (3:1:1)
Spray reagent: 2 mg/mL of ninhydrin in butyl alcohol and

glacial acetic acid (19: 1)
Analysis

Samples: Standardsolution and Sample solution
Proceed as directed in the general test chapter, and then

dry the plate at 800for 30 min. Spray the plate with the
Spray reagent, heat at 800for 10 min, and examine under
white light.

Acceptance criteria: No secondary spot from the Sample
solution is larger or more intense than the principal spot

150.13

132.12

C v

Result =[(r vir s) x (C siC v)] x 100

=peak response from the Sample solution
=peak response from the Standard solution
= concentration of USP Ascorbyl Palmitate RS in the

Standard solution(mg/mL)
= concentration of Ascorbyl Palmitate in the

Sample s.olution (mg/mL)

Acceptance criteria: 95.00Al-l 00.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFICTESTS
• OPTICAL ROTATION, Speclik: Rotation (781S): +210to +240

Sample solution: 100 mg/mL in methanol
• Loss ON DRYING (731)

Analysis: Dry a sample in vacuum at 600for 1 h.
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cool, dry place.
• USP REFERENCE STANDARDS (11)

USP Ascorbyl Palmitate RS

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L7
Temperatures

Column: 250

Autosampler: 50
[NOTE-If an autosampler is not used, keep the

Standard solution and Sample solutionat 50 before
injection.]

Flow rate: 1.0 mL/min
Injection volume: 10 IJL
Run time: 15 min

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 1.0%
Tailing factor: 0.8-2.0

Analysis
Samples: Standard solutionand Sample solution
Calculate, on the dried basis, the percentage of Ascorbyl

Palmitate taken:

C4H8N203 • H20

C4H8N203

L-Asparagine;
L-a-Aminosuccinamic acid, monohydrate [5794-13-8].
Anhydrous [70-47~3].

DEFINITION
Asparagine is anhydrous, or contains one molecule of water of

hydration. It contains NLT 98.0% and NMT 101.5%
of C4H8N20 3, as L-asparagine, calculated on the dried basis.
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from the Standardsolution(0.5%), and NMT 1.0% of total
impurities isfound.

SPECifiC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 10 mg/mL, in 6 N hydrochloric acid
Acceptance criteria: +33.0°to +36.5°, measured at 20°

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1000 cfu/g, and the total
combined molds and yeasts count does not exceed
100 cfu/g.

• Loss ON DRYING (731): Dry a sample at 130°for 3 h: the
anhydrousform loses NMT 1.0% of its weight, and the
monohydrate loses between 11.5% and 12.5% of its
weight. _

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers. Storeat room temperature.
• LABELING: Label it to indicate whether it isanhydrousor the

monohydrate.
• USP REFERENCE STANDARDS (11)

USP Asparagine Anhydrous RS
USP Asparagine Monohydrate RS

Aspartame
o !jH2 0

Ho~~0ocH30'0
C14H1SNzOs 294.30
l-Phenylalanine, N-l-a.-aspartyl-, 1-methylester;
3-Amino-N-(a.-carboxyphenethyl)succinamic acid N-methyl

ester [22839-47-0]>-

DEfiNITION
Aspartamecontains NLT 98.0% and NMT 102.0% of

aspartame (C14H1SNzOs), calculated on the dried basis.

IDENTifiCATION

• A.
ERg

[NOTE-Do not dry specimens.]

ASSAY
• PROCEDURE

Buffer: 0.05 M monobasic potassium phosphate, adjusted
with phosphoric acid to a pH of 4.3

Mobile phase: Methanol and Buffer(18:82)
Diluent: Methanol and water (1 :9)
System suitability solution: 0.1 mg/mL each of USP

Aspartame Related Compound A RS and USP .
l-Phenylalanine RS in Diluent

Standard solution: 0.5 mg/mL of USP Aspartame RS in
Diluent

Sample solution: 0.5 mg/mL of Aspartame in Diluent.
[NOTE-Avoid heat and excessive holding times.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 25-cm; 5-lJm packing L1
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Column temperature: 40°
Flowrate: 2 mL/min
Injection volume: 20 IJL
Run time: 30 min

System suitability
Samples: System suitabilitysolutionand Standardsolution

[NoTE-The relative retention times for the
. l-phenylalanine and aspartame related compound A

peaks are 0;6 and 1.0, respectively.]
Suitability requirements

Resolution: NLT 8 between the l-phenylalanine and
aspartame related compound Apeaks, System suitability
solution

Tailing factor: NMT 1.5, Standardsolution
Relative standard deviation: NMT 1.0%, Standard

solution -
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of aspartame (C14H1SN20S) in the

portion of Aspartame taken:

Result =(r vir s) x (CsiC v) x 100

= peak area of aspartame from the Sample solution
=peakareaofaspartamefromthe Standardsolution
=concentration of USP Aspartame RS in the

Standardsolution (mg/mL)
=concentration of Aspartame. in the Sample

solution(mg/mL)

Acceptance criteria: 98.00/0-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• LIMIT OF 5-BENZYL-3,6-DIOXO-2-PIPERAZINEACETIC ACID

Mobile phase, Diluent, System suitability solution, .and
Chromatographic system: Proceed as directed in the
Assay.

Standard solution: 75 IJg/mL of USP Aspartame Related
Compound A RS in Diluent

Sample solution: 5 mg/mL of Aspartame in Diluent.
[NOTE-Avoid heat and excessive holding times.]

System suitability
Samples: System suitability solutionand Standardsolution
Suitability requirements

Resolution: NLT 8 between the l-phenylalanine and
aspartame related compound Apeaks, System suitability
solution

Tailing factor: NMT 2.0, Standard solution
Relativestandard deviation: NMT 4.0%, Standard

solution
Analysis

Samples: Standardsolution and Sample solution
[NOTE-Continue the elution of the Sample solutionfor

45 min.]
Calculate the percentage ofaspartame relatedcompound A

in the portion of Aspartame taken:

Result =(r vir s) x (CsiC v) x 100

r u = peak responseof aspartame related compound A
from the Sample solution

r s = peakresponseof aspartame related compound A
from the Standardsolution

Cs = concentration of 5-benzyl-3,6-dioxo-
2-piperazineacetic acid in the Standardsolution
(mg/mL)

Cu = concentration of Aspartame in the Sample
solution(mg/mL)
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Acceptance criteria: NMT 1.5%
\I CHROMATOGRAPHIC PURITY

Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the
Assay.

Sample stock solution: Proceed as directed in the Sample
solution in the test for Limit of 5-Benzyl-3,6-dioxo
2-piperazineacetic Acid.

Sample solution: 0.1 mg/mL of Aspartame from the Sample
stock solution in Diluent

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT8 between the L-phenylalanine and
aspartame related compound A peaks, System suitability
solution

Analysis
Samples: Sample stock solution and Sample solution

[NoTE-Continue the elution of the Sample stock
solution for 45 min.]

Acceptance criteria: The sum of all of the peak responses of
the Sample sto~k solution, excluding the 5-benzyl
3,6-dioxo-2-piperazineacetic acid and aspartame peak
responses, is NMT the aspartame peak response of the
Sample solution, corresponding to NMT 2.0% of
chromatographic impurities.

SPECIFIC TESTS
• TRANSMITTANCE

Sample solution: 10 mg/mL of Aspartame in 2 N
hydrochloric acid, prepared by means of sonication

Analysis: Determine the transmittance in a 1-cm cell at
430.nm with a suitable spectrophotometer.

Acceptance. criteria: Transmittance ofNLT 0.95,
corresponding to an absorbance of NMT about 0.022

• OPTICAL ROTATION, Specific Rotation (7815)
Sample solution: 40 mg/mL in 15 N formic acid
Acceptance criteria: +14.SO to +16.5°, determined at 20°

within 30 min after preparation of the Sample solution
• Loss ON DRYING (731 )-_.

Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 4.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed'

containers.
• USP REFERENCE STANDARDS (11)

USP Aspartame RS
USP Aspartame RelatedCornpound A RS

5-Benzyl-3,6-dioxo-2-piperazineacetic acid.
C13H14N204 262.27

USP L-Phenylalanine RS

Aspartame Acesulfame
+

JL J:3 J IT
HO' --......- If Y'0CH3

°u
ClsH230gN3S 457.45
Aspartame acesulfame salt;
[2-Carbo'xy-p-(N-b-methoxycarbonyl-2-phenyl)

ethylcarbamoyl)]ethanaminium 6-methyl-4-oxo-l,2,3
oxathiazin-3-ide-2,2-dioxide;
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L-Phenylalanine, L-a-aspartyl-2-methyl ester compound with
6-methyl-l ,2,3-oxathiazin-4(3H)-one 2,2-dioxide (1:1)
[106372-55-8].

DEFINITION
Aspartame Acesulfame contains NLT 63.0% and NMT 66.0%

of aspartame, calculated on the dried basis. It contains NLT
34.0% and NMT 37.0% of acesulfame, calculated as the acid
form on the dried basis.

IDENTIFICATION

[NOTE-Do not

ASSAY
• PROCEDURE

Sample: 0.150 9
Analysis: Dissolve the Sample in 50 mL of dehydrated

alcohol. Titrate with 0.1 N tetrabutylammonium hydroxide
in methanol/isopropyl alcohol VS. Potentiometrically
determine the volumes of titrant, in mL, at the first
equivalence point (V,) and at the second equivalence
point (V 2)' Perform a blank titration with 50 mL of
dehydrated alcohol, and designate the volume of titrant, in
mL, as V 8'

Calculate the percentage of acesulfame (Result 7) and
aspartame (Result 2) in the portion of Aspartame
Acesulfame taken:

Result 1 = 163N(V , - V8)/1OW

Result 2 =294N(V 2 - V ,)/1 OW

N =normality of the titrant
W =weight of Aspartame Acesulfame taken (g)

Acceptance criteria: Aspartame, 63.00/0-66.0% on the
dried basis; acesulfame, 34.0%-37.0% as the acid form on
the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 1.1%
• LIMIT OF POTASSIUM

Potassium stock solution: 19.0 ~g/mL of potassium
chloride, previously dried at 105° for 2 h, in water. This
solution contains 10 ~g of potassium/mL.

Standard solution A: Transfer 10.0 mL of Potassium stock
solution to a 1OO-mL volumetric flask.Add 2.0 mLof sodium
chloride solution (1 in 5) and 1.0 mL of hydrochloric acid,
and dilute with water to volume (1.0 ~g/mL of potassium).

Standard solution B: Transfer 15.0 mL of Potassium stock
solution to a 1OO-mL volumetric flask.Add 2.0 mLof sodium
chloride solution (1 in 5) and 1.0 mL of hydrochloric acid,
and dilute with water to volume (1.5 ~g/mL of potassium).

Standard solution C: Transfer 20.0 mL of Potassium stock
solution to a 1OO-mL volumetric flask.Add 2.0 mLof sodium
chloride solution (1 in 5) and 1.0 mL of hydrochloric acid,
and dilute with water to volume (2.0 ~g/mL of potassium).

Sample stock solution: 3.0 mg/mL of Aspartame
Acesulfame

Sample solution: Transfer 10 mL of Sample stock solution
to a 1OO-mL volumetric flask. Add 2.0 mL of sodium
chloride solution (1 in 5) and 1.0 mL of hydrochloric acid,
and dilute with water to volume. Filter the solution.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
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Analytical wavelength: 766.5 nm (potassium emission
line)

lamp: Potassium hollow-cathode
Flame: Air-acetylene
Blank: Water

Standard curve
Samples: Standardsolution A, Standard solution 8, and

Standardsolution C
Plot: Absorbance values versus their corresponding

concentration (lJg/mL) of potassium
Analysis

Sample: Sample solution
From the Standardcurve, determine the concentration of

potassium in the Sample solution.
Calculatethe percentage of potassium in the portion of

AspartameAcesulfame taken:

Result = (CsiCv) x 100

C s =concentration of potassium inthe Sample solution
from the Standard curve (lJg/mL)

C u =concentration of aspartame acesulfame in the
Sample solution(g/mL)

Acceptance criteria: NMT 0.5%
• RELATED COMPOUNDS

Diluent: Methanol and water (1 :9)
Mobile phase: Preparea solution by dissolving 5.6 9 of

monobasic potassium phosphate in 820 mL of water in a
1-L volumetricflask, adjustingwith phosphoricacid to a pH
of 4.3, diluting with methanol to volume, and mixing.

Standard solution: 25 IJg/mL of USP Aspartame Related
Compound A RSin Diluent

Sample solution: 5 mg/mL in Diluent
[NOTE-Avoid heat and excessive holding times.]

Instrumental conditions
(See Chromatography (621), System-Suitability.)
Mode: LC
Detector: UV 210 nm

\Column: 4.6-mm x-25-cm; packing II
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0
Relative standard deviation: NMT 4.0%

Analysis
Samples: Standardsolutionand Sample solution
Calculatethe percentage ofaspartamerelatedcompound A

in the portion of Aspartame Acesulfame taken:

Result =(r vir s) x (CsiCv) x 100

=peak response of aspartame relatedcompound A
from the Sample solution

=peak response of aspartame relatedcompound A
from the Standard solution

=concentration of USP Aspartame Related
Compound A RS in the Standard solution
(mg/mL)

=concentration of Aspartame Acesulfame in the
Sample solution(mg/mL)

Acceptance criteria: NMT 0.5%
• CHROMATOGRAPHIC PURITY

Diluent, Mobile phase, and Instrumental conditions:
Proceed as directed in Related Compounds.
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Acesulfame solution: 2 mg/mL of USP Acesulfame
Potassium RS in Diluent

Sample stock solution: Proceed as directed for Sample
solution under Related Compounds.

Sample solution: 75 IJg/mL ofAspartame Acesulfame from
Sample stock solution in Diluent

Analysis
Samples: Acesulfame solution, Sample stock solution, and

Sample solution
[NoTE-Continue the elutionof the Sample stock

solutionfor twice the retention time of the
aspartame peak.]

Acceptance criteria: The sum of the responsesof all the
peaksof the Sample stock solution, excluding the aspartame
related compound A, acesulfame, and aspartame peak
responses, isnot greater than the aspartame peak response
from the Sample solution(1.0%).

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

lS N formic acid: To a 1-L volumetric flask add
approximately300 rnl, of water, then weigh 719 g of 96%
formicacid into thisflask, and mix. Cool the solutionto 20°.
Dilute with water to volume.

Sample solution: 62 mg/mL in 15 N formicacid
Acceptance criteria: +14.5°to +16.5°, determined at 20°

within 30 min after preparation of the Sample solution.
[NOTE-Divide the calculated specific rotation by 0.646 to
correct for the aspartame content in Aspartame
Acesulfame.]

• Loss ON DRYING (731): Dry a sampleat 105°for4 h: it loses
NMT 0.5% of its weight.

• TRANSMITTANCE: The transmittance of a 1-in-l00 solution
ofAspartame Acesulfame in distilled water, determined ina
1-cm cell at 430 nm with a suitablespectrophotometer, is
NLT 0.95.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store in a cool, dry place.
• USP REFERENCE STANDARDS (11)

USP Acesulfame Potassium RS
USP Aspartame Acesulfame RS
USP Aspartame Related Compound A RS

5-Benzyl-3,6-dioxo-2-piperazineacetic acid.
C13H14N204 262.27

Barium Hydroxide Lime-see Barium Hydroxide
Lime General Monographs

Behenoyl Polyoxylglycerides
DEFINITION
Behenoyl Polyoxylglycerides is a mixtureof monoesters,

diesters, and triesters ofglycerol and monoestersand diesters
of polyethylene glycols. The polyethylene glycols usedhavea
mean molecular weight of 400. It is produced by
esterification of glycerol and polyethylene glycols with
behenic acid.
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IDENTIFICATION

~iig
III B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATIONTEST

(201)
Standard solution: 50 mg/mL of USP Behenoyl

Polyoxy/glycerides RS in methylene chloride
Sample solution: 50 mg/mL of Behenoyl Polyoxy/glycerides

in methylene chloride
Chromatographic system

Application volume: 10 ~L

Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1-mg/mL solution of rhodamine B in

alcohol
Analysis: Proceed as directed in the chapter. Then spray the

plate with Spray reagent, and locate the spots on the plate
by examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The RF values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

III C. It meets the requirements in Specific Tests (see Table 1)
for Fats and Fixed Oils, FattyAcidComposition (401).

IMPURITIES
III ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561)

Sample solution: 2.0 9
Acceptance criteria: NMT 0.1 %

• ALKALINE IMPURITIES
Sample: 5.0 9
Analysis: Heat the Sample slightly until it melts. Add 10 mL

of alcohol and 0.05 mL of bromophenol blue TS, and mix
well. While the solution is still warm, titrate with 0.01 N
hydrochloric acid VS to change the color to yellow.

Acceptance criteria: NMT 1.0 mL of 0.01 N -
hydrochloric acid

• LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE
Analysis: Proceed as directed in Ethylene Oxideand Dioxane

(228), Method I.
Acceptance criteria _

Ethylene oxide: NMT 1 ~g/g

Dioxane: NMT 10 ~g/g

• LIMIT OF FREE GLYCEROL
Sample:- 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium

periodate in 2.5 mL of a 25% (v/v) solution of sulfuric acid,
and dilute with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mL of potassium iodide
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS .
Endpoint detection: Visual

Analysis: Dissolvethe Sample in 25 mL of methylene
chloride, heating if necessary. Cool, and add 100 mL of
water and 25.0 mL of Periodic aceticacid solution. Shake,
and allow to stand for 30 min. Add 40 mL of Potassium
iodidesolution, and allow to stand for 1 min. Add 1 mL of
starch TS, and titrate the liberated iodine with Titrant.
Perform a blank determination, and make any necessary
correction. Each mL of Titrant is equivalent to 2.3 mg of
glycerin.

Acceptance criteria: NMT 3.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401)

Sample: 2.0 9
Acceptance criteria: NMT 4.0

Official Monographs / Bentonite 5629

III FATS AND FIXED OILS, FattyAcidComposition (401):
Behenoyl Polyoxylglycerides exhibits the composition
profile of fatty acids in Table 1.

Table 1

Percentage
Carbon-Chain Length No. of Double Bonds (%)

12 0 ::;1.0

14 0 ::;1.0

16 0 ::;3.0

18 0 ::;5.0

20 0 ::;10.0

22 0 :;::83.0

22 1 ::;3.0

24 0 ::;3.0

• FATS AND FIXED OILS, Hydroxyl Value (401)
Sample: 1.0 9
Analysis: Proceed as directed in the chapter. If the volume

of 0.5 N sodium hydroxide VS required for the titration is
less than 2 mL, a more dilute titrant may be used.

Acceptance criteria: 30-50
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 2.0 9
Acceptance criteria: NMT 6.0

• FATS AND FIXED OILS, Saponification Value (401)
Sample: 2.0 9
Acceptance criteria: 120-140

• WATER DETERMINATION, Method I (921)
Sample: 1.0 g
Analysis: Use anhydrous pyridine as the solvent.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, protected from heat and moisture. Store at
NMT 35°.

III LABELING: Label it to indicate the average nominal
molecular weight of polyethylene glycols used as part of the
official title.

• USP REFERENCE STANDARDS (11)
USP Behenoyl Polyoxylglycerides RS

Bentonite
Bentonite [1302-78-9].

DEFINITION
Bentonite is a native, colloidal, hydrated aluminum silicate.

IDENTIFICATION
• A. X-RAY DIFFRACTION (941)

Sample A: Add 2 9 in small portions to 100 mL of water,
with intense agitation. Allowto stand for 12 h to ensure
complete hydration. Place 2 mL of the mixture so obtained
on a suitable glass slide, and allow to air-dry at room
temperature to produce an oriented film. Place the slide in a
vacuum desiccator over a free surface of ethylene glycol.
Evacuate the desiccator, and close the stopcock so that the
ethylene glycol saturates the desiccator chamber. Allowto
stand for 12 h.

Sample B: Prepare a random powder specimen of
Bentonite.
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Analysis
Samples: Sample A and Sample B
Record the X-ray diffraction pattern of the samples, and

determine the d values.
Acceptance criteria: The largest peak in the pattern of

Sample A corresponds to a d value between 15.0 and 17.2
A. The major peak in the region between 1.48 and 1.54 A
from the pattern of Sample Bisbetween 1.492and 1.504 A.

IMPURITIES
e ARSENIC, Method I (211)
Test preparation: Transfer 8.0 g to a 250-mL beaker

containing 100 mL of dilute hydrochloric acid (1 in 25),
mix, and cover with a watch glass. Boil gently,with
occasional stirring, for 15 min without allowing excessive
foaming. Pass the hot supernatant through a rapid-flow
filter paper into a 200-mL volumetric flask, and wash with
four 25-mL portions of hot dilute hydrochloric acid (1 in
25), collecting the washings in the volumetric flask. Cool
the combined filtrates to room temperature, and add dilute
hydrochloric acid (1 in 25) to volume.Transfer 25 mL of
this solution to a generator flask, and dilutewith water to
35 mL.

Standard preparation: Transfer 5 mL of Standard Arsenic
Solution(5 JJg) to a generator flask, and dilutewith water
to 35 mL.

Analysis: Proceed as directed in the chapter, determining
the absorbances.

Acceptance criteria: ·NMT 5 ppm; the absorbance due to
any red color from the Test preparation does not exceed
that produced by the Standardpreparation.

e LEAD
ENoTE-The Standardsolution and the Sample solution

may be modified, if necessary, to obtain solutions of
suitable concentrations, adaptable to the linear or
working range of the instrument. Itmaybe necessary
to correct the value obtained for the Sample solution .
for interferencefrom the sample specimen rnatrlx.]

Standard solution: On the day of use,dilute 3.0 mL of lead
.nltrate stock solutlon-Tf with water to 100 mL. Each mL
of the Standardsolution contains the equivalent of 3 JJg
of lead. .

Sample solution: Transfer 3.75 g to a 250-mL beaker
containing 100 mL ofdilute hydrochloric acid(1 in25), stir,
and coverwith a watch glass. Boil for 15 min, then cool to
room temperature, and pass through a rapid-flow filter
paper into a 400-mLbeaker.Wash the filter withfour25-mL
portions of hot watery collecting the washings in the
400-mL beaker. Concentrate the combined extractsby
gentle boiling to approximately 20 mL. If a precipitate
appears, add 2-3 drops of nitric acid, heat to boiling, and
cool to room temperature. Pass the concentrated extracts
through a rapid-flow filter paper into a 50-mL volumetric
flask. Transfer the remainingcontents ofthe 400-mL beaker
through the filterpaper and into the flask withwater. Dilute
with water to volume.

Instrumental conditions
Mode: Atomicabsorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollowcathode with deuterium arc

background correction
Flame: Air and acetylene .

Analysis: Determine the absorbances of the Standard
solution and the Sample solution.

Acceptance criteria:· The absorbance of the Sample solution
is NMT that of the Standardsolution (40 JJg/g).

NF 38

SPECIFIC TESTS
e MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): Meetsthe requirements
of the test for absence of Escherichia coli

ePH(791) .
Analysis: Disperse 4.0 g in 200 mL of water, mixing

vigorously to facilitate wetting.
Acceptance criteria: 9.5-10.5

e Loss ON DRYING (731)
Analysis: Dryat 105°for 2 h.
Acceptance criteria: 5.0%-8.0%

e GEL FORMATION: Mix 6 g with 300 mg of magnesiumoxide.
Add the mixture, in several divided portions, to 200 mL of
water contained in a blender of approximately 500-mL
capacity. Blend thoroughlyfor5 minat high speed, transfer
100 mLof the mixtureto a 1OO-mL graduated cylinder, and
allowto remain undisturbedfor 24 h. NMT 2 mL of
supernatant appears on the surface.

e SWELLING POWER: To 100 mL of water contained in a
glass-stoppered cylinder of 1OO-mL capacityadd 2 g in
portions, dropping it upon the surfaceof the water, and
alloweach portion to settle beforeadding the next. The
mass at the bottom gradually swells until it occupiesan
apparent volume of NLT 24 mL at the end of a 2-h period.

e FINENESS OF POWDER: Sprinkle 2 g on 20 mL of water
contained ina mortar.Allow to swell, disperseevenlywith a
pestle, and dilute with water to 100 mL. Pour the
suspensionthrough a No.200 standard sieve, and washthe
sievethoroughly with water. Nogrit isfelt when the fingers
are rubbed over the wire mesh of the sieve.

ADDITIONAL REQUIREMENTS
e PACKAGING AND STORAGE: Preserve in tight containers.
e LABELING: Label it to indicatethat absorption of

atmospheric moistureshould be avoided following the
opening of the original package, preferably by storage of
the remainder of the contents ina tight container.

Purified Bentonite
DEFINITION
Purified Bentonite isa colloidal montmorillonite that has been

processed to remove grit and nonswellable ore
components.

IDENTIFICATION

eA. X-RAY DIFFRACTION (941)
~iS
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ASSAY
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IMPURITIES
• ARSENIC (211), Procedures, Method I

Standard solution: 5 mLof StandardArsenic Solution (5 ~g

of As)
Sample solution: Transfer13.3 g to a 250-mLbeaker

containing 100 mLof dilute hydrochloric acid (1 in 25),
mix, cover with a watch' glass, and boilgently, with
occasional stirring, for 15 min without allowing excessive
foaming. Allow the insoluble material to settle, and decant
the hot supernatant through a rapid-flow filterpaper into a
200-mLvolumetric flask, retaining as much sediment as
possiblein the beaker.Add 25 mLof hot dilute hydrochloric
acid (1 in 25) to the residue in the beaker, stir, heat to
boiling, allow the insoluble material to settle, and decant
the supernatant through the filter into the 200-mL
volumetricflask. Repeat the extraction with four additional
25-mLportions of hot dilute hydrochloricacid (1 in 25),
decanting each hot supernatant through the filter into the
volumetricflask. At the last extraction, transfer as much of
the insoluble material as possible onto the filter. Cool the
combined filtrates to room temperature, and add dilute
hydrochloric acid (1 in 25) to volume.

Analysis: Using a 25-mLaliquot of Sample solution and the
Standardsolution, treat them as directed in the Procedure.

Acceptance criteria: NMT 3 ~g/g; the absorbance due to
any red colorfrom the Sample solutiondoes not exceed that
produced by the Standardsolution.

• LEAD
[NOTE-The Standardsolutionand the Sample solutionmay be

modified, if necessary, to obtain solutions of suitable
concentrations, adaptable to the linearor working range
of the instrument.]

Standard solution: On the day of use, dilute 3.0 mLof lead
nitrate stock solution TS to 100 mL. Each milliliter of the
Standardsolution contains the equivalent of 3 ~g of lead.

Sample solution: Transfer10.0 g of Purified Bentonite to a
250-mL beaker containing 100 mLof dilute hydrochloric
acid (1 in 25), stir, cover with a watch glass, and boilfor
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50 9

1000 9

Bentonite

Purified Water, a sufficient quantity to make

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Bentonite Magma

5.00 cm (No.2 spindle), operate the viscometerat 60 rpm
for 6 min, accurately timed, and record the scale reading.

Acceptance criteria: 40-200 mPa . s

Sprinkle the Bentonite, in portions, upon 800 g of hot
Purified Water, allowing each portion to become thoroughly
wetted without stirring. Allow it to stand with occasional
stirringfor 24 h. Stiruntila uniform magma isobtained, add
Purified Waterto make 1000 g, and mix.

The Magma may also be prepared by mechanical means such
as byuseofa blender, asfollows. Place 500 g ofPurified Water
in the blender, and whilethe machine is running, add the
Bentonite. Add Purified Waterto make up to 1000 g or up to
the operating capacityof the blender. Blend the mixturefor
5-10 min, add Purified Waterto make 1000 g, and mix.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for absence of Escherichia coli.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight containers.

Benzaldehyde

C7H60 106.12
Benzoic aldehyde;
Phenyl formaldehyde [100-52-7].

DEFINITION
Benzaldehyde contains NLT 98.0% and NMT 102.0% of

benzaldehyde(C7H60 ).

.DEFINITION
Prepare Bentonite Magma as follows.

15 min. Coolto room temperature, and allow the insoluble
matter to settle. Decant the supernatant through a
rapid-flow filter paper into a 400-mLbeaker. Add 25 mL of
hot water to the insoluble matter inthe 250-mL beaker,stir,
allowthe insoluble matter to settle, and decant the
supernatant through the filter into the 400-mL beaker.
Repeatthe extractionwith two additional25-mLportions
of water, decanting each supernatant portion through the
filterinto the 400-mLbeaker.Wash the filter with 25 mL of
hot water, collecting this filtrate in the 400-mL beaker.
Concentrate the combined extracts by gentle boiling to
approximately20 mL. Ifa precipitateappears, add 2-3
drops of nitric acid, heat to boiling, and cool to room
temperature. Pass the concentrated extracts through a
rapid-flow filter paper into a 50-mL volumetric flask.
Transfer the remainingcontents of the 400-mLbeaker
through the filterpaper and into the flask withwater. Dilute
with water to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped

with a deuterium arc background correction and a
single-slot burner

Analyticalwavelength: 284 nm
Lamp: Lead hollow-cathode
Flame: Air-acetylene

Analysis: Determine the absorbances of the Standard
solutionand the Sample solution.

Acceptance criteria: The absorbance of the Sample solution
is NMT that of the Standard solution (15 IJg/g).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGAN,SMS (62): The total aerobic
microbial count does not exceed 1 x 103 du/g. It meets the
requirements of the test for absence of Escherichia coli.

• pH (791)
Sample suspension: 50 mg/mL
Acceptance criteria: 9.0-10.0

• Loss ON DRYING (73'1)
Analysis: Dry at 110° to constant weight.
Acceptance criteria: NMT 8.0%

• VISCOSITY I .

Sample: After determining Loss on Drying,weigh a quantity
of Purified Bentonitee.quivalent to 25.0 g on the dried basis.
Overa periodof a few seconds, transferthe undried sample
specimen to a suitable 1-L blender jar containing an
amount of water, maintained at a temperature of 25 ± 2°,
that issufficient to produce a mixtureweighing 500 g.
Blend for 3 accuratelytimed, at 14,000-15,000 rpm
(high speed). '''''i·'~ii(Nel}l¥I.1l'~~~~.J;g}
[NoTE_Heatnarlar~tarl

temperature rise to r~~I;~I~~,~~~~~I~I~~jllt(~~ff~]
Analysis: Transfer the rnl"\tanto=

beakerand allow to stand
suitable rotational vlslcornelterj~~i~(;;O}!!~J;~~~!=,~~Q;k~} 1;;4~AIIJ~JI;;U

with a spindle having a cylinder cm and
0.69 cm high attached to a shaft 0.32 cm in diameter, the
distance from the top of the cylinder to the lowertip of the
shaft being 2.54 cm, and the immersion depth being
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IDENTIFICATION

ASSAY
• PROCEDURE

Solution A: Acetonitrile and glacial acetic acid (1000: 1,
v/v)

Solution B: Glacial acetic acid and water (1:1000 v/v)
Mobile phase: See Table 1. '

Table 1

Time Solution A Solution B
(min) (%) (%)

0 18 82

20 60 40

30 60 40

System suitability solution: 0.1 mg/mL of USP Benzoic
Acid RS and 0.06 mg/mL of USP Methylparaben RS in
acetonitrile

Standard solution: 0.15 mg/mL of USP BenzaldehydeRS in
acetonitrile

Sample solution: 0.15 mg/mL of Benzaldehyde in
acetonitrile

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 235nm
Detector temperature: 25°
Column: 4.6-mm x 25-cmi s-um packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 IJL

System suitability
Samples: System suitflbility solution and Standardsolution
Suitability requirements

Resolution: NLT 2.0 between benzoic 'acid and
methylparaben, System suitability solution

Tailing factor: NMT 2.0 for benzoic acid and
methylparaben, System suitability solution

Relative standard deviation: NMT 2.0% for
benzaldehyde, Standardsolution

Analysis '. ,.
Samples: Standardsolution and Sample solution
Calculate the percentage of benzaldehyde (C7H60 ) in the

portion of Benzaldehyde taken:

Result= (rufrs) x (Cs/Cu) x 100

=peak responseof benzaldehyde from the Sample
solution

= peak responseof benzaldehyde from the
Standardsolution

=concentration of USP Benzaldehyde RSin the
Standardsolution (mg/mL)

= concentration of Benzaldehyde in the Sample
solution (mg/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• LIMIT OF HVDROCVANIC ACID

Sample solution: Shake 0.5 mL of Benzaldehydewith 5 mL
of water, add 0.5 mL of 1 N sodium hydroxide and 0.1 mL
of ferrous sulfate TS, and warm the mixture gently.
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Acceptance criteria: Upon the addition of a slight excess of
hydrochloric acid, no greenish-blue color or blue
precipitate is produced within 15 min.

• LIMIT OF NITROBENZENE
Sample solution: Dissolve 1 mL of Benzaldehydein 20 mL

of alcohol, and mix with 10 mL of water.
Analysis: Add l-g portions of zinc and l-mL portions of 2 N

sulfuric acid, as needed, to maintain a brisk evolution of
hy~rogen for 1 h. Filter, evaporate the liquid to 20 mL, and
boil 10 mL of the concentrated liquid with 1 drop of
potassium dichromate TS.

Acceptance criteria: No purplish color is produced.
• CHLORINATED COMPOUNDS

Analysis: Wind a strip of 20-mesh copper gauze1.5 cm wide
and 5 cm long around the end of a copper wire. Heat the
gauze in the nonluminous flame of a Bunsen burner until it
glows without coloring the flame green. Permit the gauze
to cool, and heat several times until a thick coat of oxide
hasformed. With a medicine dropper, apply 2 drops of
Benzaldehy?e to th.e cool~d gauze, ignite, and permit it to
burn freely In the air. Again coolthe gauze, add 2 more
drops of Benzaldehyde, and burn asbefore. Repeatthis
processuntil a total of 6 drops have been added and
ignited. Then hold the gauze in the outer edge of the
Bunsen flame, adjusted to a height of 4 cm.

Acceptance criteria: Not even a transient green color is
, imparted to the flame.

• LIMIT OF ETHVLBENZENE, CVCLOHEXVLMETHANOL, BENZVL
ALCOHOL, AND BENZOIC ACID

Sample solution: Neat Benzaldehyde
Standard solution: 0.1% of USP Ethylbenzene RS, 0.1% of

USP Cyclohexylmethanol RS, 0.2% of USP Benzoic
Acid RS, and 0.2% of USP Benzaldehyde RS in USP Benzyl
Alcohol RS

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica capillary coated

with a 0.5-lJm layer of phase G16 '
Temperatures

Detector: 310°
Injection port: 200°
Column: See Table 2.

Table 2

Initial
HoldTime at FI-

Temperature Final nal
Temperature Ramp' Temperature Temperature

e) (o/min) e) (min)

50 5 220 35

Carrier gas: Helium
Flow rate: 1.2 mL/min
Injection volume: 0.1 IJL
Injection type: Splitless injection

System suitability
Sample: Standardsolution

[NoTE-For relative retention times, see Table 3.]

Table 3

Relative
Retention

Component Time

Ethylbenzene 0.45

Benzaldehyde 1.00

Cyclohexylmethanol 1.03
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Table 1

in which Rrepresents a mixture of alkyls, including all or
some of the group beginning with n-CSH17 and extending
through higher homologs, with n-C12H 2S' n-C14H29, and
n-C16H 33 composing the major portion. On the anhydrous
basis, the content of the n-C12H2S homolog is NLT 40.0%,
and the content of the n-C14H29 homolog is NLT 20.0% of
the total alkylbenzyldimethylammonium chloride content.
The amount of the n-C12H2S arid n-C14H29 homolog .
components together is NLT 70.0% of the total
alkylbenzyldimethylammonium chloride content. The total
alkylbenzyldimethylammonium chloride content, calculated
on the anhydrous basis, with allowance made for the amount
of residue on ignition, is NLT 97.0% and NMT 103.0% of
[C6HsCH2N(CH3)2R]CI. .

IDENTIFICATION
• A.

Analysis: To 2 mL of a solution (1 in 100) add 1 mL of 2 N
nitric acid.

Acceptance criteria: A white precipitate is formed and is
dissolved after adding 5 mL of alcohol.

·L .
Analysis: Dissolve200 mg in 1 mL of sulfuric acid, add .

100 mg of sodium nitrate, and heat on a steam bath for
5 min. Cool, dilute with water to 10 mL, add 500 mg of
zinc dust, and warm for 5 min on a steam bath. To 2 mL of
the clear supernatant, add 1 mL of sodium nitrite solution
(1 in 20), cool in ice water, and then add 3 mL of a solution
of 500 mg of 2-naphthol in 10 mL of 6 N ammonium
hydroxide.

Acceptance criteria: An orange-red color is produced.
• C. IDENTIFICATION TESTS-CENERAL, Chloride (191): The

solution in a mixture of equal volumes of water and alcohol
meets the requirements.

• D. The retention times of the major peaksfor benzalkonium
chloride of the Sample solutioncorrespond to those of the
Standardsolution, as obtained in the test for Ratio of Alkyl
Components.

ASSAY
• RATIO OF ALKYL COMPONENTS

Solution A: Adjust a 0.1 M solution of sodium acetate with
glacial acetic acid to a pH of 5.0.

Mobile phase: Acetonitrile and Solution A (9:11).
Acetonitrile and Solution A may be adjusted from (2:3) to
(3:2) to meet system sultabillty requirements.

Standard solution: 4 mg/mL of benzalkonium chloride
from USP Benzalkonium Chloride RS and water

Sample solution: 4 mg/mL of Benzalkonium Chloride
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm x 30-cm; packing L10, or 4.6-mm x

25-cm; 10-l.Jm packing L10
Flow rate: 2 mL/min
Injection volume: 20 I.JL

System suitability
Sample: Standard solution

[NoTE-See Table 7. Relativeretention times are
provided for information only, and the Standard
should be used to ensure appropriate peak
identification.]

Relative
Retention

Name Time

ClO homolog 0.9

Table 3 (continued)
Relative

Retention
Component Time

Benzyl alcohol 1.45

Benzoic acid 2.04

Benzalkonium Chloride

DEFINITION
Compound Benzaldehyde Elixircontains 0.05% Benzaldehyde

in a suitably flavored and sweetened hydroalcoholic vehicle.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 3.00/0-5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers.

Compound Benzaldehyde Elixir

Acceptance criteria
Each individual impurity: NMT 1.0%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-filled, tight,

light-resistant containers. Store at room temperature, and
avoid exposure to excessive heat. ,

• USP REFERENCE STANDARDS (11)
USP Benzaldehyde RS
USP' Benzoic Acid RS
USP Benzyl Alcohol RS
USP Cyclohexylmethanol RS
USP Ethylbenzene FiS
USP Methylparaben RS

System suitability requirements -
Resolution: NLT 3.0 between benzaldehyde and

cyclohexylmethanol
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of each impurity in the portion of

Benzaldehyde taken:

Result= (ru/rr) x 100

tu =peak response of each impurity from the Sample
solution

rr =sum of all the peak responses from the Sample
solution

Ammonium, alkyldimethyl(phenylmethyl)-, chloride;
Alkylbenzyldlmethylammonlum chloride [8001-54-5].

DEFINITION
Benzalkonium Chloride is a mixture of

alkylbenzyldimethylammonium chlorides of the general
formula:
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ru xMr 100Result "( ) x
L..J ruxMr

i

Mr

=peak area of each homolog from the Ratio ofAlkyl
Components test

= sum of all the peak areas of the homologs from
the Ratio of AlkylComponents test

=molecular weight of each homolog. The
molecular weights of the c., C12, C14, and C16
homologs are 312, 340, 368, and 396,
respectively.

Acceptance criteria: 97.00/0-103.0% on the anhydrous
basis

Result (x) = I[Cru/rr)xMr ]

I

of the sample, derived by summing, for all homologs, the
products:

Standard solution A: 0.25 mg/mL of USP BenzylAlcohol RS
in methanol

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 2.0%
• LIMIT OF AMINES AND AMINE SALTS

Sample: 5.0 g of Benzalkonium Chloride
Analysis: Dissolve the Sample by heating carefully (e.g., on

top of a steam bath with water as the steam source) in
20 mL of a mixture of methanol and 1 N hydrochloric acid
VS(97:3). [NoTE-The mixed solution, however, must not
reach the boiling point.] Add 100 mL of isopropyl alcohol,
and passa stream of nitrogen slowly through the solution.
Gradually add 12.0 mL of 0.1.N tetrabutylammonium
hydroxide VSwhile recording the potentiometric titration
curve.

Acceptance criteria: If the curve shows two inflection .
points, the volume of titrant added between the two points
is NMT 5.0 mL, corresponding to NMT 0.1 mmol/g of
amines and amine salts. If the curve shows no point of
inflection, the substance being examined does not comply
with the test. If the curve shows one point of inflection,
repeat the test, but add 3.0 mL of a 25.0 mg/mL solution
of dimethyldecylamine in isopropyl alcohol before the
titration. If after addition of 12.0 mL of the titrant, the
titration curve shows only one point of inflection, the
substance being examined does not comply with the test.

• LIMIT OF BENZYLALCOHOL, BENZALDEHYDE, AND
( CHLOROMETHYL)BENZENE

[NOTE-Prepare the solutions immediately before use.]
Solution A: Dissolve 1.09 g of sodium 1-hexanesulfonate

and 6.9 g of monobasic sodium phosphate in water in a
1OOO-mL volumetric flask, adjust with phosphoric acid to a
pH of 3.5, and dilute with water to volume.

Solution B: Methanol .
Mobile phase: See Table 2.

Table 2

Time Solution A Solution B
(min) (%) (%)

0 80 20

10 80 20

14 50 50

35 50 50

36 20 80

55 20 80

56 80 20

65 80 20

Table 1 (continued)

Mr

Relative
Retention

Name Time

(12 homolog 1.0

(14 homolog 1.3

(16 homolog 1.7

Suitability requirements
Resolution: NLT 1.5 between the C12 and C14homologs
Relative standard deviation: NMT 2.0% for the C12

homolog
Analysis

Samples: Standardsolutionand Sample solution
Identify the homolog peaksby comparison of the retention

times of the Sample solutionwith those of the Standard
solution.

Calculate the percentage of each quaternary ammonium
homolog in the portion of Benzalkonium Chloride taken:

= peak area of each homolog from the Sample
solution

= molecular weight of each homolog. The
molecular weights of C,o, C'2' C'4' and C'6
homologs are 312, 340, 368, and 396,
respectively.

Acceptance criteria: .On the anhydrous basis, the content
of the n-C'2H25 homolog is NLT 40.0% and the content of
the n-C'4H29 homolog is NLT 20~0% of the total
alkylbenzyldimethylammonium chloride content. The
amount ofthe n-C'2H25 and n-C'4H29 homolog components
together is NLT 70.0%_of the total
alkylbenzyldimethylammonium chloride content.

• TOTAL ALKYLBENZYLDIMETHYLAMMONIUM·CHlORIDES
Sample: Weigh a quantity of Benzalkonium Chloride

equivalent to 500 mg of anhydrous benzalkonium chloride.
Analysis: Transfer the Sample, with the aid of 35 mL of

water, to a glass-stoppered, 250-mL ~onical separator
containing 25 mL of-methylene chloride. Add 10 mL of
0.1 N sodium hydroxide, and 10.0 mL of freshly prepared
potassium iodide solution (1 in 20). Insert the stopper into
the separator, shake, allow the layers to separate, and
discard the methylene chloride layer. Wash the aqueous
layer with three 1O-mLportions of methylene chloride, and
discard the washings. Transfer the aqueous layer to a
glass-stoppered, 250-mL conic~1 flask, and rinse t.he
separator with three 5-mL portions of water, adding the
washings to the flask. Add 40 mL of cold hydrochloric acid
to the flask, mix, and titrate with 0.05 M potassium iodate
VS until the solution becomes light brown in color. Add
5 mL of methylene chloride, insert the stopper into the flask,
and shake vigorously. Continue the titration, dropwise,
with shaking after each addition, until the methylene
chloride layer no longer changes.color and the aq~eous
layer is clear yellow. Record the titrant volume, Vt/ In mL.
Perform a blank determination, using 20 mL of water asthe
sample, and record the titrant volume, Vb' in mL. [NOTE-Vb
> Vt.] The difference between the two titrations represents
the amount of potassium iodate equivalent to the weight
of benzalkonium chloride in the sample. Each mL of 0.05 M
potassium iodate is equivalent to xll 0 mg of benzalkon!um
chloride, where x represents the average molecular weight
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Standard solution B: 0.075 mg/mL of USP
Benzaldehyde RS in methanol

Standard so~ution C: 0.025 mg/mL of USP Benzyl
Alcohol RS In methanol, prepared from StandardsolutionA
and methanol

Sample solution: 50 mg/mL of Benzalkonium Chloride in
methanol

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV210 nm for benzyl alcohol and

(chloromethyl)benzene; UV 257 nm for benzaldehyde
Column: 4.6-mm x 15-cm; 5-l.Im packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 I.IL

System suitability
Samples: StandardsolutionA, Standardsolution 8 Standard

solutionC, and Sample solution '
[NoTE-See Table 3 for relative retention times.]

Table 3

Relative
Retention

Name Time

Benzyl alcohol 1.0

Benzaldehyde 1.3

(Chloromethyl)benzene 2.4

Suitability requirements
··Relative standard deviation: NMT 5.0% for benzyl

alcohol, Standardsoluuon A
Signal-to-noise ratio: NLT 10 for the principal peak

Standardsolution C . '
Analysis .

Samples: StandardsolutionA, Standardsolution8, Standard
solutionC, and Sample solution

. Calculate the content of (chloromethyl)benzene by
multiplying the peak area of (chlororriethyl)benzene by
1.3. [NOTE-The correction factor is used to adjust for
baseline shift.] .

Acceptance criteria
Benzyl alcohol: The response of the benzyl alcohol peak
from the Sample solution is NMT that of the benzyl alcohol
peak from StandardsolutionA, corresponding to NMT
0.5%. " "

Benzaldehyde: The response of the benzaldehyde peak
from the Sample solution is NMT that of the benzaldehyde
peak from Standardsolution 8, corresponding to NMT
0.15%.

(Chloromethyl)benzene: The responseof the
(chloromethyl)benzene peak from the Sample solution is
NMT 0.1 times that of the principal peak from Standard
solutionA, corresponding to NMT 0.05%.

SPECIFIC TESTS
• ACIDITY OR ALKALINITY

Sample: 0.5 g of Benzalkonium Chloride
Analysis: Dissolve the Sample in water, dilute with water to

50 mL, and mix. Add 0.1 mL of bromocresol purple TS.
Acceptance criteria: NMT 0.5 mL of 0.1 N hydrochloric

acid or 0.1 N sodium hydroxide is required to change the
color of the indicator.

• WATER DETERMINATION, Method 1(921): NMT 15.0%
• WATER-INSOLUBLE MATTER: A solution (1 in 10) is free from

turbidity and insoluble matter.
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• liSP REfERENCE STANDARDS (11)

USP Benzaldehyde RS
USP Benzalkonium Chloride RS
USP Benzyl Alcohol RS

Benzalkonium Chloride Solution

DEFINITION
Benzalkonium Chloride Solution contains NLT 95.0% and

NMT 105.0% of the labeled amount of benzalkonium
chloride in a solution having a concentration of 1.0% or
more; and NLT 93.0% and NMT 107.0% of the labeled
amount of .benzalkonium chloride in a solution having a
concentration of less than 1.0%. It may contain a suitable
coloring agent and may contain NMT 10% of alcohol.

[CAUTION-Mixing Benzalkonium Chloride Solution with
ordinary soaps and anionic detergents may decrease or
destroy the bacteriostatic activity of the Solution.]

IDENTIFICATION
• A.
Analysis: To 2 mL of a solution having an equivalent of

10 mg/mL of benzalkonium chloride add 1 mL of 2 N
nitric acid.

Acceptance criteria: A white precipitate is formed and is
dissolved after adding 5 mL of alcohol.

• B. IDENTifiCATION TESTS-GENERAL (191), Chloride: A
solution of it in a mixture of equal volumes of water and
alcohol meets the requirements.

• C.
Analysis: Dissolvethe residue,obtained by evaporating on a

steam bat~ a volum~ of .Solution equival~nt to 200 mg of
benzalkonium chlorlde, In 1 mL of sulfurlc acid. Add
100 mg of sodium nitrate, and heat on a steam bath for
5 min. Cool, dilute with water to 10 mL, add 500 mg of
zinc dust, and warm for 5 min on a steam bath. To 2 mL of
the clear supernatant add 1 mL of sodium nitrite solution
(1 in 20), cool in ice water, then add 3 mL of a solution of
500 mg of 2-naphthol in 10 mL of 6 N ammonium
hydroxide.

Acceptance criteria: An orange-red color is produced.
• D. CHROMATOGRAPHIC IDENTITY
Analysis: Proceed as directed in the test for Ratio of Alkyl

Components.
Acceptance criteria: The retention times of the major peaks

for benzalkonium chloride of the Sample solution
correspond to those of the Standardsolution.

ASSAY
• RATIO Of ALKYL COMPONENTS

Solution A: Adjust a 0.1 M solution of sodium acetate with
glacial acetic acid to a pH of 5.0.

Mobile phase: Acetonitrile and Solution A (9:11).
Acetonitrile and Solution A maybe adjusted from (2:3) to
(3:2) to meet system suitability requirements.

Standard solution: 4 mg/mL of benzalkonium chloride
prepared from USP Benzalkonium Chloride RS and water

Sample solution: Transfer a volume of Solution, equivalent
to 400 mg of benzalkonium chloride, to a 100-mL
volumetric flask, and dilute with water to volume .

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
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Column: 3.9-mm x 30-cm; packing L10 or 4.6-mm x
25-cm; 1O-um packing L10

Flow rate: 2 mL/min
Injection volume: 20 ~L

System suitability
Sample: Standardsolution

[NoTE-See Table 7. Relative retention times are
provided for information only, and the Standard
should be used to ensure appropriate peak
identification.]

Table 1

Relative
Retention

Name Time

CI O homolog 0.9

C12 homolog 1.0

C14 homolog 1.3

CI 6 homolog 1.7

Suitability requirements
Resolution: NLT1.5 between the C12 and C'4 homologs
Relative standard deviation: NMT 2.0% for the C12

homolog
Analysis

Samples: Standardsolutionand Sample solution
Identify the homolog peaks by comparison of the retention

times from the Sample solutionwith those of the Standard
solution.

Calculate the percentage of each quaternary ammonium
homolog in the portion of Solution taken:

Result = Tv xMr x100
LCTv xMr)

I

ru =peak area of each homolog from the Sample
solution .

Mr = molecular weight of each homolog. The
molecular weights of the C,o, C,z, C'4' and C'6
homologs are 312, 340, 368, and 396,
respectively.

..l

Acceptance criteria: On the solid basis, the content of the
n-C12Hzs homolog is NLT 40.0%, and the content of the
n-C'4HZ9 homolog is NLT 20.0% of the total
alkylbenzyldimethylammonium chloride content. The
amount of the n-C12Hzsand n-C'4HZ9 homolog components
together is NLT70.0% of the total
alkylbenzyldimethylammonium chloride content.

• TOTAL ALKYLBENZYLDIMETHYLAMMONIUM CHLORIDES
Sample solution: Evaporate or dilute with water to 30 mL a

volume of Solution equivalent to 500 mg of benzalkonium
chloride.

Analysis: Transfer the Sample solution, with the aid of a
minimum quantity of water, to a glass-stoppered, 250-mL
conical separator. Transfer 25 mL of methylene chloride.
Add 10 mL of 0.1 N sodium hydroxide, and 10.0 mL of
freshly prepared potassium iodide solution (1 in 20), insert
the stopper in the separator, shake, allow the layers to
separate, and discard the methylene chloride layer. Wash
the aqueous layer with three 1O-mL portions of methylene
chloride, and discard the washings. Transfer the aqueous
layer to a glass-stoppered, 250-mL conical flask, and rinse
the separator with three 5-mL portions of water, adding the
washings to the flask. Add 40 mL of cold hydrochloric acid
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to the flask, mix, 'and titrate with 0.05 M potassium iodate
VS until the solution becomes light brown in color. Add
5 mLof methylene chloride, insert the stopper into the flask,
and shake vigorously. Continue the titration, dropwise,
with shaking after each addition, until the methylene
chloride layer no longer changes color and the aqueous
layer is clear yellow. Record the titrant volume, VTI in mL.
Perform a blank determination, using 20 mL of water as the
sample, and record the titrant volume, VB' in mL. [NOTE-VB
> Vp ] The difference between the two titrations represents
the amount of potassium iodate equivalent to the weight
of benzalkonium chloride in the sample. Each mL of 0.05 M
potassium iodate isequivalent to xll 0 mg of benzalkonium
chloride, where x represents the average molecular weight
of the sample, derived by summing, for all homologs, the
products:

Result (x) =L[(rv/rr) x Mrl
i

ru =peak area of each homolog from the test for Ratio
of AlkylComponents

rr = sum of all the peak areas of the hornoloqs from
the test for Ratio of AlkylComponents

M, = molecular weight of each homolog. The
molecular weights of the C,o, C12/ C14I and C'6
homologs are 312, 340, 368, and 396,
respectively.

Acceptance criteria
For labeled concentrations of NLT1.0%: 95.0%

105.0%
For labeled concentrations less than 1.0%: 93.0%

107.0%

OTHER COMPONENTS
• ALCOHOL CONTENT (if added)

Diluent: 2-Propanol and water (8:2)
Internal standard solution: 0.005 g/mL of tertiary butyl

alcohol in water
Alcohol stock solution: 0.015 g/mL of alcohol (CzHsOH) in

water
Standard solutions: Introduce 1, 2, and 4 mL, respectively,

of Alcoholstock solution into three separate and identical
25-mL volumetric flasks. To each flask add a 5-mL portion
of the Internal standardsolution. Dilute with Diluent to
volume, and mix thoroughly. The Standard solutions
contain 0.0006, 0.0012, and 0.0024 g/mL of alcohol
(CzHsOH), respectively.

Sample solution: Weigh an appropriate amount of Solution
into a 25-mL volumetric flask, and pipet 5 mLof the Internal
standardsolution into the flask. Dilute with Diluent to
volume, and mix thoroughly to obtain a solution
containing 0.0006-0.0024 g/mL of alcohol (CzHsOH).

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 15-m glass or quartz capillary;
1.8-~m layer of phase G43

Temperatures
Injection port: 250 0

Detector: 320 0

Column: See Table 2.
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Table 2

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperaturee) e/min) e) (min)

50 - 50 4

50 10 70 0

70 50 300 4

Run time: 14.6 min
Carrier gas: Helium
Flowrate: See Table 3.

Table 3

Hold Time at
Initial Flow Flow Ramp Final Flow Final Flow
(ml/min) (ml/min2) (ml/min) (min)

1.4 - 1.4 6

1.4 5 3 8.6

hydroxideVS while recordingthe potentiometric titration
curve.

Acceptance criteria: Ifthe curve shows two inflection
points, the volumeof titrant added between the two points
is~MT 5.0 mt, corresponding to NMT 0.1 mmol/g of
arrunes and arnmesalts. If the curveshows no point of
in!lection, the substance being examined does not comply
with the test. Ifthe curveshows one point of inflection,
repeat the test, but add 3.0 mLof a 25.0 mg/mL solution
of dimethyldecylamine in isopropyl alcohol before the
titration. If after the addition of 12.0 mL of the titrant the
titration curve showsonlyone point of inflection, the'
substance being examined does not comply with the test.

• LIMIT OF BENZYL ALCOHOL, BENZALDEHYDE, AND
(CHLOROMETHYL)BENZENE

[NOTE-Prepare the solutions immediately before use.]
Solution A: Dissolve 1.09 g of sodium l-hexanesulfonate

and 6.9 g of monobasicsodium phosphate in water in a
1OOO-mL volumetric flask, adjust with phosphoric acid to a
pH of 3.5, and dilutewith water to volume.

Solution B: Methanol
Mobile phase: See Table 4.

Table 4

Standard solution A: 0.25 mg/mLof USP Benzyl Alcohol RS
in methanol

Standard solution B: 0.075 mg/mLof USP
Benzaldehyde RS in methanol

Standard solution C: 0.025 mg/mLof USP Benzyl
Alcohol RS in methanol, prepared from StandardsolutionA
and methanol

Sample solution: Determinethe densityof the Solution.
Dilute a quantity of the Solution equivalentto 2.5 g of
benzalkonium chloridewith methanol to 50.0 mL. This
solution contains 50 mg/mLof benzalkonium chloride.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm for benzyl alcohol and

(chloromethyl)benzene; UV 257 nm for benzaldehyde
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Column temperature: 30°
Flowrate: 1.0 mL/min
Injection volume: 20 IJL

System suitablllty
Samples: StandardsolutionA, Standardsolution8, Standard

solution C, and Sample solution
[NOTE-See Table 5 for relative retention times.]

-

Time Solution A Solution B
(min) (%) (%)

0 80 20

10 80 20

14 50 50

35 50 50

. 36 20 80

55 20 80

56 80 20

65 80 20

Injection volume: 0.5 IJL
Injection type: Split, 75:1
Inlet liner: 4-mm linerwith deactivated glasswool

System suitability
Sample: Standardsolution containing 0.0012 g/mL of

alcohol (CzHsOH)
[NOTE-The relative retention times for alcohol,

2-propanol, and tertiarybutyl alcohol are 0.75, 0.90,
and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between 2-propanol and tertiary

butyl alcohol
Relativestandard deviation: NMT 2% for the peak

response ratio of alcohol to the internal standard
Analysis.

Samples: Standardsolutions and Sample solution
Plotthe peak response ratiosof alcohol to tertiary butyl
alcohol in the Standardsolutions versus the content, in g/
mL, of alcohol, and draw the straight line best fitting the
plotted points. From the graph obtained, determine the
content, C, in g/mL, of alcohol (CzHsOH) in the Sample
solution.

Calculate the percentaqe of alcohol (CzHsOH) in the
portion of Solution (v/v) taken:

~~ .,_s~

Result =(V x C x 0s)/(W x 0A) x 100

V =volume of the Sample solution, 25 mL
Os = density of the Solution (g/mL)
W =weight of Solution taken to prepare the Sample

solution (g)
0A =density of alcohol (g/mL)

Acceptance criteria: Ifpresent, 95.0%-105.0% of the
labeled amount of alcohol (CzHsOH)

IMPURITIES
• LIMIT OF AMINES AND AMINE SALTS

Sample: Aquantity of Solution equivalentto 5.0 g of
benzalkonium chloride .

Analysis: Dissolve the Sample by heating carefully (e.g., on
top of a stear:' bath with water as the steam source) in
20 tnL of a mixtureof methanol and 1 N hydrochloric acid
VS (97:3). [NoTE-The mixed solution, however, must not
reach the boiling point.] Add 100 mL of isopropyl alcohol,
and passa stream of nitrogen slowly through the solution.

.Gradually add 12.0 mL of 0.1 N tetrabutylammonium
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Table 5

Relative
Retention

Name Time

Benzyl alcohol 1.0

Benzaldehyde 1.3

(Chloromethyl)benzene 2.4

Suitability requirements
Relative standard deviation: NMT 5.0% for benzyl

alcohol, StandardsolutionA
Signal-to-noise ratio: NLT 10 for the principal peak,

Standardsolution C
Analysis

Samples: Standardsolution A, Standardsolution B,Standard
solution C, and Sample solution

Calculate the content of (chloromethy/)benzene by
multiplying the peak area of (chloromethyl)benzene by
1.3. [NoTE-The correction factor is used to adjust for
baseline shift.]

Acceptance criteria
Benzyl alcohol: The response of the benzyl alcohol peak

from the Sample solution is NMT that of the benzyl alcohol
peak from StandardsolutionA, corresponding to NMT
0.5%.

Benzaldehyde: The response of the benzaldehyde peak
from the Sample solution is NMT that of the benzaldehyde
peak from StandardsolutionB, corresponding to NMT
0.15%.

(Chloromethyl)benzene: The response of the
(chloromethyl)benzene peak from the Sample solution is
NMT 0.1 times that of the principal peak from Standard
solutionA, corresponding to NMT 0.05%.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): A solution containing
lessthan 5.0% of benzalkonium chloride meets the
requirements of the test for absence of Pseudomonas
aeruginosa. - .

• ACIDITY OR ALKALINITY
Sample solution: Evaporate or dilute with carbon .

dioxide-free water to prepare a 50-mL solution of
10 mg/mL of benzalkonium chloride in water.

Analysis: To the Sample solutionadd 0.1 mL of bromocresol
purple TS. ..'.

Acceptance criteria: NMT 0.5 mL of 0.1 N hydrochloric
acid or 0.1 N sodium hydroxide is required to change the
color of the indicator.

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, and

prevent contact with metals.
• LABELING: Label it to indicate the concentration of

benzalkonium chloride, and to indicate the name and
quantity of the coloring agent added. The labeling also
indicates the concentration of alcohol added.

• USP REFERENCE STANDARDS (11)
USP Benzaldehyde RS
USP Benzalkonium Chloride RS
USP Benzyl Alcohol RS

Benzethonium Chloride-see Benzethonium
• Chloride General Monographs
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Benzoic Acid-see Benzoic AcidGeneral Monographs

Benzyl Alcohol

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols (+.) to specify this fact.

V OH

C7H sO 108.14
Phenylmethanol [100-51-6].

DEFINITION
Benzyl Alcohol contains NLT 98.0% and NMT the equivalent

of 100.5% of phenylmethanol (C7HsO).

IDENTIFICATION

ASSAY
• PROCEDURE

Phenolphthalein solution: Dissolve 0.1 g of
phenolphthalein in 80 mL of ethanol (96%), and dilute with
water to 100.0 mL. To test for sensitivity, add 100 mL of
carbon dioxide-free water to 0.1 mL of the Phenolphthalein
solution. The solution is colorless. NMT 0.2 mL of 0.02 M
sodium hydroxide is required to change the color to pink.

Sample: 0.900 g
Analysis: To the Sample add 15 mL of a freshly prepared

mixture of dried pyridine and acetic anhydride (7:1), and
heat under a reflux condenser on a boiling water bath for
30 min. Cool, and add 25 mL of water. Using 0.25 mL of
Phenolphthalein solutionas the indicator, titrate with 1 M
sodium hydroxide VS. Carry out a blank titration.
Calculate the percentage content of phenylmethanol

(C7HsO):

Result=10.81 x tn, - n2)/m

n, =amount of 1 M sodium hydroxide used for the
blank (mL)

n2 =amount of 1 M sodium hydroxide used for the
sample (mL)

m =amount of sample taken (g)

Acceptance criteria: 98.0%-100.5%

IMPURITIES
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5
• RESIDUE ON EVAPORATION

Analysis: After ensuring that the Benzyl Alcohol complies
with the test for Fats and Fixed Oils, Peroxide Value,
evaporate 10.0 g to dryness in a tared quartz or porcelain
cruclbleor platinum dish on a hot plate at a temperature
not exceeding 200°. Ensurethat the Benzyl Alcohol does
not boil during evaporation. Dry the residue on the hot
plate for 1 h, and allow to cool in a desiccator.

Acceptance criteria: The residue weighs NMT 5 mg,
corresponding to NMT 0.05%.
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• ORGANIC IMPURITIES, BENZALDEHYDE, AND OTHER RELATED
SUBSTANCES

Sample solution: Use the Benzyl Alcohol sample under
examination.

Standard solution A: Dissolve 0.100 g of ethylbenzene in
10.0 mL of the Sample solution. Dilute 2.0 mL of this
solution with the Sample solution to 20.0 mL.

Standard solution B: Dissolve 2.000 g of dicyclohexyl in
10.0 mL of the Sample solution. Dilute 2.0 mL of this
solutionwith the Sample solution to 20.0 mL.

Reference solution A(foruse in nonparenteralapplications):
Dissolve 0.750 g of benzaldehydeand 0.500 g of

cyclohexylmethanol in the Sample solution, and dilutewith
the Sample solution to 25.0 mL. Add1.0 mL of this solution
to a mixtureof 2.0 mL of Standard solutionA and 3.0 mL of
Standardsolution 8, and dilute with the Sample solution to
20.0 mL.

Reference solution B(for use in parenteral applications):
Dissolve 0.250 g of benzaldehydeand 0.500 g of
cyclohexylmethanol in the Sample solution, and dilutewith
the Sample solution to 25.0 mL. Add1.0 mL of this solution
to a mixtureof 2.0 mL of StandardsolutionA and 2.0 ml of
Standardsolution8, and dilute with the Sample solution to
20.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Carrier: Helium, chromatography grade
Carrier linear velocity: 25 cm/s, at 50°
Detector temperature: 310°
Column: 30-m x 0.32-mm; 0.5-JJm film thickness, G16
Temperature

Injector: 200° t

Column: See Table 1.

Table 1
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

(0) e/min) e) -- (min)

50 5 220 35

System suitability
Sample: Fornongarenteral applications, use Reference

solutionA. Forparenteral applications, use Reference
solution 8. ,,,_
[NoTE-The retention time of benzyl alcohol is about

26 min.The relative retentiontimesforethylbenzene,
dicyclohexyl, benzaldehyde, cyclohexylmethanol,
and benzyl alcohol are about 0.28, 0.59, 0.68, 0.71,
and 1.0, respectively.]

Injection volume: 0.1 JJL without air plug
Suitability requirements

Sensitivity: Adjust the sensitivity ofthe detector so that the
height of the peakdue to ethylbenzene is NLT 30% of the
full scaleof the recorder.

Resolution: NLT 3.0 between the peakscorrespondingto
benzaldehyde and cyclohexylmethanol

Analysis
Samples: Sample solutionand Reference solutionA for

nonparenteral applications and Reference solution8 for
parenteral applications

Acceptance criteria (nonparenteral applications): Ifany
peaks are present in the chromatogram obtained with the
Sample solution that have the same retention times as the
peaksdue to ethyl benzene and dicyclohexyl, subtract the
areas of any such peaksfrom the peak areas at these
retention times in the chromatograms of Reference solution
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A or Reference solution8 (corrected peak areas of
ethylbenzene and dicyclohexyl). Any such peaks in the
Sample solution should be included in the assessments for
the total of other peaks.
In the chromatogram obtained with the Sample solution,

the area of any peak corresponding to benzaldehydeis
NMT the difference between the area of the peak due to
benzaldehyde in the chromatogram obtained with
Reference solutionA (0.15%) and the area of the peakdue
to benzaldehyde in the chromatogram obtained with the
Sample solution. .

In the chromatogram obtained with the Sample solution,
the area of any peak correspondingto
cyclohexylmethanol is NMT the difference between the
area of the peak due to cyclohexylmethanol in the
chromatogram obtained with Reference solutionA(0.1 0%)
and the area of the peakdue to cyclohexylmethanol inthe
chromatogram obtained with the Sample solution.

In the chromatogram obtained with the Sample solution,
the sum of the areas of any peakwith a relative retention
time lessthan that of benzyl alcohol and apart from the
peaksdue to benzaldehyde and cyclohexylmethanol is
NMT four times the area of ethylbenzenein Reference
solutionA, corrected ifnecessary as describedabove
(0.04%).

In the chromatogram obtained with the Sample solution,
the sum of the areas of any peak with a relative retention
time greater than that of benzyl alcohol is NMT the area
of dicyclohexyl in Reference solution A, corrected if
necessary as described above (0.3%).

Disregard any peak with an area less than 0.01 times that
of the peak due to ethylbenzene in the chromatogram of
Reference solutionA, corrected ifnecessary as described
above.

Acceptance criteria (parenteral applications): Ifany peaks
are present in the chromatogram obtained with the Sample
solutionthat havethe same retentiontimesas the peaksdue
to ethylbenzene and Qicyclohexyl, subtract the areasofany
such peaksfrom the peak areas at these retention times in
the chromatograms of Reference solution A or Reference
solution8 (corrected peak areas of ethylbenzene and
dicyclohexyl). Any such peaksinthe Sample solutionshould
be included in the assessments for the total of other peaks.
In the chromatogram obtained with the Sample solution,

the area of any peak correspondingto benzaldehyde is
NMT the difference between the area of the peak due to
benzaldehyde in the chromatogram obtained with
Reference solution8 (0.05%) and the area of the peakdue
to benzaldehyde in the chromatogram obtained with the
Sample solution.

In the chromatogram obtained with the Sample solution,
the area of any peak correspondingto .
cyclohexylmethanol is NMT the difference between the
area of the peak due to cyclohexylmethanol in the
chromatogram obtained with Reference solution8 (0.1 0%)
and the area of the peakdue to cyclohexylmethanol inthe
chromatogram obtained with the Sample solution.

In the chromatogram obtained with the Sample solution,
the sum of the areas of any peak with a relative retention
time less than that of benzyl alcohol and apart from the
peaksdue to benzaldehyde and cyclohexylmethanol is
NMT two times the area of ethylbenzene in Reference
solution 8, corrected ifnecessary as describedabove
(0.02%).

In the chromatogram obtained with the Sample solution,
the sum of the areas of any peakwith a relative retention
time greater than that of benzyl alcohol is NMT the area
of dicyclohexyl in Reference solution 8, corrected if
necessary as described above (0.2%).
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Disregard any peak with an area less than 0.01 times that
of the peak due to ethylbenzene in the chromatogram of
Reference solution8, corrected ifnecessary as described
above.

SPECIFIC TESTS
• ACIDITV

Phenolphthalein solution: Prepareas directed inthe Assay.
Analysis: To 10 mL of Benzyl Alcohol add 10 mL of ethanol

(96%) and 1 mL of Phenolphthalein solution.
Acceptance criteria: NMT 1 mL of0.1 Msodiumhydroxide

is required to change the color of the indicatorto pink.

• ·CLARITV OF SOLUTION
[NoTE-The Sample solution is to be compared to

Reference suspension 1 in diffused daylight5 minafter
preparation of Reference suspension 1.]

Hydrazine solution: Transfer 1.0 g of hydrazine sulfate to a
1OO-mL volumetric flask, dissolve in and dilutewith water
to volume, and mix. Allow to stand 4-6 h before use.

Methenamine solution: Transfer 2.5 g of methenamine
to a 1OO-mL glass-stopperedflask, add 25.0 mL of water,
insert the glassstopper, and mixto dissolve.

Primaryopalescent suspension: [NOTE-This suspension is
stablefor2 months, providedit isstored ina glass container
free from surfacedefects. The suspension must not adhere
to the glassand must be well mixed before use.] Transfer
25.0 mL of Hydrazine solution to the Methenamine solution
inthe 1OO-mL glass-stopperedflask. Mix, and allow to stand
for 24 h.

Opalescence standard: [NOTE-This suspension should not
be used beyond 24 h after preparation.]Transfer 15.0 mL
of the Primary opalescent suspension to a 1000-mL
volumetric flask, dilute with water to volume, and mix.

Reference suspension 1: Transfer 5.0 mL ofthe Opalescence
standard to a 1OO-mL volumetric flask, and dilutewith
water to volume.

Reference suspension 2: Transfer 10.0 mL of the
Opalescence standard to a second 1OO-mL volumetric flask,
and dilute with water to volume.

Sample solution: Dissolve·2.0 g of Benzyl Alcohol in 60 mL
of water.

Analysis: Transfer a sufficient portion of the Sample solution
to a test tube of colorless, transparent, neutral glass with a
flat baseand an internaldiameter of 15-25 mm, to obtain a
depth of 40 mm. SimUarly transfer portions of Reference
suspension 1, Reference suspension 2, and water to separate
matching test tubes. Compare the Sample solution,
Reference suspension 1, Reference suspension 2, and water in
diffused daylight'r~i~~i~~ ..• ~;~i}S.~.!'~~gaiD~~.}~)~l}~'~~Yii,"i' iirii !
background (see '~ftt.i§.gJl.ti~9f'JJ1PCJ.fi~Qni.i~~~iQ~ijfi(lif~;lfM~Yt~(y'3;~»'
[NOTE-The diffusion of light must be such that Reference
suspension 1 can readily be distinguished from water, and
that Reference suspension 2 can readily be distinguished
from Reference suspension 1.]

Acceptance criteria: The Sample solution shows the same
clarity as that of water, or its opalescence is not more
pronounced than that of Reference suspension 1.•

• ·COLOR OF SOLUTION
Sample solution: Use the Sample solution prepared in the

test for Clarityof Solution.
Analysis: Transfer a sufficient portion of the Sample solution

to a test tube of colorless, transparent, neutral glass with a
flat baseand an internaldiameter of 15-25 mm, to obtain a
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depth of 40 mm. Similarly transfera portion of water to a
separate matching test tube. Compare the color of the
Sample solution with that of water in diffused daylight,
Xi~~!~~iy~.~iS~IIXii~~.~.i~:~~~~~lte background (see~t{tsilal
~C)mpCJ.[i~gfj.1iSfi.~QZj;'(CZ:Nl ..tY1aY;4Q19» •

Acceptance criteria: The Sample solution has the colorof
water.•

• REFRACTIVE INDEX (831): 1.538-1.541 at 20°

ADDITIONAL REQUIREMENTS
• ·LABELlNG: Where Benzyl Alcohol is intended for use in the

manufacture of parenteral applications, it isso labeled.•
• ·PACKAGING AND STORAGE: Preserve in tight containers,

protected from light..
• • USP REFERENCE STANDARDS

USP Benzyl Alcohol RS

Benzyl Benzoate-see Benzyl Benzoate General
Monographs

Betadex

H~O.o..~Oq\O.~.O pH

HO.... ,/ 0 ~OH

cS' 0 OH HO y-"'p
1S
' OH HO i

HO OH H.O r>.....OH

"'X50H~
Ho' ·b... . 0.. ~0').••.6 OH

HO I •.0····y···.OH

6H HO .

(C6H100 S) 7 1134.98
Beta Cyclodextrin [7585-39-9].

DEFINITION
Betadexis a nonreducing cyclic compound composed of

seven alpha-(l-4) linked D-glucopyranosyl units. It contains
NLT 98.0% and NMT 102.0% of betadex (C6H100 S)71
calculated on the anhydrous basis..

IDENTIFICATION

• B. T e retention time of the
solution corresponds to that of
obtained in the Assay.. ,

• C. It meets the requirements of the test for OpticalRotation.
• D.

Sample: 0.2 g .
Analysis: Mix the Sample with 2 mLof iodine TS, warm in a

water bath to dissolve, and allowto stand at room
ternperature.

Acceptance criteria: Ayellow-brown precipitate isformed.

ASSAY
• PROCEDURE

Mobile phase: Methanol and water (7:93)
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System suitability solution: 0.5 mg/mL of USP Alpha
Cyclodextrin RS, 0.5 mg/mL of USP BetaCyclodextrin RS,
and 0.5 mg/mL of USP Gamma Cyclodextrin RS

Standard solution: 1.0 mg/mL of USP BetaCyclodextrin RS
Sample stock solution: Transfer250 mg of Betadex to a

25-mLvolumetric flask, and dissolve in water with the aid
of heat ifnecessary. Cool, and dilute with water to volume.

Sample solution: 1 mg/mL of Betadex, prepared from the
Sample stock solution, diluted with water

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm x 15-cm; 5-l-Im packing L1
Temperatures

Column: 30°
Detector: 40°

Flow rate: 1.5 mL/min
Injection volume: 50 I-IL

System suitability
Sample: System suitability solution

[NoTE-The relativeretention times for gamma
cyclodextrin, alpha cyclodextrin, and beta
cyclodextrinare 0.4, 0.5, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between the gamma cyclodextrin

and alpha cyclodextrin peaks
Tailing factor: 0.8-2.0 for the three cyclodextrins
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of betadex (C6HlOOS) 7 in the

portion of sample taken:
I

Result =(r v/r s) x (C siC v) x 100

= peak response from the Sample solution
=peak response from the Standard solution
= concentration of USP BetaCyclodextrin RS in the

Standard solution (mg/mL)
=concentration of BetaCyclodextrin in the

Sample solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION.~281): NMT 0.1%
• LIMIT OF REDUCING SUGARS

Cupric solution: 150 mg/mL of cupric sulfate
Tartrate solution: 25 mg/mL of anhydrous sodium

carbonate, 25 mg/mL of potassium sodium tartrate,
20 mg/mL of sodium bicarbonate, and 200 mg/mL of
anhydrous sodium sulfate

Cupric-tartaric solution: Immediatelybefore use, mix
1 part of Cupric solution with 25 parts of Tartrate solution.

Ammonium molybdate solution: 100 mg/mL of
ammonium molybdate

Disodium arsenate solution: 60 mg/mL of disodium
arsenate

Ammonium molybdate reagent: Mix 10 mLof Disodium
arsenate solution, 50 mL of Ammonium molybdate solution,
and 90 mLof diluted sulfuric acid,and dilute with water to
20b mL.

Sample solution: Transfer1.0 9 of Betadex(as calculated
on the anhydrous basis) to a 1OO-mL volumetricflask.
Dissolve in and dilute with water that has been previously
boiled and cooled to room temperature to volume, and
mix. To 1 mLof this solution add 1 mLof Cupric-tartaric
solution. Heaton a water bath for 10 min, then cool to room

NF 38

temperature. Add 10 mLof Ammonium molybdate reagent,
and allowto stand for 15 min.

Standard stock solution: 20 mg/L of USP Dextrose RS
Standard solution: Prepare at the same time as the Sample

solution. To 1 mL of the Standard stock solution add 1 mLof
Cupric-tartaric solution. Heat on a water bath for 10 min,
then cool to room temperature. Add 10 mLof Ammonium
molybdate reagent, and allow to stand for 15·min.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 740 nm
Blank: Water

Analysis
Samples: Sample solution and Standard solution.

Acceptance criteria: 0.2%; the absorbance of the Sample
solution is NMT that of the Standard solution.

• LIMIT OF LIGHT-ABSORBING IMPURITIES
Sample solution: Transfer 1.0 9 of Betadex (as calculated

on the anhydrous basis) to a 1OO-mL volumetric flask.
Dissolve in and dilute with water that has been previously
boiledand cooled to room temperature to volume. Mix,
and pass through a filterof 0.2-l-Im pore size.

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV/Vis
Analytical wavelength: 230-750 nm
Cell: 1 cm
Blank: Water

Analysis
Sample: Sample solution

Acceptance criteria
Absorbance:

NMT 0.10, 230-350 nm
NMT 0.05, 350-750 nm

• RELATED COMPOUNDS
Mobile phase, System suitability solution,

Chromatographic system, and System suitability:
Proceed as directed in the Assay.

Standard solution: 0.05 mg/mL each of USP Alpha
Cyclodextrin RS, USP Beta Cyclodextrin RS, and USP
Gamma Cyclodextrin RS from the System suitability solution,
diluted with water

Sample solution: Use the Sample stock solution from the
Assay.

Analysis
Samples: Standard solution and Sample solution

Acceptance criteria
Alpha cyclodextrin: 0.25%; the area of any peak

corresponding to alpha cyclodextrin is NMT 0.5 times the
area of the corresponding peak from the Standard
solution.

Gamma cyclodextrin: 0.25%; the area of any peak
corresponding to gamma cyclodextrin is NMT 0.5 times
the area of the corresponding peak from the Standard
solution.

Other related substances: 0.5%; the sum ofallofthe peak
areas, excluding the alpha cyclodextrin, beta
cyclodextrin, gamma cyclodextrin, and artifact peaks is
NMT the area of the peak due to betadex (beta
cyclodextrin)from the Standard solution.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOil

SPECIFIED MICROORGANISMS (62): The total aerobic ....
microbial count does not exceed 103 du/g, and the total
combined moldsand yeasts count does not exceed 102 du/
g. It meets the requirements of the tests for absence of
Salmonella species and Escherichia coli.
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Betadex Sulfobutyl Ether Sodium

Standard solution: 10 mg/mL of USP Betadex Sulfobutyl
Ether Sodium RS in Mobilephase

Sample solution: 10 mg/mL of Betadex Sulfobutyl Ether
Sodium in Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Detector temperature: 35 ± 2°
Column: 7.8-mm x 30-cm analytical column; packing L37.

[NoTE-Rinse the column with a solution of acetonitrile
and water (1:9) at the completion of the run series.]

Flow rate: 1.0 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of betadex sulfobutyl ether

sodium [C42H 70-n 0 35 • (C4HsS03Na)n] in the portion of
Betadex Sulfobutyl Ether Sodium taken:

Result= (r vir s) x (C siCv) xl 00

"r u = peak responsefor betadex sulfobutyl ether
sodium from the Sample solution

r s =peak responsefor betadex sulfobutyl ether
sodium from the Standard solution

C s =concentration of USP Betadex Sulfobutyl Ether
Sodium RS in the Standard solution (mg/mL)

C u =concentration of Betadex Sulfobutyl Ether
Sodium in the Sample solution(mg/mL)

Acceptance criteria: 95.00/0-105.0% on the anhydrous
basis

Standard solution: 2 IJg/mL of USP Beta Cyclodextrin RS
Sample solution: 2 mg/mL of Betadex Sulfobutyl Ether

Sodium
Chromatographic system

(See Chromatography (621), System Suitabilityand Ion
Chromatography (1065).)

Mode: IC
Detector: Pulsedamperometry (amperometric cell with

gold working electrode and silver reference electrode)
Column

Guard: 4.0-mm x 5-cm anion-exchange; packing L61

IMPURITIES
• LIMIT OF BETA CVCLODEXTRIN (BETADEX)

Solution A: 25 mM sodium hydroxide
Solution B: 250 mM sodium hydroxide and 1 M potassium

nitrate
Mobile phase: See Table 7.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 100 0

4 100 0

5 0 100

10 0 100

11 100 0

20 100 0

R= -H .

R~O0 .•~0~\o.~..o pR

RO···..... 0 9;""'"OR". 0

(/ 0 OR RO Y \\)

RO~OR R0J:)i•...OR

R({~X5bO.OR O.~RRO i OR
0... 0 0 ..•.0

RO ; ····0>· ~ . ···.OR

OR RO

• OPTICAL ROTATION, Specific Rotation (781S)
Sample solution: 10 mg/mL in water
Acceptance criteria: +160° to +164°, determined at 20°

• WATER DETERMINATION, Method I (921): NMT 14.0%
• COLOR AND CLARITY OF SOLUTION

Sample solution: Dissolve 0.2 g in 20.0 mL of freshly boiled
and cooled water.

Acceptance criteria: The resulting solution is clear and
colorless.

• pH (791)
Sample solution: Add 0.1 mL of a saturated solution of

potassium chloride to 10 mL of a 10 mg/mL aqueous
solution of Betadex.

Acceptance criteria: 5.0-8.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Alpha Cyclodextrin RS
USP Beta Cyclodextrin RS
USP Gamma Cyclodextrin RS
USP Dextrose RS

C42H 70-n035 • (C4HsS03Na) n 2163 when n = 6.5
Beta cyclodextrin sulfobutyl ethers, sodium salts; .
Beta cyclodextrin sulfobutyl ether sodium [182410-00-0].

DEFINITION "
Betadex Sulfobutyl Ether Sodium is prepared by alkylation of

betadex using l,4-butane sultone under basic conditions.
The average degree of substitution in betadex is NLT 6.2 and
NMT 6.9. It contains NLT 95.0% and NMT 105.0% of C42H

70-n 0 35 , (C4HsS03Na) n (n =6.2-6.9), calculated on the
anhydrous basis.

IDENTIFICATION

'" .J
• B.' the retention time of the major peak of the Sample

solutioncorresponds to that of the Standard solution, as
obtained in the Assay.

• c. It meets the requirements of the test for Average Degree
of Substitution.

• D. IDENTIFICATION TESTS-GENERAL, Sodium (191)

ASSAY
• PROCEDURE

Mobile phase: 0.1 M potassium nitrate in a mixture of
acetonitrile and water (1:4)
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Analytical: 4.0-mm x 25-cm anion-exchange' packing
l61 '

Column temperature: 50 ± 2°
Flow rate: 1.0 ml/min
Injection size: 20 I.Jl
Waveform for pulsed amperometric detector: See Table

2.

Table 2
Time Voltage

(s) (V)

0.00 0.10

0.30 Start integration

0.50 0.10

0.50 Stop integration

0.51 0.60

0.59 0.60

0.60 -0.60

0.65 -0.60

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of beta cyclodextrin (betadex) in

the portion of Betadex Sulfobutyl Ether Sodium taken:

Result=(r u/f s) x (C siC u) x Fx 100

r u =peak response for beta cyclodextrln from the
Sample solution '

rs =peak response for beta cyclodextrin from the
Standard solution

C s =concentration of USP Beta Cyclodextrin RS in the
Standard solution (l.Jg/ml) - ,

C u =concentration .of Betadex Sulfobutyl Ether
Sodium in the Sample solution (mg/ml)

F =conversion factor (10-3 mg/l.Jg)

Acceptance crlterla: NMT 0.1%
• LIMIT OF l,4-BUTANE SULTONE

\. Internal standard solution: 0.25 IJg/ml of diethyl sulfone
Standard stock solution A: 0.5 I.Jg/ml of l,4-butane

sultone
Standard stock solution B: 1.0 I.Jg/ml of 1A-butane

sultone
Standard stock solution C: 2.0 I.Jg/ml of 1A-butane

sultone
Sample stock solution: 250 mg/ml of Betadex Sulfobutyl

Ether Sodium in the Internal standard solution
Blank solution, and Sample solutions A, B, C, and D:

Follow Table 3 to place the quantities of Internal standard
solution, each Standard stock solution, Sample stock solution
water, or methylene chloride in each glass test tube with ~
stopper. [NOTE-A screw-capped, 1O-ml test tube is
suitable.] Mixon a vortex mixer each test tube for 30 sand
allow it stand for at least 5 min or until complete separ~tion .
of the phase. Extract the organic phase into a GC vial and
seal. [NOTE-With great care take the minimum possible
amount of aqueous phase.] Added quantities of 1 4-butane
sultone in Sample solutions A, B, C, and 0 are 0.5: 1.0, 2.0,
and 0 I.Jg, respectively.
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Table 3

Solution 1 Solution 2
Methylene
Chloride

Added Added Added
Sample Name (ml) (ml) (ml)

Internal standard
Blanksolution solution, 4.0 Water, 1.0 1.0

Standard stock

Sample solution A
Sample stock solu- solution A,

tion, 4.0 1.0 1.0

Standard stock

Sample solution B
Sample stock solu- solution B,

tion, 4.0 1.0 1.0

Standard stock

Sample solution C
Sample stock solu- solution C,

tion, 4.0 1.0 1.0

Sample solution 0
Sample stock solu-

tion, 4.0 Water, 1.0 1.0

[NOTE-Prepare immediately before use.]
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 25-m fused-silica capillary column;

0.5-l.Jm layer of phase G46
Temperature

Detector: 270°
Injection port: 200°
Column: See the temperature program in Table 4.

Table 4

Initial
Hold Time at Fi-

Tempera- Final nal
Temperature ture Ramp Temperature Temperature

e) e/min) e) (min)

100 10, 200 -

200 35 270 5

Carrier gas: Helium, typically at 12 psi inlet pressure
Injection size: 1.0 I.Jl
Injection type: Splitless injection for 0.5 min, then split at
~~ m~/ml!". [~OTE-The use of an appropriate splitless
Injection liner IS recommended.]

System suitability
Sample: Sample solution B

[NOTE-Therelative retention times for diethyl sulfone
.and.1.A-butane sultone are 0.7 and 1.0, respectively.]

SUitability requirements
Relative standard deviation: NMT 10.0%

Analysis
Samples: Blank solution, Sample solutions 'A B C and 0
Correct the ratio of peak responses of the 1:4:bu'tane

sultone to diethyl sulfone in Sample solution ABC or 0
by subtracting the ratio of peak responses of fh~ ,
1A-butane sultone to ethyl sulfone in the Blank solution.
Plot the corrected ratio of peak response ofl A-butane
sulto!"e to peak response of diethyl sulfone in Sample
solution A, B, Cor 0, versus the added quantity, in I.Jg, of
1A-butane sultone. Extrapolate the line joining the points
on the graph until it meets the quantity axis. The distance
between this point and the intersection of the axes
represents the.quantity of 1A-butane sultone, A, in I.Jg, in
the 4-ml portion of Sample stock solution. Calculate the
content of 1A-butane sultone in the portion of Betadex
Sulfobutyl Ether Sodium taken:' . ,

Result= A/(V Ext x C u x F)
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1 Available as Anion Self-Reqeneratlnq Suppressor(ASRS) from Dionexlnc.,
or equivalent.

Acceptance criteria: NMT 0.5 ppm
e LIMIT OF SODIUM CHLORIDE,

4-HvDROXVBUTANE-l-SULFONIC ACID, AND
BIS(4-SULFOBUTVL) ETHER DISODIUM

Solution A: 5 mM sodium hydroxide, degas in a closed
vessel for 15 min

Solution B: 25 mM sodium hydroxide, degas in a closed
vessel for 15 min

Mobile phase: See Table 5.

Table 5
Time Solution A Solution B
(min) (%) (%)

0 100 0

4 100 0

10 70 30

24 70 30

25 100 0

40 100 0

Suitability requirements
Resolution: NLT 2.0
Relative standard deviation: NMT 10.0%

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of sodium chloride,

4-hydroxybutane-l-sulfonic acid, or bis(sulfobutyl) ether
disodium in the portion of Betadex Sulfobutyl Ether
Sodium taken:

Result = (ru/r s) x (Cs/C u) x Fx 100

r u = peak response for sodium chloride,
4-hydroxybutane-l-sulfonic acid, or
bis(sulfobutyl) ether disodium from the Sample
solution

rs =peak response for sodium chloride,
4-hydroxybutane-l-sulfonic acid, or
bis(sulfobutyl) ether disodium from the Standard
solution

C s =concentration of sodium chloride,
4-hydroxybutane-l-sulfonic acid, or
bis(sulfobutyl) ether disodium in the Standard
solution (Jjg/mL)

C u =concentration of Betadex Sulfobutyl Ether
Sodium in the Sample solution (mg/mL)

F =conversion factor (10-3 mg/Jjg)

Acceptance criteria
Sodium chloride: NMT 0.2%
4-Hydroxybutane-l-sulfonic acid: NMT 0.09%
Bis(sulfobutyl) ether disodium: NMT 0.05%

SPECIFIC TESTS
e BACTERIAL ENDOTOXINS TEST (85): The level of bacterial

endotoxins issuch that the requirement under the relevant
dosage form monograph(s) in which Betadex Sulfobutyl
Ether Sodium is used can be met. Where the label states
that Betadex Sulfobutyl Ether Sodium must be subjected to
further processing during the preparation of injectable
dosage forms, the level of bacterial endotoxins is such that
the requirement under the relevant dosage form
monograph(s) in which Betadex Sulfobutyl Ether Sodium is
used can be met.

e MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 100 cfu/g, and the total
combined molds and yeastscount does not exceed 50 cfu/
g. It meets the requirements of the test for absenceof
Escherichia coli.

o CLARITY OF SOLUTION
Sample solution: 30% (w/v) solution
Analysis: Examine the Sample solution using a light box

against white and black backgrounds, and record the
presence of any haze, fluorescence, fibers, specks, or other
foreign matter.

Acceptance criteria: The solution is clear, and essentially
free from particles of foreign matter.

o AVERAGE DEGREE OF SUBSTITUTION
Run electrolyte: 30 mM benzoic acid and adjusted to a pH

that is suitable for the instrument used by addition of
100 mM tris(hydroxymethyl) aminomethane buffer.
[NoTE-Due to variation between capillaries, a single
universally applicable electrolyte pH is not specified.
Instead, the optimal pH associated with each individual
capillary should be determined according to the
instrumental manual.]

Standard solution: 10 mg/mL of USP Betadex Sulfobutyl
Ether Sodium RS

= determined above
=volume of the Sample stock solution used in the

extraction step, 4.0 mL
=concentration of Betadex Sulfobutyl Ether

Sodium in the Sample stock solution (mg/mL)
=conversion factor (10- 3 g/mg)F

A
V Ext

Column wash solution A: 50 mM sodium citrate
Column wash solution B: 150 mM sodium hydroxide
Standard solution: Preparea solution having known

concentrations of 8 Jjg/mL of USP Sodium Chloride RS, 4
Jjg/mL of 4-hydroxybutane-l-sulfonic acid, and 4 Jjg/mL of
bis(4-sulfobutyl) ether disodiu~.. .

Sample solution: 4 mg/mL of Betadex Sulfobutyl Ether
Sodium

Chromatographic system
(See Chromatography (621), System Suitability and Ion

Chromatography (1065).) .
Mode: IC
Detector: Conductivity

Range: 30 JjS
Current: 100 mA

Column: [NOTE.....:'.At the end of each run, clean the column
using Column wasb$.olution A at a flow rate of 1 mL/min
for 35 min then using Column washsolution Bat the same
flow rate for 35 min.] .
Guard: 4.0-mm x 5.0-cm anion-exchange; packing L61
Analytical: 4.0-mm x 25-cm anion-exchange; packing

L61
Column temperature: 30°
Suppressor: Micromembraneanion autosuppressor' or a

suitable chemical suppression system
Suppressant: Autosuppression
Flow rate: 1.0 mL/min
Injection size: 20 JjL

System suitability
Sample: Standardsolution

[NoTE-Relative retention times are provided for
information only. The relative retention times for
4-hydroxybutane-l-sulfonate ion, chloride ion, and
bis(sulfobutyl) ether ion are 1.0, 1.4, and 8.6,
respectively.]
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61.83

100

t(LeVel of Substitution for PeakxNAf )

AverageDegreeof Substitution =..L:.f=l~__----, _

Acceptance criteria: 6.2-6.9 for average degree of
substitution
Foreach of betadex sulfobutyl ether sodium peaks I-X, see

limit range (% peak area) in Table 7.

Table 7

n =highest level of substitution

Determinethe average degree of substitution:

sodium peaks (I to X). Calculate the corrected peak area,
A /, for each peak in the eletropherogram:

• pH (791): 4.0-6.8, in a 30% (w/v)solution in carbon
dioxide-free water

• WATER DETERMINATION, Method I (921): NMT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature. Protect from
moisture.

• LABELING: Label it to indicate its use in the manufacture of
injectable dosage forms.

• USP REFERENCE STANDARDS (11)
USP Beta Cyclodextrin RS
USP BetadexSulfobutyl EtherSodium RS
USP Sodium Chloride RS

Corrected Peak Area A Peak Area x Eff~ctlv.e Capillary Length (em)
Migration Time

Normalized Area, NA =-'&-x100

LAj

1=1

Normalize the corrected peakareasby presenting each as a
percentage of the total corrected substitution envelope
area:

H3B0 3

Boric acid (H3B"03) [10043-35-3].

Boric Acid

Betadex Sulfobutyl Ether limit Range
Sodium Peaks I-X (% Peak Area)

I 0-0.3

II 0-0.9

III 0.5-5.0

IV 2.0-10.0

V 10.0-20.0

VI 15.0-25.0

VII 20.0-30.0

VIII 10.0-25.0

IX 2.0-12.0

X 0-4.0

Sample solution: 10 mg/mLof Betadex Sulfobutyl Ether
Sodium

Capillary rinsing procedure: Use separate run electrolyte
vials for capillary rinse and sample analysis. Perform
pre-analysis rinses on a daily basis beforeeach analysis: rinse
the capillary with 0.1 Nsodium hydroxide for 30 min,with
water for NLT 2 h, and with Run electrolyte for NLT 1 h.
Perform pre-injection rinses prior to each injection as
follows. Rinse the capillary with0.1 Nsodium hydroxidefor
NLT 1 min, and with Run electrolyte for NLT 3 min. If a new
capillary is being used, in addition to the regular rinses
described above, a new capillary requires rinsing before its
firstuse. Rinse the new capillary with1 Msodium hydroxide
for 1 h, followed by a 2-h water rinse.

Electrophoretic system
(See CapillaryElectrophoresis (1053).)
Mode: High-performance CE
Detector: Inverse UV 200 nm, witha bandwidth of20 nm.

[NOTE-A detection wavelength of 205 nm with a
bandwidth of 10 nm may be used as an alternative.]

Column: 50-l..Im x 50-em fused silica column
Column temperature: 25°
Applied voltage: 0.00 to +30.00 kV linear ramp over

10 min, then at 30 kV for a further 20 min
Injection size: Equal volumes at 0.5 psifor lOs

System suitability
Sample: Standardsolution

[NOTE-See Table 6 for the approximate relative
migration times for betadex sulfobutyl ether sodium
peaks I-X (betadex sulfobutyl ether sodium peaks"
II, "', ..., X,contains beta cyclodextrin moleculewith
1, 2, 3, ..., 10 sulfobutyl substituent(s), respectively).
The relative migration times are for informational
purposes only to aid in peak identification.]

Table 6

Suitability requirements
Resolution: NLT 0.9, between betadex sulfobutyl ether

sodium peak 'X and betadex sulfobutyl ether sodium
peak X

Analysis
Samples: Run electrolyte, water, Standardsolution, and

Sample solution
Injectthe Standardsolutionand Sample solution byapplying

differential pressureof 0.5 psi, equivalentto 34 mbar, for
10 s, followed by injection of Run electrolyte at 0.5 psifor
2 s. [NOTE-Pressure injections should be made with a vial
of water or Run electrolyte at the outlet end of the
capillary.]

Record the electropherograms, and measure the peak
responsesfor the individual betadex sulfobutyl ether

Betadex Sulfobutyl Ether
Sodium Peaks I-X Relative Migration Time

I ~
~" 0.58

II 0.63

III 0.69

IV 0.77

V 0.83
,I

VI 0.91
" "

VII 1.00

VIII 1.10

IX 1.20

X 1.30
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DEfiNITION
Boric Acid contains NLT 99.5% and NMT 100.5% of boric acid

(H3B03) , calculated on the dried basis.

IDENTifiCATION
• A. IDENTIFICATION TESTS-GENERAL, Borate (191): Meets

the requirements

ASSAY
• PROCEDURE

Sample solution: Dissolve 2 g of Boric Ac!d in 100 mL ?f a
mixture of glycerin and water (1:1), previously neutralized
to phenolphthalein TS. .. .

Analysis: Titrate the Sample so/~tlOn With 1 N sodlu~

hydroxide VS. Discharge t~e pink color by the a?dltlon of
50 mL of glycerin, neutralized to phenolphthalein TS, and
continue the titration until the pink color reappears. Each
mL of 1 N sodium hydroxide is equivalent to 61.83 mg
of H3B0 3•

Acceptance criteria: 99.5%-100.5% on the dried basis

SPECifiC TESTS
• Loss ON DRYING (731)

Analysis: Dry over silica gel for 5 h.
Acceptance criteria: NMT 0.5%

• SOLUBILITY IN ALCOHOL
Sample solution: 1 g in 10 mL of boiling alcohol
Acceptance criteria: It dissolvescompletely.

• COMPLETENESS OF SOLUTION
Sample solution: 1 g in 25 mL of water .
Acceptance criteria: It produces a dear solution.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-dosed

containers. ~

• LABELING: Label the container with a warning that it is not
for internal use.

Butane

C4HlO

n-Butane [106-97-8].

DEfiNITION
Butane contains NLT 9"7.0% of butane (C4H10) .

[CAUTION-Butane is hiQh,!y flammable and explosive.]

IDENTIFICATION
• A. INFRARED ABSORPTION: Exhibits maxima, among others,

at the following wavelengths, in urn: 3.4 (vs), 6.8 (s), 7.2
(m), and 10.4 (m)

• B.
Sample: Use an empty stainless.steel cylind.er equipped

with a stainlesssteel valve, havinq a capacity of NlT
200 ml, and a pressure rating of 240 psi or more. Dry the
cylinder with the valve open at 110° for 2 h, and evacuate
the hot cylinder to less than 1 mm of mercury. Clo~e th.e
valve, cool, and weigh. Co~nect one end of a charging line
tightly to the butane container and the other end loo~ely

to the empty cylinder. Carefully open the butane container, .
and allow the butane to flush out the charging line through
the loose connection. Avoid excessive flushing, which
causes moisture to freeze in the charging line and
connections. Tighten the fitting on the empty cylinder, and
open the empty cylinder valve, all?wing the ~utane ~o flow
into the evacuated cylinder. Continue sampling until the
desired amount of butane is obtained, then dose the
butane container valve, and finally dose the sample
cylinder valve. [CAUTION-Do not overload the sample
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cylinder; hydraulic expansion due to temperatu~e change
can cause overloaded cylinders to explode.] WeIgh the
charged sample cylinder, and determine the weight.

Analysis: Determine the vapor pressureof the Sample at 21°
by means of a suitable pressure gauge. .

Acceptance criteria: 205-235 kPa absolute (30-34 psla)

ASSAY
• PROCEDURE

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 3-mm x 6-m aluminum; packed with 10 weight

percent of liquid phase G30 on support 51 D
Column temperature: 33°
Carrier gas: Helium
Flow rate: 50 ml/min
Injection volume: 2 (JL

System suitability
Sample: n-Butane
Suitability requirements: The peak responses of n-butane

in the chromatograms from duplicate determinations
agree within 1%.

Analysis .
Samples: Connect one Butane cylinder to the

chromatograph through a suitable sampling valve and a
flow control valve downstream from the sampling valve.
Flush the liquid specimen through the sampling valve,
taking care to avoid entrapment of gas or air in the
sampling valve. .
Calculate the purity by dividing 100 times the n-butane

response by the sum of all of the responses.
Acceptance criteria: NLT 97.0%

SPECIFICTESTS
• HIGH-BOILING RESIDUES

Sample: Use the Sample from Identificationtest B.
Analysis: Prepar~ a cooling coil from copper tUbi~g.(about

6-mm outside diameter x about 6.1-m long) to fit Into a
vacuum-jacketed flask. Immerse the cooling coil in a
mixture of dry ice and acetone in a vacuum-jacketed flask,
and connect one end of the tubing to the Sample. Carefully
open the sample cylinder valve, flush the cooling coil with
about 50 ml of the Sample, and discard this portion of
liquefied sample. Continue d~li~ering liquefied sa.mple from
the cooling coil, and collect It In a previously chilled
1OOO-ml sedimentation cone until the cone is filled to the
1OOO-mL mark. Allow the sample to evaporate, using a
warm water bath maintained at about 40° to reduce
evaporating time. When all of the liquid has evaporated,
rinse the sedimentation cone with two 50-mL portions of
pentane, and combine the rinsings in a tared 150-mL
evaporating dish. Transfer 100 mL of the pentane solvent
to a second tared 150-mL evaporating dish, place both
evaporating dishes on a water bath, evaporate .to dryness,
and heat the dishes in an oven at 100° for 60 min. Cool the
dishes in a desiccator, and weigh. Repeat the heating for
15-min periods until successive weighings are within
0.1 mg, and calculate the weight of the residue obtained
from the Sample as the difference between the weights of
the residues in the two evaporating dishes.

Acceptance criteria: NMT 5 (Jg/mL
• ACIDITY OF RESIDUE

Sample solution: Add 10 ml of water to the residue
obtained in the test for High-Boiling Residues.

Analysis: Mix the Sample solution by swirling for 30 s, add 2
drops of methyl orange TS, insert the stopper in the tube,
and shake vigorously.
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Acceptance criteria: No pinkor red color appears in the
aqueous layer.

• LIMIT OF SULFUR COMPOUNDS
Analysis: Carefully open the container valveto produce a

moderate flow of gas. Do not direct the gas stream toward
the face, but deflect a portion of the stream toward
the nose.

Acceptance criteria: The odor isfree from the characteristic
odor of sulfurcompounds.

• WATER DETERMINATION (921)
Sample: 100 g of the Sample from Identificationtest 8
Analysis: Proceed as directed in the chapter with the

following modifications. (a) Provide the closed-system
titrating vessel with an opening through which passes a
coarse-porosity gas dispersion tube connected to a
sampling cylinder. (b) Dilute the Reagent with anhydrous
methanol to give a water equivalencefactor of0.2-1 .0 mgt
mL; age this diluted solutionfor NLT 16 h before
standardization. (c) Introduce the Sample into the titration
vessel through the gas dispersion tube at a rate of about
100 mL/min; if necessary, heat the sample cylindergently
to maintain this flow rate.

Acceptance criteria: NMT 0.001%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight cylinders, and

prevent exposure to excessive heat.

Butyl Alcohol

CH3CH2CH2CH20H 74.12
1-Butanol;
l-Butyl alcohol;
n-Butanol;
n-Butyl alcohol [7l-J6-3].

DEFINITION .
Butyl Alcohol is n-butyl alcohol. It contains NLT 99.5% of
. n-butyl alcohol (C4HlO0J,

IDENTIFICATION

• B. The retention time of the major peak from the Sample
solutioncorresponds to the l-butanol peakfrom the System
SUitability solution, as obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: USP l-Butanol RS and USP
2-Methyl-l-Propanol RS (1 :1)

Reference solution: 0.1% of Butyl Alcohol in water
Sample solution: Butyl Alcohol (neat)
Chromatographic system

(See Chromatography (621)/ System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m; coated with a 3.0-l.Im

thickness of phase G43
Temperatures

Detector: 2500

Injection port: 1400
.

Column: See Table 1.
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Table 1

Hold Time at Fi·
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

40 - 40 20

40 10 240 20

Carrier gas: Helium
Flow rate: 4.8-4.9 mL/min
Injection volume: 1 J.lL
Injection type: Split injection,split ratio is 30:1

[NOTE-A needle wash with the Sample solution is
recommended to minimize the carry-over.]

System suitability
Sample: System SUitability solution

[NOTE-The 2-methyl-l-propanol peak typicallyshows
at about 11 min, and the 1-butanol peak at about
15 min. See Table 2.]

Table 2

Relative
Retention

Time
Component (RRT)

2-Methyl·l-propanol 0.7

'l-Butanol 1.0

System suitability requirements
Resolution: NLT 2.0 between 2-methyl-l-propanol and

1-butanol
Relative standard deviation: NMT 2.0%

Analysis
Samples: Reference solution and Sample solution
Calculate the percentage of butyl alcohol in the portion of

sample taken: .

Result = (ru/rr) x 100

riJ = peak response of butyl alcohol
rr =sum of all the peaks except the peaks each of

which with an area less than 0.1 times the area
of the major peak from the Reference solution

Acceptance criteria: NLT 99.5%

IMPURITIES
• LIMIT OF BUTYRALDEHYDE, 2-BuTANOL/.lsOBUTYL ALCOHOL

(2-METHYL-l-PROPANOL), AND BUTYL ETHER
Reference solution: 0.1% of Butyl Alcohol in water
Standard solution: 0.2% of USP Butyraldehyde RS, 0.2% of

butyl ether, 0.1% of USP 2-Methyl-l-Propanol RS, and
0.1% of USP 2-Butanol RS in Butyl Alcohol

Sample solution and Chromatographic system: Proceed
as directed in the Assay.

System suitability
Sample: Standardsolution

[NOTE-See Table 3.]

Table 3

Relative
Retention

Time
Component (RRT)

Butyraldehyde 0.45

2·Butanol 0.5

2·Methyl.l-propanol 0.7
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Table 3 (continued)

Relative
Retention

Time
Component (RRT)

1-Butanol 1.0

Butyl ether 1.8

System suitability requirements
Resolution: NLT 1.5 between alladjacent peaks

Analysis
Samples: Reference solution,Standardsolution, and Sample

solution
Ifany peaks are present in the chromatogram from the

Sample solution that have the same retention times as the
peaks due to butyraldehyde, 2-butanol, isobutyl alcohol
(2-methyl-l-propanol), and butylether, subtract the areas
of any such peaks from the peak areas at these retention
times in the chromatogram from the Standard solution.

Result (I::.r) =ts- ru

rs =peak response of each individual impurity
(butyraldehyde, 2-butanol, isobutyl alcohol, or
butyl ether) in the Standardsolution

ru =peak response of each individual impurity
(butyraldehyde, 2-butanol, isobutylalcohol, or
butyl ether), if present, in the Sample solution

Acceptance criteria: See Table 4. Disregard any peak with
an area lessthan 0.1 times the area of the major peak
from the Reference solution, corresponding to 0.01%.

Table 4

Percentage
Impurity (0/0)

In the chromatogram from the Sample solution, the
area. of any peak correspondingto butyraldehyde,
ru, is-NMT halfof the difference (M) between the
area of the peak due to butyraldehydein the chro-
matogram from the Standard solution and the area
of the peak due to butyraldehydein the chromato-
gram from the Sample solution, correspondlnqto

Butyraldehyde NMTO.1%.

In the chromatogram from the Sample solution, the
area of any peak correspondingto 2-butanol, ru, is
NMTthe difference (M) between the area of the
peak due to 2-butanol in the chromatogramfrom
the Standard solution and the area of the peak due
to 2-butanol in the chromatogramfromthe Sample

2-Butanol solution, correspondingto NMT 0.1%.

Inthe chromatogram from the Sample solution, the
area of any peak corresponding to 2-methyl-
1-propanol, ru, is NMT the difference (M) between
the area of the peakdue to 2-methyl-1-propanol in
the chromatogram from the Standard solution and

Isobutyl alcohol the area of the peakdue to 2-methyl-1-propanol in
(2-Methyl-1-propa- the chromatogram from the Sample solution, cor-
nol) responding to NMT 0.1%.

In the chromatogram from the Sample solution, the
area of any peak correspondingto butylether, ti»
is NMT the difference (M) between the area of the
peak due to butyl ether in the chromatogram
from the Standard solution and the areaof the peak
due to butyl ether in the chromatogramfrom the

Butyl ether Sample solution, correspondingto NMT 0.2%.

SPECIFic TESTS
• ACIDITY

Sample: 74 mL(60 g)
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Analysis: Titrate the Sample with 0.020 N alcoholic
potassium hydroxide, using phenolphthalein TS as the
indicator, until a pink color persists for NLT 15 s.

Acceptance criteria: NMT 2.5 mL is consumed.
• WATER DETERMINATION, Method I (921): NMT 0.1%
• LIMITOF NONVOLATILE RESIDUE

Sample: 100 mL
Analysis: Evaporate the Sample ina tared porcelaindishon a

steam bath, and dry at 1050 for 30 min.
Acceptance criteria: The weight of the residue does not

exceed 4 mg (0.004%).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

prevent exposure to excessive heat.
• USP REfERENCE STANDARDS (11)

USP Butyraldehyde RS
USP 1-Butanol RS
USP 2-Butanol RS
USP 2-Methyl-l-Propanol RS

Butyl Palmltostearate
o

H,C

o

H'C~O~CH3

DEFINITION
Butyl Palmitostearate isa mixture of the butyl ester of stearic

acid (ClsH360Z) and the butyl ester of palmiticacid
(C:16H320 Z)' It contains 40.00/0-80.0% of butyl stearate
(CZZH440Z)' The total percentage of butylstearate (CZZH440Z)
and butyl palmitate (CZO,H400Z) is NLT 90.0%.

IDENTIFICATION
• A. It meets the requirements of the test for Contentof Butyl

Palmitateand ButylStearate.

ASSAY
• CONTENT OF BUTYL PALMITATE AND BUTYL STEARATE

Standard solution A: 2.0 mg/mL of USP Butyl Stearate RS
in chloroform

Standard solution B: 1.0 mg/mL of USP Butyl Palmitate RS
in chloroform

System suitability solution: 1.4 j.Jg/mL of USP Butyl
Stearate RS and 1.0 j.Jg/mL of USP Butyl Palmitate RS in
chloroform, prepared from StandardsolutionA, Standard
solution B, and.chloroform

Sample solution: 2.0 mg/mL of Butyl Palmitostearate in
chloroform

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m capillary; bonded with a

0.25-j.Jm layerof thickness of phase G27
Temperatures

Detector: 2800

Injection port: 2800

Column: See Table 7.
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Table 1
Hold Time at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

e) (o/min) e) (min)

60 - 60 2

60 4 250 20.5

Carrier gas: Helium
Flow rate: 1.4 mL/min
Injection volume: 1 IJL
Injection type: Split injection, split ratlo ls 5:1

System suitability
Samples: Standard solution A and System suitability solution

[NoTE-The relative retention times for butyl palmitate
and butyl stearate are 0.91 and 1.00, respectively.]

System suitability requirements
Resolution: NLT 20 between butyl palmitate and butyl

stearate, System suitability solution
Tailing factor: NMT 2.0 for the butyl stearate peak,

System suitability solution
Relative standard deviation: NMT 3.0% for the butyl

stearate peak, Standard solution A
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution

Identify the butyl palmitate and butyl stearate peaks in the
Sample solution based on those in Standard solution A and
Standard solution B.

Calculate the percentage of butyl palmitate or butyl
stearate in the portion of Butyl Palmitostearate taken:

Result =(rulrs) x (CslCu) x 100

to =peak response of butyl palmitate or butyl stearate
from the Sample solution - -

rs =peak response of butyl palmitate from Standard
solution Bor peak response of butyl stearate from
Standard solution A

Cs = concentration of USP Butyl Palmitate RS in
Standard solution Bor concentration of USP Butyl
Stearate RS in Standard solution A

Cu =concentration of Butyl Palrnitostearate in the
Sample solution

Acceptance criteria
Content of butyl stearate: 40.0%-80.0%
Sum of butyl stearate and butyl palmitate: NLT 90.0%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class /I (741): 17°-24°
• FATS AND FIXED OILS, Acid Value (401): NMT 0.5
• FATS AND FIXED OILS, Iodine Value (401): NMT 1.0
• FATS AND FIXED OILS, Saponification Value (401): 165-180
• WATER DETERMINATION, Method la (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature. Keep away from
heat and sources of ignition.

• USP REFERENCE STANDARDS (11)
USP Butyl Palmitate RS
USP Butyl Stearate RS
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Butyl Stearate

H3C

C22H4402 340.59
Octadecanoic acid, butyl ester; .
Butyl octadecanoate [123-95-5].

DEFINITION
Butyl Stearate consists of the esters of butyl alcohol and fatty

acids composed chieflyof stearic acid (C'SH3602)and a minor
amount of palmitic acid (C16H3202)' It contains NLT 90.0%
of butyl stearate [C22H4402 (M w 340.59)], and the total of
butyl stearate (C22H4402) and butyl palmitate [C2oH4002 (M w
312.53)] is NLT 96.0%.

IDENTIFICATION
• A. It meets the requirements of the test for Content of Butyl

Palmitate and Butyl Stearate.

ASSAY
• CONTENT OF BUTYL PALMITATE AND BUTYL STEARATE

Standard solution A: 2.0 mg/mL of USP Butyl Stearate RS
in chloroform

Standard solution B: 0.2 mg/mL of USP Butyl Palmitate RS
. in chloroform

System suitability solution: 1.4 IJg/mL of USP Butyl
Stearate RS and 1.0 IJg/mL of USP Butyl Palmitate RS in
chloroform, prepared from Standard solution A, Standard
solution B, and chloroform

Sample solution: 2.0 mg/mL of ButylStearate in chloroform
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m capillary; bonded with a

0.25-lJm layer of thickness of phase G27
Temperatures

Detector: 280°
Injection port: 280 0

Column: See Table 7.

Table 1

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

60 - 60 2

60 4 250 20.5

Carrier gas: Helium
Flow rate: 1.4 mL/min
Injection volume: 1 IJL
Injection type: Split injection, split ratio is 5:1.

System suitability
Samples: System suitability solution and Standard solution A

[NoTE-The relative retention times for butyl palmitate
and butyl stearate are 0.91 and 1.00, respectively.]

System suitability requirements
Resolution: NLT 20 between butyl palmitate and butyl

stearate, System suitability solution
Tailing factor: NMT 2.0 for the butyl stearate peak,

System suitability solution
Relative standard deviation: NMT 3.0% for the butyl

stearate peak, Standard solution A
Analysis

Samples: Standard solution A, Standard solution B, and
Sample solution
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Identify the butyl palmitate and butyl stearate peaks in the
Sample solutionbased on those in Standard solutionA and
Standard solution B.

Calculatethe percentage of butyl palmitate or butyl
stearate in the portion of Butyl Stearate taken:

Result =(rulrs) x (CslCu) x 100

=peak responseof butyl palmitateor butylstearate
from the Sample solution

=peak response of butyl palmitate from Standard
solution Bor peak response of butylstearate from
Standardsolution A

= concentration of USP Butyl Palmitate RS in
Standard solution Bor concentration of USP Butyl
Stearate RS in Standard solutionA

=concentration of Butyl Stearate in the Sample
solution

Acceptance criteria: NLT 90.0% of butyl stearate and NLT
96.0% for the sum of butyl stearate and butyl palmitate

SPECIFIC TESTS .
• MELTING RANGE OR TEMPERATURE, Class /I (741): 19°-24°
• FATS-AND FIXED OILS, AcidValue (401): NMT 0.5
• FATS AND FIXED OILS, Iodine Value (401): NMT 1.0
• FATS AND FIXED OILS, Saponification Value (401): 165-180
• WATER DETERMINATION, Method la (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Storeat room temperature. Keep' awayfrom
heat and sources of ignition.

• USP REFERENCE STANDARDS (11)
USP Butyl Palmitate RS I

USP Butyl Stearate RS

• B.
Solution A: 5% acetic acid, prepared by diluting 50 mL of

glacial acetic acid in a 1-L flask with water to volume
Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: .0.4 mg/mL of USP 3-tert-Butyl

4':hydroxyanisole RS and 0.1 mg/mL of USP 2-tert-Butyl
4-hydroxyanisole RS in Mobilephase

Sample solution: 0.5 mg/mL of Butylated Hydroxyanisole
in Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.0-mm x 15-cm; 3-JJm packing L1
Column temperature: 40°
Flowrate: 0.75 mL/min
Injection volume: 10 JJL
Run time: NLT 15 min

Analysis
Samples: Standardsolutionand Sample solution

[NOTE-2-tert-Butyl-4-hydroxyanisole and 3-tert-butyl
4-hydroxyanisole coelute under these
chromatographic conditions. However, a small
shoulder of 2-tert-butyl-4-hydroxyanisole may be
seen on the left-handside of the 3-tert-butyl
4-hydroxyanisole peak. The retention time of the
3-tert-butyl-4-hydroxyanisole peak isabout 2.1 min.]

Acceptance criteria: The retention time of the main peakof
the Sample solutioncorresponds to that of the Standard
solution.The chromatographic profile of the Sample
solutionshould be similar to that of the Standard solution
and exhibit only 1 major peak corresponding to butylated
hydroxyanisole.

ASSAY

Sample solution: 100 JJg/ml. of Butylated Rydroxyanisole
in Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm x 75-mm; 3.5-JJm packing L1
Column temperature: 30°
Flowrate: 1.2 mL/min
Injection volume: 20 JJL

System sUit~~i1it

S~~ples: '
~t''l''~~hjl~~~rftJj
[NoTE-The retention times of 2-tert-butyl

4-hydroxyanisole and 3-tert-butyl-4-hydroxyanisole
are about 4.2 and 4.6 min, respectively.]

Suitability requirements
Resolution:- NLT 1.5 between the 3-tert-butyl
4-hydroxyanisole isomerand
~,~~S~~~~0~j~'!_~~!'~li~g.~er peaks, ~'S}?st~im§;5Qfi·gQjility.
~Qlfl~lglf!.'(~€lfM~Y?1.Q1?)

• PROCEDURE
Solution A: Prepareas directed in Identification B.
Mobile phase: Acetonitril~ a~d SolutionA (45:55)
:~Sysfem.s....·itability ~olutl~h:. (NF1.Ma;.2019) 90 JJgImLof

USP 3-tert-Butyl-4-hydroxyanisole RS and 10 JJg/mL of USP
2-tert-Bu 1-4-h drox anisole l'.Jn'/uv,,,c

Analysis: Determinethe position of the most intense
3-tert-butyl-4-hydroxyanisole peakswithin 10 crrr' of 682,
815,855,914,1031,1196,1413, and 1504 cm-1 in a
spectrum of USP 3-tert-Butyl-4-hydroxyanisole RS.
Compare the peakpositionsof Butylated Hydroxyanisole to
those of USP 3-tert-Butyl-4-hydroxyanisole RS. ,

Acceptance criteria: All peak positionsdetermined from
Butylated Hydroxyanisole are within 5 cm-1of those
determined from USP 3-tert-Butyl-4-hydroxyanisole RS.

Butylated Hydroxyanisole

CllH1602 180.24
Phenol, (1,1-dimethyletbyl)-4-methoxy-;
tert-Butyl-4-methoxyphenol [2501 3-16-5].

DEFINITION
Butylated Hydroxyanisole is predominantly 3-tert-butyl

4-hydroxyanisole, with varying amounts of 2-tert-butyl
4-hydroxyanisole. It contains NLT 98.5% of butylated
hydroxyanisole (CllH1602) as a sum of the two isomers.

IDENTIFICATION
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IDENTIFICATION

j"4~~:~ll;it,j(J~gC!
~P.«>;; .-- __ ._Undried sample" .,. ....

• B. The retention time of the butylated hydroxytoluene peak
of the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay. The chromatographic
profile of the Sample solution should exhibit only one major
peak corresponding to the main compound.

ASSAY
• PROCEDURE

Solution A: 5% Acetic acid, prepared by diluting 50 mL of
glacial acetic acid in a 1-L flask with water to volume

Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: 0.5 mg/mL of USP Butylated

Hydroxytoluene RS in Mobile phase
Sample solution: 0.5 mg/mL of Butylated Hydroxytoluene

in Mobile phase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.0-mm x 15-cm; 3-JJm packing L1
Column temperature: 40°
Flow rate: 0.75 ml/min
Injection volume: 10 JJl
Run time: 15 min

System suitability
Sample: Standard solution

[NoTE-The retention time of butylated
hydroxytoluene is about 10.8 min.]

Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.5%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of butylated hydroxytoluene in

the portion of Butylated Hydroxytoluene taken:

Result= (rvirs) x (C siC v) x 100

ru =peak area of butylated hydroxytoluene from the
Sample solution

r s =peak area of butylated hydroxytoluene from the
Standard solution

C s = concentration of USP Butylated
Hydroxy toluene RS in the Standard solution

C u =concentration of Butylated Hydroxytoluene in the
Sample solution

Acceptance criteria: 99.00/0-101.5%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 50 g
Analysis: Transfer the Sample to a tared crucible, ignite until

thoroughly charred, and cool. Moisten the ash with 1 mL
of sulfuric acid, and complete the ignition by heating at 800
± 25° for 15-min periods to constant weight.

Acceptance criteria: NMT 0.002%
• ORGANIC IMPURITIES

Mobile phase and Chromatographic system: Proceed as
directed in the Assay, except extend the Run timeto 20 min.

Standard solution: 2 JJg/mL of USP Butylated
Hydroxytoluene RS in Mobile phase. .

Sample solution: 2.0 mg/mL of Butylated Hydroxytoluene
in Mobile phase

H,C CH,

Cs =concentration of the a ro riate Reference
Standard in
~g (JJg/mL)

Cv = concentration of Butylated Hydroxyanisole in the
Sample solution (JJg/mL)

[NoTE-Calculate the percentage of butylated
hydroxyanisole (CllH1602) in the portion of Butylated
Hydroxyanisole taken by adding the quantities of the
two isomers.]

Acceptance criteria: NLT 98.5%

IMPURITIES
• RESIDUE ON IGNITION (281~

Sample: 10 g
Acceptance criteria: NMT 0.01%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. ~

• USP REFERENCE STANDARDS (11)
USP 2-tert-Butyl-4-hydroxyanisole RS

CllH1602 180.25 .
USP 3-tert-Butyl-4-hydroxyanisole .RS

CllH1602 180.25

Tailing factor:, NMT 1.5, ~,St:~iicjC:i(ir(~(iltit:rpn'Al~na
Standarqsc;>!ution B " ,

Relative standard deviation: NMT 2.0% for the
3-tert-butyl-4-hydroxyanisole
4-hydroxyanisole isomer eaks, l~C'l/J~'{17;c~J$qJri!til5j1J4<!tlcf

Standard solutiot?B:~:£~IFii·;~~101~
Analysis"

Samples: ts tdnpaid
solu,tion BI A, ) and Sample solution

Measure the peak areasfor each isomer.
Calculate the percentage of each isomer in the portion of

Butylated Hydroxyanisole taken:

Result= (rvlrs) x (CslCv) x 100

ru area of the corresponding isomer from the
solution

rs area
~tandard'50Iu;tl6i1Aor: Stal'1dcmdiolutfon

H,C

Butylated Hydroxytoluene

C1sH240 220.35
Phenol, 2,6-bis(l,l-dimethylethyl)-4-methyl-;
2,6-Di-tert-butyl-p-cresol [128-37-0].

DEFINITION
Butylated Hydroxytoluene contains NLT 99.0% and NMT

101.5% of butylated hydroxytoluene (C1sH240).
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System suitability
Sample: Standard solution

[NoTE-The retention time of butylated
hydroxy toluene is about 10.8 min.]

Suitability requirements
Signal-to-noise ratio: NLT 40

Analysis
Samples: Standard solution and Sample solution
Calculate the corrected peak area of each impurity in the

Sample solution:

Result = r viF

r u = peak area of the individual impurity from the
Sample solution

F =relative response factor (see Table 1)

Acceptance criteria
Individual impurity: NMT 0.1%; the corrected peak area

of each impurity in the Sample solution is NMT the area of
the principal peak in the Standard solution.

Total impurities: NMT 0.7%; the sum of all the corrected
peak areas in the chromatogram of the Sample solution,
excluding the butylated hydroxytoluene peak area is NMT
7 times the butylated hydroxy toluene peak area of the
Standard solution.

Table 1
Relative Relative

Retention Response
Name Time Factor

p-Cresol or rn-cresol" 0.12 1.9

3-tert-Butyl-4-hydroxyanisole (BHh,) 0.19 1.1

3,5-Di-tert-butyl-4-hydroxybenzoic acid 0.20 3.6

2-tert-Butyl-4-methylphenol or 2-tert-butyl-
5-methylphenolb 0.27 1.7

3,5-Di-tert-butyl-4-hydroxy ~
0.37benzaldehyde 6.6

4,6-Di-tert-butyl-m-cresol 0.66 . 1.1

2,6-Di-tert-butyl-phenol 0.77 0.9

Any unspecified impurity - 1.0

a The p-cresol and m-cresof peaks are not separated under the method
conditions.
b The 2-tert-butyl-4-methylph€nol and 2-tert-butyl-S-methylphenol peaks are
not separated under the method conditions.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Butylated Hydroxytoluene RS

Butylene Glycol

C4H100Z (HOCHzCHzCH(OH)CH3) 90.12
Butane-l ,3-diol;
1,3-Butylene glycol [107-88-0].

Official Monographs / Butylene 5653

DEFINITION
Butylene Glycol contains NLT 98.0% and NMT 102.0% of

butane-l,3-diol (C4H100Z) , calculated on the anhydrous
basis.

IDENTIFICATION

Table 1

Hold Time at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
(0) (o/min) CO) (min)

40 0 40 3

40 10 80 0

80 5 130 2

130 10 170 0

170 25 240 0

Carrier gas: Hydrogen
Flow rate: 10 mL/min
Injection volume: 1.0 IJL
Injection type: Split injection; split ratio is 2:1.
Liner: Single gooseneck liner with wool

System suitability
Sample: Standard solution

[NOTE7 The relative retention times for propylene
glycol and butane-l ,3-diol are 1.00 and 1.22,
respectively.]

Suitability requirements
Resolution: NLT 15 between propylene glycol and

butane-l ,3-diol
Tailing factor: 0.8-2.0
Relative standard deviation: NMT 2% for the peak

response ratio of butane-l ,3-diol to the internal standard
Analysis .

Samples: Standard solution and Sample solution
Calculate the percentage of-butane-I,3-diol in the portion

of Butylene Glycol taken:
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Result =(Ru/Rs) x (CslCu) x 100

= peak response ratio of butane-l,3-diol to the
internal standard (peak response of butane
l,3-diol/peak response of the internal standard)
from the Sample solution

=peak response ratio of butane-l,3,-diol to the
internal standard (peak response of butane
l,3-diol/peak response of the internal standard)
from the Standard solution

=concentration of USP Butane-l,3-diol RS in the
Standard solution (mg/mL)

=concentration of Butylene Glycol in the Sample
solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT0.05% determined on 2 g
• LIMIT OF LEAD

[NOTE-Forthe preparation of allaqueous solutions and
for the rinsing of glassware before use, use water that
h~s been p~ssed through a strong-acid, strong-base,
ml.xed-bed lon-.exchange resin. For digestion, use
acid-cleaned, high-density polyethylene,
polypropylene, polytef, or quartz tubes. Select all
reagents to have as Iowa content of lead as .
practicable, and store all reagent solutions in
borosilicate glass containers. Cleanse glassware
before use by soaking in warm 8 N nitric acid for
30 min and rinsing with deionized water. Store final
diluted solutions in acid-cleaned plastic or polytef
tubes or bottles.] ?

M~trix modifier solution: 200 mg/mL of magnesium
nitrate. Just before use, transfer 1.0 mL of this solution to a
1O-mL volumetric flask, and dilute with 5% nitric acid to
volume..

Alternative matrix rnodltler solution: Just before use add
0.3 mL of commercially available 10,000 ~g/mL palladium
standard solution and 5 mL of cornmercially available
10,000 ~g/mL magnesium nitrate standard solution to
9.7 mL of 5% nitric acid; and mix well. [NOTE-Alternative
matrix modifiersolution can be used to replace the Matrix
modifiersolution. Ifthe alternative solution is used then the
air-ashing step in the furnace program (see Table 2) can be
omitted.]

Lead nitrate stock soJution: Dissolve 159.8 mg of lead
nitrate in 100 mL of water to which has been added 1 mL
of nitric acid, and then dilute with water to 1000 mL.
Prepare and store this solution in glass containers free from
soluble lead salts.

Standard stock solution: Transfer 10.0 mL of Lead nitrate
stock solution to a 1OO-mL volumetric flask, add 40 mL of
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water and 5 mL of nitric acid, and dilute with water to
volume. Transfer 1.0 mLof this solution to a second 100-mL
volumetric flask, dilute with 5% nitric acid to volume and
mix. This solution contains 0.1 ~g/mL of lead. . '

Standard solutions: Transfer portions of Standardstock
solution to four suitable containers, and dilute with 5%
nitric acid to obtain Standard solutions having lead
concentrationsof 100,50,25, and 10 ng/mL, respectively.

Sample solution: [NoTE-Perform this procedure in a
f~me ~ood.] Transfer 1.5 g of Butylene Glycol to two
digestion tubes, labeled "Sample solution" and
"Temperature monitor solution", and add 0.75 mL of nitric
acid to each tube. Place a thermometer in the tube labeled
"Temperature monitor solution", and use the Temperature
monitor solutionsolely to monitor temperature to be within
the ranges specified by the method. Warm both solutions
slowly to 90°-95° to avoid spattering. Heat until all brown
vapors have dissipated and the samples no longer have a
rust-colored tint. This typically takes 20-30 min. Allow the
samples to cool. Add 0.5 mL of 50% hydrogen peroxide
dropwise to both solutions, heat to 90°-95° for 5 min, and
cool. Add a second 0.5-mL portion of 50% hydrogen
peroxide dropwise to both solutions, and heat to 90°-100°
for 5-10 min or until the solutions are clear. Cool, and
t\ansfer the Sample solutionto a 1O-mL volumetric flask.
Rinse the tube labeled "Sample solution" with 5% nitric
acid, add the rinsing to the volumetric flask, dilute with 5%
nitric acid to volume, and mix.

Standard blank: 5% nitric acid
Sample blank: Tr~nsfer 1.5 g of water to a digestion tube,

and proceed as directed for the Sample solution, beginning
with "add 0.75 mL of nitric acid".

Instrumental conditions
Mode: Graphite furnace atomic absorption with

pyrolytically-coated graphite tubes and adequate means
of background correction

Analytical wavelength: Lead emission line at 283.3 nm
Lamp: Lead hollow-cathode
Furnace program: See Table 2. [NOTE-The temperature

program may be modified to obtain optimum furnace .
temperatures.]
Ifthe Matrix modifiersolution isused, the furnace controller

must be able to handle two gas flows to facilitate air
ashing. Argon is used as the purge gas for the furnace
for all steps but the char. Oxygen ashing is used to avoid
build up of residue during the char step.
B!eath!ng-quality air is used as the alternative gas for the
air ashlnq. The long (60 s) "Cool down" step prior to
atomization ensures that the air used for the oxygen
ashing (char) is cleared from the furnace.

Autosampler
Sample volume: 20 ~L

Table 2 lButvlene Glvcol)
Temperature Ramp Hold Time Gas Flow Rate Read

Step e) (s) (s) Gas (mL/min) (s)

Dry 200 20 30 Argon 300

Char (ash) 750 40 40 Air" 300

Cool down 20 1 60 Argon 300

Atomize 1800 0 10 Argon Stop flow 10

Clean 2600 1 7 Argon 300

Cool down 20 1 5 Argon 300

aIf Matrix modifiersolutionis used, air ashing must be used in the experiment. If Alternative matrix modifiersolution is used, air can be substituted with argon.
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Table 3 (continued)

Butylparaben

194.23

Name Relative Retention Time

Butane-1,3-diol 1.22

Butane-1,4-diol 1.49

Diethylene glycol 1.54

Suitability requirements
Resolution: NLT 1.5 between butane-2,3-diol and

propylene glycol, System SUitability solution
Relative standard deviation: NMT 2% for the peak

response ratio of butane- 1,3-diol to propylene. glycol,
System suitabilitysolution

Signal-to-noise ratio: NLT 20 for any of the following
peaks:4-hydroxy-2-butanone; butane-2,3-diol;
ethylene glycol; butane-l,2-diol; butane-l,4-diol; and
diethylene glycol, Sensitivity solution

Analysis
Samples: System suitabilitysolutionand Sample solution
Identify each individual impurity peak in the Sample

solutionbased on that in the System suitabilitysolution.
Calculate the percentage of each individual impurity in the

portion of Butylene Glycol taken:

Result=(rirT) x 100

ru = peak responseof each individual impurity in the
Sample solution

rT =sum of all the peaks in the Sample solution
excluding those due to solvent or reagents

Acceptance criteria
Each individual impurity: NMT 0.1%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• ACIDITY AND ALKALINITY

Sample solution: A solution of Butylene Glycol (1 in 5)
Analysis: Perform a pH measurement.
Acceptance criteria: pH value is 5.5-7.0.

• WATER DETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. Do

not store above 50°. Protect from moisture.
• USP REFERENCE STANDARDS (11)

USP Butane-l,3-diol RS
USP Diethylene Glycol RS
USP Ethylene Glycol RS
USP Propylene Glycol RS

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols (+.) to specify this fact.

C11H1403

Benzoic acid, 4-hydroxy-, butyl ester;
Butyl p-hydroxybenzoate [94-26-8].

Alternative volume: 5 IJL of Matrix modifiersolution (or
Alternative matrix modifiersolution)

Analysis
Samples: 5 IJL of the Matrix modifiersolution(or Alternative

matrix modifiersolution)added into each 20-IJLaliquot of
the four Standardsolutions; a mixture of 5 IJLof the Matrix
modifiersolution (or Alternative matrix modifiersolution)
and 20 IJLof the Sample solution; a mixture of 5 IJLof the
Matrix modifiersolution (or Alternative matrix modifier
solution) and 20 IJL of the Standard blank; and a mixture
of 5 IJL of the Matrix modifiersolution(or Alternative matrix
modifiersolution)and 20 IJLof the Sample blank. Usepeak
area measurements for all quantitations.

Using the Standard blank to set the instrument to zero,
determine the integrated absorbancesof the Standard
solutions. Plot the integrated absorbancesof the Standard
solutions versustheir contents of lead, in ng/mL, and draw
the line best fitting the four points to determine the
calibration curve. Similarly determine the integrated
absorbances of the Sample solution and the Sample blank.
Correct the absorbance value of the Sample solution by
subtracting from it the absorbance value obtained from
the Sample blank.

Calculate the concentration of lead, in IJg/g, in the portion
of Butylene Glycol taken:

Result=[(V x CJ/WJ x F

Table 3

v = volume of the Sample solution, 10 mL
CL =concentration of lead in the Sample solution, as

determined from the calibration curve (ng/mL)
W =weight of Butylene Glycol taken to prepare the

Sample solution (g)
F =conversion factor, 10-3 IJg/ng

Acceptance criteria: NMT 2 IJg/g
• LIMIT OF 4-HYDROXY-2-BUTANONE, BOTANE-2~3-DIOL,

ETHYLENE GLYCOL, BUTANE-l,2-DIOL, BUTANE-l,4-DIOL,
DIETHYLENE GLYCOL, AND OTHER ORGANIC IMPURITIES

System suitability solution: 1.0 mg/mL of USP Butane
1,3-diol RS, 1.0 mg/mL of USP Propylene Glycol RS,
0.01 mg/mL of 4-hydroxy-2-butanone, 0.01 mg/mL of
butane-2,3-diol, 0.01 mg/mL of butane-l ,2-diol, 0.01 mg/
mL of USP Ethylene Glycol RS, 0.01 mg/mL of butane
l,4-diol, and 0.01 mg/mL of USP Diethylene Glycol RS in
methanol ,l

Sensitivity solution: 1.0 mg/mL of USP Butane-l, 3-diol RS,
1.0 mg/mL of USP Propylene Glycol RS, 0.001 mg/mL of
4-hydroxy-2-butanone, 0.001 mg/mL of butane-2,3-diol,
0.001 mg/mL of butane-l,2-diol, 0.001 mg/mL of USP
Ethylene Glycol RS, 0.001 mg/mL of butane-l ,4-diol, and
0.001 mg/mLof USP Diethylene Glycol RS in methanol

Sample solution: 5 mg/mL of Butylene Glycol in methanol
Chromatographic system: Proceed as directed in the

Assay.
System suitability

Samples: System suitabilitysolutionand Sensitivity solution
[NoTE-See Table 3.]

Name Relative Retention Time

4-Hydroxy-2-butanone 0.91

Butane-2,3-diol 0.98

Propylene glycol 1.00

Ethylene glycol 1.05

Butane-1,2-diol 1.13
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DEFINITION
Butylparaben contains NLT 98.0% and NMT 102.0%

of c.,H1403•

IDENTIFICATION

• A.
'!$m

t
.< " "

• B. MELTING RANGE ORTEMPERATURE (741): 68°_71°

ASSAY
• PROCEDURE

Mobile phase, Sample solution, Standard solution B, and
Chromatographic system: Proceed as directed in the
procedure for Related Substances.

System suitability
Sample: StandardsolutionB
Suitability requirements

Relative standard deviation: NMT 0.85% for six
injections

Analysis
Samples: Sample solutionand Standard solution B
Calculate the percentage of Butylparaben in the Sample

solution:

Result=P x (ru x Cs)/(rsx Cu)

P =labeled purity of USP Butylparaben RS expressed
as a percentage

ru =peak area of butylparaben from the Sample
solution

Cs =concentration of butylparaben in Standard
solutionB (mg/mL)

ts =peak area of butylparaben from Standard
solution B

Cu = concentration of Butylparaben in the Sample
solution (!T1g/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT o~1%, determined on a

1.O-g sample .
• RELATED SUBSTANCES

Mobile phase: Methanol and a 6.8 gil solution of
potassium dihydrogen phosphate (1:1 v/v)

Sample solution: Dissolve 50.0 mg of Butylparaben in
2.5 mL of methanol, and dilute with Mobilephaseto
50.0 mL. Dilute 10.0 mL of this solution with Mobilephase
to 100.0 mL.

Standard solution A: 5.0 IJg/mL each of p-hydroxybenzoic
acid, USP Propylparaben RS, and USP Butylparaben RS in
Mobilephase

Standard solution B: Dissolve 50.0 mg of USP
Butylparaben RS in 2.5 mL of methanol, and dilute with
Mobilephaseto 50.0 mL. Dilute 10.0 mL of this solution
with Mobilephaseto 100.0 mL.

Standard solution C: Dilute 1.0 mL of the Sample solution
with Mobilephaseto 20.0 mL. Dilute 1.0 mL of this solution
with Mobilephaseto 10.0 mL.

Standard solution D: 50 IJg/mL of iso-butyl paraben in
Mobilephase

Standard solution E: Standard solution0 in Standard
solutionB (1 in 100)

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1

NF 38

Column temperature: 35°
Flow rate: 1.3 mL/min
Injection volume: 10 IJL
Run time: About 1.5 times the retention time of

butylparaben
System suitability

Sample: Standard solutions A and E
[NoTE-The retention time of butylparaben is about

22 min; the relative retention times for
p-hydroxybenzoic acid, propylparaben, and
iso-butylparaben with a reference to butyl paraben are
about 0.1, 0.5, and 0.9 min, respectively.] .

Suitability requirements
Resolution: NLT 5.0 between the propylparaben and

butylparaben peaks from Standard solution A and NLT
1.5 between the iso-butyl paraben and butylparaben
peaks from Standard solutionE .

Analysis
Samples: Sample solutionand Standard solution C
[NoTE-Disregard any limit that is 0.2 times the area of

the principal peak from Standard solution C (0.1%).]
Acceptance criteria

p-Hydroxybenzoic acid: The peak area from the Sample
solution, multiplied by 1.4 to correct for the calculation of
content, is NMT the area of the principal peak from
Standard solution C (0.5%).

Unspecified impurities: The peak area of each impurity
from the Sample solution is NMT the area of the principal
peak from Standard solutionC (0.5%).

Total impurities: The total peak areafor all impurities from
the Sample solution is NMT twice the area of the principal
peak from Standard solution C (1.0%).

SPECIFIC TESTS
• ACIDITY: To 2 mL of Butylparaben solutionprepared in the

Colorof Solution test add 3 mL of alcohol, 5 mL of carbon
dioxide-free water, and 0.1 mL of bromocresol green TS.
Titrate with 0.10 N sodium hydroxide.

Acceptance criteria: NMT 0.1 mL is required to produce a
blue color.

• COLOR OF SOLUTION
Butylparaben solution: Dissolve 1 g in alcohol, and dilute

with alcohol to 10 mL.
Acceptance criteria: This solution is clear and not more

intensely colored than alcohol or a solution prepared
immediately before use by mixing 2.4 mL of ferric chloride
CS, 1.0 mL of cobaltous chloride CS, and 0.4 mL of cupric
sulfate CSwith 0.3 N hydrochloric acid to make 10 mL, and
diluting 5 mL of this solution with 0.3 N hydrochloric acid
to make 100 mL. Make the comparison by viewing the
solutions downward in matched color-comparison tubes
against a white surface (see Colorand Achromicity (631 »).

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Butylparaben RS
USP Propylparaben RS

Calcium Carbonate
-see Calcium Carbonate General Monographs
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Calcium Chloride-see Calcium Chloride General
Monographs

Tribasic Calcium Phosphate

Cas(OH)(P04)3 502.31
Calcium hydroxide phosphate [12167-74-7].

DEFINITION
Tribasic Calcium Phosphate consistsof a variable mixture of

calcium phosphates with the approximate composition
(1OCaO . 3P20S • H20). It contains NLT 34.0% and NMT
40.0% of calcium (Ca).

IDENTIFICATION

• A.
Sample solution: Dissolve 100 mg in 5 mL of diluted

nitric acid.
Analysis: Warm the Sample solution, and add 2 rnl, of

ammonium molybdate TS.
Acceptance criteria: A yellow precipitate is formed.

• B.
Sample: 100 mg of Tribasic Calcium Phosphate
Analysis: •Dissolvethe Sample by warming in 10 mL of 2 N

hydrochloric acid. Add 2.5 mL of ammonia TSdropwise,
with shaking, and then add 5 mL of ammonium oxalate TS.

Acceptance criteria: A white precipitate is formed.

ASSAY
• PROCEDURE

Sample: 150 mg of Tribasic Calcium Phosphate
Titrimetric system I

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.05 M edetate disodium V5

. Endpoint detection: Visual
Analysis: Dissolve the-.$ample, with the aid of gentle heat if

necessary, in a mixture of hydrochloric acid and water (5:3)
contained in a 250-mL beaker equipped with a magnetic
stirrer, and cautiously add 125 mL of water. With constant
stirring, add in the following order: 0.5 mL of .
triethanolamine, 300 mg of hydroxy naphthol blue, and
from the titration buret, about 23 mL of Titrant. Add
sodium hydroxide 'solution (45 in 100) until the initial red
color changes to clearblue. Continue to add it dropwise
until the color chanqes to violet, and add an additional
0.5 mL. The pH is 12.3-12.5. Continue the titration
dropwise with Titrant to the appearance of a clear blue
endpoint that persists for NLT 60 s.
Calculate the percentage of calcium (Ca) in the portion of

the Sample taken:

Result = [(V s x M x F)/WJ x 100

Vs =Titrant volume consumed by the Sample (mL)
M = actual molarity of the Titrant (mmol/mL)
F =equivalency factor, 40.08 mg/mmol
W = Sample weight (mg)

Acceptance criteria: 34.0%-40.0%

IMPURITIES
• CHLORIDE AND SULFATE (221), Chloride

Standard: 1.0 mL of 0.020 N hydrochloric acid
Sample: 0.500 g of Tribasic Calcium Phosphate
Analysis: Dissolvethe Sample in 25 mL of 2 N nitric acid,

and add 1 mL of silver nitrate TS.
Acceptance criteria: NMT 0.14%

OfficialMonographs / Calcium 5657

• CHLORIDE AND SULFATE (221), Sulfate
Standard: 1.0 mL of 0.020 N sulfuric acid
Sample: 0.500 g of Tribasic Calcium Phosphate
Analysis: Dissolve the Sample in the smallest possible

amount of 3 N hydrochloric acid. Dilute with water to
100 mL, and filter, if necessary. To 25 mL of the filtrate add
1 mL of barium chloride TS.

Acceptance criteria: NMT 0.8%
• ARSENIC (211), MethodI

Test preparation: Dissolve 1.0 g in just sufficient 3 N
hydrochloric acid.

Acceptance criteria: NMT 3 ppm
• BARIUM

Sample: 500 mg of Tribasic Calcium Phosphate
Analysis: Mix the Sample with 10 mL of water, heat, add

hydrochloric acid, dropwise, until solution is effected, and
then add 2 drops of the acid in excess. Filter, and add to
the filtrate 1 mL of potassium sulfate TS.

Acceptance criteria: No turbidity appears within 15 min.
• CARBONATE

Sample: 2 g of Tribasic Calcium Phosphate
Analysis: Mix the Sample with 20 mL of water, and add 3 N

hydrochloric acid, dropwise, to effect solution.
Acceptance criteria: No effervescence is produced.

• ACID-INSOLUBLE SUBSTANCES
Analysis: If an insoluble residue remains in the test for
. Carbonate, boil the solution, filter, wash the residue well

with hot water until the last washing is free from chloride,
and ignite the residue to constant weight.

Acceptance criteria: NMT 0.2%; the weight of the residue
is NMT 4 mg.

• DIBASIC SALT AND CALCIUM OXIDE
Sample: 1.5 g of Tribasic Calcium Phosphate ~

Titrimetric system
(See Titrimetry(541).)
Mode: Residual titration
Titrant: 1 N hydrochloric acid VS
Back-titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample by warming with 25.0 mL of
Titrant. Cool, and slowly titrate the excess of Titrant, while
agitating constantly, with the Back-titrantto a pH of 4.0.

Acceptance criteria: 13.0-14.3 mL of 1 N hydrochloric acid
is consumed for each g of salt, calculated on the ignited
basis.

• LIMIT OF FLUORIDE
[NOTE-Prepare and store all solutions in plastic

containers.]
Buffer solution: 294 mg/mL of sodium citrate dihydrate in

water .
Standard stock solution: 1.1052 mg/mL of USP Sodium

Fluoride RS in water
Standard solution: Transfer 20.0 mL of Standardstock

solutionto a 1OO-mL volumetric flask containing 50.0 mL of
Buffer solution, dilute with water to volume, and mix. Each
mL of this solution contains 100 IJgof fluoride ion.

Sample solution: Transfer2.0 g of Tribasic Calcium
Phosphate to a beaker containing a plastic-coated stirring
bar. Add 20 mL of water and 3.0 mL of hydrochloric acid,
and stir until dissolved.Add 50.0 mL of Buffer solutionand
sufficient water to make 100 mL.

Electrode system: Use a fluoride-specific ion-indicating
electrode and a silver-silver chloride reference electrode
connected to a pH meter capable of measuring potentials
with a minimum reproducibility of ±0.2 mV (seepH(791»).

Analysis
Samples: Standard solutionand Sample solution
Standard response line: Transfer 50.0 mL of Buffer

solutionand 3.0 mL of hydrochloric acid to a beaker, and
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IDENTIfiCATION
• A. A solution of Calcium Propionate (1 in 20) imparts a

transient yellowish red color to a nonluminous flame.

ASSAY
• PROCEDURE

Sample solution: 4 mg/mL of Calcium Propionate
Analysis: While stirring, preferably with a magnetic stirrer,

add 30 mL of 0.05 M edetate disodium VSfrom a 50-mL
buret to 100 mL of the Sample solution. Add 15 mL of 1 N
sodium hydroxide and 300 mg of hydroxy naphthol blue
indicator, and continue the titration to a blue endpoint.
Each mL of 0.05 M edetate disodium VS is equivalent to
9.311 mg of calcium propionate (C6HlOCa04) .

Acceptance criteria: 98.0%-100.5% on the anhydrous
basis

IMPURITIES
• LIMIT OF FLUORIDE

Buffer: 294.1 mg/mL of sodium citrate dihydrate
Standard solution: 2.21 mg/mL of USP Sodium

Fluoride RS. [NoTE-Store solution in a plastic bottle.] On
the day of use, transfer 5.0 mL of the resulting solution to a
1OOO-mL volumetric flask, dilute with water to volume, and
mix. Each mL of this solution contains 5 ~g of fluoride ion.

Electrode system: Use a fluoride-specific, ion-indicating
electrode and a silver-silver chloride reference electrode
connected to a pH meter capable of measuring potentials
with a minimum reproducibility of ±0.2 mV (see pH(791».

Standard response line: Transfer 1.0, 2.0, 3.0, 5.0, 10.0
and 15.0 mL of the Standard solution to separate 250-mL
plastic beakers. Add 50 mL of water, 5 mL of 1 N
hydrochloric acid, 10 mL of Buffer, and 10 mL of 0.2 M
edetate disodium to each beaker, and mix. Transfer each
solution to separate 1OO-mL volumetric flasks, dilute with
water to volume, and mix. Transfer a 50-mL portion of each
solution to separate 125-mL plastic beakers, arid read the
potential, in mY, of each solution using the electrode
system. Plot the c.alibra~ion curve versus potential, in mY,
on two-cycle serniloqarithmic paper with ~g of fluoride per
100 mL of solution on the logarithmic scale.'

Sample: 1.0 g
Analysis: Transfer the Sample to a 150-mL glassbeaker, add

10 mL of water, and, while stirring continuously, slowly add
20 mL of 1 N hydrochloric acid to dissolve the Sample. Boil
rapidly for 1 min. Transfer to a 250-mL plastic beaker and
cool rapidly in ice water. Add 15 mL of Buffer and 10 ~L of
0.2 M edetate disodium, and mix. Adjust the pH to 5.5
± 0.1 with 1 N hydrochloric acid or 1 N sodium
hydroxide, if necessary.Transfer to a 1OO-mL volumetric
flask, dilute with waterto volume, and mix. Transfer a
50-mL portion of this solution to a 125-mL plastic beaker
and record the potential using the electrode system. '
Determine the concentration of fluoride, in ~g/mL, in the
Sample.

Acceptance criteria: NMT 30 ~g/g

• LIMIT OFLEAD
25% Sulfuric acid solution: Cautiously add 100 mL of

sulfuric acid to 300 mL of water with constant stirring while
cooling in an ice bath.

Standard solutions: On the day of use, transfer 5.0, 10.0,
and 20.0 mL of standard lead solution TS to three separate
1OO-mL volumetric flasks, add 10 mL of 3 N
hydrochloric acid to each, and dilute with water to volume
corresponding to 0.5-, 1.0-, and 2.0-~g/mL standards.

Sample blank: Add 5 mL of 25% Sulfuric acidsolution into
an evaporating dish. Within a hood, place the dish on a

1 Asuitablesourcefor semilogarithmic paper canbe found at http://
statland.org!GraphPaper!gpaper.html.

= volume of the Sample solution(mL)
= concentration of fluoride ion in the Sample

solutiondetermined from the Standard
response line (~g/mL)

=weight of Tribasic Calcium Phosphate taken to
prepare the Sample solution (g)

Acceptance criteria: NMT 75 ppm
• LIMIT OFNITRATE

Sample: 200 mg of Tribasic Calcium Phosphate
Analysis: Mix the Sample with 5 mL of water, and add just

sufficient hydrochloric acid to effect solution. Dilute with
water to 10 mL, add 0.20 mL of indigo carmine TS, then
add, with stirring, 10 mL of sulfuric acid.

Acceptance criteria: The blue color persists for NLT 5 min.
• WATER-SOLUBLE SUBSTANCES

Sample: 2 g of Tribasic Calcium Phosphate
Analysis: Digest the Sample with 100 mL of water on a

steam bath for 30 min. Cool, add sufficient water to restore
the original volume, stir well, and filter. Evaporate 50 mL of
the filtrate in a taredporcelain dish on a steam bath to
dryness, and dry the residue at 1200to constant weight.

Acceptance criteria: NMT 0.5%; the weight of the residue
is NMT 5 mg.

SPECIFIC TESTS
• Loss ON IGNITION (733)

Analysis: Ignite at ~000 for 30 min.
Acceptance criteria: NMT 8.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Sodium Fluoride RS

add water to make 100 mL. Add a plastic-coated stirring
bar, insert the electrodes into the solution, stir for 15 min,
and read the potential, in mY. Continue stirring, and at
5-min intervals add 100, 100, 300, 500, and 500 ~L of
Standard solution, reading the potential 5 min after each
addition. Plot the logarithms of the cumulative fluoride
ion concentrations (0.1, 0.2, 0.5, 1.0, and 1.5 ~g/mL)

versus potential, in mY. .
Rinse and dry the electrodes, insert them into the Sample

solution, stir for 5 min, and read the potential, in mY.
From the measured potential and the Standard
respons~ lin.e d~termine the concentration, C (in ~g/mL),
of fluoride Ion In the Sample solution.

Calculate the content of fluoride in the portion of Tribasic
Calcium Phosphate taken:

Result=(V x C)/W

Calcium Propionate

C6H10Ca04 186.22
[4075-81-4].

DEFINITION
Calcium Propionate contains NLT 98.0% and NMT 100.5% of

calcium propionate (C6H10Ca04) , calculated on the
anhydrous basis.
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Acceptance criteria: NMT 2 ~g/g

• MAGNESIUM (as MgO)
Magnesium standard solution: Dissolve 50.0 mg of

magnesium metal in 1 mLof hydrochloric acid in a
1OOO-mL volumetricflask, dilute with water to volume,
and mix.

Sample solution: Place 400.0 mg of Calcium Propionate,
5 mLof 2.7 N hydrochloric acid, and about 10 mLof water
in a small beaker, and dissolve the Calcium Propionate by
heating on a hot plate.

Analysis: Evaporate the Sample solutionto a volumeofabout
2 mL, and cool. Transferthe residual liquid to a 100-mL
volumetric flask, dilute with water to volume, and mix.
Dilute7.5 mL of this solutionwith water to 20 mL, add 2 mL
of 1 N sodium hydroxide and 0.05 mLof a 1:1000 solution
of thiazole yellow, and mix. Allow to stand for 10 min, and
shake. Anycolor produced does not exceed that produced
by 1.0 mLof Magnesium standardsolution in the same
volume as that of a control containing 2.5 mLof the Sample

steam bath to evaporate most of the water. Placethe dish
on a burner, and slowly pre-ash the sample by expelling
most of the sulfuric acid. Place the dish in a muffle furnace
that has been set at 525°, and ash the sample until the
residue appears free from carbon. Cool, and cautiously
wash down the insideof the evaporation dish with water.
Add 5 mLof 1 N hydrochloric acid. Place the dish on a
steam bath, and evaporate to dryness. Add 1.0 mLof 3 N
hydrochloric acid and approximately 5 mLof water; and
heat briefly on a steam bath to dissolve any residue.Transfer
the solution quantitatively to a 1O-mL volumetricflask,
dilute to volume, and mix.

Sample solution: Place 109 of Calcium Propionate, to the
nearest 0.1 mg, into an evaporating dish. Add a sufficient
amount of 25% Sulfuric acidsolution, and distribute the
sulfuric acid uniformly through the sample. Proceed as
directed under Sample blank beginning with "Withina
hood..."

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption
Analytical wavelength: 283.3 nm
Lamp: Lead electrodelessdischarge
Flame: Air-acetylene
Slit width: 0.7 nm
Instrument blank: Water

Standard curve
Samples: Standardsolutions and Sample blank
Plot: Corrected absorbance valuesversus their

corresponding concentration (~g/mL). [NOTE-Determine
corrected absorbance values by subtracting the
absorbance of the Sample blank from the absorbance of
the Standardsolutions.]

Analysis I

Samples: Sample blank and Sample solution
[NOTE-Determine corrected absorbance values by

subtracting the absorbance of the Sample blank from
the absorbance of the Sample solution.]

Fromthe Standardcurve, determine the lead
concentration in the Sample solution.

Calculate the lead content in the portion of Calcium
Propionate taken:

v
w

Result =(C, x V)/W

= concentration of lead from the Standardcurve
(~g/mL),

=final volume of the sample (mL)
=weight of the sample taken (g)

solution (corresponding to 10 mg of Calcium Propionate)
and the quantities of the reagents used in the test.

Acceptance criteria: The solution passes the test (about
0.4%).

SPECIFIC TESTS
• WATER-INSOLUBLE SUBSTANCES

Sample: 109
Analysis: Dissolve the Sample in 100 mL of hot water, pass

through a tared filtering crucible,wash the insoluble
residuewith hot water, and dry at 105° to constant weight.

Acceptance criteria: NMT 0.2%
• pH (791): 7.5-10.5, in a solution (1 in 10)
• WATER DETERMINATION (921), Method I: NMT 5.0%
• Loss ON DRYING (731)

Analysis: Dryat 105° for 2 h.
Acceptance criteria: NMT 4%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in tightly closed

containers. No storage requirements specified.
CD USP REFERENCE STANDARDS (11)

USP Sodium Fluoride RS

Calcium Saccharate-see Calcium Saccharate
General Monographs

Calcium Silicate

DEFINITION
Calcium Silicate, crystalline or amorphous, is a compound of

calcium oxide and silicon dioxide. It contains NLT 4.0% of
calcium oxide and NLT ?5.0% of silicon dioxide.

IDENTIFICATION
• A. IDENTIFICATION TESTS-CENERAL, Calcium (191)

Sample solution: Mix 0.5 g with 10 mLof 3 N hydrochloric
acid. Filter, and neutralize the filtrate to litmus paper with
6 N ammonium hydroxide.

Acceptance criteria: The neutralizedfiltrate meets the
requirements.

• B.
Analysis: Prepare a bead by fusing a few crystals of sodium

ammonium phosphate on a platinum loop in the flame of a
gas burner. Placethe hot, transparent bead in contact with
the specimen of Calcium Silicate, and again fuse.

Acceptance criteria: Silica floats about in the bead,
producing, upon cooling, an opaque bead having a
web-like structure.

ASSAY
• SILICON DIOXIDE

Sample: Calcium Silicate in the appropriate amount (see
Table 7)

Table 1

Sample Weight Calcium Oxide Content
(mg) (%)

400 >25

600 11-25

1000 4-10

Analysis: Transferthe Sample to a beaker,add 5 mLofwater
and 10 mLof perchloricacid, and heat until dense white
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fumes of perchloric acid are evolved. Cover the beaker
with a watch glass, and continue to heat for 2 h. Allow to
cool, add 30 mL of water, filter, and wash the precipitate
with 200 mL of hot water. [NoTE-Retain the combined
filtrate and washings for use in the assayfor Calcium Oxide.]
Transfer the filter paper and its contents to a platinum

crucible, heat slowly to dryness, then heat sufficiently to
char the filter paper. Ignite at about 900°-1000° to
constant weight. Moisten the residue with 5 drops of
perchloric acid, add 15 mL of hydrofluoric acid, heat
cautiously on a hot plate until all of the acid is driven off,
and ignite at a temperature NLT 1000° to constant
weight. Cool in a desiccator, and weigh: the loss in weight
represents the weight of Si02• .

Acceptance criteria: NLT 35.0% of silicon dioxide (Si02)

and 90.0%-110.0% of the content stated in the labeling,
or within the range of percentages stated in the labeling

• CALCIUM OXIDE
Sample solution: Use the combined filtrate and washings

retained from the assayfor Silicon Dioxide.
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual

Analysis: Neutralize the Sample solution to litmus with 1 N
sodium hydroxide. Add, while stirring, 10 mL of 0.05 M
edetate disodium VSfrom a 50-mL buret. Add 15 mL of 1 N
sodium hydroxide and 300 mg of hydroxy naphthol blue,
and continue the titration to a blue endpoint.
Calculate Z, the percentage of calcium oxide (CaO) in the

sample taken:

Z= [(Vx' M x A/w] x 100

V =volume of Titrant consumed by the Sample
solution(mL) .

M =actual molarity of the Titrant (mmol/mL)
F = equivalency. factor, 56.08 mg/mmol
W = weight of the sample (mg)

Calculate the percentaqe of the labeled amount of calcium
oxide (CaO):

Result = (Z/ L) x 100

Z = percentage of CaO in the sample taken as
calculated above

L =labeled amount of CaO

Acceptance criteria: NLT 4.0% of calcium oxide (CaO) and
90.00/0-110.0% of the content stated in the labeling, or
within the range of percentages stated in the labeling

IMPURITIES
• Loss ON IGNITION (733): Transfer 1 g to a suitable tared

crucible, dry at 105° for 2 h, and ignite at 900° to constant
weight: it loses NMT 20.0% of its weight.

• LIMIT OF LEAD
Palladium matrix modifier: Palladium nitrate (1% Pd)'
Magnesium matrix modifier: Magnesium nitrate (2%

Mg)2

1 Asuitable grade is availableas catalog number RCMMPD1 OKN-50 from
VWR, www.vwr.com.
2 Available as catalog number RCMMMG20KN-50, from VWR,
WWW.vwr.com.
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Nitric acid, 65% [7697-37-2]: Use a suitable grade with a
content of NLT 65.0%.3

Nitric acid diluent: Transfer 42 mL of Nitric acid, 65% to a
1OOO-mL volumetric flask. Dilute with water to volume.

Matrix modifier solution: Transfer 1.0 mL of Palladium
matrix modifierand 100 IJLof Magnesium matrix modifier
to a 20-mL volumetric flask. Dilute with water to volume,
and niix.

Lead standard solution: A solution containing Pb(N03)2 in
R.~;~~itric acid corresponding to 1000 mg of
i!~fl~Zg'~:<~BIt:1~~~!'fZQ1~)4

Standard solution: Transfer 100 IJLof Lead standard
solution to a 1OO-mL volumetric flask. Dilute with water to
volume, and mix. This solution contains the equivalent of
1.0 IJg/mL of lead.

Calibration solutions
Calibration solution A: Transfer 50 mL of Nitric acid

diluent to a 1OO-mLvolumetric flask, and dilute with water
to volume (0 IJg/mL of lead).

Calibration solution B: Transfer 1 mL of Standard solution
and 50 mL of Nitric aciddiluent to a 1OO-mL volumetric
flask, and dilute with water to volume (0.01 IJg/mL
of lead).

Calibration solution C: Transfer 5 mL of Standard solution
and 50 mL of Nitric aciddiluent to a 1OO-mL volumetric
flask, and dilute with water to volume (0.05 IJg/mL
of lead).

Sample solution: Weigh 2.0 g of Calcium Silicate into a
150-mL beaker. Mix with 50 mL of Nitricaciddiluent. Cover
with a watch glass, and boil for 20 min. Allow to cool. With
the aid of a vacuum, pass through a glass filter,S and wash
the filter several times with water. Transfer the filtrate into a
1OO-mL volumetric flask. Dilute with water to volume, and
mix.

System suitability solution: Transfer 5 mL of Standard
solution and 50 mL of Nitric aciddiluent into a 100-mL
volumetric flask. Dilute with water to volume, and mix. This
solution contains the equivalent of 0.05 IJg of lead/mL.

Instrumental conditions .
(See AtomicAbsorption Spectroscopy (852).)
Mode: Graphite furnace atomic absorption

spectrophotometer
Analytical wavelength: 283.3 nm (lead emission line)
Lamp: Lead hollow-cathode lamp and an adequate means

of Zeeman background correction
Carrier gas: Argon

Under typical conditions, the Sample solutionand Calibration
solutions volumes are 20 IJL, the volume of the Matrix
modifiersolution is 10 IJL, the injection temperature is 20°,
and the oven conditions are as follows (see Table 2).

[NOTE-These conditions may be optimized for each
instrument.]

Table 2
Step Temperature e>

Drying 1 110

Drying 2 130

Pyrrolysis 950

Read 1800

3 Asuitable grade is available as catalog number 441-2 from EMD
Chemicals,www.emdchemicals.com.
4 Asuitable grade is availableas catalog number 1.19776 from EMD
Chemicals,www.emdchemicals.com.
5 Glassfilter: Whatman GF/B glass microfiberfilters,1.0 urn, Whatman no.
1821-090, issuitable. Available as catalog number 28497-492, from VWR,
www.vwr.com.
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Standard response line, determine the concentration, C, in
IJg/mL, of fluoride ion in the Sample solution.
Calculate the quantity, in ppm, of fluoride in Calcium

Silicate:2450

I Temperature o
Table 2 (continued)

Step

IClean out

Analysis ,. .
Samples: Calibration solutions, Sample solution, and System

sUitability solution
Plot the absorbance of each Calibration solutionversus its

content of lead, in IJg/mL, and draw the best straight line
fitting the thre~ points. From this,plot, determine th,e
concentration, In IJg/mL, of lead In the Sample solution:
the correlation coefficient is NLT 0.99, and the recovery
for the System suitability solution is 850/0-115%.

Calculate the quantity, in ppm, of lead in the Sample
solution,

Result=(C x V)/W

C =concentration of the Sample solution (lJg/mL)
V =volume of the Sample solution (mL)
W =weight of sample taken (g)

Acceptance criteria: NMT 10 ppm
• LIMIT OF FLUORIDE

[NOTE-Store all solutions in polytef containers.]
Buffer solution: 294 mg/mL of sodium citrate
Ionic strength adjustment buffer: Transfer 42 mL of

hydrochloric acid, 121 g of tris(hydroxymethyl)
aminomethane, and 115 g of sodium tartrate to a 500-mL
volumetric flask containing 250 mL of water. Stir to
dissolve, and dilute with water to volume. ,

Standard stock solution: 221 IJg/mL of USP Sodium
Fluoride RS. This stock solution contains 100 IJg/mL of
fluoride ion.

Sample solution: Transfer 2.0 g of Calcium Silicate to a
1OO-mL polytef beaker containing a magnetic stir bar. Add
20 mL of water and 2.0 mL of hydrochloric acid. Cover
with a watch glass, and heat to a vigorous boil for 1 min,
stirring continuously. Removefrom heat, and cool. Transfer
the cooled suspension toa 1OO-mL polytef beaker. Add
25 mL of Buffer solution, and adjust with ammonium
hydroxide or hydrochloric acid to a pH of 5-6. Add 50 mL
of Ionicstrengthadjustmentbufferand water to make
100 mL of solution.

Electrode system» Use a fluoride-specific ion-indicating
electrode and a suitable reference electrode connected to a
pH meter capable of-measuring potentials with a
reproducibility of ±0.2 mV (seepH (791».

Standard response line: Obtain a standard response line
with four standard solutions containing 0, 0.10, 0.20, and
0.40 IJg/mLoffluoride asfollows. Add 23 mLof,water, 2 mL
of hydrochloric acid, and ~5 mL.of Buffer s~/utlon to a .
1OO-mL plastic beaker. Adjust With ammonium hydroxide
to a pH of 5-6, and add Ionicstrengthadjustmer:t buffer to
obtain 100 mL of solution. Insert the electrode Into the
solution stir for at least 15 min, and record the potential
for the ;tandard solution containing 0 IJg/mL of fluoride.
When the electrode has stabilized, add 100 IJL of the
Standardstock solution to the beaker, and stir. Allow the
electrode to stabilize for 5 min, and measure the potential
for the standard solution containing 0.10 IJg/mL of fluoride.
Similarly add another 100 and 200 IJL of the Standard stock
solutionand record the potential for the standard solutions,
contalninq 0.20 IJg/mL of fluoride a~~ 0.40 IJg/mL of .
fluoride respectively. After each addition, continue to stir
for 5 min before recording the reading.

Analysis: Insert the calibrated electrode into the Sample
solution stir for 5 min, and record the measurement. From
the me~sured potential of the Sample solution and the

Result=(C x V)/W

C = concentration of fluoride ion in the Sample
solution (uq/rnl)

V =volume of the Sample solution(mL)
W = weight of Calcium Silicate in the Sample solution

(g)

Acceptance criteria: NMT 50 ppm

SPECIFIC TESTS
• pH (791): 8.4-11.2, determined in a well-mixed aqueous

suspension (1 in 20)
• RATIO OF SILICON DIOXIDE TO CALCIUM OXIDE: Divide the

percentage of silicon dioxide obtained in the test for Silicon
Dioxide by the percentage of calcium oxide obtained in the
test for Calcium Oxide.

Acceptance criteria: 0.5-20
• SUM OF CAO, SIOv AND Loss ON IGNITION: The sum of the

percentages obtained in the three tests is NLT 90.0%.

ADDITIONAL REQUIREMENTS
.• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: The labeling states the claimed percentage or

range of percentages for the content of calcium oxide and
for the content of silicon dioxide,

• USP REFERENCE STANDARDS (11)
USP Sodium Fluoride RS

Calcium Steara~e

Octadecanoic acid, calcium salt;
Calcium stearate [1592-23-0].

DEFINITION
Calcium Stearate is a compound of calcium with a mixture of

solid organic acids obtained from sources of vegetable or
animal origin and consists mainly of variable proportions of
calcium stearate (C36H7oCa04) and calcium palmitate
(C32H62Ca04)' It contains NLT 6.4% and NMT 7.4% of
calcium (Ca), calculated on the dried basis. The content of
stearicacid in the fatty acid fraction isNLT 40.0% of the total
content. The sum of stearic acid and palmitic acid in the fatty
acid fraction is NLT 90.0% of the total content.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Calcium (191)

Sample: 1 g
Analysis: Heat the Sample with a mixture of 25 mL of water

and 5 mL of hydrochloric acid.
Acceptance criteria: Fatty acids are liberated and appear as

an oily layer floating on the surface of the liquid. The water
layer meets the requirements.

• B. The retention times of the major peaks of the Sample
solutioncorrespond to those of the Standard solution, as
obtained in the Assay for Contentof Stearic Acidand
Palmitic Acid.

ASSAY
• CONTENT OF CALCIUM

Sample: 1.2 9
Titrimetric system

(See Titrimetry (541).)
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136.14

172.17

CaS04
CaS04· 2H20
Sulfuric acid, calcium salt (1:1);
Calcium sulfate (1:1) [7778-18-9].
Dihydrate [10101-41-4].

DEFINITION
Calcium Sulfate is anhydrous or contains two moleculesof

water of hydration. Itcontains NLT 98.0% and NMT 101.0%
of CaS04, calculated on the dried basis.

Calcium Sulfate

ratio of the peak areas of methyl palmitate to the peak
areas of methyl stearate, from 6 replicate injections

Analysis: Calculate the percentage of stearicacid (C1sH3602)
in the fatty acid fraction of the sample taken:

Result =(r vir r) x 100

r u =peak area due to methyl stearate
r t =sum of all the peak areas, excluding the

solvent peak

Calculate the percentage of palmiticacid (C16H3202) in the'
fatty acid fraction of the sample taken:

Result =(r vir r) x 100

ru =peak area due to methyl palmitate
r r =sum of all the peak areas, excluding the

solvent peak

Acceptance criteria
Stearic acid: NLT 40.0%
Sum of stearic acid and palmitic acid: NLT 90.0%

SPECIFIC TESTS
• Loss ON DRYING (731)
.Analysis: Dry a sample at 1050 to constant weight.
Acceptance criteria: NMT4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate the content of stearic acid in

the fatty acid fraction and to indicate the fatty acids'used
to produce calcium stearate are from sources of vegetable
or animal origin.

• USP REFERENCE STANDARDS (11)
USP Palmitic Acid RS
USP Stearic Acid RS .

Table 1

Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Colorimetric

Analysis: Boil the Sample with 50 mLof 1 N sulfuric acid for
about 3 h, using a watch glass cover to avoid splattering,
or until the separated fatty acid layer is clear. Add water, if
necessary, to maintain the original volume. [NoTE-Stirring
may be helpful in obtaining a clear layerand decreasing
extraction time.] Cool, filter, and wash the filter and the
flask thoroughly with water until the lastwashing isnot acid
to litmus. Neutralizethe filtratewith 1 N sodium hydroxide
to litmus.Whilestirring, preferably with a magnetic stirrer,
titrate with 0.05 M edetate disodium VS as follows. Add
about 30 mLfrom a 50-mL buret, then add 15 mLof 1 N
sodium hydroxide and 300 mg of hydroxy naphthol blue.
Continue the titration to a blue endpoint. Each mLof
0.05 M edetate disodium is equivalent to 2.003 mg of
calcium.

Acceptance criteria: 6.40/0-7.4% on the dried basis
• CONTENT OF STEARIC ACID AND PALMITIC ACID

Boron trifluoride-methanol solution: 140 giL of boron
trifluoride in methanol

Sample solution: Dissolve 100 mg of Calcium Stearate in a
smallconical flask fitted with a suitable reflux attachment
with 5 mLof Boron trifluoride-methanol solution. Boil under
refluxfor 10 min. Add 4.0 mLof n-heptane through the
condenser, and boil again under refluxfor 10 min. Allow to
cool. Add 20 mLof a saturated solution of sodium chloride.
Shake,and allow the layersto separate. Removeabout 2 mL
of the organic layer, and dry it over 0.2 g of anhydrous
sodium sulfate. Dilute 1.0 mLof this solution with
n-heptane to 10.0 mL.

Standard solution: Prepare as directed in the Sample
solution, using 50 mg of USP StearicAcid RS and 50 mg of
USP Palmitic Acid RS.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m x 0.32-mm fused silica; 0.5-J..Im layerof

phase G16
Temperatures

Injection port: 2200

Detector: 2600

Column: See Table 1.
"

e ,

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(0) e/min) e) (min)

70 - 70 2

70 5 240 5

Carrier gas: Helium, passed through a bed ofmolecular
sieve for drying, if necessary

Flow rate: 2.4 mL/min
Injection volume: 1 J..IL

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT 5.0 between the methyl palmitate and
methyl stearate peaks. [NoTE-The relative retention
times for methyl palmitate and methyl stearate are about
0.9 and 1.0, respectively.] .

Relative standard deviation: NMT 3.0% for the methyl
stearate and methyl palmitate peaks; NMT 1.0% for the

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL,Calcium (191)

Sample solution: Dissolve 200 mg bywarming in a mixture
of 4 mLof 3 N hydrochloric acid and 16 mLof water.

Acceptance criteria: Meets the·requirements
• B. IDENTIFICATION TESTS-GENERAL, .Sulfate (191)

Sample solution: Dissolve 200 mg by warming in a mixture
of 4 mLof 3 N hydrochloric acid and 16 mLof water.

Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE .

Sample: Dissolve 300 mg of Calcium Sulfatein 100 mLof
water and 4 mLof 3 N hydrochloricacid. Boil, ifnecessary,
to dissolve, and cool before titrating.
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Titrimetric system
(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual

Analysis: While stirring, preferably with a magnetic stirrer,
add to the Sample solution, in the order named, 0.5 mL of
triethanolamine, 300 mg of hydroxy naphthol blue, and,
from a 50-mL buret, 30 mL of 0.05 M edetate disodium VS.
Add sodium hydroxide solution (45 in 100) until the initial
red color changes to clear blue, continue to add dropwise
until the color changes to violet, and add an additional
0.5 mL. The pH is 12.3-12.5. Continue the titration
dropwise with 0.05 M edetate disodium VS to the
appearance of a clear-blue endpoint that persists for NLT
60 s.
Calculate the percentage of Calcium Sulfate (CaS04) in the

Sample taken:

Result= [(V x M x F)/W] x 100

V =volume of Titrant consumed by the Sample (mL)
M = actual molarity of the Titrant (mM/mL)
F =equivalency factor, 136.14 mg/mM
W = weight of the Sample (mg)

Acceptance criteria: 98.0%-101.0% on the dried basis

IMPURITIES
• IRON (241)

Sample solution: Dissolve 100 mg in 8 mL of 3 N
hydrochloric acid, and dilute with water to 47 mL.

Acceptance criteria: NMT 100 ppm

SPECIFIC TESTS
• Loss ON DRYING (731)

Samples: Neat .
Analysis: Dry a sample at a temperature NLT 250 0 to

constant weight.
Acceptance criteria: NMT 1.5% for the anhydrous form

and 19.0%-23.0% for the dihydrate

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate whether it is anhydrous or the

dihydrate.

Anhydrous Dibasic Calcium Phosphate
-see Dibasic Calcium Phosphate Dihydrate General Monographs

Dibasic Calcium Phosphate Dihydrate
-see Dibasic Calcium Phosphate Dihydrate General Monographs

Candelilla Wax

[8006-44-8].

DEFINITION
Candelilla Wax is the purified wax obtained from the leavesof
.the candelilla plant, Euphorbia antisyphilitica Zucco

OfficialMonographs / Candelilla 5663

IDENTIFICATION

eN
Sample: Usea thin film of Candelilla Wax.
Acceptance criteria: Meets the requirements

• B. It meets the requirements of the test in Specific Tests for
Melting Range or Temperature, Class /I (741).

IMPURITIES
• LIMIT OF LEAD (251)

Sample: 3.3 g
Control: 10 J.lg of lead from a DilutedStandard Lead Solution

(1 J.lg/mLof lead)
Analysis: Weigh the Sample into a porcelain dish, heat on a

hot plate until completely charred, then heat in a muffle
furnace at 480 0 for 8 h or overnight, and cool. Cautiously
add 5 mL of nitric acid, evaporate to drynesson a hot plate,
then heat again in the muffle furnace for exactly 15 min,
and cool. Extract the ashwith two 1O-mLportions of water,
filtering each extract into a separator. Leachany insoluble
material on the filter with 6 mL of Ammonium Citrate
Solution, 2 mL of Hydroxylamine Hydrochloride Solution, and
5 mL of water, adding the filtered washings to the
separator. Continue as directed in Lead (251), Procedure,
beginning with "Add two drops of phenol red TS", and use
10 mL of DilutedStandard Lead Solution for a control.

Acceptance criteria: The color of the Sample solutiondoes
not exceed that in the control, corresponding to NMT 3 J.lg/
g.

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class /I (741): 68.5 0



72.5 0

• FATS AND FIXED OILS, Acid Value (401)
Sample: 3 g
Analysis: Weigh the Sample in a 250-mL flask, add 50 mL

of a mixture of isopropyl alcohol and toluene (5:4), attach
the flask to a reflux condenser, and boil gently until the wax
is completely dissolved. Examine the solution: no insoluble
particles are present. Removethe flaskfrom the condenser,
add 1 mL of phenolphthalein TS, and titrate immediately
with 0.5 N alcoholic potassium hydroxide VS to a faint,
reddish-yellow color. [NOTE-Do not allow the solution to
cool; titrate at a warm temperature after refluxing. After the
titration, reservethe solution for use in the test for
Saponification Value.]
Calculate the acid value as the number of mg of potassium

hydroxide required to neutralize the free acids in 1 g of
Candelilla Wax.

Acceptance criteria: 12-22
• FATS AND FIXED OILS, Saponification Value (401)

Sample solution: Usethe solution from the test for
Acid Value.

Analysis: To the Sample solutionadd 15.0 mL of 0.5 N
alcoholic potassium hydroxide VS, reflux for 3-4 h, and
titrate the excess alkali with 0.5 N hydrochloric acid VS to a
yellow-amber color. Perform a blank determination under
the same conditions (see Titrimetry (541), Residual
Titrations). The saponification value isthe summation of the
ester value so obtained and the acid value obtained above.

Acceptance criteria: 43-65

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Candelilla Wax RS
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Canola on
Low erucic acid rapeseed oil;
LEAR oil.

DEFINITION
Canola Oil is the refined fixed oil obtained from the seeds of

Brassica napusor Brassica campestris (Fam. Cruciferae). A
suitable antioxidant may be added.

IDENTIFICATION
• A. IDENTITY BY FATTY ACID COMPOSITION

Analysis: Proceed as directed in the test for Fats and Fixed
Oils(401), Procedures, FattyAcidComposition.

Acceptance criteria: Meets the composition profile of fatty
acids in Table 7

• B. IDENTITY BY TRIGLYCERIDE PROFILE
Analysis: Proceedasdirected in Identification of Fixed Oilsby

Thin-Layer Chromatography (202), Identification, MethodI or
Method II.

Acceptance criteria: Meets the requirements in the chapter

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, FattyAcid

Composition: Canola Oil exhibits the composition profile of
fatty acids in Table 7.

Table 1

Carbon-Chain Number of Percentage
length Double Bonds (%)

<14 - <0.1

14 0 <0.2

16 I 0 <6.0

16 1 <1.0

18 0 <2.5

18 1 >50
-,

18 2 <40

18 3
-

<14

20 0 <1.0

20 1 <2.0

22 " 0 <0.5

22a
'.'{'

1 ~2.0

24 0 <0.2

24 1 <0.2

a Erucic acid.

• LIMIT OF ERUCIC ACID: NMT 2.0%, asdetermined in the test
for Fats and Fixed Oils(401), Procedures, FattyAcid
Composition

• SPECIFIC GRAVITY (841): 0.906-0.920
• FATS AND FIXED OILS (401), Procedures, AcidValue: NMT

6.0
• FATS AND FIXED OILS (401), Procedures, Iodine Value: 110

126
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 10.0
• FATS AND FIXED OILS (401), Procedures,

Saponification Value: 178-193
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 1.5%
• REFRACTIVE INDEX (831): 1.465-1.467 at 400

NF 38

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

avoid contact with metals. Fill to the top or flush partially
filled containers with nitrogen. No storage requirements
specified.

• LABELING: Label it to indicate the name and concentration
of any added antioxidant.

Caprylic Acid

CaH160 z 144.21
Octanoic acid;
1-Heptanecarboxylic acid [124-07-2].

DEFINITION
Caprylic Acid contains NLT 99.0% of caprylic acid (CaH160 z),

calculated on the anhydrous basis.

IDENTIFICATION

• B. -The retention time of the major peak of the Sample
solutioncorresponds to that of the Standard solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Standard solution: 10 mg/mL of USP Caprylic Acid RS in
ethyl acetate

Sample solution: 10 mg/mL of Caprylic Acid in ethyl
acetate . .

System suitability solution: 10 J.lg/mL of Caprylic Acid in
ethyl acetate, prepared from the Sample solution

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-cm fused silicacapillary column

bonded with a 0.25-J.lm layer of phaseG25
Temperatures

Detector: 2500

Injection port: 2500

Column: See Table 7.

Table 1

Hold TIme
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

100 - 100 1

100 5 220 10

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 1 J.lL
Injection type: Split injection. The split ratio is about

1:100.
System suitability

Samples: Standard solutionand System suitabilitysolution
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Suitability requirements
Relative standard deviation: NMT 2.0%, Standard

solution
Signal-to-noise ratio: NLT 5 for the major peak, System

suitability solution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of caprylic acid (CSH 160Z) in the

portion of Caprylic Acid taken:

Result =(r vir s) x (C siC v) x 100

r v = peak response of caprylic acid from the Sample
solution

r s =peal< response of caprylic acid from the Standard
solution

Cs = concentration of USPCaprylic Acid RS in the
Standardsolution (mg/mL)

Cv = concentration of Caprylic Acid in the Sample
solution (mg/mL)

Acceptance criteria: NLT99.0% on the anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF RELATED LINEAR AND BRANCHED ALKYL

CARBOXYLIC ACIDS, RELATED ESTERS, CYCLIC ESTERS AND
KETONE

Standard solution, System suitability solution, Sample
solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.

Analysis
Sample: Sample solution

Calculate the percentage of each impurity in the portion
of Caprylic Acid taken:

Result = (r vir T) x 100

r u = peak response of each individual impurity in the
Sample solution

r T =sum of all the peaks except the.peak due to
solvent and peaks below the Disregard limit (see
Table 2) in the Sample solution

Acceptance criteria: See Table 2.
Disregard any peakwith an area less than 0.5 times the area

of the major peak from the System suitability solution.

Table 2
Percentage

Impurity (0/0)

Eachindividual NMTO.3

Total NMTO.5

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS TEST (85): The level of bacterial

endotoxins is such that the requirement in the relevant
dosage form monograph(s) in which Caprylic Acid is used
can be met. Where the label states that Caprylic Acid must
be subjected to further processing during the preparation
of injectable dosage forms, the level of bacterial endotoxins
is such that the requirement in the relevant dosage form
monograph(s) in which Caprylic Acid is used can be met.

• FATS~ND FIXED OILS, Peroxide Value (401): NMT 10.0
• WATER DETERMINATION, Method la (921): NMT 0.7%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at room temperature.

OfficialMonographs / Caprylocaproyl 5665

• LABELING: Where CaprylicAcid must be subjected to further
processing during the preparation of injectable dosage
forms to ensure acceptable levels of bacterial endotoxins, it
is so labeled.

• USP REfERENCE STANDARDS (11)
Lisp Caprylic Acid RS

Caprylocaproyl Polyoxylglycerides

FormerTitle: Caprylocaproyl Macrogolglycerides

DEFINITION
Caprylocaproyl Polyoxylglycerides is a mixture of monoesters,

diesters, and triesters of glycerol and monoesters and diesters
of polyethylene glycols. The polyethylene glycols used have a
mean molecular weight between 200 and 400. It is produced
by partial alcoholysis of medium-chain triglycerides with
polyethylene glycol, by esterification of glycerol and
polyethylene glycol with caprylic acid and capric acid, or as a
mixture of glycerol esters and ethylene oxide condensate
with caprylic acid and capric acid. It may contain free
polyethylene glycols.

I~ENTIFICATION

• B~ THIN-LAYERCHROMATOGRAPHIC IDENTIFICATION TEST
. (201)
Standard solution: 50 mg/mL of USP Caprylocaproyl

Polyoxylglycerides RS in methylene chloride
Sample solution: 50 mg/mL of Caprylocaproyl

Polyoxylglycerides in methylene chloride
Application volume: 50 I-IL
Developing solvent system: Ether and hexanes (7:3)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis

Samples: Standardsolutionand Sample solution
Proceed as directed in the chapter. Then spray the plate

with Sprayreagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The RF values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

• C. It meets the requirements of the test for Fats and Fixed
Oils(401), FattyAcidComposition.

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT

0.1%
• ALKALINE IMPURITIES

Sample: 5.0 9 of Caprylocaproyl Polyoxylglycerides
Analysis: To the Sample add 10 mL of alcohol and 0.05 mL

of bromophenol blue TS, and mix well. Titrate with 0.01 N
hydrochloric acid VS to change the color to yellow.

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric
acid is required.

• LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE
Analysis: Proceed as directed in Ethylene Oxideand Dioxane

(228), Method I.
Acceptance criteria

Ethylene oxide: NMT 1 I-Ig/g
Dioxane: NMT 10 I-Ig/g

• LIMIT OF FREE GLYCEROL
Sample: 1.20 9
Blank: 25 mL of methylene chloride
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• FATS AND FIXED OILS, Hydroxyl Value (401): The hydroxyl
value iswithin the range specified in Table 2 for the labeled
type, when determined on a 1.0-g specimen.

Table 2

• FATS AND FIXED OILS, Iodine Value (401): NMT 2.0
• FATS.AND FIXED OILS, Peroxide Value (401): NMT 6.0,

determined on a 2.0-g specimen
• FATS AND FIXED OILS, Saponification Value (401): The

saponification value iswithin the range specified in Table 3
for the labeled type, determined on a 2.0-g specimen.

Ethylene Oxide Units
Type of Hydroxylper Molecule

(Nominal Value) Polyethylene Glycol Value

4 200 80-120

6 300 140-180

8 400 170-205

Ethylene Oxide Type of
SaponificationUnits per Molecule Polyethylene

(Nominal Value) Glycol Value

4 200 265-285

6 300 170-190

8 400 85-105

DEFINITION
Caramel is a concentrated solution of the product obtained by

heating sugar or glucose until the sweet taste is destroyed
and a uniform dark brown mass results, a small amount of
alkali or of alkaline carbonate or a trace of mineral acid being
added while heating.

[NoTE-Where included in articles for coloring purposes,
Caramel complies with the regulations of the FDA
concerning color additives (21 CFR 73.85, caramel).]

IMPURITIES
• ARSENIC, Method /I (211): NMT 3 ppm
• LEAD (251): NMT 10 ppm
• ASH: It swellswhen incinerated, and forms a coke-like

charcoal that burns off only after prolonged heating at a
high temperature. It yields NMT 8.0% of ash.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): Meets the requirements
of the tests for absence of Salmonella speciesand
Escherichia coli

• SPECIFIC GRAVITY (841): NLT 1.30
• PURITY: The addition of 0.5 mL of phosphoric acid to 20 mL

of a solution (1 in 20) produces no precipitate.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Caramel

• WATER DETERMINATION, Method 1(921): NMT 1.0%,
determined on a 1.0-g specimen. Useas the solvent
anhydrous pyridine or a mixture of methylene chloride and
anhydrous methanol (7:3).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at controlled room
temperature.

• LABELING: Label it to indicate the type and the average
nominal molecular weight of polyethylene glycol used, or
to indicate the number of ethylene oxide units per molecule
(nominal value), as part of the official title.

• USP REFERENCE STANDARDS (11)
USP Caprylocaproyl Polyoxylglycerides RS

Table 3

Caraway
DEFINITION
Caraway is the dried, ripe fruit of Carum carvi L. (Fam.

Apiaceae).

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements

~1.0

~2.0

S3.0

20.0-50.0

50.0-80.0

Percentage
(%)

o

o

o

o

o

Table 1
Number of

Double Bonds

8

6

10

12

14

Carbon-Chain
length

Periodic acetic acid solution: Dissolve0.446 g of sodium
periodate in 2.5 mL of a 25% (v/v) solution of sulfuric acid,
and dilute with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mL of potassium iodide
Titrimetric system

(See Titrimetry (541).)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate

Analysis: Dissolve the Sample in 25 mL of methylene
chloride, heating if necessary. Cool, and add 100 mL of
water and 25.0 mL of Periodic aceticacidsolution. Shake,
and allow to stand for 30 min. Add 40 mL of Potassium
iodide solution, and allow to stand for 1 min. Add 1 mL of
starch TS, and titrate the liberated iodine with Titrant.
Perform a blank determination.
Calculate the percentage of free glycerol in the portion of

Caprylocaproyl Polyoxylglycerides taken:

Result= [(VB - Vs) x N x Ex F/Wj x 100

V B =Titrant volume consumed by the Blank (mL)
Vs =Titrant volume consumed by the Sample (mL)
N =actual normality of the Titrant (mEq/mL)
E = equivalency factor for glycerol, 23 mg/mEq
F = unit conversion factor, 10-3 g/mg
W = Sample weight taken for the titration (g)

Acceptance criteria: NMT 5.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 2.0,

determined on a 2.0-g specimen
• FATS AND FIXED OILS, FattyAcidComposition (401):

Caprylocaproyl Polyoxylglycerides exhibit the composition
profile of fatty acids shown in Table 7,asdetermined in the
section FattyAcidComposition under Fats and Fixed Oils
(401).
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SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic
Unground Caraway: Separatemericarps about 4-7 mm in

length and 1-2 mm in diameter. The mericarp isoblong,
curved, and tapers toward the base and apex, to which
halfof the stylopodium isattached. Externally, it isdark
brown to weak brown and showsfive lighter-colored,
filiform, primaryribs, between each pairof which a
secondary rib occurs on the dorsalsurface.

Powdered Caraway: Moderateyellowish brown to light
olive brown

Microscopic
Unground Caraway: The mericarp is nearlyequilaterally

pentagonal in transversesection and shows a
fibrovascular bundle in each primary rib.The epicarp
consists of tabular polygonal epidermalcells with thick
outer walls possessing a striated cuticleand with
occasional stomata. The mesocarp, located between
primary rib regions, iscomposed ofcollapsed, thin-walled
parenchyma normally bearing four dorsalvittae in the
intervals and two commissural vittae and sometimesone
or more additionalvittae.Theendocarp consists of broad,
slightly undulate, inner epidermalcrosscells that are
coherent with the collapsed cells of the spermoderm.The
endosperm consists of thick-walled reserve parenchyma
containing fixed oil and aleurone grains up to 10 IJm in
diameter, the latterwith embedded rosette aggregates of
calcium oxalate up to 4 IJm in diameter. An embryo is
embedded in the upper end of the endosperm.

Powdered Caraway: It showsfragments of the epicarp
with striped cuticle, numerous polyhedral endosperm
cells containing aleurone grainswith embedded rosette
aggregates of calcium oxalate, few fragments of slightly
lignified fibersandspiral vessels, fragments of crosscells
ofendocarp, orange to yellow fragments of vittae,and no
reticulate parenchyma.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysis,
Fo(eign OrganicMatter..<,NMT 3.0% .

• ARTICLES OF BOTANICAL ORIGIN (561), Methods ofAnalysIs,
Acid-Insoluble Ash: NMT 1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Preserve against attack by insects.
• LABELING: The labelst-ates the Latin binomial and, followtnq

the official name, the partes) of the plant contained in the
article.

Caraway Oil

DEFINITION
CarawayOil is the volatile oildistilled from the dried, ripe

fruitof Carum carviL.(Fam. Apiaceae). Itcontains NLT 50.0%
of d-carvone (ClOH140).

ASSAY
• PROCEDURE

Sample: 10 mL of Caraway Oil
Analysis: Transfer the Sample to a cassia flask, and add

50 mL ofa saturated solutionofsodiumsulfite that hasbeen
made neutral to 2 drops of phenolphthaleinTS by means
of a saturated sodium bisulfite solution. Heat the flask in
boiling water, and shake it repeatedly, neutralizing the
mixturefrom time to time by adding a few drops of the
saturated sodium bisulfite solution.When no coloration
appears upon the addition of a few more drops of
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phenolphthalein TS and heating for 15 min, cool the
mixture to room temperature. When the liquids have
separated more completely, add a sufficient volume of the
saturated sodium bisulfite solution to raise the lower level
of the oilylayerto the graduated portionof the neckof the
flask.

Acceptance criteria: The volumeofthe residual oilyliquid
does not exceed 5 mL, indicating the presence of NLT
50.0% of d-carvone (C1oH140 ) in the portion of Oil taken.

SPECIFIC TESTS
• SOLUBILITY IN 80% ALCOHOL: One volumedissolves in 8

volumes of 80% alcohol.
• SPECIFIC GRAVITY (841): 0.900-0.910
• OPTICAL ROTATION, AngularRotation (781A): +70° to +80°
• REFRACTIVE INDEX (831): 1.484-1.488 at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant source from which
the article was derived.

Carbomer 934

DEFINITION
Carbomer 934 is a high molecular weight polymerof acrylic

acid cross-linked with allyl ethers of sucrose. Carbomer 934,
previously dried under vacuum at 80° for 1 h, contains NLT
56.0% and NMT 68.0% of carboxylic acid (-COOH)groups.
The viscosity of a neutralized 0.5% aqueous dispersion of
Carbomer 934 is between 30,500 and 39,400 mPa· s.

IDENTIFICATION
• A. .

Sample dispersion: 10 mg/mL
Analysis1: To one portion of the Sample dispersion add

thymol blue TS.
Acceptance criteria 1: An orange color is produced.
Analysis 2: To another portion of the Sample dispersion add

cresol red TS.
Acceptance criteria 2: Ayellow color is produced.

• B.
Sample dispersion: 10 mg/mL
Analysis: Adjustthe Sample dispersion with 1 N sodium

hydroxide to a pH of 7.5.
Acceptance criteria: Averyviscous gel is produced.

ASSAY
• CARBOXYLIC ACID CONTENT

Sample: 400 mg, previously, dried
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1OOO-mLbeaker, whilestirring continuously at about
1000 rpm, with the stirrershaft set at the side of the beaker
at an angle of 60° and with the propellerpositioned near
the bottom of the beaker. Continue stirring for 15 min.
Reduce the stirringspeed, and titrate potentiometrically
with Titrant. After each addition of Titrant allow1 min for
mixing before recording the pH.
Calculatethe carboxylic acid content as a percentage of

carboxylic acid groups:
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Result =[(V x NIW) x f] x 100

V =Titrantvolumeconsumed (mL)
N =actual normality of the Titrant (mEq/mL)
W =Sample weight (mg)
F =equivalency factor for the carboxylic acid

(-COOH) group, 45.02 mEq/mg

Acceptance criteria: 56.0%-68.0% on the dried basis

IMPURITIES
• LIMIT OFBENZENE

Standard solution: 0.2 mg/mL of benzene in methanol.
Quantitatively dilute this solutionwith organic-free water
(see Residual Solvents (467» to obtain a solution havinga
known concentration of about 1.0 ~g/mL.

Sample solution: Transfer 20 mg of Carbomer 934 to a
1OO-mL volumetric flask. Add 75 mL of sodium chloride
solution (20 mg/mL), and mix by mechanical means until
homogeneous (usually about 30 min). Dilute with sodium
chloride solution (20 mg/mL) to volume, and mix until
homogeneous (usually less than 1 min).This solutionmust
be analyzedwithin 3 h of preparation.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Columns

Guard: 0.53-mm x 5-m silica, deactivated with
phenylmethyl siloxane

Analytical: 0.53-mm x 30-mfused silica, coated with
3.0-~m G43 stationaryphase

Temperatures
Injection port: 140° I

Detector: 260°
Column: See Table 7.

Table 1
Hold Time

Initial Temperature Final at FinalTern-
Temperature Ramp Temperature perature

e) e/min) e) - (min)

40 - 40 20

40 Rapidly 240 20

Carrier gas: Helium
Linear velocity:· 35{.mls
Injection volume: 1 ~L

Injection type: Splitless
System suitability

Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 15%
Analysis

Samples: Standard solution and Sample solution
Calculatethe percentage of benzene in the portion of

Carbomer 934 taken:

Result = (r ulr s) x (CsiC u) x 100

=peak responseof benzene from the Sample
solution

= peak responseof benzene from the Standard
solution

=concentrationof benzene in the Standard solution
(uq/rnl)

=concentration of Carbomer 934 in the Sample
solution (~g/mL) .
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Acceptance criteria: NMT 0.5%

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Drya sample under vacuum at 80° for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITy-RoTATIONAL METHODS (912)
Sample: 2.50 g, dried under vacuumat 80° for 1 h
Titrimetric system

(See Titrimetry (541 ).)
Mode: Directtitration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: pH

Analysis: Carefullyadd the Sample to 500 mL of water in a
1OOO-mL beaker,whilestirring continuously at 1000
±10 rpm, with the stirrershaft set to the side of the beaker
at an angle of 60° and with the propellerpositioned near
the bottom of the beaker. Allow 45-90 s for addition of the
Sample at a uniform rate, being sure that loose aggregates
of powder are broken up, and continue stirring at 1000
± 10 rpm for 15 min. Remove the stirrer, and place the
beakercontaining the dispersion in a 25 ± 0.1° water bath
for 30 min. Insertthe stirrer to a depth necessary to ensure
that air is not drawn into the dispersion, and, whilestirring
at 300 ± 10 rpm, titrate with Titrantto a pHofof 7.3-7.8 by
adding the Titrant belowthe surface. Stirfor 2-3 min until
neutralization iscomplete. Then determine the final pH. If
the pH is less than 7.3, raise it with additionalsodium
hydroxide. Ifit ismore than 7.8, discard the mucilage, and
prepare another, usinga smalleramount of sodium
hydroxide for titration.

Return the neutralized mucilage to the 25° water bath for
1 h. Measurethe pHagain, and makecertain that the
mucilagepHis7.3-7.8. Perform the viscosity determination
without delay to avoidslight viscosity changes that occur
75 min after neutralization.

Equip a suitablerotational viscometer witha spindlehavinga
cylinder1.5 cm in diameter and 0.2 cm high attached to a
shaft 0.3 cm in diameter, the distancefrom the top of the
cylinderto the lowertip of the shaft being 3.02 ern.' The
spindle rotates at 20 rpm at an immersion depth of 4.9 ern,
Follow the instrument manufacturer's directionsto
measure the apparent viscosity.

Acceptance criteria: 30,500-39,400 mPa· s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirementsspecified.
• LABELING: Label it to indicate that it is not intended for

internal use. Acarbomer homopolymermanufactured
using benzene and complying with the unique
requirementsof this monograph will be officially titled
Carbomer 934 and will not be referred to as Carbomer
Homopolymer.

Carbomer 934P

DEFINITION
Carborner934P isa high molecular weight polymerof acrylic

acid, cross-linked with allyl ethers of sucrose or
pentaerythritol. Carbomer934P, previously dried under
vacuum at 80°for 1 h, contains NLT56.0% and NMT 68.0%
of carboxylic acid (-COOH) groups. The viscosity of a

1 Available asan RV6 spindlefrom Brookfield, or the equivalent.
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neutralized 0.5% aqueous dispersion of Carbomer 934P is
between 29,400 and 39,400 mPa· s.

IDENTifiCATION

• A.
Sample dispersion: 10 mg/mL
Analysis 1: To one portion of the Sample dispersion add

thymol blue TS.
Acceptance criteria 1: An orange color is produced.
Analysis 2: To another portion of the Sample dispersion add

cresol red TS.
Acceptance criteria 2: A yellow color is produced.

• B.
Sample dispersion: 10 mg/mL
Analysis: Adjust the Sample dispersion with 1 N sodium

hydroxide to a pH of 7.5.
Acceptance criteria: A very viscous gel is produced.

ASSAY
• CARBOXYLIC ACID CONTENT

Sample: 400 mg, previously dried
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxide VS.
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1OOO-mL beaker, while stirring continuously at about
1000 rpm, with the stirrer shaft set at the side of the beaker
at an angle of 60° and with the propeller positioned near
the bottom of the beaker. Continue stirring for 15 min.
Reduce the stirring speed, and titrate potentiometrically
with Titrant. After each addition of Titrant allow 1 min for
mixing before recording/the pH. .
Calculate the carboxylic acid content asa percentage of

carboxylic acid groups:

Result=[(V x NIW) x FJ x 100

V = Titrant volume consumed (mL)
N = actual normality of the Titrant-(mEq/mL)
W = Sample weight (mg)
F = equivalency factor for the carboxylic acid

(-COOH) group, 45.02 mEq/mg

Acceptance criteria: 56.0%-68.0% on the dried basis

IMPURITIES
• LIMIT OF BENZENE

Standard solution: 0.2 mg/mL of benzene in methanol.
Dilute this solution with organic-free water (seeResidual
Solvents (467» to obtain a solution having a known
concentration of about 1.0 IJg/mL.

Sample solution: Transfer 1 g of Carbomer 934P to a
1OO-ml volumetric flask. Add 75 mL of sodium chloride
solution (20 mg/mL), and mix by mechanical means until
homogeneous (usually about 30 min). Dilute with sodium
chloride solution (20 mg/mL) to volume, and mix until
homogeneous (usually less than 1 min). This solution must
be analyzed within 3 h of preparation.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Columns

Guard: 0.53-mm x 5-m silica, deactivated with
phenylmethyl siloxane

Analytical: 0.53-mm x 30-m fused silica, coated with
3.0-lJm G43 stationary phase
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Temperatures
Injection port: 140°
Detector: 260°
Column: See Table 1.

Table 1

Hold Time
Initial Temperature Final at Final Temper-

Temperature Ramp Temperature aturee) elm in) e) (min)

40 - 40 20

40 Rapidly 240 20

Carrier gas: Helium
linear velocity: 35 cm/s
Injection volume: 1 IJL
Injection type: Splitless

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 15%
Analysis

Samples: Standqrd solutionand Sample solution
Calculate the percentage of benzene in the portion of

Carbomer 934P taken:

Result =(r ulr s) x (C siC u) x 100

r u =peak response of benzene from the Sample
solution

r s =peak response of benzene from the Standard
solution

C s = concentration of benzene in the Standard solution
(lJg/mL)

C u =concentration of Carbomer 934P in the Sample
solution (lJg/mL)

Acceptance criteria: NMT 0.01%

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry a sample under vacuum at 80° for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITY-ROTATIONAL METHODS (912)
Sample: 2.50 g, dried under vacuum at 80° for 1 h
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: pH

Analysis: Carefully add the Sample to 500 mL of water in a
1OOO-mL beaker, while stirring continuously at 1000
± 10 rpm, with the stirrer shaft set to the side of the beaker
at an angle of 60° and with the propeller positioned near
the bottom of the beaker.Allow 45-90 sfor addition of the
Sample at a uniform rate, being sure that loose aggregates
of powder are broken up, and continue stirring at 1000
± 10 rpm for 15 min. Removethe stirrer, and place the
beaker containing the dispersion in a 25 ± 0.1° water bath
for 30 min. Insert the stirrer to a depth necessary to ensure
that air is not drawn into the dispersion, and while stirring
at 300 ± 10 rpm, titrate with Titrant to a pH of 7.3-7.8 by
adding the Titrant below the surface. Stir for 2-3 min until
neutralization is complete. Then determine the final pH. If
the pH is less than 7.3, raise it with additional sodium
hydroxide. If it is more than 7.8, discard the mucilage, and
prepare another, using a smaller amount of sodium
hydroxide for titration.
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Return the neutralized mucilage to the 25° water bath for
1 h. Measure the pH again, and make certain that the
mucilaqe pH is 7.3-7.8. Perform the viscosity
determination without delay to avoid slight viscosity
changes that occur 75 min after neutralization.

Equip a suitable rotational viscometer with a spindle
having a cylinder 1.5 cm in diameter and 0.2 cm high
attached to a shaft 0.3 cm in diameter, the distance from
the top of the cylinder to the lower tip of the shaft being
3.02 em.' The spindle rotates at 20 rpm at an immersion
depth of 4.9 cm. Follow the instrument manufacturer's
directions to measure the apparent viscosity.

Acceptance criteria: 29,400-39,400 mPa . s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers: No

storage requirements specified.
• LABELING: A carbomer homopolymer manufactured using

benzene and complying with the unique requirements of
this monograph will be officially titled Carbomer 934P and
will not be referred to as Carbomer Homopolymer.

Carbomer 940

DEFINITION
Carbomer 940 is a high molecular weight polymer of acrylic

acid cross-linked with allyl ethers of pentaerythritol. -,
Carbomer 940, previously dried under vacuum at 80° for 1 h,
contains NLT 56.0% and NMT 68.0% of carboxylic acid
(-COOH) groups. The viscosity of a neutralized 0.5%
aqueous dispersion of Carborner 940 is between 40,000 and
60,000 mPa . s.

IDENTI'FICATION
• A.

Sample dispersion: 10 mg/mL
Analysis 1: To one 'pqrtion of the Sample dispersion add

thymol blue TS. '
Acceptance criteria 1: An orange color is produced.
Analysis 2: To another portion of the Sample dispersion add

cresol red TS.
Acceptance criteria 2: A yellow color is produced.

• B.
Sample dispersion: 10 mg/mL
Analysis: Adjust the Sample dispersion with 1 N sodium

hydroxide to a pH of 7.5.
Acceptance criteria: A very viscous gel is produced.

ASSAY
• CARBOXVLlC ACID CONTENT

Sample: 400 mg, previously dried
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1OOO-mL beaker, while stirring continuously at about
1000 rpm, with the stirrer shaft set at the side of the beaker

, at an angle of 60° and with the propeller positioned near
the bottom of the beaker. Continue stirring for 15 min.
Reduce the stirring speed, and titrate potentiometrically
with Titrant. After each addition of Titrantallow 1 min for
mixing before ,recording the pH.

1 Available as an RV6 spindle from Brookfield, or the equivalent.
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Calculate the carboxylic acid content as a percentage of
carboxylic acid groups:

Result=[(V x N/W) x f] x 100

V, =Titrantvolume consumed (mL)
N =actual normality of the Titrant (mEq/mL)
W =Sample weight (mg)
F =equivalency factor for the carboxylic acid

(-COOH) group, 45.02 mEq/mg

Acceptance criteria: 56.00/0-68.0% on the dried basis

IMPURITIES
• LIMIT OF BENZENE

Standard solution: 0.2 mg/mL of benzene in methanol.
Dilute this solution with organic-free water (see Residual
Solvents (467» to obtain a solution having a known
concentration of about 1.0 IJg/mL.

Sample solution: Transfer 20 mg of Carbomer 940 to a
1OO-mL volumetric flask. Add 75 mL of sodium chloride
solution (20 mg/mL), and mix by mechanical means until
homogeneous (usually about 30 min). Dilute with sodium
chloride solution (20 mg/mL) to volume, and mix until
homogeneous (usually less than 1 min). This solution must
be analyzed within 3 h of preparation.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Columns

Guard: 0.53-mm x 5-m silica, deactivated with
phenylmethyl siloxane

Analytical: 0.53-mm x 30-m fused silica, coated with
3.0-lJm G43 stationary phase

Temperatures
Injection port: 140°
Detector: 260°
Column: See Table .7.

Table 1
Hold Time

Initial Temperature Final at Final Temper-
Temperature Ramp Temperature ature

e) elmin) e) (min)

40 - 40 20

40 Rapidly 240 20

Carrier gas: Helium
Linear velocity: 35 cm/s
Injection volume: 1 IJL
Injection type: Splitless

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation:' NMT 15%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of benzene in the portion of

Carbomer 940 taken: '

Result= (r u/r s) x (C siC u) x 100

r u = peak response of benzene from the Sample
solution

r s = peak response of benzene from the Standard
. solution .

C s =concentration of benzene in the Standard solution
(lJg/mL)
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C u =concentration of Carbomer 940 in the Sample
solution (pq/rnl)

Acceptance criteria: NMT 0.5%

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry a sample under vacuum at 80° for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITy-RoTATIONAL METHODS (912) .
Sample: 2.50 g, dried under vacuum at 80° for 1 h
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: pH .

Analysis: Carefully add the Sample to 500 mL of water in a
1OOO-mL beaker, while stirring continuously at 1000
± 10 rpm, with the stirrer shaft set to the side of the beaker
at an angle of 60° and with the propeller positioned near
the bottom of the beaker. Allow 45-90 s for addition of the
Sample at a uniform rate, being sure that loose aggregates
of powder are broken up, and continue stirring at 1000
± 10 rpm for 15 min. Remove the stirrer, and place the
beaker containing the dispersion in a 25 ± 0.1° water bath
for 30 min. Insert the stirrer to a depth necessary to ensure
that air is not drawn into the dispersion, and, while stirring
at 300 ± 10 rpm, titrate with Titrant to a pH of 7.3-7.8 by
adding the Titrant below the surface. Stir for 2-3 min until
neutralization is complete. Then determine the final pH. If
the pH is less than 7.3, raise it with additional sodium
hydroxide. If it is more than 7.8, discard the mucilage, and
prepare another, using a smaller amount of sodium
hydroxide for titration.
Return the neutralized mucilage to the 25° water bath for

1 h. Measure the pH again, and make certain that the
mucilage pH is 7.3-7.8. Perform the viscosity
determination without delay to avoid slight viscosity
changes that occur t5 min after neutralization.

Equip a suitable rotational viscometer with a spindle
having ashaft about 0.3 cm in diameter, the distancefrom
the top of the shaft to the lower tip of the shaft being
5.0 ern.' The spindle rotates at 20 rpm at an immersion
depth of 5.5 cm. Follow the instrument manufacturer's
directions to measure the apparent viscosity.

Acceptance criteria: 40,000-60,000 mPa· s
'. ,..

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: Label to indicate that it is not intended for

internal use. A carbomer homopolymer manufactured
using benzene and complying with the unique
requirements of this monograph will be officially titled
Carbomer 940 and will not be referred to as Carbomer
Homopolymer.

Carbomer 941

DEFINITION
Carbomer 941 is a high molecular weight polymer of acrylic

acid cross-linked with allyl ethers of pentaerythritol.
Carbomer 941, previously dried under vacuum at 80° for 1 h,
contains NLT 56.0% and NMT 68.0% of carboxylic acid

1 Available as an RV7 spindle from Brookfield, or the equivalent.
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(-COOH) groups. The viscosity of a neutralized 0.5%
aqueous dispersion of Carbomer 941 is between 4000 and
11,000 rnf'a-s.

IDENTIFICATION
• A•.

Sample dispersion: 10 mg/mL
Analysis 1: To one portion of the Sample dispersion add

thymol blue TS.
Acceptance criteria 1: An orange color is produced.
Analysis 2: To another portion of the Sample dispersion add

cresol red TS,.
Acceptance criteria 2: A yellow color is produced.

• B.
Sample dispersion: 10 mg/mL
Analysis: Adjust the Sample dispersion with 1 N sodium

hydroxide to a pH of 7.5.
Acceptance criteria: A very viscous gel is produced.

ASSAY
• CARBOXYLIC ACID CONTENT

Sample: 400 mg, previously dried
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1OOO-mL beaker, while stirring continuously at about
1000 rpm, with the stirrer shaft set at the side of the beaker
at an angle of 60° and with the propeller positioned near
the bottom of the beaker. Continue stirring for 15 min.
Reduce the stirring speed, and titrate potentiometrically
with Titrant. After each addition of Titrant allow 1 min for
mixing before recording the pH.
Calculate the carboxylic acid content asa percentage of

carboxylic acid groups:

Result= [(V x N/W) x f] x 100

V = Titrant volume consumed (mL)
N =actual normality of the Titrant (mEq/mL)
W =Sample weight (mg)
F = equivalency factor for the carboxylic acid

(-COOH) group, 45.02 mEq/mg

Acceptance criteria: 56.0%-68.0% on the dried basis

IMPURITIES
• LIMIT OF BENZENE

Standard solution: 0.2 mg/mL of benzene in methanol.
Dilute this solution with organic-free water (see Residual
Solvents (467» to obtain a solution having a known
concentration of about 1.0 IJg/mL.

Sample solution: Transfer 20 mg of Carbomer 941 to a
1OO-mL volumetric flask. Add about 75 mL of sodium
chloride solution (20 mg/mL), and mix by mechanical
means until homogeneous (usually about 30 min). Dilute
with sodium chloride solution (20 mg/mL) to volume, and
mix until homogenous (usually less than 1 min). This
solution must be analyzed within 3 h of preparation.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Columns

Guard: 0.53-mm x 5-m silica, deactivated with
phenyl methyl siloxane

Analytical: 0.53-mm x 30-m fused silica, coated with
3.0-lJm G43 stationary phase
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Temperatures
Injection port: 140°
Detector: 260°
Column: See Table 1.

Table 1

Hold Time
Initial Temperature Final at Final Temper-

Temperature Ramp Temperature ature
e) e/min) e> (min)

40 - 40 20

40 Rapidly 240 20

Carrier gas: Helium
linear velocity: 35 cm/s
Injection volume: 1 IJL
Injection type: Splitless

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 15%
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of benzene in the portion of

Carbomer 941 taken:

Result =(r vir s) x (C siC v) x 100

r u =peak response of benzene from the Sample
solution

r s. =peak response of benzene from the Standard
solution

C s =concentration of benzene inthe Standard solution
(lJg/mL)

Cu' =concentration of Carbomer 941 in the Sample
solution (uq/rnl) - .

Acceptance criteria: _.~MT 0.5%

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dry a sample under vacuum at 80°for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITY-RoTATIONAL METHODS (912)
Sample: 2.50 g, dried under vacuum at 80°for 1 h
Titrimetric system

(See Titrimetry (541).)-
Mode: Directtitration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: pH

Analysis: Carefully add the Sample to 500 mL of water in a
1OOO-mL beaker, whilestirringcontinuously at 1000
± 10 rpm, with the stirrershaft set to the sideof the beaker
at an angle of 60° and with the propeller positioned near
the bottom of the beaker.Allow 45-90 sfor addition of the
Sample at a uniform rate, being sure that looseaggregates
of powder are broken up, and continue stirring at 1000
± 10 rpm for 15 min. Remove the stirrer, and place the
beakercontaining the dispersion in a 25 ± 0.1° water bath
for 30 min. Insertthe stirrer to a depth necessary to ensure
that air is not drawn into the dispersion, and whilestirring
at 300 ± 10 rpm, titrate with Titrant to a pHof 7.3-7.8 by
adding the Titrant belowthe surface. Stirfor 2-3 min until
neutralization is complete. Then determine the final pH. If
the pH is less than 7.3, raise it with additional sodium
hydroxide. If it is more than 7.8, discard the mucilage, and
prepare another, using a smaller amount of sodium
hydroxide for titration.
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Return the neutralized mucilageto the 25° water bath for
1 h. Measurethe pHagain, and make certain that the
mucilage pH is 7.3-7.8. Perform the viscosity
determination without delay to avoid slight viscosity
changes that occur 75 min after neutralization.

Equip a suitable rotational viscometerwith a spindle
having a disk about 2.1 cm in diameter and 0.2 cm high,
attached to a shaft 0.3 cm in diameter, the distancefrom
the top of the disk to the lowertip of the shaft being
2.7 ern.' The spindle rotates at 20 rpm at an immersion
depth of 4.9 em. Follow the instrument manufacturer's
directionsto measurethe apparent viscosity.

Acceptance criteria: 4,000-11,000 mPa. s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: Label it to indicate that it is not intended for

internal use. Acarbomer homopolymer manufactured
using benzene and complying with the unique
requirements of this monograph will be officially titled
Carbomer 941 and will not be referred to as Carbomer
Homopolymer.

Carbomer 1342

DEFINITION
Carbomer 1342 isa high molecularweight copolymerof

acrylic acid and a long-chain alkyl methacrylatecross-linked
with allyl ethers of pentaerythritol. Carbomer 1342,
previously dried under vacuum at 80° for 1 h, contains NLT
52.0% and NMT 62.0% ofcarboxylic acid (-COOH) groups.
The viscosity of a neutralized 1.0% aqueous dispersion of
Carbomer 1342 is between 9500 and 26,500 centipoises.

IDENTIFICATION
• A.

Sample dispersion: 10 mg/mL
Analysis1: To one portion of the Sample dispersion add

thymol blue TS.
Acceptance criteria 1: An orange color is produced.
Analysis2: To another portion of the Sample dispersion add

cresol red TS. .
Acceptance criteria 2: Ayellowcolor is produced.

• B.
Sample dispersion: 10 mg/mL .
Analysis: Adjust the Sample dispersion with 1 N sodium

hydroxide to a pH of 7.5.
Acceptance criteria: Averyviscous gel is produced.

ASSAY
• CARBOXYLIC ACID CONTENT

Sample: 400 mg, previously dried
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxideVS
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1OOO..mL beaker,whilestirring continuouslyat about
1000 rpm, with the stirrershaft set at the side of the beaker
at an angle of 60° and with the propellerpositioned near
the bottom of the beaker. Continue stirring for 15 min.
Reduce the stirring speed, and titrate potentiometrically

, Available asan RV5 spindlefrom Brookfield, or the equivalent.
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with Titrant. After each addition of Titrant, allow 1 min for
mixing before recording the pH.
Calculate the carboxylic acid content as a percentage of

carboxylic acid groups:

Result= [(V x N/W) x FJ x 100

V =Titrant volume consumed (ml)
N =actual normality of the Titrant (mEq/ml)
W =Sample weight (mg)
F =equivalency factor for the carboxylic acid

(-COOH) group, 45.02 mEq/mg

Acceptance criteria: 52.0%-62.0% on the dried basis

IMPURITIES
• LIMIT OF BENZENE

Standard solution: 0.2 mg/mL of benzene in methanol.
Dilute this solution with organic-free water (see Residual
Solvents (467» to obtain a solution having a known
concentration of about 1.0 IJg/mL.

Sample solution: Transfer 50 mg of Carbomer 1342 to a
1OO-mL volumetric flask. Add 75 mL of sodium chloride
solution (20 mg/mL), and mix by mechanical means until
homogeneous (usually about 30 min). Dilute with sodium
chloride solution (20 mg/mL) to volume, and mix until
homogeneous (usually lessthan 1 min). This solution must
be analyzed within 3 h of preparation.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Columns

Guard: 0.53-mm x 5-m silica, deactivated with
phenyl methyl slloxane

Analytical: 0.53-mm x 30-m fused silica, coated with
3.0-lJm G43 stationary phase

Temperatures
Injection port: 140°
Detector: 260°' -,
Column: See Table 7.

Table 1
Hold Time

Initial Temperature Final at Final Temper-
Temperature Ramp Temperature ature

CO) (-P;min) (0) (min)

40 7:'""".'" 40 20

40 Rapidly 240 20

Carrier gas: Helium
linear velocity: 35 cm/s
Injection volume: 1 IJL
Injection type: Splitless

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 15%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of benzene in the portion of

Carbomer 1342 taken:

Result=(r ulr s) x (C siC u) x 100

r u =peak response of benzene from the Sample
solution .

r s =peak response of benzene from the Standard
solution
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=concentration of benzene in the Standard solution
(lJg/mL)

=concentration of Carbomer 1342 in the Sample
solution (pq/rnl)

Acceptance criteria: NMT 0.2%

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dry a sample under vacuum at 80° for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITY-RoTATIONAL METHODS (912)
Sample: 5.00 g, dried under vacuum at 80° for 1 h
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: pH

Analysis: Carefully add the Sample to 500 mL of water in a
1OOO-mL beaker, while stirring continuously at 1000
± 10 rpm, with the stirrer shaft set to the side of the beaker
at an angle of 60° and with the propeller positioned near
the bottom of the beaker. Allow 45-90 sfor addition of the
sample at a uniform rate, being sure that loose aggregates
of powder are broken up, and continue stirring at 1000
± 10 rpm for 15 min. Insert the stirrer to a depth necessary
to ensure that air isnot drawn into the dispersion, and while
stirring at 300 ± 10 rpm, titrate with Titrant to a pH of 7.3
7.8 by adding the Titrant below the surface.Stir for 2-3 min
until neutralization is complete. Then determine the final
pH. If the pH is less than 7.3, raise it with additional sodium
hydroxide. If it is more than 7.8, discard the mucilage, and
prepare another, using a smaller amount of sodium
hydroxide for titration.
Return the neutralized mucilage to the 25° water bath for

1 h. Measure the pH again, and make certain that the
mucilage pH is 7.3-7.8. Perform the viscosity
determination without delay to avoid slight viscosity
changes that occur 75 min after neutralization. Equip a
suitable rotational viscometer with a spindle having a
cylinder 1.5 cm in diameter and 0.2 cm high attached to a
shaft 0.3 cm in diameter, the distance from the top of the
cylinder to the lower tip of the shaft being 3.02 ern.' The
spindle rotates at 20 rpm at an immersion depth of
4.9 cm. Follow the instrument manufacturer's directions
to measure the apparent viscosity.

Acceptance criteria: 9500-26,500 centipoises

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label to indicate that it is not intended for

internal use. A carbomer copolymer manufactured using
benzene and complying with the unique requirements of
this monograph will be officially titled Carbomer 1342 and
will not be referred to as Carbomer Copolymer.

Carbomer Copolymer
DEFINITION
Carbomer Copolymer is a high molecular weight copolymer

of acrylic acid and a long-chain alkyl methacrylate
cross-linked with allyl ethers of polyalcohols.
[NOTE-The heading of this monograph does not

constitute the official title for a Carbomer Copolymer

1 Available as an RV6 spindle from Brookfield, or the equivalent.

www.webofpharma.com

https://nhathuocngocanh.com/



5674 Carbomer / OfficialMonographs NF 38

manufactured with the use of benzene. When benzene
is used in the manufacturing process, the name will be
Carbomer 1342, provided it complies with the existing
requirements in the Carbomer 1342 monograph.]

IDENTIFICATION

Acceptance criteria: 52.0%-62.0%

IMPURITIES
• LIMIT OF ETHYL ACETATE AND CYCLOHEXANE

[NOTE-This test is required onlyfor those Carbomer
Copolymers where the labeling indicates that ethyl
acetate or a mixtureof ethylacetate and cyclohexane
was used in the polymerization process.]

Standard stock solution: Transfer 5.0 mL of methanol to a
1O-.mL serum vial, insert a rubber septum, and sealwith a
metal cap. Add 25.0 I.JL of ethyl acetate and 20.0 I.JL of
cyclohexane through the septum into the vial, and mix."

Standard solution: Transfer 20.0 mL of methanol to a
30.,mL serum vial, insert a rubber septum, and sealwith a
metal cap. Through the rubber septum add 10 I.JL of methyl
ethylketone(internalstandard) and 50.0 I.JL ofthe Standard
stock solution,and mixto obtain a solutioncontaining
0.225 mg of ethyl acetate and 0.156mg of cyclohexane.

Sample solution: Transfer 50 mg of Carbomer Copolymer
to a 30-mL serum vial, add 20.0 mL of methanol, insert a

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

115 - 115 4

115 6 175 5

rubber septum, and sealwith a metal cap. Through the
rubber septum add 10 I.JL of methylethyl ketone, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm x 3-m; packedwith 1% liquid phase

G25 on 60- to 80-meshsupport S12
Temperatures

Detector: 2500

Injection port: 2500

Column: See Table 1.

Table 1

Carrier gas: Helium
Flow rate: 33 mL/min
Injection volume: 2 I.JL

System suitability
Sample: Standard solution

[NoTE-The relative retention times for methyl ethyl
ketone, ethylacetate, and cyclohexaneare about 0.7,
0.9, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between ethyl acetate and

cyclohexane
Relative standard deviation: NMT 2.5%

Analysis
Samples: Standard solutionand Sample solution
Calculatethe percentagesofethylacetate and cyclohexane

in the portion of CarbomerCopolymertaken:

Result =(R viR s) x (W s/W v) x 100

Ru = peakarea ratioof the relevantanalyte peak to the
methylethyl ketone peakfrom the Sample
solution

Rs =peakarea ratioof the relevantanalyte peakto the
methylethyl ketone peakfrom the Standard
solution

W s = weight of ethyl acetate or cyclohexanein the
Standard solution(mg)

W u = weight of CarbomerCopolymertaken to
prepare the Sample solution(mg)

Acceptance criteria
Ethylacetate: NMT 0.5%
Cyclohexane: NMT 0.3%

• LIMIT OF BENZENE
Benzene solution: 1.0 mg/mLof benzene in dimethyl
sulfoxide

Solvent solution: 0.1 I.Jg/mL of Benzene solution in
organic-free water (see Residual Solvents (467),
Identification, Control, and Quantification of Residual
Solvents)

Sodium chloride solution: 20 mg/mL of sodium chloride
Sample solution: Transfer 50 mg of Carbomer Copolymer

to a 1O-mL volumetric flask. Add 7.5 mL of Sodium
chloride solution, and mix by mechanical means until
homogeneous (usually about 30 min).Dilute with Sodium
chloride solution to volume, "and mix until homogeneous
(usually less than 1 min).This solution must be analyzed
within 3 h of preparation.

=Titrant volume consumed by the Sample (mL)
=actual normality of the Titrant (mEq/mL)
=molecularweight of the carboxylic acid(-CaOH)

group, 45~9*
=Sample welqht (mg)

V
N
M,

W

Exhibits main bands at
ornear(±5)wavenumbers cm:i)1710,1454,1414,1245,

1172,1115, and 801, with the strongest band at 1710.
• B.

Sample: 5 g
Analysis: Add the Sample to 500 mL of water, and stir.
Acceptance criteria: Adispersion isformed, with a foam

layerthat persists after the dispersion isallowed to stand at
room temperature for 1 h.

ASSAY
• CONTENTOF CARBOXYLIC ACID

Sample: 400 mg, previously dried under vacuum at 800 for
1 h

Titrirrietric system
(See Titrimetry(541 ).)
Mode: Directtitration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxideVS
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1OOO-mL beaker,whilestirring continually at 1000 rpm.
The stirrershaft is set at an angle of about 60° and to one
side of the.beaker, and the propelleris positioned near the
bottom of the beaker.Continue stirring for 15 min. Reduce
the stirringspeed, and titrate with Titrant. After each
addition of Titrant, allow1 min for mixing before
recording the pH.
Calculate the carboxylic acid content as a percentage of

carboxylic acid groups in the portion of Carbomer
Copolymertaken:

Result =[(V x N x M ,)/Wj x 100
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Standard solution: Transfer 50 mg ofCarbomerCopolymer
to a 1O-mL volumetric flask. Add 7.5 mL of Sodium '
chloride solution, and mix by mechanical means until
homogeneous (usually a~out 39 min).A9d 1.0 ':lLof the
Solvent solution, dilute with Sodium chloride solution to
volume, and mix until homogeneous (usually less than
1 min). This solutioncontains 0.01 IJg/mL of benzene.

Chromatographic system
(See Chromatography (621), SystemSuitability.)
Mode: GC, equipped with a headspace injector
Detector: Flame ionization
Column: 0.53-mm x 30-mfusedsilica; coated with 3.0-lJm

G43 stationary phase
Temperatures

Detector: 250°
Injection port: 140°
Column: See Table 2.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 8-mm x 10-cm; packing L1
Flowrate: 1 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of free acrylic acid in the portion

of Carbomer Copolymertaken:

Result =(rulrs) x (CsIC u) x Fx 100

Acceptance criteria: NMT 0.25%

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dryunder vacuum at 80° for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITY-RoTATIONAL METHODS (912)
Sample: 5.00 g of Carbomer Copolymer, previously dried

under vacuum at 80° for 1 h
Titrimetric system

(See Titrimetry (541 ).) .
Mode: Directtitration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: Potentiometric

Analysis: Carefully add the Sample to 500 mL of water in a
1OOO-mL beaker, whilestirringcontinuously at 1000
± 50 rpm with the stirrershaft set to one side of the beaker
at an angle of 60° and the propellerpositioned near the
bottom of the beaker. The stirrerused isa three-blade,
2-inch-diameter marine impeller. Addthe Sample at a
uniform rate for 45-90 s, being sure that loose aggregates
of powder are broken up, and continue stirring at 1000
± 50 rpm for 15 min. Remove the stirrer, and place the
beakercontaining the dispersion in a 25 ± 0.1°water bath
for 30 min. Insert a paddle stirrer to a depth necessary to
ensure that air is not drawn into the dispersion; and while
stirring at 300 ± 25 rpm, titrate to a pHof 7.3-7.8 byadding
Titrant below the surface. Stir 2-3 min until neutralization
iscomplete. Then determine the final pH. [NOTE-If the pH
isbelow 7.3, raise it with additionalsodium hydroxide. Ifit
is above 7.8, discard the mucilage, and prepare another
batch, using a smalleramount of sodium hydroxide for
titration.]
Return the beaker containing the neutralized mucilageto

the 25 ± 0.1° water bath for 1 h. Measure the pH again,
making certain that it is between 7.3 and 7.8. Using a
rotationalviscometerequipped witha suitablespindleat a
spindle immersiondepth as defined in Table 3, f?erform
the viscosity determination without delay to avoid the
slightviscosity changes that occur 75 min after
neutralization.

Table 2
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

e) e/min) (0) (min)

40 - 40 20

40 10 240 20

Carrier gas: Helium
Flow rate: Linear velocity of 35 cm/s
Split ratio: 5:1
Injection volume: 1 mL (gaseous phase) ,

[NOTE-The following headspace conditions may b~
used: a pressurization time of 30 s and a transfer line
temperature of 90°.] I

Vial temperature: The vials are maintained at 80° for
60 min before headspace injection.

System suitability .
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 15% for three
replicate injections

Analysis
Samples: Standard solution and Sample solution .

Transfer 10.0 mL each of the Standard solution and the
Sample solution to separate headspace vials. Close th~

vials with a tight-Tubber membrane stopper coated with
polytetrafluoroethylene, an9 secure with an aluminum
crimped cap. Shaketo obtain a homogeneous
dispersion. Separately inject the gaseo~s phase of the
Standard solution and the Sample solution.

Acceptance criteria: The benzene peak response from the
Sample solution is NMT halfof that from the Standard
solution, corresponding to NMT 2 IJg/g.

• LIMIT OF ACRYLIC ACID
Mobile phase: Dissolve 6.80 g o! mon,?basic potassium

phosphate in 300 mL ofwater, dilutewith water to 500 mL,
and mix. Dilute 100 mL of this solution with water to 1 ~,

adjust with phosphoric acid to a pH of 3.0 ± 0.1, and mix.
Filter and degas.

Standard solution: 25 IJg/mL of acrylic acid
Sample solution: Transfer 100 mg of Carbomer Copolymer

to a tared serum vial. Add water to obtain 10.0 mL of
solution. Cap the vial, and shake by mechanical means for
2 h. Add 2 drops of sodium hydroxide solution (500.mgl
mL), and shake by hand for 15 s. Add 1.0 mL ?f calcium
chloridesolution (100 mg/mL), and shake until the gel
collapses. Centrifugefor 15 min, and use the clear
supernatant.

·F

=peak response of acrylic acid from the Sample
solution

=peak response of acrylic acid from the Standard
solution

=concentration of acrylic acid in the Standard
solution (lJg/mL)

=concentration of Carbomer Copolymerin the
Sample solution (mg/mL)

=unit conversion, 10-3 mg/lJg
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Table 3 (Carbomer Copolymer)
Viscosity Ranges (mPa • Aa Bb CC Od Ee

s) Spindle No. (em) (em) (em) (em) (em) Multiplier

100-400 1 5.6 2.2 0.3 2.7 6.1 5

400-1600 2 4.7 0.2 0.3 2.7 4.9 20

1000-4000 3 3.5 0.2 0.3 2.7 4.9 50

2000-8000 4 2.7 0.2 0.3 2.7 4.9 100

4000-16,000 5 2.1 0.2 0.3 2.7 4.9 200

10,000-40,000 6 1.5 0.2 0.3 3.0 4.9 500

40,000-160,000 7 - - 0.3 - 5.5 2,000

a Cylinder diameter.
b Cylinder height.
C Shaft diameter.
d Distance from the top of the cylinder to the lower tip of the shaft.
e Spindle immersion depth.

The spindle rotates at 20-rpm. Follow the instrument
manufacturer's directions to measure the apparent
viscosity.

Acceptance criteria: See Table 4.

Table 4
Carbomer Copoly- 1% Viscosity Specification

mer (mPa.s)

A 4,500-13,500

B 10,000-29,000

C , 25,000-45,000

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve-in tight containers, at a

temperature not exceeding 45°.
• LABELING: Ifbenzene has been used in the manufacturing

process, the name of the article will be Carbomer 1342,
provided it complieswith and is labeled inaccordance with
the requirements set forth in that monograph. Ifbenzene
isnot used in the manufacturing process, label it to indicate
whether it isType A, B, or C; and label it to state the
measured viscosity, giving the viscosity measurement
parameters, the concentration of the solution, and the type
of equipment used; the solvent or solvents used in the
polymerization process; and the nominal and residual
solvent levels for each solvent.

Carbomer Homopolymer

DEFINITION
Carbomer Homopolymer is a high molecularweight polymer

of acrylic acid cross-linked with allyl ethers of polyalcohols.
Carbomer Homopolymer, previously dried, contains NLT
56.0% and NMT 68.0% of carboxylicacid (-COOH) groups.
[NoTE-This monograph applies to, but Is not limited to,

Carbomer 934, Carbomer 934P, Carbomer 940, and
Carbomer 941 manufactured without benzene. The
heading of this monograph does not constitute the
official titlefor a Carbomer Homopolymermanufactured
with the use of benzene. When benzene is used in the
manufacturing process, the name of the article will be
Carbomer 934, Carbomer 934P, Carbomer940, or
Carbomer 941, whichever is appropriate.]

IDENTIFICATION

• Exhibits main bands at
or near (±5) wavenumbers (crrr") 1710, 1454, 1414, 1245,
1172, 1115, and 801, with the strongest band at 1710.

• B.
Sample dispersion: 10 mg/mL
Analysis: Adjust the Sample dispersion with 1 N sodium

hydroxide to a pH of 7.5.
Acceptance criteria: A viscousgel is produced.

• C.
Analysis: Add 2 mLof calcium chloride solution (100 mg/

mL), while stirring, to 10 mLof the gel obtained from
Identification test B. .

Acceptance criteria: Awhite precipitate is produced
immediately.

• D.
Sample dispersion: 10 mg/mL
Analysis 1: Add 0.5 mLof thymol blue TS to 10 mLof the

Sample dispersion.
Acceptance criteria 1: An orange color is produced.
Analysis 2: To another 10 mLof the Sample dispersion add

0.5 mLof cresol red TS.
Acceptance criteria 2: Ayellowcolor is produced.

ASSAY
• CONTENT OF CARBOXYLIC ACID

Sample: 400 mg, previously dried under vacuum at 80° for
1 h

Titrimetric system
(See Titrimetry (541).)
Mode: Direct titration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxide VS
Endpoint detection: 'Potentiometric

Analysis: Slowly add the Sample to 400 mLof water in a
1OOO-mL beaker, while stirring continuallyat 1000 rpm.
The stirrer shaft is set at an angle of about 60° and to one
side of the beaker, and the propeller is positioned near the
bottom of the beaker. Continue stirringfor 15 min. Reduce
the stirring speed, and titrate with Titrant. Aftereach
addition of Titrant, allow 1 min for mixing before
recording the pH. ,
Calculate the carboxylic acid content as a percentage of

carboxylic acid groups in the portion of Carbomer
Homopolymer taken:
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Table 1
., Hold Time

Initial Temperature Final at Final
Temperature Ramp.. Temperature Temperature

e) e/min) e) (min)

115 - 115 4

115 6 175 5

Carrier gas: Helium
Flow rate: 33 mL/min
Injection volume: 2 fJL

System suitability
Sample: Standard solution

[NoTE-The relative retention times for methyl ethyl
ketone, ethyl acetate, and cyclohexane are about 0.7,
0.9, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between ethyl acetate and

cyclohexane
Relative standard deviation: NMT 2.5%

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentages of ethyl acetate and cyclohexane

in the portion of Carbomer Homopolymer taken:

Carrier gas: Helium
Flow rate: At a linear velocity of 35 cm/s
Injection type: Split ratio, 5:1
Injection volume: 1 mL (gaseous phase)

[NOTE-The following headspace conditions may be
used: a pressurization time of 30 s and a transfer line
temperature of 90°.]

The vials are maintained at a temperature of 80° for
60 min before headspace injection.

System suitability
Sample: Standard solution

Table 2

Result= (R viR s) x (W slW v) x 100

=peak area ratio of the relevant analyte peak to the
methyl ethyl ketone peak from the Sample
solution

=peak area ratio of the relevant analyte peak to the
methyl ethyl ketone peak from the Standard
solution

=weight of ethyl acetate or cyclohexane in the
Standard solution (mg)

=weight of Carbomer Homopolymer taken to
prepare the Sample solution (mg)

Acceptance criteria
Ethyl acetate: NMT 0.5%
Cyclohexane: NMT 0.3%

• LIMIT OF BENZENE
Benzene solution: 1.0 mg/mL of benzene in dimethyl

sulfoxide
Solvent solution: 0.1 fJg/mL of Benzene solution in

organic-free water (see Residual Solvents (467),
Identification, Control, and Quantification of Residual
Solvents).

Sodium chloride solution: 20 mg/mL of sodium chloride
Standard solution: Transfer 50 mg of Carbomer

Homopolymer to a 1O-mLvolumetric flask. Add 7.5 mL of
Sodium chloride solution, and mix by mechanical means
until homogeneous (usually about 30 min). Add 1.0 mL
of the Solvent solution, dilute with Sodium chloride solution
to volume, and mix until homogeneous (usually less than
1 min). This solution contains 0.01 fJg/mL of benzene.

Sample solution: Transfer 50 mg of Carbomer
Homopolymer to a 10-mL volumetric flask. Add 7.5 mL of
Sodium chloride solution, and mix by mechanical means
until homogeneous (usually about 30 min). Dilute with
Sodium chloride solution to volume, and mix until
homogeneous (usually less than 1 min). This preparation
must be analyzed within 3 h of preparation.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC, equipped with a headspace injector
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silica; coated with a

3.0-fJm G43 stationary phase
Temperatures

Detector: 250°
Injection port: 140°
Column: See Table 2.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

40 - 40 20

40 10 240 20

Result= [(V x N x M ,)/WJ x 100

= Titrant volume consumed by the Sample (mL)
= actual normality of the Titrant (mEq/mL)
= molecular weight of the carboxylic acid (-COOH)

group, 45.02
= Sample weight (mg)W

V
N
M,

Acceptance criteria: 56.0%-68.0%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 4.0%

• LIMIT OF ETHYL ACETATE AND CVCLOHEXANE
[NOTE-This test is required only for those Carbomer

Homopolymers where ethyl acetate or a mixture of
ethyl acetate and cyclohexane was used in the
polymerization process.]

Standard stock solution: Transfer 5.0 mL of methanol to a
1O-mLserum vial, insert a rubber septum, and seal with a
metal cap. Add 25.0 fJL of ethyl acetate and 20.0 fJL of
cyclohexane through the septum into the vial, and mix.

Standard solution: Transfer 20.0 mL of methanol to a
30-mL serum vial, insert a rubber septum, and sealwith a
metal cap. Through the rubber septum add 10 fJL of methyl
ethyl ketone (internal standard) and 50.0 fJL of the Standard
stock solution, and mix.

Sample solution: Transfer 50 mg of Carbomer
Homopolymer to a 30-mL serum vial, add 20 ..0 mL of

.methanol, insert a rubber septum, and sealwith a metal
cap. Through the rubber septum add 10 fJL of methyl ethyl
ketone, and mix.

Chromatographic system, .
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization - .
Column: 2-mm x 3-m; packed with 1% liquid phase

G25 on 60- to 80:-mesh support S12
Temperatures -.

Detector: 250°
Injection port: 250°
Column: See Table 1.

www.webofpharma.com

https://nhathuocngocanh.com/



5678 Carbomer / OfficialMonographs NF 38

Time Solution A Solution B
(min) (%) (%)

0 100 0

8 100 0

9 0 100

20 0 100

21 100 0

30 100 0

Suitability requirements
Relative standard deviation: NMT 15% for three

replicateinjections
Analysis

Samples: Standardsolution and Sample solution
Transfer 10.0 mL each of the Standardsolutionand Sample

solution to separate headspace vials. Close the vials
with a tight rubber membrane stopper coated with
polytetrafluoroethylene, and secure with an aluminum
crimped cap. Shaketo obtain a homogeneous
dispersion. Separatelyinject the gaseous phase of the
Standardsolution and the Sample solution.

Acceptance criteria: NMT 2 I-Iglg; the benzene peak
responsefrom the Sample solution is NMT halfof that from
the Standardsolution.

• LIMIT OF ACRYLIC ACID
Solution A: 1.361 mg/mL of monobasic potassium

phosphate
Solution B: Acetonitrile and Solution A (1 :1)
Mobile phase: See Table 3.

Table 3

Diluent: 25 mg/mL of potassiumalum. .. .
Standard solution: 12.5 I-Ig/mL of acrylic add In Diluent
Sample solution: Mix 100 mg of Carbomer Homopolymer
with Diluent, and add Diluent to obtain 20.0 mL of
suspension. Heatthe suspensionat 50° for ~O min with
occasional shaking.Then shake the su~pensl.on ..
continuouslyat room temperature for 60 min. Centrifuge,
and use the clear supernatant.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: LC .l

Detector: UV 205 nm
Column: 4.6-mm .~J 2-cm; packing L1
Flowrate: 1 mL/min
Injection volume: 20 I-IL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 5%
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of free acrylic acid in the portion

of Carbomer Homopolymer taken:

Result =(r vir s) x (CJc v) x Fx 100

Acceptance criteria: NMT 0.25%

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dryunder vacuum at 80° for 1 h.
Acceptance criteria: NMT 2.0%

• VISCOSITy-RoTATIONAL METHODS (912)
Sample: 2.50 g of Carbomer Homopolymer, previously

dried
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Electrode: Calomel-glass .
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: Potentiometric

Analysis: Carefully add the Sample to 500 mL of water in a
800-mL beaker, whilestirring continuously at 1000
± 50 rpm. The stirrershaft isset at an angle of 60° and.
positioned at one side of the beaker, and the propeller IS
positioned near the bottom of the beaker. The stirrer used
should be a three-blade, 2-inch marineimpeller. Add the
Sample at a uniform rate over a period of 45-60 s, being
sure that looseaggregates of powder are broken up, and
continue stirring at 1000 ± 50 rpm for 15 min.
[NOTE-Proper dispersion of the Carbomer Homopolymer
resin is imperative for accurate viscosity readings.] Remove
the stirrer and allowthe beakercontainingthe dispersion
to stand at controlledroom temperaturefor30 min. Inserta
paddle stirrerto a depth necessary to ensure that the air is
not drawn into the dispersion, and while stirring at 300
± 25 rpm, titrate with Titrant to a pHof 7.3-7.8. After
adding the Titrant, stirwith a paddlemixerat 300 ±25 rpm
for2-3 min. [NOTE-After neutralization, caremust be taken
to avoid excessively high shearing, becauseaggressive
mixing will b~eak the polym~r chainsan~ redu.ce the
viscosity readlnq.]Take the final pH readingWith a pH
meter to makesure it is between 7.3 and 7.8. [NOTE-If the
pH is below 7.3, raise it with additional sodium hydroxide.
Ifthe pH is above 7.8, discardthe mucilage, and prepare
another using a smalleramount of sodium hydroxide for
titration.]
Place the neutralized mucilage into a water bath

maintained at 25 ± 0.1° for 1 h. Measure the pH again,
and make certain it is between 7.3 and 7.8. Perform the
viscosity determination without d~lay to avoid th.e sl!ght
viscosity changes that occur 75 min after neutralization.

Equip a suitable rotational viscometer' with a suitable
spindle, as defined in Table 4.

The spindle rotates at 20 rpm. Follow the instrument
manufacturer'sdirections to measurethe apparent
viscosity.

Acceptance criteria: See Table 5.

Table 5

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve intight containers,at a

temperature not exceeding 45°. .
• LABELING: Label it to indicatewhether it isTypeA, B, or C;

and label it to state the measuredviscosity, giving the
viscosity measurement parameters, the concentration of

, Available asa Brookfield RV viscometer, or equivalent.

Carbomer Viscosity Specified
Homopolymer (mPa· s)

A 4,000-11,000

B 25,000-45,000

C 40,000-60,000
= peak response of acrylic acid from the Sample

solution
=peak response of acrylic acid from the Standard

solution
=concentration of acrylic acid in the Standard

solution (l-Ig/mL)
=concentration of Carbomer Homopolymer in the

Sample solution (mg/mL)
=unit conversion, 10-3 mg/l-lgF
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Table 4 (Carbomer Homopolymer
Viscosity Ranges (mPa . A" Bb c- Od Eo

s) Spindle No. (em) (em) (em) (em) (em) Multiplier

100-400 1 5.6 2.2 0.3 2.7 6.1 5

400-1600 2 4.7 0.2 0.3 2.7 4.9 20

1000-4000 3 3.5 0.2 0.3 2.7 4.9 50

2000-8000 4 2.7 0.2 0.3 2.7 4.9 100

4000-16,000 5 2.1 0.2 0.3 2.7 4.9 200

10,000-40,000 6 1.5 0.2 0.3 3.0 4.9 500

40,000-160,000 7 - - 0.3 - 5.5 2,000

a Cylinder diameter.
b Cylinder height.
C Shaft diameter.
d Distance from the top of the cylinder to the lower tip of the shaft.
e Spindle immersion depth.

the solution, and the type of equipment used; the solvent
or solventsused in the polymerization process; and the
nominal and residual solvent levels for each solvent.

Carbomer Interpolymer
DEFINITION
Carbomer Interpolymer isa carbomer homopolymeror

copolymer that contains a blockcopolymerof polyethylene
glycol and a long-chainalkyl acid ester.

IDENTIFICATION

Exhibits bands at or near
(±5) wavenumbers (crrr') 1710, 1454, 14l4, 1245, 1172,
1115, and 801, with the strongest band at 171O.

• B.
Sample: 2.5 g ,
Analysis: Without mixing, add the Sample to 500 mL of

water in an 800-mLbeaker, and allowto stand.
Acceptance criteria: The powderswet out in NMT 60 min.

• C. " "
Sample: 5 g
Analysis: Addthe Sample to 500 mL ofwater, stir,and adjust

with 1 N sodium hydroxideto a pH of 7.5.
Acceptance criteria: Aviscous gel isformed.

ASSAY
• CONTENT OF CARBOXYLIC ACID

Sample: 400 mg, previously dried under vacuum at 800 for
1 h

Titrimetric system
(See Titrimetry(541 ).)
Mode: Directtitration
Electrode: Calomel-glass
Titrant: 0.25 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Slowly add the Sample to 400 mL of water in a
1009-mLbeaker,whilestirring continually at 1000 rpm.
The stirrershaft isset at an angle of about 600 and to one
side of the beaker, and the propelleris positioned near the
bottom of the beaker.Continue stirring for 15 min. Reduce
the stirringspeed, and titrate with Titrant. After each

addition of Titrant, allow 1 min for mixing before
recording the pH.
Calculate the carboxylic acid content as a percentage of

carboxylic acid groups in the portion of Carbomer
Interpolymer taken:

Result = [(V x N x Mr)/WJ x 100

V =Titrant volumeconsumed by the Sample (mL)
N =actual normality of the Titrant (mEq/mL)
M r =molecular weightofthe carboxylic acid (-COOH)

group, 45.02
W =Sample weight (mg)

Acceptance criteria: 52.0%-62.0%

IMPURITIES
• LIMIT OF ETHYL ACETATE AND CYCLOHEXANE

[NOTE-This test is required onlyfor those Carbomer
Interpolymers where the labeling indicatesthat ethyl
acetate or a mixtureofethylacetate and cyclohexane
was used in the polymerization process.]

Standard stock solution: Transfer 5.0 mL of methanol to a
1O-mL serum vial, inserta rubber septum, and seal with a
metal cap. Add 20.0 ~L of ethyl acetate and 10.0 ~L of
cyclohexanethrough the septum into the vial, and mix.

Standard solution: Transfer 20.0 mL of methanol to a
30-mL serum vial, inserta rubber septum, and seal with a
metal cap. Throughthe rubberseptum add 10 ~L of methyl
ethylketone (internal standard)and 50.0 ~L of the Standard
stock solution, and mix to obtain a solutioncontaining
0.18 mg of ethyl acetate and 0.078 mg of cyclohexane.

Sample solution: Transfer 50 mg ofCarbomer Interpolymer
to a 30-mL serum vial, add 20.0 mL of methanol, inserta
rubber septum, and seal with a metal cap. Through the
rubber septum add 10 ~L of methylethyl ketone, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm x 3-m; packedwith 1% liquid phase

G25 on 60- to 80-meshsupport S12
Temperatures

Detector: 2500

Injection port: 2500

Column: See Table 1.
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Table 1

HoldTime
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) ("/min) (") (min)

115 - 115 4

115 6 175 5

Carrier gas: Helium
Flowrate: 33 ml/min
Injection volume: 2 ~L

System suitability
Sample: Standard solution

[NoTE-The relative retention times for methylethyl
ketone, ethyl acetate, and cyclohexane are about
0.7, 0.9, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between ethyl acetate and

cyclohexane
Relativestandard deviation: NMT 2.5%

Analysis
Samples: Standard solutionand Sample solution
Calculatethe percentages ofethylacetate and cyclohexane

in the portion of Carbomer Interpolymer taken:

Result =(R viR s) x (W slW v) x 100

= peakarea ratioof the relevantanalyte peakto the
methyl ethyl ketone peakfrom the Sample
solution

= peakarea ratioof the relevantanalytepeakto the
methyl ethyl ketone peakfrom the Standard
solution I

= weight of ethyl acetate or cyclohexane in the
Standard solution (mg)

=weight of Carbomer Interpolymer. taken to
prepare the Sample solution(mg)

Acceptance criteria"
Ethyl acetate: NMT 0.35%
Cyclohexane: NMT 0.15%

• LIMIT OF BENZENE
Benzene solution: 1.0 mg/mL of benzene in dimethyl

sulfoxide
Solvent solutlornjtl ~g/mL of Benzene solution in

organic-free water (see Residual Solvents (467), .
Identification, Control, and Quantification of Residual
Solvents)

Sodium chloride solution: 20 mg/mL of sodium chloride
Sample solution: Transfer 50 mg ofCarbomerInterpolymer

to a 1O-mL volumetric flask. Add 7.5 mL of Sodium
chloride solution, and mix by mechanical means until
homogeneous (usually about 30 min). Dilute with Sodium
chloride solution to volume, and mix until homogeneous
(usually less than 1 min). This solution must be analyzed
within 3 h of preparation.

Standard solution: Transfer 50 mg of Carbomer
Interpolymer to a 1O-mL volumetric flask. Add 7.5 mL of
Sodium chloride solution, and mix by mechanical means
until homogeneous (usually about 30 min).Add 1.0 mL
of the Solvent solution, dilute with Sodium chloride solution
to volume, and mix until homogeneous (usually less than
1 min).This solutioncontains 0.01 ~g/mL of benzene.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC, equipped with a headspace injector
Detector: Flame ionization
Column: 0.53-mm x 30-mfusedsilica; coated with 3.0-~m

G43 stationary phase

NF 38

Temperatures
Detector: 250°
Injection port: 140°
Column: See Table 2.

Table 2

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") (O/min) (") (min)

40 - 40 20

40 10 240 20

Carrier gas: Helium
Flow rate: Linear velocity of 35 cm/s
Split ratio: 5:1
Injection volume: 1 mL (gaseous phase)

[NOTE-The following headspace conditions may be
used:a pressurization time of 30 s and a transferline
temperature of 90°.]

The vials are maintained at a temperature of 80° for
60 min before headspace injection.

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 15% for three
replicate injections

Analysis
Samples: Standard solutionand Sample solution.

Transfer 10.0 mL each ofthe Standard solutionand Sample
solution to separate headspace vials. Closethe vials
with a tight rubber membrane stopper coated with
polytetrafluoroethylene, and secure with an aluminum
crimped cap. Shake to obtain a homogeneous .
dispersion. Separately inject the gaseous phase of the
Standardsolutionand Sample solution.

Acceptance criteria: The benzene peak response from the
Sample solution is NMT halfof that from the Standard
solution, corresponding to NMT 2 ~g/g.

• LIMIT OF ACRYLIC ACID
Mobile phase: Dissolve 6.80 g of monobasic potassium

phosphate in 300 mL ofwater, dilutewith water to 500 mL,
and mix. Dilute 100 mL of this solutionwith water to 1 L,
adjust with phosphoricacid to a pH of 3.0 ± 0.1, and mix.
Filter and degas.

Standard solution: 25 ~g/mL of acrylic acid
Sample solution: Transfer 100 mg of Carbomer

Interpolymer to a tared serum vial. Addwater to obtain
10.0 mLof solution. Cap the vial, and shake by mechanical
means for 2 h. Add 2 drops of sodium hydroxidesolution
(500 mg/mL), and shake by hand for 15 s. Add 1.0 mL of
calcium chloridesolution(100 mg/mL), and shake until the
gel collapses. Centrifuge for 15 min, and use the clear
supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 8-mm x 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 5%
Analysis .

Samples: Standard solutionand Sample solution
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Calculate the percentage of free acrylic acid in the portion
of Carbomer Interpolymer taken:

Result =(r vIrs) x (CsIC v) x Fx 100

Acceptance criteria: NMT 0.25%

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dryunder vacuum at 80° for 1 h.
. Acceptance criteria: NMT 2.0%
• VISCOSITy-RoTATIONAL METHODS (912)

Carbomer Interpolymer A
Sample: 2.50 g of Carbomer Interpolymer, previously

dried under vacuum at 80° for 1 h (0.5% aqueous
dispersion)

Titrimetric system
(See Titrimetry (541).)
Mode: Directtitration
Electrode: Calomel-glass
Titrant: 180 mg/mL of sodium hydroxide
Endpoint detection: Potentiometric

Analysis: Carefully add the Sample to 500 mL ofwater in a
1OOO-mL beaker, whilestirring continuously at 1000
±50 rpm with the stirrershaftset to one sideofthe beaker
at an angle of 60° and the propellerpositioned near the
bottom of the beaker.The stirrerused isa three-blade,
2-inch-diameter marine impeller. Addthe Sample at a
uniform ratefor 45-90 s, being sure that looseaggregates
of powder are broken up, and continue stirring at 1000
± 50 rpm for 15 min. Remove the stirrer, and place the
beakercontaining the dispersion ina 25 ±'O.l °water bath
for 30 min. Inserta paddle stirrerto a depth necessary to
ensure that air isnot drawn into the dispersion; and while
stirringat 300 ± 25'rpm, titrate to a.pH of 7:3-7.8.by
adding Titrant below the surface. Stir2-.3 min u~tll

neutralization iscomplete. Then determine the final pH.
[NOTE-If the pH is.below 7.3, raise it.with additiona.1
sodium hydroxide. Ifit isabove 7.8, discard the rnucilaqe,

F

=peak response of acrylic acid from the Sample
solution

=peak response of acrylic acid from the Standard
solution

= concentration of acrylic acid in the Standard
solution (~g/mL)

=concentration of Carbomer Interpolymer in the
Sample solution (mg/mL)

= unit conversion, 10-3 mg/~g

and prepare another batch, using a smalleramount of
sodium hydroxidefor titration.]
Return the beaker containing the neutralized mucilage to

the 25 ± 0.1° water bath for 1 h. Measure the mucilage
pHagain, makingcertain that it isbetween 7.3 and 7.8.
Using a rotationalviscometerequipped with a suitable
spindle at a spindle immersion depth as defined in Table
3, perform the viscosity determination without d~lay to
avoidthe slightviscosity changes that occur 75 minafter
neutralization.

The spindle rotates at 20 rpm. Follow the instrument
manufacturer's directionsto measure the apparent
viscosity.

Carbomer Interpolymer B
Sample: 5.00 g of Carbomer Interpolymer, previously

dried under vacuum at 80° for 1 h (1 .0% aqueous
dispersion)

Analysis: Proceed as directed for Viscosity-Rotational
Methods (912), Carbomer InterpolymerA,except adjustthe
pH of the dispersion to 5.8-6.3 instead of 7.3-7.8 .

Carbomer Interpolymer C
Sample: 2.50 g of Carbomer Interpolymer, previously

dried under vacuum at 80° for 1 h (0.5% aqueous '
dispersion)

Analysis: Proceed as directed for Viscosity-Rotational
Methods (912), Carbomer Interpolymer A,except adjustthe
pH of the dispersion to 5.8-6.3 instead of 7.3-7.8.

Acceptance criteria: See Table 4.

Table 4

Carbomer Viscosity Specifications
Interpolymer (mPa· s)

A 45,000-65,000

B 47,000-77,000

C 8,500-16,500

ADDITIONAL REQUIRE'MENTS
• PACKAGING AND STORAGE: Preserve in tight containers,at a

temperature not exceeding45°.
• LABELING: Label it to indicate whether it isType A, B, or C.

Also label it to state the measured viscosity, giving the
viscosity measurement parameters, the concentration of
the solution, and the type of equipment used; the solvent
or solvents used in the polymerization process; and the
nominal and measured residual solvent levels for each
solvent.

Table 3 (Carbomer Interpolymer)
Viscosity Ranges (mPa . Aa Bb C' Od Ee

s) Spindle No. (em) (em) (em) (em) (em) Multiplier

100-400 1 5.6 2.2 0.3 2.7 6.1 5

400-1600 2 4.7 0.2 0.3 2.7 4.9 20

1000-4000 3 3.5 0.2 0.3 2.7 4.9 50

2000-8000 4 2.7 0.2 0.3 2.7 4.9 100

4000-16,000 5 2.1 0.2 0.3 2.7 4.9 200

10,000-40,000 6 1.5 0.2 0.3 3.0 4.9 500

40,000-160,000 7 - - 0.3 - 5.5 2,000

a Cylinder diameter.
b Cylinder height.
C Shaft diameter.
d Distance from the top of the cylinder to the lower tip of the shaft.
e Spindle immersion depth.
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mg/mL of sodium hydroxide

g
An.:lII\/clc· Shake the Sample with 50 mL of water. Transfer

1 to a test tube, and add 1 mL of water and 1 mL of
1-naphthol TS. Incline the test tube, and add carefully
2 mL of sulfuric acid down the side so that it forms a lower
layer.

Acceptance criteria: A reddish-purple color develops at the
interface.

Sample: 1 g
Analysis: Shake the Sample with 100 mL of Solution A.
Acceptance criteria: A suspension is produced.

Acceptance criteria: A 25-mL portion of the Sample solution
shows no more sulfate than is contained in 0.21 mL of
0.020 N sulfuric acid (1.0%).

SPECIFIC TESTS
• ALKALINITY: Shake thoroughly 1.0 g with 50 mL of freshly

boiled and cooled water, and add 2 drops of
phenolphthalein TS: no red color develops.

• Loss ON DRYING (731): Dry a sample at 105° for 4 h: it loses
NMT 10.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Low-Substituted
Carboxymethylcellulose Sodium

Cellulose, carboxymethyl ether, sodium salt, low-substituted'
Carmellose sodium, low-substituted [9004-32-4]. '

DEFINITION
Low-Substituted Carboxymethylcellulose Sodium is the

sodium salt of a partly O-(carboxymethylated) cellulose. It
contains NLT2.0% and NMT 4.5% of sodium (Na),
calculated on the dried basis.

IDENTIFICATION

• D.-IDENTIFICATION TESTS-GENERAL (191), Chemical
Identification Tests, Sodium, A

Sample solution: To the residue obtained in the test for
Residue on Ignition add 1 mLof hydrochloric acid, evaporate
on a water bath, and dissolve in 20 mL of water.

Acceptance criteria: Meets the requirements

ASSAY
• CONTENT OF SODIUM

Analysis: Calculate the percentage of sodium in the portion
of Low-Substituted Carboxymethylcellulose Sodium taken:

Carboxymethylcellulose Calcium

Carbon Dioxide-see Carbon Dioxide General
Monographs

Cellulose, carboxymethyl ether, calcium salt;
Cellulose carboxymethyl ether calcium salt [9050-04-8].

DEFINITION
Carboxymethylcellulose Calcium is the calcium salt of a

polycarboxymethyl ether of cellulose.

IDENTIFICATION
• A. PROCEDURE

Sample solution: Shake thoroughly 0.1 g of
Carboxymethylcellulose Calcium with 10 mL of water,
followed by 2 mL of 1 N sodium hydroxide, and allow to
stand for 10 min. [NoTE-Save the unused portion of the
Sample solution for use in Identification tests B and C.]

Analysis: To 1 mL of the Sample solutionadd water to make
5 mL. To 1 drop of the resulting solution, add 0.5 mL of
chromotropic acid TS, and heat in a water bath for 10 min.

Acceptance criteria: A red-purple color develops.
• B. PROCEDURE -

Analysis: Shake 5 mL of the Sample solution prepared in
Identification test A with 10 mL of acetone.

Acceptance criteria: A white, flocculent precipitate is
formed.

• C. PROCEDURE
Analysis: Shake 5 mL of the Sample solution prepared in

IdentificationtestA with 1 mL of ferric chloride TS.
Acceptance criteria: A brown, flocculent precipitate is

formed.
• D. IDENTIFICATION TESTS-GENERAL, Calcium (191)

Analysis: Ignite 1 g to ash, dissolve the residue in 10 mL of
water and 5 mL of 6 N acetic acid, and filter, if necessary.
Boil the filtrate, coo], and neutralize with 6 N ammonium
hydroxide. -,

Acceptance criteria: Meets the requirements

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): 10.0%-20.0%; use 1.0 g,

previously dried -r

• CHLORIDE AND SULFATE, Chloride (221)
Sample stock solution: Shake thoroughly 0.80 g with

50 mL of water, dissolve in 10 mLof 1 N sodium hydroxide,
and add water to make 100 mL. [Nors-Retaln a portion of
the Sample stock solutionfor use in the test for Sulfate.]

Sample solution: Heat 20 mL of the Sample stock solution
with 10 mL of 2 N nitric acid in a water bath until a
flocculent precipitate is formed, cool, centrifuge, and
remove the supernatant. Wash the precipitate with three
1O-mL portions of water by centrifuging each time,
combine the supernatant and the washings, add water to
make 100 mL, and mix.

Acceptance criteria: A25-mL portion of the Sample solution
shows no more chloride than is contained in 0.20 mL of
0.020 N hydrochloric acid (0.36%).

• CHLORIDE AND SULFATE, Sulfate (221)
Sample solution: Heat 10 mL of the Sample stock solution

prepared in the test for Chloride with 1 mL of hydrochloric
acid in a water bath until a flocculent precipitate is formed.
Cool, centrifuge, and remove the supernatant. Wash the
precipitate with three 1O-mL portions of water by
centrifuging each time, combine the supernatant and the
washings, add water to make 100 mL, and mix.
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Result=a x (M x A,/M,)

a =percentage obtained from the test for Residue on
Ignition, determined separately

M =number of moles of sodium per mole of sodium
sulfate, 2

A, = atomic weight of sodium, 22.99
M, =molecular weight of sodium sulfate, 142.04

Acceptance criteria: 2.0%-4.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Analysis: Determine using a mixture of sulfuric acid and

water (1:1) and an ignition temperature of 600 ± 50°.
Acceptance criteria: 6.50/0-13.5%

• LIMIT OF SODIUM CHLORIDE AND SODIUM GLYCOLATE
Sodium chloride

Sample: 5 g
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.05 N silver nitrate VS
Electrode system: Silverelectrode and mercurous sulfate

electrode with a potassium sulfate bridge
Endpoint detection: Potentiometric

Analysis: Transfer the Sample to a 250-mL conical flask.
Add 50 mL of water and 5 mL of 30% hydrogen
peroxide, and heat on a water bath for 20 min, stirring
occasionally to ensure hydration. Cool, and add 100 mL
of water and 10 mL of nitric acid. Titrate with Titrant.
Calculate the percentage of sodium chloride in the

Sample:

Result={[(V x N x f)1W] x [100/(100 - b)]} x 100

V = volume of Titrant (mL)
N =normality of the Titrant (mEq/mL)
F . =equlvalency-factor for sodium chloride,

0.05844 g/mEq
W =weight of the Sample (g)
b = percentage obtained from the test for Loss on

Drying, determined separately .

Sodium glycolate ,
Standard stock solution: Transfer 100 mg of

glycolic acid, previously dried over~ight in a vacuum
desiccator over phosphorus pentoxide, to a 100-mL
volumetric flask, and dissolve in and dilute with water to
volume.

Standard solution A: Transfer0.5 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, add 5 mL of glacial acetic acid, then dilute with
acetone to volume.

Standard solution B: Transfer 1.0 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, add 5 mL of glacial acetic acid, then dilute with
acetone to volume.

Standard solution C: Transfer 1.5 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, add 5 mL of glacial acetic acid, then dilute with
acetone to volume.

Standard solution 0: Transfer2.0 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, add 5 mL of glacial acetic acid, then dilute with
acetone to volume.

Sample solution: Transfer 500 mg of Low-Substituted
Carboxymethylcellulose Sodium to a beaker, moisten
thoroughly with 5 mL of glacial acetic acid, add 5 mL of
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water, and stir with a glassrod to ensure proper hydration
(about 30 min). Add 80 mL of acetone while stirring, add
2 g of sodium chloride, and stir for several minutes to
ensure the complete precipitation of
carboxymethylcellulose. Pass through a fast filter paper,
previously wetted with a small amount of acetone, and
collect the filtrate in a 1OO-mL volumetric flask. Rinse the
beaker and filter with acetone, and add the washings to
the flask. Dilute the filtrate with acetone to volume, and
mix. Allow to stand for 24 h without shaking, and usethe
clear supernatant.

Instrumental conditions
Mode: Vis
Analytical wavelength: 540 nm
Blank: Use acetone solution containing 5% of glacial

acetic acid and 5% of water.
Analysis: Transfer 2.0 mL of the Sample solution and

2.0 mL of each Standard solution to separate 25-mL
volumetric flasks. Place the uncovered flasks in a boiling
water bath for 20 min, accurately timed, to remove the
acetone, then remove from the bath, and cool. Add to
each flask 5.0 mL of 2,7-dihydroxynaphthalene TS, mix,
add an additional 15 mL, and again mix. Cover the mouth
of each flask with a small piece of aluminum foil. Place the
flasks upright in a boiling water bath for 20 min, then
remove from the bath, cool, and dilute with sulfuric acid
to volume.
Determine the absorbances of the solutions against the

Blank, and prepare a standard curve using the
absorbances obtained from the solutions prepared
from the Standard solutions. From the standard curve
and the absorbance of the Sample solution, determine
the concentration, in mg/mL, of glycolic acid in the
Sample solution, and calculate the percentage of sodium
glycolate in the sample taken:

Result={[(C x \I)/(W x f)] x (M,rlM,z) x [100/(100 - b)]}
x 100

C =concentration of glycolic acid in the sample,
determined from the standard curve (mg/mL)

V =volume of Sample solution (mL)
W =weight of sample (g)
F =unit conversion factor, 1000 mg/g
M'I = molecular weight of sodium glycolate, 98.03
M,z = molecular weight of glycolic acid, 76.05
b = percentage obtained from the test for Loss on

Drying, determined separately

Acceptance criteria: The sum of the percentages obtained
from the tests for Sodium chloride and Sodium glycolate is
NMTO.5%.

SPECIFIC TESTS
• pH (791)

Sample: 1 g
Analysis: Shakethe Sample with 100 mL of carbon

dioxide-free water, centrifuge, and test the suspension.
Acceptance criteria: 6.0-8.5

• Loss ON DRYING (731)
Sample: 1.0 g
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 10.0%

• WATER-SOLUBLE SUBSTANCES
Sample: 5.0 g
Analysis: Disperse the Sample in 400 mL of water, and

during the first 30 min, stir for 1 min every 10 min. Allow
to stand for 1 h, and centrifuge, if necessary. Decant
100.0 mL of the supernatant onto a fast filter paper in a
vacuum filtration funnel, apply a vacuum, and collect
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75.0 ml of the filtrate. Evaporate in a tared platinum or
porcelain dish, and dry at 105° for 4 h.

Acceptance criteria: NMT 70%
• SElTLlNG VOLUME
[NOTE-~he following tes.t, which can relate to excipient

function, may be earned out depending on the intended
use in the formulation. In cases where there are no
concerns regarding the settling volume of this article this
test may be omitted. Where the labeling states the settling
volume, determine the settling volume as follows.]

Sample: 5.0 g
A!'1alysis: In a 1OO-ml graduated cylinder,. transfer 20 ml of

Isopropyl alcohol, add the Sample, and shake vigorously.
Dilute with isopropyl alcohol to 30 ml, then with water to
50 ml, and shake vigorously. Within 15 min repeat the
shaking three times. Allow to stand for 4 h, ~nd determine
the volume of the settled mass. '

Acceptance criteria: 15.0-35.0 ml

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: When the settling volume is determined label it

to indicate the settling volume value. '

Carboxymethylcellulose SodiUm-see
Carboxymethylcellulose Sodium General Monographs

Carboxymethylcellulose Sodium 12

DEfiNITION
Carboxymethylcellulose Sodium 12 is the sodium salt of a
polyc.arb?xy~ethyl ether of cellulose. Its degree of
substitution IS NlT 1.15 and NMT 1.45, corresponding to a
sodium (Na) content of NlT 10.4% and NMT 12.0%,
calculated on the dried basis.

IDENTifiCATION
• A.

Sample solution: Add 1 g of powdered
Carboxymethylcellulose Sodium 12 to 50 ml of water,
while stirring to produce a uniform dispersion. Continue
the stirring until a clear solution is produced. [NoTE-Save
the unused portion of this solution for use in Identification
tests B and C.]

Analysis: To 1 ml of the Sample solution, diluted with an
equal volume of water, in a small test tube, add 5 drops of
l-naphthol TS. Incline the test tube, and carefully introduce
down the side of the tube 2 ml of sulfuric acid so that it
forms a lower layer.

Acceptance criteria: A red-purple color develops at the
interface.

• B.
Analysis: To 5 ml of the Sample solution prepared for

Identification test A add an equal volume of barium
chloride TS.

Acceptance criteria: Afine, white precipitate is formed.
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-
- C. IDENTIFICATION TESTS-GENERAL, Sodium (191): A

portion of the Sample solution prepared for Identification
test A meets the requirements.

ASSAY
- DEGREE OF SUBSTITUTION

Sample: 200 mg, previously dried at 105° for 3 h
Titrimetric system

(See Titrimetry(541 ).) .
Mode: Direct titration
Titrant: 0.1 N perchloric acid in dioxane VS
Endpoint detection: Potentiometric
Electrode system: A pH meter equipped with a standard

glass electrode and a calomel electrode modified as
follows. Discard the aqueous potassium chloride solution
contained in the electrode, rinse, and fill with the
supern.atant obt~ined by .shaking t~oroughly 2 g each of
potassium chloride and silver chloride (or silver oxide)
with 100 ml of methanol, then add a few crystals of
potassium chloride and silver chloride (or silver oxide) to
the electrode.

Analysis: Weigh the Sample, and transfer toa
glass-stoppered, 250-ml conical flask. Add 75 ml of glacial
acetic acid, connect the flask to a water-cooled condenser
and reflux gently on a hot plate for 2 h. Cool, and transfe;
the solution to a 250-ml beaker with the aid of 50 ml of
glacial acetic acid. Titrate with Titrant while stirring with a
magnetic stirrer. Record the amount, in ml, of Titrant
versus mV (0- to 700-mV range), and continue the titration
to a few ml beyond the endpoint. Plot the titration curve,
and read the volume of Titrant at the inflection point.
Calculate the degree of substitution in the

Carboxymethylcellulose Sodium 12 taken:

Result = (M'1 x N x V)j(G -AM,2 x N x V)

M ,1 =molecular weight of 1 anhydroglucose unit, 162
N =Titrant normality
V =volume of Titrant (ml)
G = weight of Carboxymethylcellulose Sodium 12

taken (mg)
AM'2 = increase in molecular mass of 1 anhydroglucose

unit for each sodium carboxymethyl group
added,80

Acceptance criteria: 1.15-1.45, corresponding to 10.4%
12.0% sodium content, on the dried basis

IMPURITIES
-LIMIT OF SODIUM CHLORIDE

Sample: 5 g
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.05 N silver nitrate VS
Endpoint detection: Potentiometric
Electrode system: A silver electrode and a mercurous

sulfate electrode having a potassium sulfate bridge
Analysis: Transfer the Sample to a 250-ml beaker, add

50 ml of water and 5 ml of 30% hydrogen peroxide, and
heat on a water bath for 20 min, stirring occasionally to
ensure hydration. Cool, add 100 ml of water and 10 mL of
nitric acid, and titrate with Titrant, determining the
endpoint while stirring constantly.
Calculate the percentage of NaCi in the sample taken:

Result =(M, x V x N x f)j{[(100 - b)/100] x W'} x 100

M r = molecular weight of sodium chloride, 58.44
V = volume of Titrant (ml)
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Acceptance criteria: See Limit of Sodium Glycolate.
• LIMIT OF SODIUM GLYCOLATE

Stand.ard sto~k s<;>lution: Transfer 100 mg of glycolic acid,
previously dried Ina desiccator at room temperature
overnight, to a 1OO""mL volumetric flask. Dissolve in and
dilute with water to volume, and mix. [NoTE-Use this
solution within 30 days.]

Standard solutions: Intofour separate 1OO-mL volumetric
flasks, transfer 1.0-, 2.0-, 3.0-, and 4.0-mL portionsof the
Standardstock solution, respectively. To each flask, add
water to make 5 mL, add 5 mL of glacial aceticacid, dilute
with acetone to volume, and mix.

Sample solution: Transfer 500 mg to a 1OO-mL beaker,
moisten thoroughly with 5 mL of glacial acetic acid,
followed by 5 mL of water, and stir with a glassrod to
ensure proper hydration(usually about 15 min). Slowly add
50 mL of acetone, with stirring, then add 1 g of sodium
.chloride, and stir for several min to ensure complete
precipitation of the carboxymethylcellulose. Filter
th.rougha soft, open-textured paper, previously wetted
with a small amount of acetone, and collectthe filtrate in a
1OO-mL volumetric flask. Use an additional 30 mL of
acetone to facilitate the transfer of the solids and to wash
the filter cake, then dilute with acetone to volume.

Blank: Preparea 25-mL blankflask containing 2.0 mL of a
solutioncontaining5% each ofglacial aceticacidand water
in acetone.

Instrumental conditions I

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Spectrophotometry
Analytical wavelength: 540 nm .

Analysis: Transfer 2.0 mL of the Sample solution and 2.0 mL
of each Standardsolution to separate 25-mL volumetric
flasks. The 25-mLvolumetric flask containing the Blank is
included in the following tests. Place the uncovered flasks
in a boiling water bath for 20 min, accurately timed, to
removethe acetone, removefrom the bath, and cool.Add
to each flask 5.0 mL of 2,7-dihydroxynaphthalene TS, mix,
add an additional 15 mL, and again mix. Coverthe mouth
of each flask with a small piece of aluminum foil. Place the
flasks upright in a boilingwater bath for 20 min, then
removefrom the bath; cool, dilute with sulfuric acid to
volume, and mix.
Determinethe absorbances of each solution against the

Blank, and prepare a standard curve using the
absorbances obtained from the solutions prepared from
the Standardsolutions. From the standard curveand the
absorbance of the Sample solution, determine the weight
(w), in mg, of glycolic acid in the Sample solution.

Calculate the percentage of sodium glycolate in the
specimen taken:
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N
F
b

W

w

F

b

W

=normality of Titrant
=conversion factor, 10-3 g/mg
=percentage obtained from the test for Loss on

Drying, determined separately
= Sample weight (g)

Result =W x F/{[(100 - b)/l 00] x IN) x 100

=weight of glycolic acid in the sample determined
from the standard curve (mg)

= factor converting glycolic acid to sodium
glycolate, 1.29

=percentage of Loss on Drying, determined
separately

= weight of the sample taken (mg)
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Acceptance criteria: The sum of the percentages fromthe
tests for Limit of Sodium Chloride and Limit of Sodium
Glycolate is NMT 0.5%.

SPECIFIC TESTS
• pH(791): 6.5-8.5, in a 1O-mg/mL solution
• Loss ON DRYING (731): Dry a sampleat 105°for 3 h: it loses

NMT 10.0% of its weight.
• VISCOSITY-ROTJ\TIONAL METHODS (912)
Analysis: Determinethe viscosity in a water solutionat the

concentration stated on the label. Using undried
Carboxymethylcellulose Sodium12, weigh the amount
which, on the dried basis, will provide200 g of solution of
the stated concentration. Addthe substance in small
amounts to 180 mL of stirredwater contained in a tared,
wide-mouth bottle, continue stirring rapidly until the
powder is well wetted, add sufficient water to makethe
mixtureweigh 200 g, and allowto stand, with occasional
stirring, until solution iscomplete. Adjust the temperature
to 25 ± 0.2°, and determine the viscosity, usinga rotational
type of viscometer, making certain that the system reaches
equilibrium before taking the final reading.

Acceptance criteria: Theviscosity of solutions of 2%
concentration is NLT 80.0% and NMT 120.0% of that
stated on the label; the viscosity of solutionsof 1%
concentration is NLT 75.0% and NMT 140.0% of that
stated on the labelor it is between the maximum and
minimum values, where stated as a range of viscosities.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicate the nominalviscosity in

solutionsofstated concentrationsofeither 1% (w/w) or 2%
(w/w).The~ndicated viscosity maybe inthe form ofa range
encompassing 80.0%-120.0% of the nominal viscosity,
where the solution concentration is2% (w/w); or 75.0%
140.0% of the nominal viscosity, where the solution
concentration is 1% (w/w).

Carboxymethylcellulose Sodium Paste
see Carboxymethylcellulose Sodium Paste General Monographs

Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium

.fo-~o:, 1.RN
Sodiumsalts of polymers containing substituted

anhydroglucose unitswith the general formula:
[C6H 70 2(OH)x(OCH2COONa)y]n

where n is the degree of polymerization;
y is the degree of substitution;
x is between 1.50 and 2.80;
y is between 0.20 and 1.50;
and x + y =3.0
Carboxymethyl cellulose, sodium, partially hydrolyzed

enzymatically.

DEFINITION
Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium is

the sodium salt of a polycarboxymethyl ether of cellulose,
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which has been partially hydrolyzed by enzymatic treatment
with food grade Trichoderma reesei cellulase. Its degree of
substitution is NLT 0.20 and NMT 1.50, corresponding to a
sodium (Na) content of NLT 2.6% and NMT 12.2%,
calculated on the dried basis.

IDENTIFICATION
• A. Vigorously shake a 0.1% solution of

Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium: no layer of foam appears.

• B. To 5 mL of a 0.5% solution of Enzymatically-Hydrolyzed
, Carboxymethylcellulose Sodium add 5 mL of a 5% solution

of copper or aluminium sulfate: a precipitate appears.
• C. Add 0.5 g of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium to 50 mL of water, while
stirring, to produce a uniform dispersion. Continue stirring
until a clear solution of 1% is produced. Dilute 1 mL of this
solution with 1 mL of water in a small test tube. Add 5 drops
of 1-naphthol TS. Incline the tube, and carefully introduce
down the side of the tube 2 mL of sulfuric acid, so that it
forms a lower layer: a red-purple color develops at the
interface.

• D. IDENTIFICATION TESTS-GENERAL, Sodium (191):. A
portion of the 1% solution obtained from Identification
test C meets the requirements.

• E. It meets the requirements of the test for Viscosity.

ASSAY
• DEGREE OF SUBSTITUTION

Sample: 2.0 g of Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium

Analysis: Ignite a clean and dry quartz crucible with a
Bunsen burner, cool to room temperature in a desiccator,
and weigh the crucible accurately. Transfer the Sample to
the crucible. Carefully ignite on a small flame for about
10 min, and make sure that the Sample does not burn or
excessively glow. Cool, and moisten the residue with 3-
5 mL of sulfuric acid. Heat the crucible cautiously until the
fuming is complete, and heat further until the Sample turns
grayish white. Place.the crucible in an oven at about 600°,
until no black spots are visible. Cool the crucible in a
desiccator to room temperature, and weigh. Placethe
crucible again in an oven at about 600° for 1.h, cool the
crucible to room temperature in a desiccator, and weigh.
This last step is repeated until a constant weight isachieved.
Calculate the percentage of sodium, PNa, in the portion of

Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium taken:

'. ,-:",

Result= 100 X NNa X ~a x 0N2 - W1)/{Mr x W[(l 00 - LOD)
/1DOn

= number of sodium atoms/molecule of sodium
sulfate, 2

= atomic weight of sodium, 22:99
=weight of the crucible with ash residue (g)
=weight of the crucible (g)
=molecular weight of sodium sulfate, 142.04
= weight of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium taken (g)
=Loss on Drying value of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium (%)

Calculate the Degree of Substitution (OS):

Result =Mr1 x (PNa- PNaCI - PNaG)/{100 X ANa - [(Mr2 - AH) X

(PNa- PNaCI - PNadn

= molar mass of one glucose unit, 162.14
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= percentage of sodium chloride obtained in the
test for Limit of Sodium Chloride and Sodium
Glycolate

= percentage of sodium glycolate obtained in the
test for Limit of Sodium Chloride and Sodium
Glycolate

=atomic weight of sodium, 22.99
=molar massof one sodium carboxymethyl unit

(CH2COONa), 81.03
=atomic weight of hydrogen, 1.01

Acceptance criteria: NLT 0.20 and NMT 1.50
carboxymethyl groups (CH2COOH)/anhydroglucose unit
on the dried basis

IMPURITIES
INORGANIC IMPURITIES
• limit of Lead
Nitric acid solution: Dilute 10 mL of nitric acid with 20 mL

of water. Boil this solution to remove nitrous fumes, and
allow it to cool to room temperature.

Lead standard stock solution: Dissolve 1.60 g of lead nitrate
(Pb(N03)2) in about 30 mL of Nitric acid solution in a 1000-mL
volumetric flask, dilute with water to volume, and mix. At
20°, transfer 10.0 mL of this lead solution to a 500-mL .
volumetric flask, and dilute with water to volume. The Lead

, standard stock solution contains 20 IJg/ml of Pb.
Standard solutions: Transfer 0, 1, 2, 3, 4, and 5 mL of the

Lead standard stock solution to six identical 100-mL
volumetric flasks, and add 50 mL of water to each flask. To
each flask, add 8 mL of sulfuric acid and 10 mL of
hydrochloric acid, and mix well. After complete dissolution,
dilute each flask with water to volume, and mix. Transfer
1 mL of each solution to a separate 50-mL volumetric flask,
and dilute with water to a final concentration of 0, 4, 8, 12,
16, and 20 IJg/L of Pb, respectively.

Sample solution: Transfer 1 g of Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium to a 1OO-mL beaker, and
add 5 mL of 30% hydrogen peroxide. While stirring, add
50 mL of water to the solution, and heat the beaker on a hot
plate at 50°, until all solids are dissolved. Quantitatively
transfer this solution to a 1OO-mLvolumetric flask, add 300
IJLof nitric acid, dilute with water to volume, and mix.

Blank solution: Prepareasdirected in the Sample solution, but
omit the test specimen.

Spectrometric conditions
(SeeAtomic Absorption Spectroscopy (852»
Mode: Graphite furnace atomic absorption

spectrophotometer, equipped with a lead hollow-cathode
lamp and an adequate means of background correction.

Analytical wavelength: Lead emission line of 283.3 nm
Analysis

Samples: Standard solutions, Sample solution, and Blank
, solution

Concomitantly determine the absorbances of the Samples.
Optimize the instrument program for lead as
recommended by the manufacturer. The strongest
Standard solution is aspirated to optimize the instrument
settings to give a full-scale reading on the detector.
Correct the area responsesof all Sample solution and
Standard solutions for the Blank solution area response.
Generate the appropriate lead calibration curve, and
determine the lead concentration, C, in IJg/L, in the
Sample solution. :

Calculate the content of lead, in IJg, in each g of
Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium taken:

Result=(V x C)/W
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v = volume of the Sample solution, 0.1 L
W = weight of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium taken to
prepare the Sample solution (g)

Acceptance criteria: NMT 3 IJg/g of lead.
• Limit of Sodium Chloride and Sodium Glycolate
Sodium Chloride

Ferric solution: Dissolve 20 g of ferric ammonium sulfate
(FeNHiS04)2' 12H20) in a 1OO-mL volumetric flask
containing 80 mL of water, add 0.3 mL of 10 N nitric acid
(dilute 600 mL of nitric acid with water to 1000 mL), dilute
with water to volume, and mix.

Analysis: Transfer an accurate quantity of
Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium, equivalent to 5.0 g on the dried basis, to a
platinum or porcelain crucible. Heat the test specimen first
with a small flame so that the test specimen does not ignite.
When the charring is complete, heat further in an electric
oven at about 600° for 15 min. After cooling, pulverize the
ashesthus obtained and extract several times with water.
Filter the extracts into a 500-mL volumetric flask, add 5 mL
of 10 N nitric acid, and dilute with water to volume.
Transfer 100 mL of this extract to a suitable flask, add
2.0 mL of 0.2 N silver nitrate and 3 g of potassium nitrate,
and mix. [NOTE-Silver chloride precipitate may develop.
The potassium nitrate will prevent the silverchloride from
interfering with the indication reaction.] After complete
dissolution of the potassium nitrate, titrate this mixture with
0.02 N ammonium thiocyanate VS by adding 3 mL of Ferric
solution as an indicator. Titrate until a red color develops
and persistsfor at least 30 s. Each mL of 0.02 N silvernitrate
is equivalent to 1.169 mg of sodium chloride.
Calculate the percentage of sodium chloride, PNaC1' in the

portion of Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium taken:

Result=(0.001169 x D xV/W) x 100

D = dilution factor, 5
V = volume of the 0.02 N silver nitrate consumed

(mL) .
W = weight of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium taken, .
calculated on the dried basis (g)

Sodium Glycolate
Mobile phase: Prepare a filtered and degassed solution of

0.05% phosphoric acid in water.
Standard stock solution: Transfer 100 mg of glycolic acid,

previously dried overnight in a vacuum desiccator over
phosphorus pentoxide, and accurately weighed, to a
1OO-mL volumetric flask, dissolve in and dilute with
Mobile phase to volume, and mix.

Standard solutions: Transfer 0.5-, 1.0-, 1.5-, 2.0-, and
2.5-mL portions of the Standard stock solution, respectively,
into five identical 1OO-mL volumetric flasks. To each flask,
dilute with Mobile phaseto volume, and mix. The Standard
solutions haveconcentrations of 5.0, 10.0, 15.0, 20.0, and
25.0 mg/L, respectively.

Sample solution: Transfer an accurate quantity of
Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium, equivalent to 200 mg on the dried basis, to a flask.
Dissolve in and dilute with Mobile phaseto 20 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
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Column: 7.8-mm x 30-cm; packing L22. [NOTE-Two
7.8-mm x 15-cm columns can be used in place of one
7.8-mm x 30-cm column, provided that the System
suitability requirements are met.]

Flow rate: 0.5 mL/min
Injection size: 50 IJL

System suitability
Sample: Standard solution with the concentration of

15 mg/L .
Suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standard solutions and Sample solution
Separately inject equal volumes of the Standard solutions

and the Sample solution into the chromatograph, record
the chromatograms, and measure the responses for the
major peaks. Plot the peak areasfrom the Standard
solutions versus the concentration of glycolic acid, in mg/
L, in the Standard solutions. From the standard curve and
the peak area from the Sample solution, determine the
concentration of glycolic acid, C, in mg/L, in the Sample
solution.

Calculate the percentage of sodium glycolate, PNaG, in the
portion of Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium taken:

Result = {[V x (MrdMr2) x C]/W} x 100

V = volume of the Sample solution, 0.02 L
Mr1 =molecular weight of sodium glycolate, 98.03
Mr2 =molecular weight of glycolic acid, 76.05
W =weight of Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium taken to
prepare the Sample solution, calculated on the
dried basis (mg)

Acceptance criteria: The sum of the percentages from the
tests for sodium chloride and sodium glycolate (PNaCI
+ PNad is NMT 0.5%.

ORGANIC IMPURITIES
• Procedure: Limit of Residual Enzyme
Sample: 20.0 g of the dry Enzymatically-Hydrolyzed

Carboxymethylcellulose Sodium
Analysis: Transfer the Sample to a 2000-mL beaker. Add

100 mL of sulfuric acid, and mix using a stirring plate, until
all particles are wetted. Prevent excessive foam formation
during mixing. Add some glass beads to prevent boiling
delay, and slowly heat the solution to a temperature not
exceeding 150°. Stir for 30 min, and carefully add 5 mL of
hydrogen peroxide dropwise at interval steps. After each
step, allow the reaction to subside, and ensure that the
solution does not contain any particulates. [NOTE-It takes up
to approximately 125 mL of hydrogen peroxide.] The
temperature is gradually increased to about 300°, until
strong fumes of sulfur trioxide appear. Stop the heating. If
the solution darkens again during heating, carefully add
some drops of hydrogen peroxide until a clear solution is
obtained. Allow the solution to cool down, add 10 mL of
water, and heat again until strong fumes of sulfur trioxide
appear. After the solution becomes clear and is cooled down,
flush the sides with water, and transfer the solution
quantitatively to a 4000-mL round-bottom flask. Dilute with
water to a volume of approximately 500 mL, and place the
round-bottom flask under the distillation unit. Pipet 10 mL
of 0.1 N sulfuric acid into a 300-mL conical flask, and dilute
with water to 100 mL. Place the conical flask at the end of
the distillation unit, taking care that the end of the distillation
unit is below the surface of the liquid. Through a dropping
funnel add 500 mL of a 32% sodium hydroxide solution to
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the round-bottom flask with heavy stirring. Slowly heat until
the solution boils. Boil, and collect the distillate for 20 min.
Remove the conical flask, and stop the heating. Flush the
inside of the condenser with water into the conical flask.
Titrate the solution with 0.1 M sodium hydroxide. Perform a
blank determination.
Calculate the percentage of protein in the portion of

Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium
taken:

Result = {F x AN x [VACA- 01TB - VB) x CTB]/W} x 100

F =calculation factor for the theoretical amount of
nitrogen present in protein, 6.25

AN =atomic weight of nitrogen, 14.01 g/mol
VA =volume of 0.1 N sulfuric acid added to the conical

.flask (mL)
CA =exact concentration of sulfuric acid added to the

conical flask (N)
VTB =volume of the sodium hydroxide solution

consumed in the titration for the sample
determination (mL)

VB =volume of the sodium hydroxide solution
consumed in the titration for the blank
determination (mL)

CTB =concentration of the sodium hydroxide solution
used in the titration (N)

W =weight of Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium taken (mg)

Acceptance criteria: NMT 0.1% of protein

SPECIFIC TESTS
• VISCOSITY-ROTATIONAL METHODS (912)

Analysis: After determining the Loss on Drying, weigh a
quantity of undried Enzymatically-Hydrolyzed
Carboxymethylcellulose Sodium, equivalent to 60.0 g on
the dried basis. In a 400-mL beaker, transferabout 240 mL
of water, minus the amount of water in the test specimen.
Over a period of seconds, transfer the test specimen to the
400-mL beaker containing water, while slowly and
continuously stirring the solution to make the mixture
weigh 300 g. When the specimen is well wetted, increase
the rate of stirring, taking care to avoid mixing in excessair.
Dissolve the test specimen while stirring rapidly. Equilibrate
the mixture in a water bath at 25° for 1 h, until all air
bubbles dissipate/Stir the solution in the beaker for 5 min
at 300 rpm, making sure that no air bubbles are
incorporated. Transfer the solution to a 250-mL beaker of
5 cm in internal diameter and about 12 cm in height, for
measurement. Determine its viscosityat 25 ± 0.1°, using a
suitable rotational viscometer with a cylindrical spindle
1.9 cm in diameter and 6.5 cm high, attached to a shaft
0.3 cm in diameter.' The spindle rotates at 12 rpm at an
immersion depth of 8.1 cm. Follow the instrument
manufacturer's directions to measure the apparent
viscosity.

Acceptance criteria: The viscosity is between 200 and
500 mPa· s.

• pH (791): 6.0-8.5, in a solution prepared in carbon
dioxide-free water (1 in 100)

• Loss ON DRYING (731): Dry it at 105° for 3 h: it loses NMT
12.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store in a cool and dry place.

1 Asuitable spindle is available from Brookfield as an LVl spindle, or the
equivalent. '
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• LABELING: Label it to indicate the viscosity, giving the
viscosity measurement parameters, concentration of the
solution, and the type of equipment used. The labeling also
indicates the value for Degree of Substitution.

Cardamom Oil
DEFINITION
Cardamom Oil is the volatile oil distilled from the seed of

E1ettaria cardamomum (L.) Maton var. cardamomum (Fam.
Zingiberaceae).

IMPURITIES
• ARSENIC, Method /I (211): NMT 3 I-Ig/g
• LEAD (251)

Diluted standard lead solution: 10 mL
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 10 I-Ig/g

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.917-0.947
• OPTICAL ROTATION, AngularRotation (781A): +22° to +44°
• REFRACTIVE INDEX (831): 1.463-1.466 at 20°
• SOLUBILITY IN 70% ALCOHOL: One volume dissolves in 5
, volumes of 70% alcohol.

ADDITIONAL REQUIREMENTS
., PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant source from which
the article was derived.

Cardamom Seed
DEFINITION
Cardamom Seed is the dried ripe seed of Elettaria

cardamomum (L.) Maton var. cardamomum (Fam.
Zingiberaceae).
[NOTE-Cardamom Seedshould be recently removed

from the capsule.]

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Macroscopic
Unground Cardamom Seed: Seedsusually appear in

agglutinated groups of 2-7 seeds and as separate seeds
surrounded by an adhering membranous aril. The
individual seeds are oblong-ovoid or irregularly three- to
four-sided, 3-4 mm in length. They are convex on the
dorsal side, strongly longitudinally grooved on the ventral
side, coarsely tuberculated, and externally pale orange to
dark brown. The odor is aromatic. The taste is aromatic,
pungent, andslightly bitter.

Powdered Cardamom Seed: Brown to weak yellow to
light olive green

Microscopic
Unground Cardamom Seed: Sections show a loosely

attached membranous aril; a brownish seed coat
consisting of an epidermal layer of thick-walled cells,a
pigment layer of small cells with red to orange contents, a
layer of volatile oil cells with suberized walls and a single
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layer of radially elongated, strongly lignified stone cells
with inner walls heavily thickened, and a minute lumen
containing silica; and a large, colorless perisperm
surrounding a central, orange to yellow endosperm in
which a small, straight embryo is embedded.

Powdered Cardamom Seed: It consists chiefly of
fragments of perisperm, endosperm, embryo, and seed
coat. The endosperm and perisperm cells are filled with
starch grains 1-4 IJm in diameter, or may contain one or
more prisms of calcium oxalate 10-25 IJm in diameter.
The seed coat is characterized by its red- to
orange-colored cells, is polygonal in surface view, and is
about 20 IJm in diameter. Fragments of pericarp tissue
with spiral vessels and with accompanying slightly
lignified fibers are relatively few.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Acid-Insoluble Ash: NMT 4.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve against attack by

insects.
• LABELING: The label states the Latin binomial and the

official name.

Compound Cardamom Tincture

DEFINITION
Prepare Compound Cardamom Tincture as follows (see

Pharmaceutical Compounding-Nonsterile Preparations
(795».

Cardamom Seed, in moderately coarse powder 20g

Cinnamon, in fine powder 25 g

Caraway, in moderately coarse powder 12 g

Glycerin 50mL

Diluted Alcohol 950 mL

Diluted Alcohol, a sufficient quantity to make 1000 mL

Macerate the mixed powders in 750 mL of a mixture of
50 mL of Glycerin and 950 mL of DilutedAlcoholin a container
that can be closed, "and put it in a warm place. Agitate it
frequently during 3 days or until the soluble matter is
dissolved. Transfer the mixture to a filter, and when most of
the liquid has drained away, wash the residue on the filter by
using first the remainder of the mixture of Glycerin and
DilutedAlcoholprepared as directed above, followed by
DilutedAlcohol, combining the filtrates to produce 1000 mL,
and mix. [NoTE-Compound Cardamom Tincture may be
colored with one or more colors.]

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method" (611): 43.0%-47.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers, and avoid exposure to direct sunlight and
excessive heat.
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Carmellose

Attributes EP JP USP

Definition + + +

Identification A" + + +

Identification B + + +

Chloride + + +

Sulfate + + +

Losson Drying + + +

Residue on Ignition + + +

• EP and USPwill adopt Carmellose ReferenceStandard; JP will adopt a Reference
spectrum.

Legend: + will adopt and implement; - will not stipulate
Nonharmonized attributes: Heavy Metals and Packaging

and Storage (USP)
Reagents and reference materials: Each pharmacopeia will

adapt the text to take account of local reference substances
and spectra and reagent specifications.

Carboxymethylcellulose [9000-11-7].

DEFINITION
Carmellose is a carboxymethyl ether of cellulose.

IDENTIFICATION

• B.pei (791)
Sample solution: 10 mg/mL of Carmellose suspension
Acceptance criteria: 3:5-5.0

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 1.5% on 1 g, calculated

on the dried basis
• Chlorides
Sample solution: Shake well 0.8 g of Carmellose with 50 mL

of water, dissolve in 10 mL of sodium hydroxide TS, and add
water to make 100 mL. Heat 20 mL of this solution with
10 mL of nitric acid, diluted on a water bath until a flocculent
precipitate is produced. Cool, centrifuge, and take out the
supernatant. Wash the precipitate with three 1O-mL portions
of water by centrifuging each time, combine the supernatant
and the washings, and add water to make 100 mL. Take
25 mL of this solution, add 6 mL of nitricacid, diluted, and
dilute with water to make 50 mL.

Control solution: 0.40 mL of 0.01 N hydrochloric acid VS and
6 mL of nitric acid, diluted. Add water to make 50 mL.

Analysis: Add 1 mL of silver nitrate TSto the Sample solution
and to the Controlsolution, mix well, and allow to stand for
5 min protected from direct sunlight. Compare the
opalescence developed in both solutions against a black
background by viewing downward or transversely.

Acceptance criteria: The turbidity produced in the Sample
solution is NMT that in the Control solution (NMT 0.36%).

• Sulfates
Sample solution: Shakewell 0.40 g of Carmellose with 25 mL

of water, dissolve in 5 mL of sodium hydroxide TS, and add
20 mL of water. Heat this solution with 2.5 mL of
hydrochloric acid in a water bath until a flocculent precipitate
is produced. Cool, centrifuge, and take out the supernatant.
Wash the precipitate with three 1O-mLportions of water by
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centrifuging each time, combine the supernatant and the
washings, and add water to make 100 mL. Filter thissolution,
discard 5 mLof the firstfiltrate, take 25 mL of the subsequent
filtrate, add 1 mL of hydrochloric acid, and dilute with water
to make 50 mL.

Control solution: 1.5 mLof 0.01 N sulfuric acid VS and 1 mL
of dilute hydrochloric acid. Add water to make 50 mL.

Analysis: Add 2 mLof barium chlorideTS to the Sample
solution and to the Controlsolution, mix well, and allowto
stand for 10 min. Compare the turbidity developed in both
solutions against a black background by viewinq downward
or transversely.

Acceptance criteria: The turbidity produced in the Sample
solution is NMT that of the Controlsolution (NMT 0.72%).

SPECIFICTESTS
• Loss ON DRYING (731): Dry1 gat 105°for 4 h: it loses NMT

8.0% of its weight.

ADDITIONAL REQUIREMENTS
• ·IPACKAGING AND STORAGE: Preserve in tight contalners.,
• ·USP REFERENCE STANDARDS (11)

USP Carmellose RS

Carrageenan

Carrageenan [9000-07-1].

DEFINITION
Carrageenan is the hydrocolloid obtained by extraction with

water or aqueous alkali, from some members of the class
Rhodophyceae (red seaweeds). Carrageenan consistschiefly
of potassium, sodium, calcium,magnesium, and ammonium
sulfate esters of galactose and 3,6-anhydrogalactose
copolymers. These hexoses are alternately linked 0.-1,3 and
P-l,4 in the polymer. The prevalent copolymers in the
hydrocolloid are designated kappa-, iota-, and
lambda-carrageenan. kappa-Carrageenan is mostlythe
alternating polymer of o-galactose-4-sulfate and
3,6-anhydro-o-galactose. iota-Carrageenan issimilar, except
that the 3,6-anhydrogalactose issulfated at carbon ·2.
Between kappa-carrageenan and iota-carrageenan there is a
continuum of lntermedlate compositions differing in degree
of sulfation at carbon 2. In lambda-carrageenan, the
alternating monomericunitsare mostlyo-galactose-2-sulfate
(1 ,3-linked) and o-galactose-2,6-disulfate (1A-linked). The
ester sulfate content for Carrageenan ranges from 18% to
40%. In addition, it contains inorganicsalts that originate
from the seaweed and from the processof recoveryfrom the
extract.

Carrageenan is recovered by alcohol precipitation, by drum
drying, or byfreezing.Thealcoholsused during recoveryand
purification are restricted to methanol, alcohol, and
isopropyl alcohol. Carrageenan that is recovered by
drum-roll drying may contain mono- and di-glycerides or up
to 5% of polysorbate 80 used as roll-stripping agents.

IDENTIFICATION
• A.

Sample solution: A20-mg/mL solution prepared by
heating a uniform dispersion in a hot water bath to 80°

Analysis: Coolthe the Sample solution.
Acceptance criteria: The Sample solutionbecomes more

viscous upon cooling and may form a gel.
• B.

Sample solution: Prepareas directed for the Sample solution
in Identification test A.
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Analysis: To 10 mL ofthe Sample solution, whilestill hot, add
4 drops of a 0.1-g/mL solution of potassium chloride, mix,
and cool.

Acceptance criteria: Ashort-textured ("brittle") gel
indicates a carrageenan of a predominantly kappa type; a
compliant ("elastic") gel indicates a predominantly iota
type. Ifthe solution does not gel, the carrageenan isof a
predominantly lambda type.

• c.
Analysis: Dilutea portion of the Sample solution, prepared

as directed in Identification test A,with 4 parts of water, and
add 2-3 drops of methylene blue TS.

Acceptance criteria: Ablue, stringy precipitate isformed
(also positivefor furcellaran, a similar colloid).

• D. INFRARED ABSORPTION
Sample 1: Disperse 2 g in 200 mLof a 25-mg/mL'solution

of potassium chloride, and stir for 1 h. Allow to stand for
18 h, stir again for 1 h, and transfer to a centrifuge tube. (If
the transfer cannot be made because the dispersion is too
viscous, dilute with up to 200 mLof the potassium chloride
solution.) Centrifugeat approximately1000 x 9 for 15 min.
Remove the clear supernatant, resuspend the residue in

200 mLof a 25-mg/mL solution of potassium chloride,
and centrifuge again. Coagulate the combined
supernatants by adding 2 volumes of dilute alcohol (9 in
10). (Retain the sediment for use in preparing Sample 2.)
Recover the coagulum, and wash with 250 mL of the
dilute alcohol. Press the excess liquid from the coagulum,
and dry it at 60° for 2 h. The material so obtained is the
nongelling fraction (lambda carrageenan).

Sample 2: Disperse the sediment retained from the
preparation of Sample 7 in 250 mL of cold water, heat at
90° for 10 min, and cool to 60°. Coagulate the mixture,
then recover, wash, and dry the coagulum as described
above. The material so obtained isthe gelling fraction
(kappa- and iota-carrageenan).

Analysis: Prepare a 2-mg/mL solution of each Sample, cast
films 5 IJm thick (when. dry) on a suitable nonsticking
surface,and obtain the IR absorption spectrum of each film.

Acceptance criteria: Carrageenan has strong, broad
absorption bands, typical of all polysaccharides, in the
1000 to 1100 crrr ' region. Absorption maxima are
1065 crrr ' and 1020 crrr ' for gellingand nongelling types,
respectively. Other characteristicabsorption bands and
their intensities relative to the absorbance at 1050 cm-1 are
as shown in Table 7.

Table 1

Absorbance Relative
Wave to 1050 cm-1

Number Molecular
(crrr") Assignment kappa iota lambda

1220-1260 Estersulfate 0.7-1.2 1.2-1.6 1.4-2.0

3,6-Anhydro
928-933 galactose 0.3-0.6 0.2-0.4 0-0.2

. 840-850 Galactose-4-sulfate 0.3-0.5 0.2-0.4 -
825-830 Galactose-2-sulfate - - 0.2-0.4

810-820 Galactose-6-sulfate - - 0.1-0.3

3,6-Anhydro
800-805 galactose-2-sulfate 0-0.2 0.2-0.4 -

IMPURITIES
• ARSENIC (211): NMT 3 ppm
• LEAD (251): NMT 10 ppm
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(stearoyl)

(palmltoyl)

(arachldoyl)

CH,

(12-oxostearoyl)

• (12-hydroxyslearoyl)

o 0

H'C~'

;:,,0
OR

H,C

H,C

H,C

[8001-78-3].

DEFINITION
Hydrogenated Castor Oil is refined, bleached, hydrogenated,
. and deodorized Castor Oil, consisting mainly of NLT 70.0%
of the triglyceride of hydroxystearic acid.

IDENTIFICATION
• A. IDENTITY BY FATTY ACID COMPOSITION

Diluent: Chloroform
Standard solution 1: 0.8 mg/mL each of methyl palmitate,

methyl arachidate, and methyl 12-ketostearate, 8 mg/mL
of methyl stearate, and 0.4 mg/mL of methyl
12-hydroxystearate, from USP Methyl Palmitate RS, methyl
arachidate, methyl 12-ketostearate, USP Methyl
Stearate RS, and USP Methyl 12-Hydroxystearate RS, in
Diluent

Standard solution 2: 4 mg/mL each of methyl stearate and
methyl 12-hydroxystearate, from USP Methyl Stearate RS
and USP Methyl 12-Hydroxystearate RS, in Diluent

Sample solution: Transfer 140 mg of Hydrogenated Castor
Oil to a 1O-mLscrew-cap test tube, add 3.0 mL of Diluent,
and mix well. Add 0.5 mL of 0.5 M sodium methoxide in
methanol," and mix with the sample. Allow the reaction to
proceed at room temperature for 2 h. After 2 h, add 5 mL
of water, and mix. Centrifuge the test tube at 1000 x g for
5-15 min at 4° until a clear organic layer forms. Separate
the organic layer, and remove the aqueous layer. Place an
aliquot of the organic layer into an autosampler vial.

Chrom.atographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica capillary bonded

with a 0.25-l.Im layer of phase G16
Temperatures

Injection port: 240°
Detector: 250°
Column: See Table 1 for oven program.

'Hydrogenated Castor Oil

1 0.5 M sodium methoxide in methanol is availablefrom Sigma-Aldrich
(www.sigmaaldrich.com). product #403067. Anyother equivalent reagent
can be used as well.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total bacterial
count does not exceed 200 cfu/g, and the tests for
Salmonella species and Escherichia coli are negative.

• Loss ON DRYING (731): Dry a sample at a pressure not
exceeding 10 mm of mercury at 70° for 18 h, cool in a
desiccator, and weigh: it loses NMT 12.5% of lts weight.

• SOLUBILITY IN WATER: NMT 30 mL of water is required to
dissolve 1 g at a temperature of 80°.

• ACID-INSOLUBLE MATTER
Sample: 2 g
Analysis: Transfer the Sample to a 250-mL beaker

containing 150 mL of water and 1.5 mL of sulfuric acid.
Cover with a watch glass, and heat on a steam bath for 6 h,
rubbing down the wall of the beaker frequently with a
rubber-tipped stirring rod, and replacing any water lost by
evaporation. Transfer 500 mg of a suitable filter aid to the
beaker, and filter through a tared filtering crucible provided
with a 2.4-cm glass fiber filter. Wash the residue several
times with hot water, dry at 105° for 3 h, cool in a
desiccator, and weigh. The difference between the total
weight and the sum of the weights of the filter aid, crucible,
and glass fiber filter is the weight of the acid-insoluble
matter.

Acceptance criteria: NMT 2.0% of the weight of
Carrageenan taken

• VISCOSITY-ROTATIONAL METHODS (912)
Sample: 7.5 g
Analysis: Transfer the Sample to a tared, tall-form, 600-mL

beaker, add 450 mL of water, and disperse with agitation
for 15 min. Add water to bring the weight to 500 g, and
heat in a water bath, with continuous agitation, until a
temperature of 80° is reached. Add water to adjust for loss
by evaporation, cool to between 76° and Z?", and place
in a constant-temperature bath maintained at 75°.
Provide a suitable rotational viscometer with a spindle
1.88 cm in diameter and 6.51 cm high, using an immersion
depth of 8.10 cm (No, 1 spindle). Allow the spindle to
rotate in the solution at 30 rpm for 6 revolutions, then
observe the scale reading. Convert the scale reading to
centipoises by multiplying by the constant for the spindle
and speed used.

Acceptance criteria: At 75° is NLT 5 centipoises .
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

35.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

preferably in a cool place.

Castor Oil-see Castor Oil General Monographs
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Table 1

Hold Time
Initial Tempera- Final at Final

Tempera- ture Tempera- Tempera-
ture Ramp ture ture Total Time
(0) e/min) (0) (min) (min)

80 0 80 1 1

80 30 140 0 3

140 20 180 5 10

180 2 250 10 55

Carrier gas: Hydrogen
Flow rate: 5.0 mL/min, constant flow mode
Injection volume: 1.0 IJL
Injection type: Split ratio, 120:1 or 60:1
liner: Single taper, low-pressure drop liner with

deactivated wool
Run time: 55 min

System suitability
Sample: Standardsolution 7

[NoTE-See Table 2 for relative retention times.]

Table 2

Component Relative Retention Time

Methyl palmitate (C16:0) 0.27

Methyl stearate (C18:0) 0.37

Methyl arachidate (C20:0) 0.54

Methyl 12-ketostearate 0.85

Methyl 12-hydroxystearate 1.00

Suitability requirements
Resolution: NLT 5 between any two adjacent peaks
Relative standard deviation: NMT2.0% for the peak

area ratio of methyl 12-hydroxystearate to methyl
12-ketostearate' "

Analysis
Samples: Standardsolution 7, Standard solution2, and

Sample solution
Calculate the relative response factor, F, for methyl

12-hydroxystearate:

F= (r sir R) x (C iC s)

r s =peak area of methyl stearate from Standard
solution2

r R = peak area of methyl 12-hydroxystearate from
Standardsolution 2

C R = concentration of USP Methyl
12-Hydroxystearate RS in Standard solution2
(mg/mL)

C s = concentration of USP Methyl Stearate RS in
Standardsolution 2 (mg/mL)

Correct the peak area of methyl i 2-hydroxystearate in the
Sample solution by multiplying by F.

Calculate the percentage of each fatty acid component in
the portion of sample taken:

Result =(r vir T) x 100

r u =peak area of each individual fatty acid methyl
ester, except for the uncorrected peak area of
methyl 12-hydroxystearate (or the corrected
peak area of methyl 12-hydroxystearate), from
the Sample solution

NF 38

=sum of all the peak areas, excluding the solvent
and methyl 12-hydroxystearate peaks and
including the corrected peak area of methyl
12-hydroxystearate, from the Sample solution

Acceptance criteria: Hydrogenated Castor Oil exhibits the
composition profile of fatty acids shown in Table 3.

Table 3

Percentage
Component (%)

Palmiticacid (C16:0) ~2.0

Stearic acid (C18:0) 7.0-14.0

Arachidicacid (C20:0) ~1.0

12-Ketostearic acid (or 12-oxostearic acid) ~5.0

12-Hydroxystearic acid 78.0-91.0

Any other unspecified fatty acid or impurity ~3.0

• B. MELTING RANGEOR TEMPERATURE (741), Procedures,
Procedure for Class 1/: 85°-88°

ASSAY
• TRIGLYCERIDE COMPOSITION
.Solution A: Methanol
Solution B: 2-Propanol
Mobile phase: See Table 4.

Table 4

Time Solution A Solution B
(min) (%) (%)

0 100 0

20 50 50

23 0 100

25 100 0

35 100 0

Diluent: Methylene chloride
System suitability solution: 3.0 mg/mL of USP

Hydrogenated Castor Oil RS in Diluent. [NOTE-Dueto low
solubility, sonicate the solution for about 2-3 min.] .

Sample solution: 3.0 mg/mL of Hydrogenated Castor Oil in
Diluent. [NOTE-Due to low solubility, sonicate the solution
for about 2-3 min.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering
Column: 4.6-mm x 25-cm; 5-lJm packing L1
Temperatures

Column: 25°
Detector: 40°

Flow rate: 1.0 mL/min
Injection volume: 5 IJL
Run time: 35 min
[NOTE-Depending on the different settings of the

Detector, the Temperatures an.d FI?w rate c.an be
adjusted as long as system suitability requirements
are met.]

System suitability
Sample: System suitabilitysolution

[NOTE-See Table 5 for relative ..ofo.onf"inn
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Table 5

Relative
Retention

Component Time

Glyceryl tri(12-hydroxystearate)
[or tri(12-hydroxystearoyl)-glycerol] 1.0

Di(12-hydroxystearoyl)-(12-oxostearoyl)-glycerol 1.1

Di(12-hydroxystearoyl)-palmitoyl-glycerol 1.7

Di(12-hydroxystearoyl)-stearoyl-glycerol 1.8

Di(12-hydroxystearoyl)-arachidoyl-glycerol 1.9

Suitability requirements
Resolution: NlT 1.5 between glyceryl
tri(12-hydroxystearate) and
di(12-hydroxystearoyl)-(12-oxostearoyl)-glycerol

Tailing factor: 0.8-1.8 for the glyceryl
tri(12-hydroxystearate) peak

Relativestandard deviation: NMT 2% for the peakarea
of glyceryl tri(12-hydroxystearate)

Analysis
Samples: System suitability solution and Sample solution
Calculate the percentage of each of the triglycerides in the

portion of sample taken:

Result = (r u/rT) x 100

r u = peak area of each individual triglyceride from the
Sample solution

r T = sum of all the peak areas, excluding the solvent
peak, from the Sample solution

Acceptance criteria: Hydrogenated CastorOil exhibits the
composition profile shown in Table 6.

Table 6

Component
Percentage

(%)

Glyceryl tri(12-hydroxystearate)
[or tri(12-hydroxystearoyl)-glycerol] ~70.0

Di(12-hydroxystearoyl)-(12-oxostearoyl)-glycerol ~14.0

Di(12-hydroxystearoyl)-palmitoyl-glycerol ~2.0

Di(12-hydroxystearoyl)-s~aroyl-glycerol 10.0-23.0

Di(12-hydroxystearoyl)-ara~~i9.0yl-glycerol ~2.0

IMPURITIES
• LIMIT OF NICKEL

[CAUTION-When using closed high-pressure digestion
vessels and laboratorymicrowave equipment, the
safety precautions and operating instructions given
by the manufacturer must be followed.]

[NOTE-If an alternative apparatus is used, adjustment
of the instrument parameters may be necessary.]

Nickel standard stock solution: Dilute nickel standard
solution TS two-fold with water. This solutioncontains the
equivalent of 5 IJg/ml of nickel.

Standard solutions: Transfer 25, 50, 75, and 100 IJl of
Nickel standard stock solution to four identical 25-ml
volumetric flasks. To each flask add 0.5 ml of a 10-mg/ml
solutionof magnesium nitrate, 0.5 ml of a 100-mg/ml
solutionof monobasic ammonium phosphate, and 6.0 ml
of nickel-free nitricacid. Dilute with water to volume, and
mixwell. [Nort--Content of nickel in thenlckel-freenltrlc
acid is NMT 0.005 ppm.] The Standard solutions contain
0.005, 0.01, 0.015, and 0.02 uq/rnl, of nickel, respectively.

Official Monographs / Castor 5693

Sample solution: Transfer about 250 mg of Hydrogenated
Castor Oil to a suitable high-pressure-resistant digestion
vessel (fluoropolymer or quartz glass), and add 6.0 ml of
nickel-free nitric acid and 2.0 ml of 30% hydrogen
peroxide. Place the closedvessel in a laboratorymicrowave
oven, and digest using an appropriate program (e.g.,
1000 Wfor 40 min). Allow the digestionvessel to cool
before opening. Add 2.0 ml of 30% hydrogen peroxide,
and repeat the digestionstep. Allow the digestionvessel to
cool down before opening. Quantitatively transfer to a
25-ml volumetric flask, add 0.5 ml ofa 1O-mg/ml solution
of magnesium nitrate and 0.5 ml ofa 1OO-mg/ml solution
of monobasic ammonium phosphate. Dilute with water to
volume, and mixwell.

Blanksolution: Place 6.0 ml of nickel-free nitricacid and
2.0 ml of 30% hydrogen peroxide in a suitable
high-pressure-resistant digestion vessel. Prepareas
directed in Sample solution, beginning with "Placethe
closed vessel in a laboratory microwave oven, and digest
using an appropriate program (e.g., 1000 Wfor 40 min)."

Zero solution: Ina 50-ml volumetric flask, introduce 1.0 ml
of a 1O-mg/ml solution of magnesium nitrate, 1.0 ml of a
1OO-mg/mlsolutionof monobasicammonium phosphate,
and 12.0 ml of nickel-free nitric acid. Dilute with water to
volume, and mixwell.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption, equipped with a graphite
furnace, a background compensation system, and a
coated tube resistantto pyrolysis

Analyticalwavelength: 232.0 nm
Lamp: Nickel hollow-cathode
Temperature: Maintain the drying temperature of the

furnace at 1200 for 35 s after a 5-s ramp; maintain the
ashing temperature at 11000 for lOs after a 30-s ramp;
maintain the cooling temperature at 8000 for 5 s after a
5-s decrease; and maintainthe atomization temperature
at 26000 for 7 s. [NqTE-The temperature program may
be modified to obtain optimum furnace temperatures.]

Analysis
Samples: Standard solutions, Sample solution, and Blank

solution
Concomitantlydetermine the absorbances of the Samples

usingthe Instrumental conditions describedabove. Use the
Zero solution to set the instrument to zero. Plot the
absorbances of the Standard solutions versus the
concentration, in I-Ig/ml, of nickel, and draw the straight
line best fitting the plotted points. From this graph,
determine the concentration, (rt in IJg/ml, of nickel in
the Sample solution, and determine the concentration,
(a, in IJg/ml, of nickel in the Blank solution. Ifnecessary,
dilutewith the Zero solution to obtain a readingwithinthe
calibrated absorbance range.

Calculatethe quantity, in IJg, of nickel in each g of
Hydrogenated CastorOil taken:

Result = V x (C T - Ca)/W

V =volume of the Sample solution and the Blank
solution, 25 ml

( T = concentrationof nickel inthe Sample solution (lJg/
ml)

C 8 =concentration of nickel in the Blank solution
(I-Ig/ml)

W =weight of Hydrogenated Castor Oil taken to
prepare the Sample solution (g)

Acceptance criteria: NMT 20 I-Ig/g
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• ALKALINE IMPURITY
Sample: 1.0 g
Analysis: Dissolvethe Sample by gently heating in a mixture

of 1.5 mL of alcohol and 3.0 mL of toluene. Add 0.05 mL
of bromophenol blue TS, and titrate with 0.01 N
hydrochloric acid VSto a yellow endpoint.

Acceptance criteria: NMT 0.2 mL of 0.01 N
hydrochloric acid.

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, Iodine Value: NMT

5
• FATS AND FIXED OILS (401), Procedures,

Saponification Value: 176-182
• FATS AND FIXED OILS (401), Procedures, Acid Value

Sample solution: Melt 20 g in a conical flask on a steam
bath, add 75 mL of hot alcohol that has previously been
neutralized with 0.1 N sodium hydroxide to
phenolphthalein TS,swirl, and add 1 mL of
phenolphthalein TS.

Analysis: Titrate with 0.1 N sodium hydroxide VS, swirling
vigorously, until the solution remains faintly pink after
being shaken for 60 s.

Acceptance criteria: NMT 11.0 mL of 0.1 N sodium
hydroxide VS, corresponding to NMT 3.1 for acid value

• FATS AND FIXED OILS (401), Procedures, Hydroxyl Value
Sample solution: 2 g in a glass-stoppered, 250-mL conical

flask. Add 5.0 mL of a freshly prepared mixture of acetic
anhydride and pyridine (1:3), and swirl to mix. Connect the
flask to a reflux condenser, and heat on a steam bath for
2 h. Add 10 mL of water through the condenser, swirl to
mix, heat on a steam bath for an additional 10 min. The
titration can be performed on a warm solution of 50°-65°

. to avoid a flocculation of the substance. Add through the
condenser 15 mL of normal butyl alcohol that has
previously been neutralized to phenolphthalein, remove
the condenser, wash the tip of the condenserand the sides
of the flask with an additional 10 mL of neutralized normal
butyl alcohol, and add 1 mL of phenolphthalein TS.

Analysis: Titrate with 0.5 N alcoholic potassium hydroxide
VSto a faint pink endpoint. Perform a blank determination
on a 5.0-mL portion of the acetic anhydride-pyridine
mixture. To determine the amount of free acid in
Hydrogenated Castor Oil, weigh 109 into·a 250-mL conical
flask, add 10 mL of pyridine that has previously been
neutralized to phenolphthalein, swirl to mix, add 1 mL of
phenolphthalein TS, and titrate with 0.5 N alcoholic
potassium hydroxide V,S to a faint pink endpoint.
Calculate the hydroxyl value in the portion of

Hydrogenated Castor Oil taken:

Result= M r x N x [A + (8 x WID) - q/w

M r =molecular weight of potassium hydroxide, 56.1
N =normality of the alcoholic potassium hydroxide

solution
A = volume of 0.5 N alcoholic potassium hydroxide

consumed by the blank (mL)
8 =volume consumed in the free-acid titration (mL)
W =weight of Hydrogenated Castor Oil taken (g)
o =weight of Hydrogenated Castor Oil used in the

free-acid titration (g)
C = volume consumed in the sample titration (mL)

Acceptance criteria: 154-163

ADDITiONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tig.ht containers, and

avoid exposure to excessive heat.
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• USP REFERENCE STANDARDS (11)
USP Hydrogenated Castor Oil RS
USP Methyl 12-Hydroxystearate RS
USP Methyl Palmitate RS
USP Methyl Stearate RS

Cenaburate
Cellulose, acetate butanoate;
Cellulose, acetate butyrate;
Acetylbutyrylcellulose;
Cellulose butyrate acetate;
Cellulose acetate butyrate [9004-36-8].

DEFINITION
Cellaburate is a reaction product of cellulose, acetic anhydride

or acetic acid, and butyric acid or butyric anhydride. It
contains NLT 1.0% and NMT 41.0% of acetyl (C2H30)

groups, by weight, and NLT5.0% and NMT 56.0% of butyryl
(C4H]0) groups, by weight, calculated on the previously
dried, acid-free basis.

IDENTIFICATION

• A.
q<...<.>/~()j

Sample solution: Dissolve 150 mg in 1 mL of acetone.
Evenly cast 1 drop of the solution on a sodium chloride
plate. Heat the plate at 105° for 10 min .

Acceptance criteria: Meets the requirements

ASSAY
• ACETYL AND BUTYRYL CONTENT

Internal standard solution: 4.6 mg/mL of isovaleric acid in
pyridine. Store it in a tightly closed container.

Saponification solution: Place 250 mL of n-propyl alcohol
in a 500-mL volumetric flask, add 65.5 g of potassium
hydroxide, and mix to dissolve.Dilute with n-propyl alcohol
to volume, and mix.

Acid solution: Place 250 mL of n-propyl alcohol in a 500-mL
volumetric flask, add 166 mL of hydrochloric acid, and mix.
Dilute with n-propyl alcohol to volume, and mix.

Standard solution: Transfer0.20 g of glacial acetic acid and
0.31 g of butyric acid to a 50-mL volumetric flask. Dilute
with Internalstandardsolutionto volume, and mix.

Sample solution: Transfer 0.15 g of Cellaburate, previously
dried at 105° for 1 h, into a 25-mm x 160-mm test tube.
Pipet 10 mL of Internalstandardsolution into the test tube,
and dissolve by stirring and heating at 110° for 30 min.
While stirring, add 5 mL of Saponification solutionslowly
into the tube. Heat at 110° for 10 min. Cool, and add 5 mL
of the Acidsolution. Mix on a vortex mixer, and allow the
precipitate to settle.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silicabonded with a t-urn

layer of phase G35
Temperatures

Column: 125°
Injector: 250°
Detector: 250°

Carrier gas: Helium
Flow rate: 8 mL/min
Injection volume: 1 I..IL
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Calibration solutions: Pipet 1, 2, 3, and 4 mL of 0.001 N
acetic acid VS into four 1OO-mL volumetricflasks,
respectively. Pipet4 mLof the Indicatorsolution into each
flask and into an empty 1OO-mL volumetricflask, and dilute
each flask with water to volume to obtain solutions
containing 0.0, 0.60, 1.20, 1.80, and 2.40 IJg/mL of
acetic acid.

Control solution: Place 96 mLof water in a suitable bottle,
add a stirringbar, cap the bottle, and stirfor 75 minat room
temperature. Pipet4 mLof the Indicatorsolution into the
bottle, and mix.

Sample solution: Transfer1-2 g of Cellaburate to a bottle,
and add 96 mLof water. Add a stirring bar, cap the bottle,
and stir for 75 min at room temperature. Pipet4 mLof the
Indicator solution into the bottle, stir to mix, and allowthe
solid to settle for 2 min.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: Determine the maximum

absorption of the basicform of bromocresol purple in the
Calibration at about 589 nm.

Cell: 1 cm
Blank: Water

Calibration: Determine the absorbances of the Calibration
solutions. The absorbance difference between the
O.O-lJg/mL solution and the other solutions adheres to
Beer's law over the range stated in the Calibration
solutions. Plot the absorbance difference versus the
concentration of the acetic acid, in IJg/mL, on lineargraph
paper, and draw the straight line best fitting the points,
including the origin.

Analysis
Samples: Controlsolution and Sample solution
Pass 10 mLof the Sample solutionthrough a polytefsyringe
filter that has been presoaked in isopropyl alcohol.
Determine the absorbance of the filtered Sample solution.
In the same manner, determine the absorbance of the
Controlsolution.

Calculate the percentage of free acid, as acetic acid, in the
portion of Cellaburate taken:

Result =(V x Cu/Wu)/Fx 100

Injection type: Split ratio, 35:1
System suitability

Sample: Standardsolution
[NoTE-Therelative retention times for acetic acid,

butyric acid, and isovaleric acid are about 0.45,
0.85, and 1.00, respectively.]

Suitability requirements
Tailing factor: NMT 1.5 for the butyric acid peak
Relative standard deviation: NMT 3.0%

Calibration
Sample: Standardsolution

Number of injections: 3
Calculatethe average unit weight response, FSAI ofacetic

acid per 10 mLof the Internalstandardsolution:

FSA= (WRA/RsA) X F1

=weight of acetic acid in the Standardsolution (g)
=average peak response ratio of acetic acid to

isovaleric acid
= volume ratio of the Internalstandardsolution in

the Sample solution to that in the Standard
solution, 10:50

Similarly, calculate the average unit weight response,
FSB' of butyric acid per 10 mLof the Internal standard
solution:

FSB= (WRJRsB) X F1

WRB =weight of butyric acid in the Standardsolution
(g)

RSB =average peak response ratio of butyric acid to
isovaleric acid I

Analysis
Sample: Upper clear solution from the Sample solution

Calculate the percentage of acetyl in the portion of
Cellaburate taken:

Result = [(MrdMr2) x RUAx FSA]/Wu x 100

Mr l =formula weight of acetyl, 43
Mr2 = formula weight of acetic acid, 60
RUA =peak response ratioofaceticacid to isovaleric acid

in the Sample solution
Wu =weight of Cellaburatetaken to prepare the Sample

solution (g) c ,

Calculate the percentage of butyryl in the portion of
Cellaburate taken:

Result =[(MrJ!Mr4) x RUB x FSB]/WU x 100

V
Cu

F

=total volume of the Sample solution, 100 mL
=concentration of free acid, calculated as acetic

acid (lJg!mL), based on the absorbance
difference between the Controlsolution and the
Sample solution read directly from the
calibration plot

=weight ofCellaburatetaken to prepare the Sample
solution (g)

=unit conversion, 106 IJg/g

=formula weight of butyryl, 71
=formula weight of butyric acid, 88
=peak response ratio of butyricacid to isovaleric

acid in the Sample solution

Acceptance criteria: 1.00/0-41 .0% of acetyl (CZH30 )
groups and 5.0%-56.0% of butyryl (C4H70 ) groups on
the previously dried, acid-free basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF FREE ACID

Indicator solution: Ina I-Lvolumetricflask dissolve 0.675 g
of bromocresol purple in 25 mLof 0.10 N sodium
hydroxide. Dilutewith water to volume, and mix.

[NOTE-If the Cu value is more than 2.8 IJg/mL, reduce
the sample size by half in the Sample solution, and
repeat the determination.]

Acceptance criteria: NMT 0.1 %

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 5.0%,

using a mixture of methylene chlorideand methanol (2:1)
in place of the methanol solvent

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: The labeling indicates the nominal percentage

ranges of the acetyl and butyryl groups.
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C

P
B

= free and combined acids, as acetyl
=percentage of acid found in the test for Limit of

Free Acid
= percentage of phthalyl found in the test for

PhthalylContent

Acceptance criteria: 21.5%-26.0% of acetyl (CZH30 ) on
the anhydrous, acid-free basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %
• LIMIT Of fREE ACID

Sample solution: Transfer 3.0 9 to a glass-stoppered flask,
add 100 mL of dilute methanol (1 in 2), insert the stopper
in the flask, and shake for 2 h. Filter,and wash the flask and
the filter with two 1O-mL portions of the methanol solution,
adding the washings to the filtrate.

Analysis: Titrate the combined filtrate and washings from
the Sample solutionwith 0.1 N sodium hydroxide VS to a
phenolphthalein endpoint. Perform a blank determination
on 120 mL of the dilute methanol (1 in 2) (see Titrimetry
(541».
Calculate the percentage of free acid, B:

Result = 0.8396 x A/W

A =volume of 0.1 N sodium hydroxide consumed,
corrected for the blank (mL)

W = weight of Cellacefate taken, calculated on the
anhydrous basis (g)

Acceptance criteria: NMT 3.0%, calculated as phthalic acid

SPECifiC TESTS
• WATER DETERMINATION, Method I (921)

Sample: 0.5 g
Analysis: Dissolve the Sample in a mixture of dehydrated

alcohol and methylene chloride (3:2) instead of methanol
as the solvent.

Acceptance criteria: N'MT 5.0%
• VISCOSITY-CAPILLARY METHODS (911)

Sample: 15 g, calculated on the anhydrous basis
Analysis: Dissolve the Sample in 85 g of a mixture of 249

parts of anhydrous acetone and 1 part of water, by weight.
Acceptance criteria: The apparent viscosity (see Viscosity

Capillary Methods (911), Method /) is between 45 and 90
centipoises, determined at 25 ± 0.2°.

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in tight containers.
• USP REfERENCE STANDARDS (11)

USP Cellacefate RS

Microcrystalline Cellulose

Cellulose [9004-34-6].

DEfiNITION '.. . . .. .. .. . '
Microcrystalline Cellulose is purified, partially ~epolymerized

cellulose prepared by treating.alph~ c~II~.los~,·09.tained as a
pulp from fibrous plant materral, With minerai adds.

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols (+ .) to specify this fact.

Cellulose, acetate, 1,2-benzenedicarboxylate;
Cellulose acetate phthalate [9004-38-0].

DEfiNITION
Cellacefate is a reaction product of phthalic anhydride and a

partial acetate ester of cellulose. It contains NLT21.5% and
NMT 26.0% of acetyl (CZH30 ) groups and NLT 30.0% and
NMT 36.0% of phthalyl (o-carboxybenzoyl) (CSHS0 3)

groups, calculated on the anhydrous, acid-free basis.

IDENTifiCATION

• liSP REfERENCE STANDARDS (11)
USPCellaburate RS

Result ={[(1.491 x A,/W) - (1.795 x 8)]/(100 - 8)} x 100

A =volume of 0.1 N sodium hydroxide consumed,
corrected for the blank (mL)

W = weight of Cellacefate taken, calculated on the
anhydrous basis (g)

B = percentage of acid found in the test for Limit of
Free Acid"

ASSAY
• PHTHALYL CONTENT

Sample solution: Transfer 1 g to a conical flask, dissolve in
50 mL of a mixture of alcohol and acetone (3:2), and add
phenolphthalein TS.

Analysis: Titrate the Sample solutionwith 0.1 N sodium
hydroxide VS. Perform a blank determination, and make
any necessary correction (see Titrimetry (541 »).
Calculate the percentage of phthalyl on the acid-free

basis: .

Cenacefate

Acceptance criteria:·30.0%-36.0% of phthalyl (CSHS0 3) on
the anhydrous, acid-free basis

• CONTENT Of ACETYL
Sample solution: Transfer 100 mg to a glass-stoppered

flask, and add 25.0 mL of 0.1 N sodium hydroxide VS.
Connect the flask to a reflux condenser, and reflux for
30 min. Cool, and add phenolphthalein TS.

Analysis: Titrate the Sample solution with 0.1 N hydrochloric
acid VS. Perform a blank determination (see Titrimetry
(541»).
Calculate the free and combined acids as acetyl:

Result =0.4305 x (A/W)

A =volume of 0.1 N sodium hydroxide consumed,
corrected for the blank (mL)

W =weight of Cellacefate taken, calculated on the
anhydrous basis (g)

Calculate the percentage of acetyl on the acid-free basis:

Result =100 x [P - (0.5182 x 8)]/(100 - 8) - (0.5772 x
C)
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(Nt- 'I-Ue.I;-.o!UII YJ or some
range, as

["]c = intrinsic viscosity
Ws = weight of Microcrystalline Cellulose taken (g)
%LOD = value obtained from the test for Loss on Drying

Acceptance criteria: The degree of polymerization is
NMT 350.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1 %

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): -The total aerobic
microbial count does not exceed 10 3 cfu/g, and the total ,
combined molds and yeasts count does not exceed 102 cfu/
g. It meets the requirements of the tests for absence of
Staphylococcus aureus and Pseudomonas aeruginosa and for
the absence of Escherichia coli and Salmonella species.

• CONDUCTIVITY
Sample: 5 g
Analysis: Shake the Sample with 40 mL of water for 20 min,

and centrifuge. Retain the supernatant for use in the pH
test. Using an appropriate conductivity meter that has been
standardized with a potassium chloride conductivity
calibration standard having a conductivity of 100 ~S/cm,

measure the conductivity of the supernatant after a stable
reading is obtained, and measure the conductivity of the
water used to prepare the test specimen.

Acceptance criteria: The conductivity of the supernatant
does not exceed the conductivity of the water by more than
75 ~S/cm.

• pH (791): 5.0-7.5 in the supernatant obtained in the
Conductivitytest

(KV)2 =kinematic v.iscosity of the solvent

Determine the intrinsic viscosity, ["]0 by interpolation,
using the Intrinsic Viscosity Table in the Reference Tables
section.

,Calculate the degree of polymerization, P:

Result =[(95) x [,,]c!{Ws x [(100 - %LOD)/l OO])

• loss ON DRYING (731)
Analysis: Dry a sample at 105 0

Acceptance criteria: NMT
other lower "cr'r:cr,t",r't:>

specified in
• BULK DENSITY

Analysis: Use a volumeter that has been fitted with a
1O-mesh screen. The volumeter is freestanding of the brass
or stainless steel cup, which is calibrated to a capacity of
25.0 ± 0.05 mL and has an inside diameter of 30.0
± 2.0 mm. Weigh the empty cup, position it under the
chute, and slowly pour the powder from a height of 5.1 cm
(2 in) above the funnel through the volumeter, at a rate
suitable to prevent clogging, until the cup overflows.
[NOTE-Ifexcessive clogging of the screen occurs, remove
the screen.] Level the excess powder, and weigh the filled
cup. Calculate the bulk density by dividing the weight of
the powder in the cup by the volume of the cup.

Acceptance criteria: The bulk density is within the labeled
specification.

= flow time for 0.5 M cupriethylenediamine
hydroxide solutions (s)

=viscometer constant

rhllnrlil"ll=lo solution: Dissolve 20 g of zinc
chloride and 6.5 g of potassium iodide in 10.5 mL of
water. Add 0.5 g of iodine, and shake for 15 min.

Sample: 10 mg
Analysis: Place the Sample on a watch glass, and disperse

in 2 mL of Iodinatedzinc chloride solution.
Acceptance criteria: The substance takes on a violet-blue

color.

=flow time (s)-
= viscometer constant (see Viscosity-Capillary

Methods (911»)

Obtain the flow time, t2, for 0.5 M cupriethylenediamine
hydroxide solutions using a number 100
Cannon-Fenske, or equivalent, viscometer.

Calculate the kinematic viscosity, (KV)2' of the solvent:

Result =t2 x k2

• '~~,*l~;'(~F;ij!i~~~%~~rt~j
Sample; 1.3 gof Microcrystalline Cellulose, accurately

weighed to 0.1 mg
Analysis: Transfer the Sample to a 125-mL conical flask.

Add 25.0 mL of water and 25.0 mL of 1.0 M
cupriethylenediamine hydroxide solution. Immediately
purge the solution with nitrogen, insert the stopper, and
shake on a wrist-action shaker, or other suitable
mechanical shaker, until completely dissolved. Transfer an
appropriate volume of the sample solution to a calibrated
number 150 Cannon-Fenske, or equivalent, viscometer.
Allow the solution to equilibrate at 25 ± 0.1 0 forNLT
5 min. Time the flow between the 2 marks on the
viscometer, and record the flow time, t., in seconds.
Calculate the kinematic viscosity, (KV)I' of

Microcrystalline Cellulose taken:

Result =tI x k,

Determine the relative viscosity, "rel' of the
Microcrystalline Cellulose specimen taken:

Result =(Kv)d(KV)2

(KV), = kinematic viscosity of Microcrystalline Cellulose
taken

IDENTIFICATION
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Microcrystalline Cellulose and
Carboxymethylcellulose Sodium
DEFINITION
Microcrystalline Cellulose and Carboxymethylcellulose

Sodium isa colloid-forminq, attrited mixture of
Microcrystalline Cellulose and Carboxymethylcellulose
Sodium. It contains NLT 75.0% and NMT 125.0% of the

labeled amount of carboxymethylcellulose sodium,
calculatedon the dried basis. The viscosity of itsaqueous
dispersion of percent by weight stated on the label is NLT
60.0% and NMT 140.0% of that stated on the label in
centipoises.

IDENTIFICATION
• A.

Sample: 6 g
Analysis: Mix the Sample with 300 mL of water in a blender

at 18,000 rpm for 5 min.
Acceptance criteria: Awhite, opaque dispersion is

produced that does not settle on standing.
• B.

Sample: The dispersion obtained in Identification test A
Analysis: Add several drops of the Sample to a solutionof

aluminum chloride(100 mg/mL).
Acceptance criteria: Each drop forms a white, opaque

globule that does not disperseon standing.
• C.

Sample: The dispersion obtained in Identification test A
Analysis: Add 3 mL of iodineTS to the Sample.
Acceptance criteria: No blue or purplish-blue color is

produced.

ASSAY
• CARBOXYMETHYLCELLULOSE SODIUM
'Sample solution: Transfer 2000 mg of Microcrystalline

Cellulose and Carboxymethylcellulose Sodiumto a
glass-stoppered, 250-mL conical flask. Add75 mL of glacial
acetic acid, attach a condenser, and reflux for 2 h. Cool,
and transfer the mixtureto a 250-mL beakerwith the aid
of small volumesof glacial acetic acid.

Titrimetric conditions
Mode: Directtitration
Titranf: 0.1 N perchloric acid in dioxane VS
Endpoint detection: Potentiometry

Analysis: Titratethe Sample solutionand calculatethe
percentage of carboxymethylcellulose sodium in the
sample taken:

Result =[(V s x N x f)/WJ x 100

Vs =Titrant volumeconsumed by the Sample (mL)
N =actual normality of the Titrant (mEq/mL)
F = equivalency factor, 296.0 mg/mEq
W =Sample weight (mg)

Acceptance criteria: 75.0%-125.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 5.0%

SPECIFIC TESTS
• VISCOSITy-ROTATIONAL METHODS (912)

Analysis: Determinethe amounts of Microcrystalline
Cellulose and Carboxymethylcellulose Sodiumneeded to
prepare 600 g of a suitabledispersion, calculatedon the
dried basis. Transfer an amount of water to a 1000-mL
blender bowl. Begin stirring with an 18,000 rpm blender
at a reduced speed obtained by adjustingthe voltageto 30
volts by means of a suitabletransformer, and immediately
add the accuratelyweighed portion of Microcrystalline
Cellulose and Carboxymethylcellulose Sodium, taking care
to avoid contacting the sidesof the bowlwith the powder.
Continue stirring at this speed for 15 s following the
addition of the powder, then increase the transformer
setting to 11-5 volts, and mixfor 2 min, accuratelytimed,
at 18,000 rpm. Stopthe blender,and lowerthe appropriate
spindle of a suitable rotational viscometer into the
dispersion. Thirty s after cessation of mixing, start the

[NoTE-In caseswhere there are no functionality-related
concerns regarding the particlesizedistribution of the
article, this test may be omitted.]

Where the labeling states the particlesize distribution,
determine the particlesize distribution as directed in
Particle Size Distribution Estimation by Analytical Sieving
(786), or b¥l~s.~~/i;~i~lii;i~~l~?ated
procedure.:~:+i~(l)lfiJ;~~~~~Q1W

• WATER-SoLUBLe SUBSTANCES
Sample: 5.0 g
Analysis: Shakethe Sample with 80 mL ofwaterfor 10 min,

and pass with the aid of a vacuum through filter paper
(Whatman No. 42 or equivalent) into a vacuumflask.
Transfer the filtrate to a tared beaker,evaporate to dryness
without charring, dry at 105°for 1 h, cool in a desiccator,
and weigh.

Acceptance criteria: The difference between the weight of
the residueand the weight obtained from a blank
determination does not exceed 12.5 mg (0.25%).

• ETHER-SOLUBLE SUBSTANCES
Sample: 10.0 g
Analysis: Place the Sample in a chromatographic column

havingan internal diameter of about 20 mm, and pass
50 mL of peroxide-free ether through the column.
Evaporate the eluate to dryness in a previously dried and
tared evaporating dish with the aid of a current of air in a
fume hood. After all the ether has evaporated, dry the
residueat 105°for 30 min, cool in a desiccator, and weigh.

Acceptance criteria: The difference between the weight of
the residue and the weight obtained from a blank
determination does not exceed 5.0 mg (0.05%).

ADDITIONAL REQUIREMENTS

T;DEl!c"ZOT911..HDICLII"'''''' The labeling indicates the
..........,..,.;,... ... 1 on drying, bulkdensity, and degree of
polymerization values. Degreeof polymerization'
~?~gli~~~;ii~/.g;termined using Identification
~~;i~(NF.J2~¢C8401!1i Where the particlesize distribution is
stated in the labeling, proceed as directed in the test for
Particle Size Distribution. The labeling indicates with which
technique the particlesizedistribution was determined ifa
technique other than analytical sieving was used; and the

indicatesthe dso, and d90 values and the range
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viscometer, and determine the viscosity using the
appropriate spindleto obtain a scalereading between 10%
and 90% of full-scale at a speed of 20 rpm. Determine the
scale reading after 30 s of rotation, and calculatethe
viscosity, incentipoises, by multiplying the scalereading by
the constant for the spindle used at 20 rpm.

Acceptance criteria: 60.0%-140.0% of that stated on the
label, in centipoises

o pH (791)
Sample solution: The dispersion prepared in the test for

Viscosity-Rotational Methods (912)
Acceptance criteria: 6.0-8.0

o Loss ON DRYING (731)
Analysis: Dry a sample at 1050 to constant weight.
Acceptance criteria: NMT 8.0%

ADDITIONAL REQUIREMENTS
o PACKAGING AND STORAGE: Preserve in tight containers,

store in a dry place, and avoid exposure to excessive heat.
o LABELING: Label it to indicate the percentage content of

carboxymethylcellulose sodium and the viscosity of the
dispersion in water of the designated weight percentage
composition.

Silicified Microcrystalline Cellulose

DEFINITION
Silicified Microcrystalline Cellulose iscomposed of intimately

associated microcrystalline cellulose and colloidal silicon
dioxide particles, derivedfrom aqueous coprocessing prior
to drying the material during manufacture. The
microcrystalline cellulose tomponent is purified, partially
depolymerized cellulose, prepared by treating alpha
cellulose, obtained as a pulpfromfibrous plant material, with
mineral acids.The colloidal silicon dioxide isa
submicroscopic fumed silica prepared by the vapor-phase
hydrolysis of a silicon.compound. The Residue on Ignition
result indicates the percentage of colloidal silicon dioxide;
the remainder is microcrystalline cellulose. .

IDENTIFICATION

Sample: 10 mg
Iodinated zinc chloride solution: Dissolve 20 g of zinc

chlorideand 6.5 g of potassium iodide in 10.5 mL of water.
Add 0.5 g of iodine, and shakefor,15 min.

Analysis: Place the Sample on a watch glass, and dispersein
2 mL of Iodinatedzinc chloride solution.

Acceptance criteria: The substance takes on a violet-blue
color.

o C.
Sample: 5 mg of residuefrom the test for Residue on Ignition
Analysis: Transfer the Sample to a platinum crucible, and

mixwithabout 200 mg ofanhydrous potassium carbonate.
Ignite at a red heat over a burner for about 10 min, and
cool. Dissolve the melt in 2 mL of freshly distilled water,
warming ifnecessary, and slowly add 2 mL of ammonium
molybdate TS to the solution.

Acceptance criteria: Adeep yellow color is produced.
• D. SILICA DISPERSION UNIFORMITY TEST

Conditioned test substance: PassSilicified Microcrystalline
Cellulose through an 850-~m sieve, disperse it into a
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suitablescale blender.' and tumble/mixthe test substance
for a minimum of 20 min to conditionthe material in
preparation.

Analysis: Assemble a sievestackcomposed of the following
nested sieves: 60-, 80-, 120-, 200-, 325-,and 400-US mesh,
plus pan. Tare each sieveto the nearest 0.1 g. Weigh
200.0 g of the Conditioned testsubstance, and transfer to
the top sieve. Agitate the sieve stackon a suitablesieve
shakerfor 20 min. Separate and record the weight of each
sieve, includingthe Conditioned testsubstance fraction.
Determine the Conditioned testsubstance fraction mass by
difference. Analyze a test substance from each sieve
fraction, using Residue on Ignition (281).Obtain the Residue
on Ignition (ROI) value in percentage, P /, for each sieve
fraction, excluding any fraction weighing less than 0.5 g.
Calculatethe average percentage of ROI value, P A' for P /
(i =1-6).
Calculatethe variancefor the sieve fraction, excluding the

pan and any fraction weighing less than 0.5 g:

n
Result = ~ (P r: PJ2/(n - 1)

i = 1

Acceptance criteria: NMT 0.02

SPECIFIC TESTS
• RESIDUE ON IGNITION (281): 1.80/0-2.2%
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined moldsand yeastscount does not exceed 102 cfu/
g.

• CONDUCTIVITY
Sample: 5 g
Analysis: Shakethe Sample with 40 mL of water for 20 min,

and centrifuge. Retain the supernatant for use in the pH
test. Using an appropriate conductivity meter that has been
standardized with a potassium chlorideconductivity
calibration standard havlnq a conductivity of 100 ~S/cm,

measure the conductivity of the supernatant after a stable
reading is obtained, and measure the conductivity of the
water used to prepare the test specimen. .

Acceptance criteria: The conductivity of the supernatant
does not exceed the conductivity ofthe water by more than
75 IJS/cm.

• pH (791): 5.0-7.5 for the supernatant obtained .in the
Conductivitytest

o Loss ON DRYING (731)
Analysis: Dryat 1050 for 3 h.
Acceptance criteria: NMT 7.0%, within a percentage

range, as specified in Labeling
• DEGREE OF POLYMERIZATION

Sample: 1.3 g, weighed to 0.1 mg
Analysis: Transfer the Sample to a 125-rnL conicalflask. Add

25.0 mL of water and 25.0 mL of 1.0 M
cupriethylenediamine hydroxide solution. Immediately
purge the solution with nitrogen, insertthe stopper, and
shake on a wristaction shakeror other suitable mechanical
shaker until completelydissolved. Transfer an appropriate
volume of the solution to a calibrated number 150
Carmon-Fenske, or equivalent, viscometer. Allow the
solution to equilibrateat 25 ± 0.10 for NLT 5 min. Timethe
flow between the two marks on the viscometer.
Calculate the kinematic viscosity of the Sample taken:

1 Planetarymixer,TurbulaT2F mixer,or V-blender.
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t 1

k 1

Powdered Cellulose

Result = t, x k,

fume hood. After all the ether has evaporated, dry the
residueat 1OSO for 30 min, cool ina desiccator, and weigh.

Acceptance criteria: NMT 0.05%; the difference between
the weight of the residueand the weight obtained from a
blankdetermination is NMT 5.0 mg.

ADDITIONAL REQUIREI\iIENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirementsspecified.
• LABELING: Label it to indicatethe nominal Loss on Drying,

Bulk Density, and Degree ofPolymerization values. Wherethe
particlesizedistribution isstated in the labeling, proceed as
directed in Particle Size Distribution. The labeling indicates
the technique with which the particle sizedistribution was
determined, ifa technique other than analytical sieving was
used. The labeling also indicates the d 10' d 50, and d 90

values and the range for each.
• USP REFERENCE STANDARDS (11)

USP Silicified Microcrystalline Cellulose RS

Cellulose, Oxidized-see Oxidized Cellulose General
Monographs

Cellulose, Oxidized Regenerated-see
Oxidized Regenerated Cellulose General Monographs

DEFINITION
Powdered Cellulose is purified, mechanically disintegrated
cellulose prepared by processing alpha cellulose obtained
as a pulp from fibrous plant materials.

IDENTIFICATION
• A. PROCEDURE

Iodinated zinc chloride solution: Dissolve 20 g of zinc
chlorideand 6.5 g of potassium iodidein 10.5 mL of water.
Add 0.5 g of iodine, and shakefor 15 min.

Sample: 10 mg
Analysis: Place the Sample on a watch glass, and dispersein

2 mL of Iodinatedzinc chloride solution.
Acceptance criteria: The substance takes on a violet-blue

color.
• B. PROCEDURE

Sample: 0.25 g of PowderedCellulose, accuratelyweighed
to 0.1 mg

Analysis: Transfer the Sample to a 125-mL conicalflask. Add
25.0 mL of water and 25.0 mL of 1.0 M
cupriethylenediamine hydroxide solution. Immediately
purge the solution with nitrogen, insert the stopper, and
shakeon a wristactionshaker, or other suitablemechanical
shaker, until completelydissolved. Transfer an appropriate
volume of the solution to a calibrated number 150
Cannon-Fenske, or equivalent, viscometer. Allow the
solution to equilibrate at 25 ± 0.10 for NLT 5 min. Tirne the
flowbetween the two marks on the vlscometer.and' record
the flow time, t" in s. . .. ' .
Calculatethe kinematic viscosity, (KV)" of the Powdered

Cellulose taken: . , .

=time of flow between the two marks on the
viscometer(s)

= viscometer constant (see Viscosity-Capillary
Methods (911»)

Obtain the flow time for a 0.5 M cupriethylenediamine
hydroxidesolution, usinga number 100 Cannon-Fenske
or equivalent, viscometer. '

Calculate the kinematic viscosity of the solvent:

=time of flowfor a 0.5 M cupriethylenediamine
hydroxide solution (s)

= viscometer constant

Determinethe relative viscosity of the Silicified
Microcrystalline Cellulose taken:

Result = v dv 2

Calculate the degree of polymerization:

Result =95 x [11] cI{Wsx [(100 - RO/)11 00] x [(100 - LOD)
/1DO]}

[11] c = valuefrom interpolation of the relative viscosity,
using the IntrinsicViscosity Table in the Reference
Tables section

Ws =weight of the sample taken (g)
ROI =valuefrom the test for Residue on Ignition (%)
LOD = valuefrom the test for Loss on Drying (%)

Acceptance criteria: NMT 350
• BULK DENSITY I

Sample: Silicified Microcrystalline Cellulose powder
Analysis: Use a volumeter that has been fitted with a

1O-mesh screen.The volumeter isfreestanding of the brass
or stainless steel cup, which iscalibrated to a capacityof
25.0 ± 0.05 mL and has an insidediameter of 30.0
± 2.0 mm. Weigh the empty cup, position it under the
chute, and slowly pour the powderfrom 'aheight of 5.1 cm
(2 inches)abovethe funnel through the volumeter,at a rate
suitable to prevent clogging, until the cup overflows.
[NOTE-If excessive clogging of the screen occurs, remove
the screen.] Level the excess powder, and weigh the filled
cup. Calculate the bulkdensity by dividing the weight of
the powder in the cup.by the volume of the cup.

Acceptance criteria: Within the labeledspecification
• PARTICLE SIZE DISTRIBUTION: Wherethe labeling states the

particlesizedistribution, determine the particlesize
distribution as directed in a suitablevalidated procedure.

• WATER-SOLUBLE SUBSTANCES
Sample: 5.0 g
Analysis: Shakethe Sample with 80 mL of water for 10 min,

and filterwith the aid of vacuum through filterpaper
(Whatman No. 42 or equivalent) into a vacuum flask.
Transfer the filtrate to a tared beaker, evaporate to dryness
without charring dry at 1050 for 1 h, cool in a desiccator,
and weigh.

Acceptance criteria: NMT 0.25%; the difference between
the weight of the residueand the weight obtained from a
blankdetermination is NMT 12.5 mg.

• ETHER-SOLUBLE SUBSTANCES
Sample: 10.0 g
Analysis: Place the Sample in a chromatographic column

having an internaldiameter of about 20 mm, and pass
50 mL of peroxide-free ether through the column.
Evaporate the eluate to dryness in a previously dried and
tared evaporating dish with the aid of a current of air in a
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k, =viscometer constant (see Viscosity-Capillary
Methods (911»

Obtain the flow time, t2, for a 0.5 M cupriethylenediamine
hydroxide solution using a number 100 Cannon-Fenske,
or equivalent, viscometer.

Calculate the kinematic viscosity, (KV)2' of the solvent:

Result =t2 x k2

k2 =viscometer constant

Determine the relative viscosity, Tlrel' of the Powdered
Cellulose specimen taken:

Result = (KV),/(KV)2

(KV)] =kinematic viscosity of the Powdered Cellulose
(KV)2 =kinematic viscosity of the solvent

Determine the intrinsic viscosity, [TI]" by interpolation,
using the Intrinsic Viscosity Table in the Reference Tables
section.

Calculate the degree of polymerization, P:

Result = [95 x [TI]c]/{Ws x [(100 - %LOD)/l OO])

Ws =weight of the Powdered Cellulose taken (9)
%LOD =value obtained from the test for Loss on Drying

Acceptance criteria: The degree of polymerization is
greate~ than 440.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.3%, calculated on the

dried basis

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1000 cfu!g, the total
combined molds and yeasts count does not exceed
100 cfu/g, and it meets the requirements of the tests for
absence of Staphylococcus aureus and Pseudomonas
aeruginosa and for absence of Escherichia coli and
Salmonella species.

• pH (791): The pH of the supernatant is 5.0-7.5. Mix 109
with 90 mL of water,and allow to stand with occasional
stirring for 1 h.

• Loss ON DRYING (731): Dry a sample at 105° for 3 h: it loses
NMT 6.5% of its weight.

• WATER-SOLUBLE SUBSTANCES
Sample: 6.0 g
Analysis: Mix the Sample with 90 mL of recently boiled and

cooled water, and allow to stand with occasional stirring for
10 min. Filter, with the aid of vacuum, discard the first
10 mL of the filtrate, and pass the filtrate through the same
filter a second time, if necessary, to obtain a clear filtrate.
Evaporate a 15.0-mL portion of the filtrate in a tared
evaporating dish to dryness without charring, dry at 105°
for 1 h, cool in a desiccator, and weigh. .

Acceptance criteria: The difference between the weight of
the residue and the weight obtained from a blank
determination does not exceed 15.0 mg (1.5%)..

• ETHER-SOLUBLE SUBSTANCES
Sample: 10.0 g
Analysis: Place the Sample in a chromatography column

having an internal diameter of about 20 mm, and pass
50 mL of peroxide-free ether through the column.
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Evaporate the eluate to dryness in a previously dried and
tared evaporating dish with the aid of a current of air in a
fume hood. After all the ether has evaporated, dry the
residue at 105° for 30 min, cool in a desiccator, and weigh.

Acceptance criteria: The difference between the weight of
the residue and the weight obtained from a blank
determination does not exceed 15.0 mg (0.15%).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: The labeling indicates the nominal degree of

polymerization value. Degree of polymerization
compliance is determined using Identification test B.

Cellulose Acetate

Portions of this monograph that are national USP text, and are
not part of the harmonized text, are marked with symbols
(+ .) to specify this fact.

Cellulose acetate;
Cellulose, diacetate [9035-69-2].
Cellulose, triacetate [9012-09-3].

DEFINITION
Cellulose Acetate is partially or completely acetylated cellulose.

It contains NLT 29.0% and NMT 44.8%, by weight, of acetyl
(C2H30 ) groups, calculated on the dried basis. Its acetyl
content is NLT90.0% and NMT 110.0% of that indicated on
the label.

IDENTIFICATION
• A. INFRARED ABSORPTION

Sample solution: Prepare a 20 mg/mL solution of Cellulose
Acetate, previously dried, in acetone (mono- and diester)
-or in methylene chloride (dl- and triester).

Analysis: Spread 1 drop of the Sample solutionon a sodium
chloride plate, place a second sodium chloride plate over
it, and spread the specimen between the plates. Separate
the plates, heat them both at 105° for 1 h, and reassemble
the dried plates.

Acceptance criteria: The IR absorption spectrum exhibits
maxima only at the same wavelengths as those of a similar
preparation of USP Cellulose Acetate RS, treated in the same
manner.

ASSAY
• CONTENT OF ACETYL

For Cellulose Acetate labeled to contain NMT42.0% of
acetyl groups
Sample: 2 g of Cellulose Acetate
Titrimetric system

(See Titrimetry(541 ).)
Mode: Residual titration
Titrant: 1.0 N sodium hydroxide VS
Back-titrant: 1.0 N sulfuric acid VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 500-mL flask. Add
100 mL of acetone and 5-10 mL of water to the flask,
insert the stopper into the flask, and stir with a magnetic
stirrer until solution is complete. Pipet 30 mL of Titrant to
the solution, with constant stirring: Afinely divided
precipitate of regenerated cellulose, free from lumps, is
obtained. Insert the stopper into the flask, and stir with a
magnetic stirrer for 30 min. Add 100 mLof water that has
been preheated to 80°, washing down the sides of the
flask. Stir for 2 min, and cool to room temperature. Titrate
the excess sodium hydroxide solution with Back-titrant
to a phenolphthalein endpoint. Treat a blank in the same
manner.
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Calculate the percentage of acetyl in the portion of
Cellulose Acetate taken:

Calculate the percentage of free acid in the portion of
Cellulose Acetate taken:

n

w

OH

H,C~OH

H,C

Result = (V/W) x 0.06005

V = Titrant volume consumed (mL)
W =weight of Cellulose Acetate taken, calculated on

the dried basis (g)

Acceptance criteria: NMT 0.1 %, calculated as acetic acid

SPECIFIC TESTS
'. Loss ON DRYING (731)

Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 5.0%

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count is NMT 103 cfu/g, and the total combined
mol~s and yeasts count is NMT 1Oz du/g. It meets the
requirements of the tests for absence of Escherichia coli and
Salmonella species.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: The labeling states the nominal percentage

content of acetyl.
• USP REFERENCE STANDARDS (11)
. USP Cellulose Acetate RS

Cetylstearyl alcohol [67762-27-OJ.
DEFINITION
Cetostearyl Alcohol contains NLT 40.0% of stearyl alcohol

(C18H380 ), and the sum of the stearyl alcohol content and the
cetyl alcohol (C16H340 ) content is NLT 90.0% and NMT
102.0%. It is obtained from sources of vegetable animal or
synthetic origin. ' ,

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the Assay.
Acceptance criteria:. The reten~ion times of the major peaks

of the Sample solution, excluding the solvent and internal
standard peaks, correspond to the cetyl alcohol and stearyl
alcohol peaks of the System SUitability solution.

ASSAY
• PROCEDURE
In~ernal standard s<?'ution: 1 mg/mL of l-pentadecanol

(Internal standard) In ethanol . '
System suitability solution: Prepare 1 mg/mL each of USP

Cetyl Alcohol RS, USP Stearyl Alcohol RS, and USPOleyl
Alcohol RS in Internal standard solution. Heat the~olution
in a sealed container in a 50° water bath until all'tatty:
alcohols are dissolved. Allow the solutionto.cool.toroom
temperature, and mix well. , .' "} ..., .•<.•.• f." ..••.

Standard solution: To match the cetyl aIc9t;i9L~.gg·st~~ryl
alcohol ratio in the test sample, prepar~Jhe$.lJ1"l?9f:6.;Qrn9/
mL of USP Cetyl Alcohol RS and USI'?t~ani'J..·&I.~.9D9J.•a?jn
Internal standard solution. Heat the solutipl1.ih.'a s~fll~.g/
container in a50° water bath ~miJ c:et}'lql~q2\91 c:ln~:;st~wyl
alcohol are dissolved. AIIQW th,e:S9Iuti90:JP.;~o.gl ~9l()'oln
temperature, and mix well. . .c· ~':~"')' ',:' '~r:i"; ,

Cetostearyl Alcohol

w

Result =(V 8 - Vs)/W x' 4.305

=Back-titrant volume consumed by the blank
(mL)

=Back-titrant volume consumed by Cellulose
Acetate (mL)

=weight of Cellulose Acetate taken, calculated on
the dried basis (g)

Acceptance criteria: 29.0%-44.8% by weight of acetyl
(CZH30 ) groups on the dried basis

For Cellulose Acetate labeled to contain more than 42.0%
of acetyl groups
Sample: 2 g of Cellulose Acetate
Titrimetric system

(See Titrimetry (541 ).)
Mode: Residual titration
Titrant: 0.5 N hydrochloric acid VS
Back-titrant: 0.5 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 500-mL conical flask. ,
Add 30.0 mL of dimethyl sulfoxide and 100 mL of
a~etone, and stirfor 16 h with the aid of a magnetic stirrer.
Pipet 39 mL of 1 N so.di~m hydroxide VS slowly into the
flask, With c.onstant s.tlrrlng. Insert the stopper into the
flask, and stir for 6 min. Allow to stand without stirring for
60 min. Resume stirring, and add 100 mL of water that
has been preheated to 80°, washing down the sides of the
flask. Stir for 2 min, and cool to room temperature. Add
+..5 drops of phenolphthalein TS, and titrate the excess
sodium hydroxide solution with Titrant. Add an excess of
0.5 mL of Titrant. Stir for 5 min. Allowto stand for 30 min.
Titrate with Back-titrant to a persistent pink endpoint
using a magnetic stirrer for agitation. Calculate the n~t
number of milliequivalents of sodium hydroxide
consumed, and correct this value by use of the average of
two blank determinations run concomitantly through the
entire procedure. .
Calculate the percentage ofacetyl in the portion of

Cellulose Acetate taken:

Result =(n/W) x 4.305

= correctedvalue of the net number of
mllliequlvalents of sodium hydroxide consumed

=weight of Cellulose Acetate taken, calculated on
the dried basis (g)

Acceptance criteria: 29.00/0-44.8% by weight of acetyl
(CzH30 ) groups on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF FREE ACID .

Sample: 5 g
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 0.01 N sodium hydroxide VS
Endpoint detection: Visual .

Analysis: Transfer the Sample to a 250-mL flask.Add 150 mL
of freshl¥ boiled, coole.d water. Insert the stopper into the
flask.swirl the suspension gently, and allow it to stand for
3 h. Filter through paper, and wash the flask and the filter
with ,freshly boiled, cooled water, adding the washings to
the filtrate. Add phenolphthalein TS, and titrate the
combined filtrate and washings with the Titrant.
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Sample solution: Prepare 2.0 mg/mL of Cetostearyl
Alcohol in Internal standard solution, and heat the solution
in a sealed container in a 50° water bath until cetostearyl
alcohol is dissolved. Allow the solution to cool to room
temperature, and mix well.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused-silica capillary; coated

with a 0~25-l.Jm layerof phase G7
Temperatures

Detector: 280°
Injection port: 270°
Column: See Table 1.

Table 1

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
(") ("1m in) (") (min)

60 20 180 -
180 10 220 5

Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 I.Jl
Injection type: Split injection;split ratio, is 100:1
Liner: Single taper, low pressure drop linerwith

deactivated wool
Run time: ·15 min

System suitability
Samples: System suitability solution and Standard solution

[NOTE-See Table 2 for the relative retention times.]

Table 2
Relative

-. Retention
Component Time

l-Pentadecanol
(internalstandard) 1.00

Cetylalcohol 1.09

Stearyl alcohol 1.25

Oleyl alcohol
..

1.28

Suitability requirements
Resolution: NLT 30 between the cetylalcoholand stearyl

alcohol peaks; NLT 2.0 between the stearyl alcohol and
oleyl alcohol peaks, System suitability solution

Tailing factor: 0.8-1.8 for the stearyl alcohol and
1-pentadecanol peaks, Standard solution

Relative standard deviation: NMT 1%, using the area
ratio of stearyl alcohol to 1-pentadecanol, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of cetyl alcohol (C16H340 ) or

stearyl alcohol (C18H380 ) in the portion of Cetostearyl
Alcohol taken:

Result =(Ru/Rs) x (Cs/Cu) x 100

Ru =peak response ratio of cetyl alcohol (or stearyl
alcohol) to the internal standard [peak response
of cetylalcohol (or stearylalcohol)/peak response
of the internal standard] from the Sample solution
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Rs = peak response ratio of cetyl alcohol (or stearyl
alcohol) to the internal standard [peak response
ofcetylalcohol(or stearylalcohol)/peak response
of the internal standard] from the Standard
solution

Cs =concentration of USP CetylAlcohol RS (or USP
Stearyl Alcohol RS) in the Standard solution (mg/
mL)

Cu =concentration of CetostearylAlcohol in the
Sample solution (mg/mL)

Acceptance criteria
Stearyl alcohol (C1sH3SO): NlT 40.0%
Sum of stearyl alcohol (C1sH3SO) and cetyl alcohol

(C16H340 ): 90.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION(281): NMT 0.1%, determined on 2 9
• LIMIT OF RELATED FATTV ALCOHOLS

Solution A: 1 mg/mL of 1-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL each of USP Lauryl

Alcohol RS, USP Myristyl Alcohol RS, USP CetylAlcohol RS,
USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS in Solution A. Heat
the solution in a sealed container in a 50° water bath until
allfatty alcoholsare dissolved. Allow the solution to cool to
room temperature, and mix well. Dilutethe solution with
ethanol to obtain a solution containing 0.05 mg/mL each
of USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, USP Cetyl
Alcohol RS, 1-pentadecanol, USP Stearyl Alcohol RS, USP
Oleyl Alcohol RS, USP Linolenyl Alcohol RS, and USP
Arachidyl Alcohol RS.

Sample solution: 1 mg/mL of CetostearylAlcohol in
ethanol. Heat the solution in a sealed container in a 50°
water bath until cetostearyl alcohol is dissolved. Allow the
solution to cool to room temperature, and mix well.

Chromatographic system: Proceed as directed in the
Assay, except for the split ratio.
Injection type: Split injection; split ratio is5:1

System suitability
Sample: Resolution solution

[NOTE-See Table 3 for the relative retention times.]

Table 3

Relative
Retention

Component Time

lauryl alcohol 0.79

Myristyl alcohol 0.93

l-Pentadecanol 1.00

Cetylalcohol 1.09

Stearyl alcohol 1.25

Oleylalcohol 1.28

linolenyl alcohol 1.36

Arachidyl alcohol 1.44

Suitability requirements
Resolution: NLT 15 between the myristyl alcohol and

1-pentadecanol peaks;NlT30 between the cetylalcohol
and stearylalcohol peaks; NLT 2.0 between the stearyl
alcohol and oleyl alcohol peaks

Analysis .
Samples: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample

solution based on that in the Resolution solution.
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Calculate the percentage of each related fatty alcohol or
any unspecified impurity in the portion of Cetostearyl
Alcohol taken:

Result = (rulrr) x 100

t» = peak response of each related fatty alcohol (or any
unspecified impurity) from the Sample solution

rr =sum of all the peak responses excluding peak
responsesdue to solvent from the Sample solution

Acceptance criteria: Disregard peaks that are less than
0.05% for any unspecified impurities, and any peaksdue to
solvent.
Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities:

NMT 10.0%

SPECIFICTESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 2
• FATS AND FIXED OILS, Hydroxyl Value (401): 208-228
• FATS AND FIXED OILS, IodineValue (401): NMT 4
• WATERDETERMINATION, MethodI (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate whether it is derived from

vegetable, animal, or synthetic sources.
• USP REFERENCE STANDARDS (11)

USP Arachidyl Alcohol RS
USP Cetyl Alcohol RS
USP Lauryl Alcohol RS
USP Linolenyl Alcohol RS
USP Myristyl Alcohol RS I

USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

Cetrimonium Bromide

C19H42BrN, 364.45
Hexadecyltrlrnethylamrnonlurn bromide [57-09-0].

DEFINITION
Cetrimonium Bromide contains NLT 96.0% and NMT 101.0%

of hexadecyltrimethylammonium bromide, calculated
as C19H42BrN, on the dried basis.

IDENTIFICATION
• A. ULTRAVIOLET ABSORPTION

Sample solution: 10 mg/mL in alcohol
Analytical wavelength: 260-280 nm
Cell: 1 cm
Acceptance criteria: After correcting for the blank, the

absorbance is NMT 0.05.
• B.

Sample solution: Dissolve5 mg of Cetrimonium Bromide in
5 mL of phosphate buffer pH 8.0.

Blank: 5 mL of phosphate buffer pH 8.0
Analysis: Add a strip of methyl green-iodomercurate paper

to the Sample solution and Blank.
Acceptance criteria: After 5 min, the Sample solution

shows a more intense greenish-blue color than the Blank.
• C.

Sample: 2.0 g
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Analysis: Transfer the Sample to a 1OO-mL flask, and dissolve
in and dilute with previously boiled and cooled water to
volume.

Acceptance criteria: The solution froths copiously when
shaken.

• D. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201)

Solution A: 270 mg/mL of sodium acetate trihydrate
Standard solution: 20 mg/mL of USP Cetrimonium

Bromide RS
Sample solution: 20 mg/mL of Cetrimonium Bromide
Chromatographic system

Developing solvent system: Methanol, acetone, and
Solution A (45:20:35)

Analysis
Samples: Standard solutionand Sample solution

Proceed asdirected in the chapter. Removethe plate from
the developing chamber, and dry the plate in a current
of hot air. Allow to cool. Exposethe plate to iodine vapor,
and examine in daylight.

Acceptance criteria: The principal spot of the Sample
solution is similar in position, color, and size to that of the
Standard solution.

• E. IDENTIFICATION TESTS-CENERAL, Bromide (191): A
solution of it meets the requirements.

ASSAY
• PROCEDURE

Sample solution: 20 mg/mL of Cetrimorium Bromide
Blank: Combine 10.0 mL of freshly prepared 50-mg/mL

potassium iodide, 20 mL of water, and 40 mL of
hydrochloric acid.

Titrimetric system
(See Titrimetry (541).)
Mode: Residual titration
Titrant: 0.05 M potassium iodate VS

Analysis
Samples: Sample solutionand Blank

Transfer 25.0 mL of the Sample solutionto a separatory
funnel, and add 25 mL of chloroform, 10 mL of 0.1 N
sodium hydroxide VS, and 10.0 mL of a freshly prepared
solution of potassium iodide (50 mg/mL). Shakewell,
allow to separate, and discard the chloroform layer.
Wash the aqueous layer with three 1O-mL portions of
chloroform, and discard the washings. Transfer the
aqueous layer to a stoppered conical flask, add 40 mL of
hydrochloric acid, and allow to cool. Titrate with Titrant
until the deep brown color is almost discharged. Add
2 mL of chloroform, and continue the titration, shaking
vigorously, until the color of the chloroform layer no
longer changes. Perform a blank determination. Each
mL of Titrant is equivalent to 36.45 mg of Cetrimonium
Bromide (C19H42BrN).

Acceptance criteria: 96.00/0-101 .0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 0.5%

• LIMIT OF AMINES AND AMINESALTS. .
Sample: 5.0 g .. .
Analysis: Dissolve the Sample in 30 mL of a mixture of

methanol and 1 N hydrochloric acid VS (99:1), and add
100 mL of isopropyl alcohol. Pass a stream of nitrogen
slowly through the solution. Gradually add 15.0mL of
0.1 N tetrabutylammonium hydroxideVS,JE!,~ordingthe
potentiometric titration curve. . ,".' ..

Acceptance criteria: If the curve shovysf:vyO Inflection
points, the volume of titrant added betwe~11 the two points
is NMT 2.0 mL. -
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SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECifiED MICROORGANISMS (62): The total aerobic
microbial count is NMT 103 cfu/g. The total combined
molds and yeasts count is NMT 101 cfu/g.

• ApPEARANCE OF SOLUTION
Analysis: Transfer2.0 g of Cetrimonium Bromide to a

1OO-ml flask, and dissolve in and dilute with previously
boiled and cooled water to volume.

Acceptance criteria: The solution isclear and colorless.
• ACIDITY OR ALKALINITY .

Sample solution: 50 ml of the solution obtained in the
Appearance of Solution test

Analysis: To the Sample solution add 0.1 ml of bromocresol
purple TS.

Acceptance criteria: NMT 0.1 ml of 0.1 N sodium
hydroxide or 0.1 N hydrochloric acid is required to change
the color of the indicator.

• LossON DRYING (731)
Sample: 1.0 g
Analysis: Dryat 105° for 2 h.
Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Cetrimonium Bromide RS

Cetyl Alcohol

H3C~OH

C16H340

1-Hexadecanol [36653-82-4].

DEFINITION
Cetyl Alcohol contains NlT 90.0% and NMT 102.0% of cetyl

alcohol (C16H340 ), the remainder consistingc;hiefly of related
alcohols. It isobtained from sources of vegetable, animal, or
synthetic origin.

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the Assay.
Acceptance criteria: .The retention time of the major peak

of the Sample solution, excluding the solvent and internal
standard peaks,corresponds to the cetylalcohol peakof the
System suitability solution.

ASSAY
• PROCEDURE

Internal standard solution: 1 mg/mlof 1-pentadecanol
(internal standard) in ethanol

System suitability solution: Prepare 1 mg/ml each of USP
CetylAlcohol RS, USP Stearyl Alcohol RS, and USP Oleyl
Alcohol RS in Internal standard solution, and heat the
solution in a sealed container in a 50° water bath until all
fatty alcoholsare dissolved. Allow the solution to cool to
room temperature, and mix well.

Standard solution: Prepare 1.0 mg/ml of USP Cetyl
Alcohol RS in Internal standard solution, and heat the
solution in a sealed container in a 50° water bath until cetyl
alcohol isdissolved. Allow the solution to cool to room
temperature, and mix well.

Sample solution: Prepare 1.0 mg/ml of CetylAlcohol in
Internal standard solution, and 'heat the solution in a sealed
container ina 50°water bath untilcetylalcohol isdissolved.
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Allow the solution to cool to room temperature, and
mix well.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused-silica capillary; coated

with a 0.25-J.lm layerof phase G7
Temperatures

Injection port: 270°
Detector: 280°
Column: See Table 1.

Table 1

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
CO) CO/min) CO) (min)

60 20 180 -
180 10 220 5

Carrier gas: Hydrogen
Flow rate: 2.0 ml/min, constant flow mode
Injection volume: 1 J.ll r

Injection type: Split injection; split ratio is 100:1
Liner: Singletaper, low pressure drop linerwith

deactivated wool
Run time: 15 min

System suitability
Samples: System suitability solution and Standard solution

[NoTE-See Table 2 for the relative retention times.]

Table 2
Relative

Retention
Name Time

1-Pentadecanol
(internal standard) 1.00

Cetylalcohol 1.09

Stearylalcohol 1.25

Oleylalcohol 1.28

Suitability requirements
Resolution: NlT 30 between the cetylalcohol and stearyl

alcohol peaks; NlT 2.0 between the stearyl alcohol and
oleyl alcohol peaks, System suitability solution

Tailing factor: 0.8-1.8 for the cetyl alcohol and
1-pentadecanol peaks, Standard solution

Relative standard deviation: NMT 1%, using the area
ratio of cetyl alcohol to 1-pentadecanol, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cetyl alcohol (C16H 340 ) in the

portion of CetylAlcohol taken:

Result = (Ru/Rs) x (Cs/Cu) x 100

Ru =peak response ratioof cetylalcohol to the internal
standard (peak response of cetyl alcohol/peak
response of the internal standard) from the
Sample solution

Rs =peak response ratioof cetylalcohol to the internal
standard (peak response of cetyl alcohol/peak
response of the internal standard) from the
Standard solution
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=concentration of USP CetylAlcohol RS in the
Standardsolution (mg/mL)

=concentration of CetylAlcohol in the Sample
solution (mg/mL)

Acceptance criteria: 90.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on 2 9
• LIMIT OF RELATED FATTY ALCOHOLS

Solution A: 1 mg/mL of 1-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL of USP Lauryl
Alcohol RS, 1 mg/mL of USP Myristyl Alcohol RS,
1 mg/mL of USP CetylAlcohol RS, 1 mg/mL of USP Stearyl
Alcohol RS, and 1 mg/mL of USP Oleyl Alcohol RS inSolution
A. Heat the solution in a sealed container in a 500 water
bath until allfatty alcohols are dissolved. Allow the solution
to cool to room temperature, and mix well. Dilutethe
solution with ethanol to have a solution containing
0.05 mg/mL each of USP Lauryl Alcohol RS, USP Myristyl
Alcohol RS, USP CetylAlcohol RS, 1-pentadecanol, USP
Stearyl Alcohol RS, and USP Oleyl Alcohol RS.

Sample solution: Prepare 1.0 mg/mL of CetylAlcohol in
ethanol, and heat the solution in a sealed container in a 500

water bath untilcetylalcohol isdissolved. Allow the solution
to cool to room temperature, and mix well.

Chromatographic system: Proceed as directed in the
Assay, except for the split ratio.
Injection type: Split injection; split ratio is 5:1

System suitability
Sample: Resolution solution

[NoTE-See Table 3 for the relative retention times.]

Table 3
Relative

Retention
Name Time

Lauryl alcohol 0.79

Myristyl alcohol '. 0.93

l-Pentadecanol 1.00

Cetylalcohol 1.09

Stearyl alcohol 1.25

Oleylalcohol 1.28

Suitability requirements
Resolution: NLT 15 between the myristyl alcohol and

1-pentadecanol peaks; NLT 30 between the cetylalcohol
and stearyl alcohol peaks; NLT 2.0 between the stearyl
alcohol and oleylalcohol peaks

Analysis
Samples: Resolution solution and Sample solution
Identifyeach related fatty alcohol peak in the Sample

solution based on that in the Resolution solution.
Calculatethe percentage of each related fatty alcohol or an

unspecified impurity in the portion of CetylAlcohol
taken:

Result = (rvlrr) x 100

rv =peak response of each relatedfatty alcohol(or any
unspecified impurity) from the Sample solution

rr = sum of all the peak responses excluding peak
responses due to solventfrom the Sample solution

Acceptance criteria: Disregard peaks that are lessthan
0.05% for any unspecified impuritiesand any peaks due to
solvent.
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Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities:

NMT 10.0%

SPECIFIC TESTS
• FATS AND fiXED OILS, Acid Value (401): NMT 2
• FATS AND fiXED OILS, Hydroxyl Value (401): 218-238
• FATS AND fiXED OILS, Iodine Value (401): NMT 5
• WATER DETERMINATION; Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate whether it is derived from

vegetable, animal, or synthetic sources.
• USP REFERENCE STANDARDS (11)

USP Cetyl Alcohol RS
USP Lauryl Alcohol RS
USP MyristylAlcohol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

Cetyl Esters Wax
DEFINITION
Cetyl Esters Wax isa mixture consisting primarily of esters of

saturated fatty alcohols (C12 to C1S) and saturated fatty acids
(C12 to C20) . It contains NLT 90.0% of total saturated fatty
esters and NLT 10.0% of fatty esters with carbon-chain
length of carbon number 32 that consist chieflyof cetyl
palmitate.

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the test for TotalFattyEsters
and Cetyl Palmitate in the Assay.

Acceptance criteria: The retention times of the four major
fatty ester peaks (fatty esters with carbon-chain length of
carbon number 28, fatty esters with carbon-chain length of
carbon number 30, fatty esters with carbon-chain length of
carbon number 32, and fatty esters with carbon-chain
length of carbon number 34) of the Sample solution
correspond to those of Reference solutionD.

• B. FATS AND FIXED OILS (401), Procedures,
Saponification Value: 109-120

ASSAY
• TOTAL FAITY ESTERS AND CETYL PALMITATE

Reference solution A: 1 mg/mL of USP Lauryl Alcohol RS,
1 mg/mL of USP Myristyl Alcohol RS, 1 mg/mL of USP Cetyl
Alcohol RS, and 1 mg/mL of USP Stearyl Alcohol RS in
n-hexane '

Reference solution B: 1 mg/mL of USP Palmitic Acid RS in
n-hexane .

Reference solution C: 1 mg/mL of USP Cetyl Palmitate RS
in n-hexane .

Reference solution D: 1 mg/mL of USP Cetyl Esters Wax RS
in n-hexane

Sample solution: 1 mg/mL of Cetyl Esters Wax inn-hexane
Chromatographic system .'. .'. '. .

(See Chromatography(621), System Suitability.)
Mode: GC .
Detector: Flame ionization . .
Column: 0.53-mm x 10-m fused-silicac~pill.a')';?65~~m

layerof phase G2 : .. '.' !'.' .' "

Temperatures
Injection port: 3500

'

Detector: 3500
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Column: See Table 7.

Table 1

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") ("/min) (") (min)

100 20 300 15

Carrier gas: Helium
Flow rate: 6.5 mL/min
Injection volume: 1 IJL
Injection type: Split ratio, 10:1
Run time: 25 min

System suitability
Samples: Reference solutionA, Reference solution B,

Reference solution C, and Reference solution 0
[NoTE-For relative retention times, see Table 2.]

Table 2

Component Relative Retention Times

Lauryl alcohol 0.31

Lauric acid 0.34

Myristyl alcohol 0.39

Myristic acid 0.42

Cetylalcohol 0.46

Palmitic acid 0.49

Stearyl alcohol 0.53

Stearicacid
I

0.55

Fattyesters with carbon-chain length of car-
bon number 26 0.72

Fattyesters with carbon-chain length of car-
bon number 28 0.79

Fattyesters with carbon-chain length of car-
bon number 30 0.87

Fattyesters with carbon-chain length of car-
bon number 32 that consistchiefly of cetyl
palmitate 1.00.

Fattyesters with carbon-chain length of car-
1.18bon number 34 .'

Fattyesters with carbon-chain length of car-
bon number 36 .. -: 1.44

Suitability requirements
Resolution: NLT2.0 between fatty esters with

carbon-chain length of carbon number 32 and fatty
esters with carbon-chain length of carbon number 34,
Reference solution 0

Analysis .
Samples: Reference solutionA, Reference solution B,

Reference solution C, Reference solution 0, and Sample
solution

Identify fatty alcohols, fatty acids, and fatty esters based on
the chromatograms from Reference solutionA, Reference
solution B, Reference solution C, and Reference solution 0,
and also according to Table 2.

Calculate the percentage of each individual group of fatty
esters (fatty esters with carbon-chain length of carbon
number 26, fatty esters with carbon-chain length of
carbon number 28, fatty esters with carbon-chain length
of carbon number 30, fatty esters with carbon-chain
length of carbon number 32, fatty esters with
carbon-chain length of carbon number 34, or fatty esters
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with carbon-chain length of carbon number 36) (P FE) in
the portion of Cetyl Esters Wax taken:

Result (P FE) =(r ulr r) x 100

ru = peak area of each individual group of fatty esters
(fatty esters with carbon-chain length of carbon
number 26, fatty esters with carbon-chain length
of carbon number 28, fatty esters with
carbon-chain length of carbon number 30, fatty
esters with carbon-chain length of carbon
number 32, fatty esters with carbon-chain length
of carbon number 34, or fatty esters with
carbon-chain length of carbon number 36)
from the Sample solution

r t = sum of the total peak areas from the Sample
solution, except for the peak areas from solvent

Calculate the percentage of total saturated fatty esters in
the portion of Cetyl Esters Wax taken:

Result = 'LP FE

Acceptance criteria
Total saturated fatty esters: NLT 90.0%
Fatty esters with carbon-chain length of carbon number

32 that consist chiefly of cetyl palmitate: NLT 10.0%

IMPURITIES
• LIMIT OF TOTAL FREE FATTY ALCOHOLS AND FREE FATTY

ACIDS
Reference solution A, Reference solution B, Reference

solution 0, Sample solution, Chromatographic system,
and System suitability: Proceed as directed in the test for
TotalFatty Esters and CetylPalmitate.

.Analysis
Samples: Reference solutionA, Reference solution B,

Reference solution 0, and Sample solution
Identify fatty alcohols.fatty acids, and fatty esters based on

the chromatograms from Reference solutionA, Reference
solutionB,and Reference solution0, and also according to
Table 2.

Calculate the percentage of each individual fatty alcohol
(Iauryl alcohol, myristyl alcohol, cetyl alcohol, or stearyl
alcohol) or fatty acid (lauric acid, myristic acid, palmitic
acid, or stearic acid) (P FA) in the portion of Cetyl Esters
Wax taken:

Result (P FA) = (r ulr r) x 100

r u = peak area of each individual fatty alcohol (Iauryl
alcohol, myristyl alcohol, cetyl alcohol, or stearyl
alcohol) or fatty acid (lauric acid, myristic acid,
palmitic acid, or stearic acid) from the Sample
solution

r r = sum of the total peak areas from the Sample
solution, except for the peak areas from solvent

Calculate the percentage of total fatty alcohols and fatty
acids in the portion of Cetyl Esters Wax taken:

Result = 'LP FA

Acceptance criteria
Total free fatty alcohols and free fatty acids: NMT .

10.0%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741), Procedures,

Procedure for Class 1/: 43°-47°
• FATS AND FIXED OILS (401), Procedures, Acid Value: NMT 5
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III FATS AND FIXED OILS (401), Procedures, Iodine Value: NMT
1

III PARAFFIN AND FREE ACIDS
Sample: 1 g
Analysis: Dissolve the Sample in 50 mL of boiling alcohol.
Acceptance criteria: The Sample dissolves completely, and

the resulting solutionis neutral or acidic to moistened
litmus paper.

ADDITIONAL REQUIREMENTS
III PACKAGING AND STORAGE: Preserve in well-closed

containers, in a dry place, and prevent exposure to
excessive heat.

III LABELING: Label to indicate the percentages of fatty esters
with carbon-chainlength ofcarbon number 26, fatty esters
with carbon-chainlength ofcarbon number 28, fatty esters
with carbon-chainlength ofcarbon number 30, fatty esters
with carbon-chainlength ofcarbon number 32, fatty esters
with carbon-chain length of carbon number 34, and fatty
esters with carbon-chain length of carbon number 36.

III USP REFERENCE STANDARDS (11)
USP Cetyl Alcohol RS
USP Cetyl Esters Wax RS
USP Cetyl Palmitate RS
USP Lauryl Alcohol RS
USP Myristyl Alcohol RS
USP Palmitic Acid RS
USP Stearyl Alcohol RS

Cetyl Palmitate
, 0

H3C~O
H3C~'

C32H640 2 480.85
Hexadecanoic acid hexadecyl ester;
Cetyl palmitate [540-10-3].

DEFINITION
Cetyl Palmitate cons!sts ofesters.of ceo/I a~cohol and.~~tura~ed

high molecular weight fatty acids, prmcipally palrnltlc acid.

IDENTIFICATION "

iliA
~ •.......•.......' ..{'..•.....

Sample: Use a thin film of melted test specimen.
Acceptance criteria: Meets the requirements

III B. The retention times of cetylalcoholand palmitic acid
from the Sample solutioncorrespond to those from the
System suitabilitysolution, asobtained in the test for Content
of Palmitic Acid.

ASSAY
III CONTENT OF PALMITIC ACID

System suitability solution: Transfer 20 mg each of cetyl .
alcohol, stearicacid,palmitic acid, and oleicacidto a 25-mL
conical flask fitted with a suitablewater-cooled reflux
condenser and a magnetic stir bar, and proceed as
directed for Test solution in Fats and Fixed Oils, FattyAcid
Composition (401), beginning with "Add5.0 mL of a
solution prepared by dissolving".

Sample solution: Proceedasdirectedfor Test solutionin Fats
and Fixed Oils, FattyAcidComposition (401).
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Chromatographic system: Prepare as directed in Fats and
Fixed Oils, FattyAcidComposition (401).
Injection volume: 1 ~L

System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention timesfor methyl
palmitate, cetyl alcohol, methylstearate, and methyl
oleate are about 0.87, 0.96, 0.99, and 1.0,
respectively.]

Suitability requirements .
Resolution: NLT 1.5 between the methylstearate and

methyl oleate peaks
Relative standard deviation: NMT 6.0% for the

palmitate and stearate peaks; NMT 2.0% for the ratioof
the palmitate peak to the stearate peak

Analysis
Samples: System suitabilitysolutionand Sample solution

Identify the methyl palmitate peak of the Sample solution
by comparing the retention timesof the Sample solution
peaks with those of the System suitabilitysolutionpeaks.

Calculatethe percentage of palmitic acid in the portionof
Cetyl Palmitate taken:

Result =(rulrr) x 100

= peak area of methyl palmitate
=sum of all the peak areas, excluding the solvent

and cetyl alcohol peaks

Acceptance criteria: The palmitate peak is NLT 90% of the
total area for all the peaks.

IMPURITIES
III RESIDUE ON IGNITION (281): NMT 0.05%

SPECIFIC TESTS
III MELTING RANGE OR TEMPERATURE, Class 1/(741): 46°-53°
III FATS AND FIXED OILS, Acid Value (401): NMT 1
III FATS AND FIXED OILS, .Hydroxyl Value (401): NMT 6
III FATS AND FIXED OILS, IodineValue (401): NMT 1
III FATS AND FixeD OILS, Saponification Value (401): 110-130
III Loss ON DRYING (731)
Analysis: Dryat 105° for 1 h.
Acceptance criteria: NMT 3.0%

ADDITIONAL REQUIREMENTS
III PACKAGING AND STORAGE: Preserve in tight containers at

controlled room temperature, and avoid exposure to
excessive heat. -

III USP REFERENCE STANDARDS (11)
USP Cetyl Palmitate RS

Cetylpyridinium Chloride-see Cetylpyridinium
Chloride General Monographs

Activated Charcoal-see Activated Charcoal General
Monographs
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Cherry Juice
DEfiNITION
Cherry juice is the liquid expressedfrom the fresh ripe fruit of

Prunus cerasus L. (Fam. Rosaceae). It contains NLT 1.0%
malic acid (C4H60 s) ' '

Coarselycrush washed, stemmed, unpitted, sour cherries in a
grinder to break the pits but not mash the kernels. Dissolve
0.1% BenzoicAcid in the mixture, and allow to stand at room
temperature until a small portion of the filtered juice, when
mixed with one-half of its volume of alcohol, does not
become cloudy within 30 min. Press the juice from the
mixture, and filter it.

IDENTIFICATION
• A.

Sample: 5 mL
Analysis: Add lead acetate TS to the Sample until the

mixture, when filtered, gives no further precipitation with
the lead acetate solution. Filter, and to the clear filtrate add
5 mL of a 1OO-mg/mL sodium oxalate solution to remove
the excess lead. Filter, add 5 mL of alkaline cupric tartrate
TSto 5 mL of the clear filtrate, and warm.

Acceptance criteria: A red precipitate is formed.

OTHER COMPONENTS
• MALIC ACID·

Solution A: 6 N ammonium hydroxide and water (2:98)
Sample: 10.0 mL
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N potassium permanganate VS
Endpoint detection: Visual

Analysis: Placethe Sample in a 125-mL flask, and add 1 g of
calcium carbonate. Heat on a steam bath for 15 min,
mixing occasionally, and passthrough a filter. Wash the
filter with five 5-mL portions of water, and to the combined
filtrate and washings add 1 mL of 6 N ammonium
hydroxide and 15 mlof ammonium oxalate TS. Heat on a
steam bath for 15 min, passthrough hardened filter paper,
and wash the flask and the filter with five 5-mL portions of
Solution A. Puncture the filter paper, and wash the
precipitate into the same flask by means of hot water,
followed by 30 mL of 12 N sulfuric acid. Heat the solution
to 80°. Titrate with Titrant. Each mL of Titrant is equivalent
to 6.704 mg of malic acid (C4H60 s)'

Acceptance criteria: ··NLT 1.0%

IMPURITIES
• RESIDUE ON IGNITION (281): 0.35%-0.55%
• ARSENIC, Method I (211)

Sample solution: To 10 mL in a Kjeldahl flask add 5 mL of
nitric acid and 5 mL of sulfuric acid, and heat the mixture
until the volume is reduced to 5 mL and the color becomes
brownish or black. Add a small portion of nitric acid, and
continue the heating, adding small portions of nitric acid
as often as browning recurs, until the organic matter is
destroyed and dense, white fumes are liberated. Dilute the
solution with about 10 mL of water, add 200 mg of
ammonium oxalate, and continue the heating until dense,
white fumes again are evolved and the solution is colorless
to pale yellow. Cool, cautiously add water to make 20 mL,
and mix.

Acceptance criteria: NMT 0.3 IJg/g
• LEAD' (251)

Test preparation: Add 1.0 mL of juice to 10 mL of nitric acid
in a 250-mL conical flask, and boil for 5-10 min. Cool in an
ice bath, and transfer to a separator with the aid of 5 mL of
lead-free water.
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Analysis: Proceed as directed in the chapter, except use
15 mL of Ammonium Citrate Solution, 500 IJL of
Hydroxylamine Hydrochloride Solution, and 3 mL of
Potassium Cyanide Solution.

Acceptance criteria: NMT 5 IJg/mL

SPECIFICTESTS
• SPECIFIC GRAVITY (841): 1.04:5-1.075
• REFRACTIVE INDEX (831): NLT 1.350
• pH (791): 3.0-4.0
• LIMIT OF NONVOLATILE RESIDUE

Sample: 5.0 mL
Analysis: Evenly spread the Sample over the bottom of a

tared half Petri dish, and place on a steam bath for 1 h. Dry
in a vacuum desiccator over silica gel for 16 h.

Acceptance criteria: The weight of the residue is NLT
500 mg. NMT 9.5% is found.

• LIMIT OF VOLATILE ACIDS
Sample: 25 mL
Analysis: Distill the Sample with steam to obtain 100 mL of

distillate. Add phenolphthalein TS, and titrate with 0.10 N
sodium hydroxide.

Acceptance criteria: NMT 1.5 mL is required.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers, and prevent exposure to excessive heat.
• LABELING: The label states the Latin binomial name and,

following the official name, the part of the plant source
from which the article was derived.

Cherry Syrup
DEFINITION
Prepare Cherry Syrup asfollows (see Pharmaceutical

Compounding-Nonsterile Preparations (795».

Cherry Juice 475 mL

Sucrose 800 9

Alcohol 20mL

Purified Water, a sufficient quantity to make 1000 mL

Dissolve Sucrose in Cherry Juice by gently heating on a steam
bath, cool, and remove the foam and floating solids. Add
Alcoholand sufficient Purified Waterto make 1000 mL,
and mix.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 1.0%-2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers, and prevent exposure to excessive heat.
• LABELING: The label states the Latin binomial name and,

following the official name, the part of the plant source
from which the article was derived.
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Chitosan

,o~o!QJQ~
HO NH, HO /H HO NH,

R n

o
R=H or 4:

CH,

Poly-~-(l ,4)-2-amino-2-deoxy-D-glucose [9012-76-4].

DEFINITION
Chitosan is an unbranched binary polysaccharide consisting of

N-acetyl-D-glucosamine and D-glucosamine units linked in a
~(1 ~4) manner. Chitosan is obtained by partial
deacetylation of chitin, which is extracted from the shells of
edible shrimps and crabs suitable for human use. Its degree
of deacetylation is NLT 70.0% and NMT 95.0%.

IDENTIFICATION

eA
OS

e B.
Sample: 0.2 g of Chitosan powder
Analysis: Add 80 g of water to the Sample, and stir briefly

to obtain a dispersion. Separately prepare a glycolic acid
solution by dissolving 0.1 g of glycolic acid in 20 g of water.
Add the solution in one step to the dispersion. Stir the
mixture gently at room temperature until it becomes a clear
solution. [NOTE-It takes approximately 30-60 min to
obtain a clear solution.] Add 5 g of a 0.5% sodium lauryl
sulfate aqueous solution to the clear solution.

Acceptance criteria: A gelatinous mass is formed.

ASSAY

e DEGREE OF DEACETYLATION ,
[NOTE-If tetramethylsilane is not used as the NMR

reference, a suitable signal of the solvent itself can be used
as a reference.] "

Solvent: Deuterated formic acid
NMR reference: Tetramethylsilane
Sample solution: Into a 20-mL scintillation vial with a screw

cap, dissolve 5-10 mg of Chitosan in deuterated formic
acid, containing 0.50/0-1.0% of tetramethylsilane, to obtain
1 mL of solution. Tightly close the vial, and dissolve
Chitosan using a magnetic stirrer. To completely dissolve
takes it about 48 h; the stirring is stopped when a clear
solution with a high viscosity is obtained. Break up any
clumps formed during the dissolution process with a
spatula, if necessary.

Analysis
Sample: Sample solution

Transfer 0.5-1.0 mL of the Sample solution to a standard
5-mm NMR spinning tube. Proceed as directed in
NuclearMagneticResonance Spectroscopy (761), Relative
Method of Quantitation, scanning the region from 0-
7 ppm, and using the calculation formulas below.
Record as A 1 the average area of the composite band
from about 6-3 ppm, representing the seven protons
with oxygen neighbors in the sugar ring. Record as A 2

the average area of the signals at about 2 ppm, due to
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the methyl groups of the acetyl units, with reference to
the tetramethylsilane singlet at 0 ppm.

Calculate the percentage of deacetylation degree, by
weight, in the Chitosan taken:

Result = {1 - [(7 x A 2)/(3 x A

Acceptance criteria: The degree of deacetylation is NLT
70.0% and NMT 95.0%.

IMPURITIES
e RESIDUE ON IGNITION (281): NMT 1.0%
e LIMITOF LEAD, MERCURY, CHROMIUM, NICKEL, CADMIUM,

AND ARSENIC
65% Nitric acid: Use ultratrace nitric acid, 65%

70% HN03, ACS reagent grade.
Internal standard: Transfer 0.2 mL of a solution containing

1000 ppm of yttrium [NOTE-Yttrium ICPstandard solutions
are commercially available.' ] and 0.2 mL of a solution
containing 1000 ppm of lutetium [NOTE-Lutetium ICP
standard solutions are commercially avallable.s] to a
1OO-mL volumetric flask, add 1 mL of 65% Nitricacid,dilute
with water to volume, and mix.

Blank standard: Transfer 1.0 mL of the Internalstandardto a
1OO-mL volumetric flask, add 1 mL of 65% Nitricacid,dilute
with water to volume, and mix.

, Standard solutions: Transfer 0.1 mL of a solution
containing 10 ppm of each of lead, mercury, chromium,
nickel, cadmium, and arsenic [NOTE-Multi-element ICP
standard solutions are commercially available.I] to a
1OO-mL volumetric flask, add 1 mL of the Internalstandard
and 1 mL of 65% Nitric acid, and dilute with water to
volume (Standardsolution 0.01 ppm). Transfer 0.1 mL of a
solution containing 10 ppm of each of lead, mercury,
chromium, nickel, cadmium, and arsenic to a 1000-mL
volumetric flask, add 10 mL of the Internalstandardand
10 mL of 65% Nitric acid, and dilute with water to volume
(Standard solution 0.001 ppm).

Sample solution: Transfer 1.0 g of Chitosan to a clean, dry,
1OO-mL Kjeldahl flask. [NOTE-A 300-mL flask may be used
if the reaction foams excessively.] Clamp the flask at an
angle of 45°, and add a sufficient quantity of a mixture of
8 mL of sulfuric acid and 10 mL of nitric acid to moisten the
substance thoroughly. Warm gently until the reaction
commences, allow the reaction to subside, and add
portions of the same acid mixture, heating after each
addition, until a total of 18 mL of the acid mixture has been
added. Increase the amount of heat, and boil gently until
the solution darkens. Cool, add 2 mL of nitric acid, and heat
again until the solution darkens. Continue the heating,
followed by addition of nitric acid until no further darkening
occurs, then heat strongly to the production of dense;
white fumes. Cool, cautiously add 5 mL of water, boilgently
to the production of dense, white fumes, and continue
heating until the volume is reduced to' a few mL. Cool,
cautiously add 5 mL of water, and examine the color of the
solution. If the color is yellow, cautiously a~d 1 m,Lpf 30%
hydrogen peroxide, and again evaporate tothe production
of dense, white fumes and a volume of2:-3 mL.Jf the
solution is still yellow, repeat the ad~ition of,5. rTlL ()f.vyater
and the peroxide treatment. Cool, dilute cautlg~sIX.»,ltha

1 Asuitableyttrium ICP standard isavailable from LGC prorrloch~rj1,(http:/ /
www.lgcstandards.com) or from Merck KGaA, Frankf~rter ~tr., 2?~~ 64293
Darmstadt,Germany.' .- ..." ~:. ".:
2 Asuitable lutetium ICP standard isavailable from LGC Promochem
(http://www.lgcstandards.com)orfrom Merck KGaA,Frankfurter$tr. 250,
64293 Darmstadt,Germany. ..
3 Suitable multi-elementICP standard solutionsare available from. LGC
Promochem(http://www.lgcstandards.com)or from Merck KGaA,
Frankfurter Str. 250, 64293 Darmstadt,Germany.
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Table 1

Element Isotope (amu)

Lead 208

201

Mercury 202

Chromium I 53

58

Nickel 60

Cadmium 114

Arsenic 75

Analysis
Samples: Blank standard, Standard solutions, Sample

solution, and Blank solution
Instrument performance must be verified to conform to

the manufacturer's specifications for resolution and
sensitivity. Before~a'lalyzing samples, the instrument
must passa suitable performance check. Perform the
evaluation using instrument software such ascorrection
equations for interferences and taking the Internal
standard into account. Generate the calibration curve
using the Blank standard, Standard solution 0.007 ppm,
and Standard solution 0.07 ppm: the linear regression
coefficient is NLT 0.999.

Aspirate the Blank solutionand Sample solution,
respectively, at least in duplicate, and report the average
reading as each element content of the sample.
Determine the concentration C 8, in IJg/mL, of each
element in the Blank solution, and also determine the
concentration C 5' in IJg/mL, of each element in the
Sample solution using the calibration curve. . .

Calculate the quantity, in IJg/g, of each element in the
portion of Chitosan taken:

Result= [(C 5- C 8)/Wj x Fx V

W =weight of the Chitosan taken to prepare the
Sample solution(g)

Acceptance criteria: See Table 2.

Table 2

• LIMIT OF IRON
65% Nitric acid: Useultratrace nitric acid, 650/0

70% HN03, ACS reagent grade.
Blank standard: Prepared asdirected in the Limit of Lead,

Mercury, Chromium, Nickel, Cadmium, and Arsenic.
Standard stock solution 100 ppm: Immediately before use,

dilute an appropriate amount of iron standard? with a
solution of 65% Nitric acid (1 in 100) to prepare an acidic
solution containing the equivalent of 100 IJg/mL of iron.

Standard solutions: Separately transfer 0.1 and 0.5 mL of
Standardstock solution 700 ppm to 1OO-mL volumetric
flasks, dilute with a solution of 65% Nitric acid (1 in 100) to
volume, and mix. Thesesolutions contain, respectively,
0.1 and 0.5 IJg of iron/mL (Standard solution 0.7 ppm and
Standardsolution0.5 ppm).

Sample solution: Transfer10.0 mL of the digestion solution
from the test for Limitof Lead, Mercury, Chromium, Nickel,
Cadmium, and Arsenic to a 1OO-mL volumetric flask, dilute
with water to volume, and mix.

Blank solution: Transfer 10.0 mL of the blank digestion
solution from the test for Limitof Lead, Mercury, Chromium,
Nickel, Cadmium, and Arsenic to a 1OO-mL volumetric flask,
dilute with water to volume, and mix.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma-atomic emission

spectrometer (ICP-AES)
Analytical wavelength: 238.040 and 239.562 nm with

the settings optimized asdirected by the manufacturer
Analysis

Samples: Blank standard, Standard solutions, Sample
solution, and Blank solution
Instrument performance must be verified to conform to

the manufacturer's specifications for resolution and
sensitivity. Before analyzing samples, the instrument
must passa suitable performance check. Generate the
calibration curve using the Blank standard, Standard
solution 0.7 ppm, and Standard solution 0.5 ppm: the
linear regression coefficient is NLT 0.999.

Aspirate the Blank solution and Sample solution,
respectively, at least in duplicate, and report the average
reading as the iron content of the sample. Determine
the concentration C 8, in IJg/mL, of iron in the Blank
solution, and alsodetermine the concentration Cs, in IJgI
mL, of iron in the Sample solutionusing the calibration
curve.

Element
Acceptance Criteria

(ppm)

Lead NMTO.5

Mercury NMTO.2

Chromium NMT 1.0

Nickel NMT 1.0

Cadmium NMTO.2

Arsenic NMTO.5

4 Suitable iron standards are available from LGC Promochem (http://
www.lgcstandards.com) (Single element standard for ICP, Iron 10,000 IJg!
mL dilute nitric acid) or from Merck KGaA, Frankfurter Str. 250, 64293
Darmstadt, Germany (iron ICPstandard, 10000 mg!L in 10% nitric acid).

= dilution factor, 4
= volume of the Sample solution, 100 mL

F
V

few mL of water, rinse into a 20-mL volumetric flask, and
dilute with water to volume. Transfer 5.0 mL of digestion
solution to a 1OO-mL volumetric flask, and retain the
remaining digestion solution for usein the Limitof Iron. Add
1 mL of the Internalstandard to the 1OO-mL volumetric
flask, dilute with water to volume, and mix.

Blank solution: Prepare the blank digestion solution,
following the preparation procedure for the Sample
solution, but without using Chitosan. Transfer 5.0 mL of
blank digestion solution to a 1OO-mL volumetric flask, and
retain the remaining digestion solution for use in the Limit
of Iron. Add 1 mL of the Internalstandard to the 100-mL
volumetric flask, dilute with water to volume, and mix.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma-mass spectrometer

(ICP-MS)
Spectrometer: Quadrupole massspectrometer
Detector: Ion detector maintained under vacuum
Other requirements: The instrument should read all

isotopes for the following elements shown in Table 7, for
the yttrium internal standard (89 amu) and the lutetium
internal standard (175 and 176 amu), and should report
the total element contents using the most naturally
abundant isotopes.
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Calculate the quantity, in IJg/g, of iron in the portion of
Chitosan taken:

Result=[(Cs - C s)/Wj x F x V

F =dilution factor, 2
V =volume of the Sample solution, 100 mL
W =weight of the Chitosan taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 10 ppm of iron
• LIMIT OF PROTEIN CONTENT

Control solution A: 1.0 mg/mL of bovine serum albumin
Control solution B: 0.1 mg/mL of bovine serum albumin
Sample solution C: Dissolve 100 mg of Chitosan in 4 mL of

100% formic acid, mix, and stir for about 48 h at room
temperature using a magnetic stirrer. This solution contains
25 mg/mL of Chitosan in 100% formic acid.

Sample solutions D, E, F: DiI~te aliquots ?f the Sa.mple .
solutionC with water to obtain the followlnq solutions with
concentrations of 2.5 mg/mL of Chitosan in 10% formic
acid, 0.5 mg/mL of Chitosan in 2% formic acid, and
0.25 mg/mL of Chitosan in 1% formic acid, respectively.

Molecular weight standard preparation G: Usea
commercially available preparation of apparent molecular
weight protein standards of 10,000-:190,000 Da dissolved
in the loading buffer consisting of 50 mM of
tris(hydroxymethyl)aminomethane hydrochloride (pH
6.8), 5 mM of ethylenediaminetetraacetic acid, 10 mM of
dithiothreitol [NOTE-A 2%-5% solution of
beta-mercaptoethanol can be used to replace
dithiothreitol.], 1% (w/v) sodium dodecyl sulfate, and 10%
(w/v) qlycerol.! [NOTE-A protein ladder containing the
following molecular weight standards in 10, 15,20, 25, 40,
50,60, 85, 120, and 190 KDa or other appropriate
combinations can be used.]

Sample buffer: Transfer 666 mg of tris(hydroxymethyl)
aminomethane hydrochloride, 682 mg of
tris(hydroxymethyl)aminomethanet 80.0 mg of Iith.ium.

,.c!odecyl sulfate, 6 mg of ethylenedlarnlnetetraacetk acid,
'4g of glycerol, 0.75 mL of 1% solution of Coomassle blue
G250, and 0.25 mL of 1% solution of phenol red to a 10-mL
1~91~metric flask, add ·8mL of water to the flask, and mix. If
Q~.~~~~~~~.;~~JH~t, "Yit~hydrochloric acid or sodium
hyqt9~iCfe to pH of7.2. Dilute with water to volume.

.~ i!/;1~9tJffer;pt 40
• It is stable for 6 months when

. fl~·qHi~91~nt.~()mmercially available buffer
d.6 ' :...•;,··•.•·· .

,~,r~.R~crE2,~.~9Iution containing 1 M of
flyl)I~.!J1.i.porT1E!}tJape,.1 M of

iN~~r~E~f~tp~8IJ~.x.I~fc~~~.~P~~H'.t~)QiF~,cid, 20.5 mM
et~y!~,P!~~·i~.m.ip~t.~~rB~,S~!i~,BS.i,2lfanCf99.3 mM dodecyl
s9~.·iYm •. sHI.fatE!in·"'Y~}~.r;'If.;p~,~~~~'ID'haqjust with
,hyCfrc>.~/;1Iqdcacid 9[~p.~l~'m£~y~rg~i~~Jo pH of7.3. An

,I' eqiJi'{.plent ~.ornrT1er;i9JIX~¥~11~.~:~1;~ppr9pri~te.SDS.running
bLJffer. can be used..·".;('Cf'f!\'1.!.,i,.c..,....." .: " ..

Fixing solution: A sol,uti()n'<;9nt~inj99~,g~.~thanol.and
10% acetic acid . '. "1" '.),; \;;c\'.. ,> I .••.• "'.

Sensitizing solution: Transferc.10 m..L9f;:a~()lytioJlrT1ainly
containing 10%-20% of 2~(4-:rnor8h.oI.lpyl)'~!/;1~we~ulfonic
acid, 0.1%-1.0% of sodium hydroxiq~;~n2!Z%<f"'"l.~% of
N,N-dimethylformamide into a 1OO-:Jtl~, V;qil!Hm1m~\!lask,

5 A suitablemolecularweight standardpreparation is availableras<}
BenchMark Prestained ProteinLadderfrom Invitrogen, product number:
10748010. . .. _ .-J~_

6 A suitablesamplebuffer is available as4X NuPAGE LOS sampleQlJff~rj p,

from Invitrogen, product number: NP0007. .·.'.·.. /,;i"

7A suitablerunning buffer isavailable asNuPAGE MES SDS RunningBUff~r
from Invitrogen, product number: NP0002. '
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add 30 mL of alcohol, and dilute with water to volume.
Alternatively, follow the instructions of a commercially
available silver staining kit8 to prepare the Sensitizing
solution, Staining solution, and Developing so~ution ..

Staining solution: Transfer 1.0 mL of a solution mainly
containing 10%-30% of silver nitrate into a 100-mL
volumetric flask and dilute with water to volume.

Developing solution: Transferl OmL of a so!ution mainly
containing·l0%-30% of sodium carb?nate Int? ~ 100-mL
volumetric flask, add 1 drop of a sol~tlon containing 30%
60% of formaldehyde, and dilute With water to volume.

Stopping solution: A solution containing 10%-30% of
ethylenediaminetetraac~tic acid and 10%-3~% of . .
tris(hydroxymeth¥I)-amlnon:ethane. J:. Stopping s~/~tton ~s
commercially available and Included In a Silverstaining kit.

Analysis: Mix 75 IJLeach of Sample solutions C, 0, £, and F
with 25 IJLof the Sample buffer, and incubate at 700 for
10 min. In a suitable device for polyacrylamide gel
electrophoresis (see Biotechnology-Derived Articles
Polyacrylamide GelElectrophoresis (1056») add appropriate
volumes of the Running buffer in the upper and the lower
buffer chambers. Attach a 40/0-12% gradient Bis-Tris
ready-made polyacrylamide gel sandwiched between two
glass plates, such that the wells for sample application are
exposed to the Running bufferin the upper buffer chamber.
Separately apply equal volumes (about 20 IJL) of each of

the treated Sample solutions C, 0, £, and F, Control
solutionA, and Controlsolution B onto separate lanes;
apply equal volumes (about 10 IJL) of the Molecularweight
standardpreparation Gto both sidesof the gel. [NOTE-Do
not apply any solution in the outside lanes.] Connect the
lower buffer chamber electrode to the positive terminal
and the upper buffer chamber electrode to the negative
terminal of a suitable power supply unit, and carry out the
electrophoresis at a constant voltage of about 100 V for
about 100 min.

Remove the gel from the gel assembly. [NOTE-Do not
touch the gel with bare hands. Use gloves.]

Placethe gel in a clean staining tray of appropriate size.
Rinse the gel briefly with water. Fix the gel in 100 mL of
Fixing solutionfor 20 min with gentle rotation. [NOTE-The
gel can be stored in the Fixing solutionovernight.]

Decant the Fixing solution, and wash the gel in 30% ethanol
for 10 min. Decant the ethanol, and add 100 mL of
Sensitizing solution to the w~shed gel' i~ .t~e staini~g
container. Incubate the gel In the SensItIzing solution for
about 10 min. [NOTE-All incubations should be
performed on a rotary shaker rotating at a speed of 1
revolution/s at room temperature.]

Decant the Sensitizing solution, and wash the gel in 100 mL
of 30% ethanol for 10 min. Wash the gel in 100 mL of
water for 10 min. Incubate the gel in 100 mL of Staining
solution for 15 min. After staining is complete, decant the
Stainingsolution, and wash the gel with lOOmL of water
for 20-60 s. [NOTE-Washing the gel for mor.eth.an 1 min
will remove the silver ion from the gel resulting In
decreased sensitivity.] '..

Incubate the gel in 100 mL of Developing solutl?nfor 4
8 min until bands start to appear and thedesired band
intensity is reached. .... . .".

Once the appropriate staining intensity is achieved,
immediately add 10 mL of Stopp/ng ~~/u~ion c:fir~ctly t~ the
gel still immersed in the Developlngsolutlo,? C;;~ntly agitate
the gel for 10 min. The color changes from pink to
colorless indicating that the develqpD;1c:nt has stopped.

-- .... ,

8 A suitablesilverstainingkit isa~ailable asNuPAGE'SilverStaining Kitfrom
Invitrogen, product number: LC6070.
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Decant the colorless solution, and wash the gelwith 100 mL
of water for 10 min.

Usea gel imaging system, ideally with a CCD camera, to
record the results.

Acceptance criteria: NMT 0.2% of protein

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS TEST (85)

Sample stock solution: Transfer0.5 g of Chitosan to a
50-mLvolumetricflask, add LAL ReagentWater? and
4.6 mLof 1 N hydrochloric acid, dilute with the LAL
Reagent Water to volume, and mixwell. Incubate this
solution in a water bath at 40° for 48 h.

Sample solution: Dilute the Sample stock solution to
1:50 with LAL ReagentWater, includingdilution 1:2 with a
~-glucan blocker.'?

Acceptance criteria: The level of bacterialendotoxins is
such that the requirement under the relevant dosage form
monograph(s) inwhich Chitosan isused can be met. Where
the label states that Chitosan must be subjected to further
processing during the preparation of wound dressing
dosage forms, the level of bacterial endotoxins is such that
the requirement under the relevant dosage form
monograph(s) in which Chitosan is used can be met.

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62)

Sample: Prepare a solution (1 in 50).
Acceptance criteria: The total aerobic microbial count does

not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g. It meets the
requirements of the tests for absence of Pseudomonas
aeruginosa and Staphylococcus aureus.

• ApPARENT AVERAGE MOLECULAR WEIGHT AND MOLECULAR
WEIGHT DISTRIBUTION I

[NOTE-This test is applicable to Chitosan of an average
molecularweight of NMT 1,000,000 Da. In the following
test an apparent average molecularweight ·is
determined.]

Mobile phase: Transfer 12.75 g of sodium nitrate to a
1OOO-mL volumetricflask containing 800 mLof water,
add a suitable amount of formic acid, dilute with water to
volume, mixwell, and make a concentration of formic acid
of 0.5 M. The Mobile phasecontains 0.15 Msodium nitrate
in 0.5 M aqueous formic acid. . .

System suitability solution: 1.0 mg/mL of ethylene glycol
in Mobile phase _,

Standard solutions: Prepare several sets of mixtures,
containing ten polyethylene glycol (PEG) standards of
different known molecularweight, which are used to cover
the molecularweight range from about 200 to
1,100,000 g/mol.11 [NOTE-These standards could be
mixtures of polyethylene glycols and polyethylene oxides.]
Prepare each set of PEG molecularweight standards to
have a known concentration of about 1.0 mg/mL for each
standard in Mobile phase. Allow the Standard solutions to
stand at room temperature for at least 8 h. Do not filter
before use.

Sample solution: Prepare a solution containing 1.0 mg/mL
of Chitosan in Mobile phase. Cap, and mix well. Allow the
solution to stand at room temperature for at least 12 h. Pass
the chitosan solutionthrough a membrane filterof0,45-l.Im

9 UseSterileWater for Injection or other water that shows no reaction with
the specificLAL Reagentwith which it isto be used, at the limitof sensitivity
of such reagent.
10 Available from Cambrex Europes.p.r.l., Verviers, Belgium; CharlesRiver,
www.criver.com; or all the major LAL manufacturers.
11 Suitable polyethylene glycol molecular weight standards are availableas
ReadyCal kitsfrom PolymerStandards Service(PSS), www.polymer.de.
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pore size, discard an appropriate volume of the initial
filtrate, and use the rest of the filtered solution for analysis.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Detector temperature: 35°
Columns: 7.5-mm x 30-cm analytical column, 10-l.Im

packing L38; and two 7.5-mm x 30-cm analytical
columns; 17-urn packing L38

Flow rate: 1.0 mL/min for System SUitability solution; and
0.5 mL/minfor Standard solutions and Sample solution

Injection size: 20 I.IL for System suitability solution; and
100 I.IL for Standard solutions and Sample solution

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements

Plate count: NLT 80% of the value that is certified by
the column manufacture for new columns,
determining the plate count for the ethylene glycol
peak, System SUitability solution

Resolution: NLT 1.7 between the PEG standards,
Standard solution. [NOTE-The resolution between the
PEG standard with a molecularweight of 1,000,000 Da
and its adjacent PEG standard should be NLT 1.0 if1.7
cannot be met.]

Analysis
Samples: Standard solutions and Sample solution

Determine elution peak maxima and corresponding
retention volumes(elutionvolume), Vp' for the ten PEG
standards, corresponding to the specified molecular
weight, M p' at the peak maximum of the standards.

Molecular weight calibration: Analyze each
polyethylene glycol standard, and use a suitable
gel-permeation chromatography or size-exclusion
chromatography (GPC/SEC) software, or an equivalent
data handling system, to compute the data and
calibration. Plot log- M p for each standard in the
Standard solutions versusits retention volume, Vp, in mL,
at each standard peak maximum, and construct the best
polynomial linefitting the ten points.

Data analysis for sample: [NOTE-Based on the PEG
molecular weight calibration curve, calculate the
molecular weight and molecularweight distribution of
Chitosan using the slice by slicemethod.]
Analyze the Chitosan sample by identifying retention

volumes Va and V b corresponding to the beginning
and end of the Chitosan chromatogram. The baseline
between Va and V b isassumed to be linear.
[NOTE-Draw a straight line between v , and Vb'] Data
analysis is based on a suitable GPC/SEC computer
software or a real-time data acquisition system with
either off-line or on-line data processing that is able to
providea means ofdetermining chromatographic peak
heights or integrated area segments as prescribed
intervals under the SEC chromatogram and handling
and reporting the data. The following describes the
data processeswhich can either be computed by the
GPC/SEC software or by an equivalent data processing
system. Upon acquisition, handle the data under the'
Chitosan elution peak in discrete segments A I,

integrated area slices, or as digitized chromatogram
heights H I by recording the vertical displacements
between the chromatogram trace and the baseline at
elution volume, VI' over designated intervals. A
minimum of 40 area segments or heights are required.
Obtain the corresponding value of M I for Chitosan
based on its elution volume, Vi' from the molecular
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weight calibration curve obtained in Molecular weight
calibration.

Calculate the number-, and weight-average molecular
weights, Mnand M w' in g/mol, respectively, using the
following formulas.

NIA. N

M = i=1 7 ~(A 8M,)

n f(~J M. = 1-1 fA;
i=1 Mi '",1

Ifthe elutionvolume internal~V/' for instance, V2 - V 7

=V 3 - V 2, etc, is constant; parameters A / and M / are
the chromatographic peak slicearea and Chitosan
molecularweight associated with the elution volume,
V /; and N is the number of data points obtained from
the chromatogram between V a and V b (N 2: 40).
[NOTE-If N is sufficiently large, the use of area
segments A /or peak heights H /will yield equivalent
results.]

Calculatethe molecular weight distribution or
polydispersity for Chitosan using the following
expression:

Result = M wlM n

Acceptance criteria: The valu~s of apparent . .
weight-average molecular weight and polydlsperslty are
NLT85% and NMT 115% of their respectivevaluesstated
on the label.

8 Loss ON DRYING (731): Dry1.0 g in an oven at 100°-105°
for 7 h: it loses NMT 5.0% of its weight.

ADDITIONAL REQUIREMENTS
It PACKAGING AND STORAGE: Preserve in light-resistantand

well-closed containers in a dry place, and store at a
temperature below 3,0°.

• LABELING: Label it to indicate its apparent weight-average
molecular weight, M w' and polydispersity (M wIM n)'
Where Chitosan is intended for use in the manufacture of
wound dressings, it is so labeled. Where Chltosan must be
subjected to further processing during the preparation of
wound dressings, it is so labeled. Label to indicate the
natural source from which Chitosan is derived.

• USP REFERENCE STANDARDS (11)
USP Chitosan RS " '.

NF 38

IDENTIFICATION

• A.
i§'<,

8 B. The retention time 0 the chlorobutanol peak of the
Sample solutioncorresponds to that of the Standard
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

Standard solution: 10.0 mg/mL of USP Chlorobutanol RS
and 15.0 mg/mL of 2,2,2-trichloroethanol (internal
standard) in n-hexane

Sample solution: 10.0 mg/mL of Chlorobutanol and
15.0 mg/mL of2,2,2-trichloroethanol(internal standard) in
n-hexane

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica; coated with a

0.25-lJm layerof stationary phase G16
Temperatures

Injection port: 260°
Detector: 280°
Column: 135°

Carrier gas: Helium
Flow rate: 1.0 mL/min
Injection volume: 1 IJL
Injection type: Split injection, split ratio 10:1
Run time: 12 min

System suitability
Sample: Standardsolution ,

[NOTE-The relative retention times for chlorobutanol
and 2,2,2-trichloroethanol are 1.0 and 1.3,
respectively.]

Suitability requirements
Resolution: NLT 5 between the chlorobutanol and

2,2,2-trichloroethanol peaks
Tailing factor: NMT 1.5 for the chlorobutanol peak
Relative standard deviation: NMT 0.3% for peak area

ratio of chlorobutanol to the internal standard
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of chlorobutanol (C4H7C130 ) in

the portion of Chlorobutanol taken:

Result = (R vIRs) x (C sIC v) x P x 100

177.46

186.46

Acceptance criteria: 98.00/0-100.5% on the anhydrous
basis

IMPURITIES
• CHLORIDE " ,

Control solution: 0.50 mL of 0.020 N hydrochloric acid ina
mixture of 25 mL of diluted alcohol and 1 mLof nitricacid

Sample solution: 0.50 g of Chlorobuta~ol. in a.mixture of
25 mLof diluted alcohol and 1 mLof nitric acid

Chlorobutanol

0
H' C CH3

CI
OH

CI CI

C4H7CI30

C4H7CI30 . lhH20

2-Propanol, 1,1,1-trichloro-2-methyl-;
l,l,l-Trichloro-2-methyl-2-propanol [57-15-8].
Hemihydrate [6001-64-5].

DEFINITION
Chlorobutanol isanhydrous or contains NMT one-half

molecule of water of hydration. It contains NLT 98.0% and
NMT100.5% ofchlorobutanol (C4H7C130 ), calculatedon the
anhydrous basis.

p

=peak area ratio of chlorobutanol to the internal
standard from the Sample solution

=peak area ratio of chlorobutanol to the internal
standard from the Standardsolution

= concentration of USP Chlorobutanol RS in the
Standardsolution(mg/mL)

=concentration of Chlorobutanol in the Sample
solution (mg/mL)

=labeled purity of USP Chlorobutanol RS
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Analysis: To the Controlsolutionand Sample solutionadd
2 mL of silver nitrate TS.

Acceptance criteria: 0.07%; any turbidity produced in the
Sample solution is NMT that produced in the Control
solution.

SPECIFIC TESTS
• WATER DETERMINATION (921), MethodI: NMT 1.0%

(anhydrous form) and NMT 6.0% (hydrous form)
• REACTION

Sample: 0.5 g
Analysis: Shakethe Sample thoroughly with 25 mL of water.
Acceptance criteria: The water remains neutral to litmus.

• BACTERIAL ENDOTOXINS TEST (85): If labeled for use in
preparing parenteral dosage forms, it also meets the
following requirements. The level of bacterial endotoxins is
such that the requirement in the relevant dosage form
monograph(s) in which Chlorobutanol is used can be met.
Where the label states that Chlorobutanol must be
subjected to further processing during the 'preparatio~ of.
injectable dosage forms, the level of bacterial endotoxins IS
such that the requirement in the relevant dosage form
monograph(s) in which Chlorobutanol is used can be met.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicate whether it is anhydrous or

hydrous. Where Chlorobutanol is intended for use in the
manufacture of injectable dosage forms, it is so labeled.
Where Chlorobutanol must be subjected to further
processing during the preparation of injectable dosage
forms to ensure acceptable levelsof bacterial endotoxins, it
is so labeled.

• USP REFERENCESTANDARDS (11)
USP Chlorobutanol RS I

Chlorocresol '
H3CX)0H

l"lj
Cl

C7H 7CIO 142.58
Phenol, 4-chloro-3-methyl-;
4-Chloro-m-cresol [59-50-7].

DEFINITION
Chlorocresol contains NLT 99.0% and NMT 101.0%

of C7H7CIO (4-chloro-3-methylphenol). '

IDENTIFICATION

• A.
Sample solution: Dissolve40 mg of Chlorocresol in 10 mL

of water.
Analysis: Add 1 drop of ferric chloride TSto the Sample

solution.
Acceptance criteria: A blue color develops.

• B.
Sample: 50 mg .
Analysis: Transfer the Sample to a crucible, add 500 mg of

anhydrous sodium carbonate, and mix. Hea~ the :n.ixtur;
until fused. Cool, add 5 mL of water, and boll. ACIdifywith
1 mL of nitric acid, filter, and add 1 mL of silver nitrate TS
to the filtrate.

Acceptance criteria: A white precipitate is formed.

ASSAY
• PROCEDURE

Sample: 70 mg
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Titrimetric system
(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Transfer the Sample to an iodine flask, add 30 mL
of glacial acetic acid, 25.0 mL of 0.1 N bromine VS, 10 mL
of potassium bromide solution (150 mg/mL), and 10 mL of
hydrochloric acid.
Immediately insert the stopper, and allow to stand for

15 min, protected from light. Quickly add 10 mL of
potassium iodide solution (100 mg/mL) and 100 mL of
water, taking precautions against the escape of bromine
vapor. Immediately insert the stopper, and shake the
mixture thoroughly. Removethe stopper, and rinse it and
the neck of the flask with a small quantity of water so that
the washing flows into the flask. Add 1 mL of chloroform,
and shake the mixture thoroughly.

Titrate the liberated iodine with Titrant, adding 3 mL of
starch TS as the endpoint is approached. Perform a blank
determination. Each mL of 0.1 N bromine VSis equivalent
to 3.565 mg of C7H 7CIO (4-chloro-3-methylphenol).

Acceptance criteria: 99.0%-101 .0%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 63°-66°
., LIMIT OF NONVOLATILE RESIDUE

Sample: 1.0 g
Analysis: Heat the Sample in a tared crucible on a steam

bath until it hasevaporated, and dry the residue at 105° for
1 h.

Acceptance criteria: NMT 0.1%
• COMPLETENESS OF SOLUTION

Sample: 1 g
Analysis: Transfer the Sample to a test tube, add 0.4 mL of

alcohol, and shake.
Acceptance criteria: The solution is complete.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

Chocolate
DEFINITION
Chocolate is a powder prepared from the roasted, cured

kernels of the ripe seed of Theobroma cacao L. (Fam.
Sterculiaceae).Chocolate yields NLT 10.0% and NMT 22.0%
of nonvolatile ether-soluble extractive.

COMPOSITION
• CONTENT OF NONVOLATILE ETHER-SOLUBLE EXTRACTIVE

Sample: 109 of Chocolate
Analysis: Extract the Sample with anhydrous ethyl ether in a

continuous-extraction apparatus for 8 h. Allow the ether
solution to evaporate spontaneously in a suitable tared
container, dry at 105° for 1 h, and weigh the nonvolatile
ether-soluble extractive.
[NOTE-Retain the ether-insoluble residuefor the test for

Botanical Characteristics and the tests for Articles of
Botanical Origin, Methods of Analysis, TotalAsh;
Acid-Insoluble Ash;and Crude Fiber.]

Acceptance criteria: 10.00/0-22.0%

CONTAMINANTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total bacterial
count does not exceed 5 x 103 cfu/g, and it meets the
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requirements of the tests for absence of Escherichia coli, a
10-g specimen being used.

• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue
Analysis: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Microscopic: It shows numerous broken parenchyma cells
of the cotyledons containing a reddish brown or purplish
brown to yellowish orange pigment; numerous starch
grains;oil globules; aleuronegrains; and occasionally
acicular or prismatic crystals of fat. The starch grains are
simpleand two- to three-compound, the single grains up
to 15 IJm in diameter, and they stainslowly with iodineTS.
The ether-insoluble residue retained from the Content of
NonvolatileEther-Soluble Extractive showsfew or no
fragments of cocoa shells and no cereal starch grains.

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
TotalAsh .

Sample: Use the ether-insoluble residue from the Content of
Nonvolatile Ether-Soluble Extractive.

Acceptance criteria: NMT 8.0%
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

Acid-Insoluble Ash
Sample: Use the ether-insoluble residue from the Content of

Nonvolatile Ether-Soluble Extractive.
Acceptance criteria: NMT 0.4%

• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,
Crude Fiber

Sample: Use the ether-insoluble residue from the Content of
Nonvolatile Ether-Soluble Extractive.

Acceptance criteria: NMT 7.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Chocolate Syrup
DEFINITION
Prepare Chocolate Syrup as follows (see Pharmaceutical

Compounding-Nonsterile Preparations (795». .

Chocolate -r 180 9

Sucrose " 600 9

Liquid Glucose 180 9

Glycerin SOml

Sodium Chloride 29

Vanillin 0.29

Sodium Benzoate 19

Purified Water, a sufficient quantity to make 1000 mL

Mix Chocolate and Sucrose, and to thismixturegraduallyadd a
solution of LiquidGlucose, Glycerin, Sodium Chloride,
Vanillin, and Sodium Benzoate in 325 mL of hot
Purified Water. Bring the entire mixtureto a boil, and
maintain at boiling temperature for 3 min. Allow to cool to
room temperature, and add sufficient Purified Waterto make
the product measure 1000 mL.
[Nors-Chocolate containing NMT 12% of nonvolatile,

ether-solubleextractive ("fat") yields a Syrup havinga
minimum tendency to separate. "Breakfast Chocolate"
contains over 22% of "fat".]
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight containers,and

avoid exposure to excessive heat.

Cholesterol

C27H460 386.65 .
Cholest-5-en-3-01, (3P)-;
Cholest-5-en-3p-ol [57-88-5].

DEFINITION
Cholesterol isa steroid alcoholcontaining NLT 95.0% and

NMT 102.0% of cholest-S-en-Sp-ol (C27H460), calculatedon
the dried basis. It may contain suitableantioxidants.

IDENTIFICATION

• B. It meets the requirements of the test for OpticalRotation
(781 S), Procedures, Specific Rotation.

• C. It meets the requirementsof the test for Melting Range or
Temperature (741).

ASSAY
• PROCEDURE

Standard solution: 1.0 mg/mL of USP Cholesterol RS and
1.0 mg/mLof pregnenolone isobutyrate (internalstandard)
in heptane .

Sample solution: 1.0 mg/mLofCholesterol and 1.0 mg/mL
of pregnenolone isobutyrate(internal standard) in heptane

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m capillary bonded with a

0.25-lJm layerof phase G2
Temperatures

Injection port: 2850

Column: 2750

Detector: 3000

Carrier gas: Helium
Flowrate: 2.0 mL/min
Injection volume: 1.0 IJL
Injection type: Splitratio, 25:1
Liner: Cup splitter liner(4 mm x 6.3 x 78.5) with

deactivated glasswool
System suitability

Sample: Standardsolution
[NoTE-The relative retention times for pregnenolone

isobutyrateand cholesterol are 1.0 and 1.2,
respectively.]

Suitability requirements
Resolution: NLT 10 between pregnenolone isobutyrate
and cholesterol .

Relative standard deviation: NMT2.0% for the peak
responseratio of cholesterol to the internalstandard

Analysis '. • .
Samples: Standardsolutionand Sample solution
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Calculate the percentage of cholesterol in the portion of
sample taken:

Result =(Ru/Rs) x (Cs/Cu) x 100

=peak response ratio of cholesterol to the internal
standard (peak response of cholesterol/peak
response of the internal standard) from the
Sample solution

=peak response ratio of cholesterol to the internal
standard (peak response of cholesterol/peak
response of the internalstandard) from the
Standardsolution

= concentration of USP Cholesterol RS in the
Standardsolution (mg/mL)

=concentration of Cholesterol in the Sample
solution (mg/mL)

Acceptance criteria: 95.0%-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF RELATED STEROLS AND OTHER ORGANIC IMPURITIES

Internal standard solution: 0.02 mg/mLof pregnenolone
isobutyrate (internal standard) in heptane

System suitability solution: 0.02 mg/mLof USP
Cholesterol RS, 0.04 mg/mL of desmosterol, and 0.02 mg/
mL of lathosterol in Internal standardsolution

Sample solution: 2.0 mg/mL of Cholesterol in Internal
standardsolution

Chromatographic system: Proceed as directed in the
Assay.

System suitability .
Sample: System suitability solution

[NoTE-See Table 7 for the relative retention times.]

Table 1

Relative
Retention

Name, Time

Pregnenolone isobutyrate (internal standard) 1.00

Cholesterol 1.23

Desmosterol (cholesta.5,24-dlen-3~-01) 1.31

Lathosterol (Sc-cholest-Z-en-Sp-ol) 1.34

Suitability requirements
Resolution: NLT 2.0 between desmosterol and

lathosterol
Relative standard deviation: NMT 5.0% for peak

response ratio of desmosterol to the internal standard
Analysis

Samples: System suitability solution and Sample solution
Three more related sterols may be observed(see Table 2).

Table 2

Relative
Retention

Name Time

Pregnenolone isobutyrate (internal standard) 1.00

~-Cholestanol (Sc-cholestan-Bp-ol, dihydrocholester-
1.2401)

24-Dehydrolathosterol (5a-cholesta-7/24-dien-3~-01) 1.42

4-Methylcholest-5-en-3~-ol 1.51

Calculate the percentage of desrnosterol or lathosterol in
the portion of Cholesterol taken:
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Result = (RutlRs7) x (CstlCu) x 100

= peak response ratioof desmosterol or lathosterol
to the internal standard (peak response of
desmosterol or lathosterol/peakresponse of the
internal standard) from the Sample solution

=peak response ratioof desmosterol or lathosterol
to the internalstandard (peak response of
desmosterol or lathosterol/peakresponse of the
internal standard) from the System suitability
solution

=concentration ofdesmosterol or lathosterol inthe
System suitability solution (mg/mL)

=concentration of Cholesterol in the Sample
solution (mg/mL)

Calculatethe percentage of ~-cholestanol,

24-dehydrolathosterol,4-methylcholest-5-en-3~-0I, or
any other unspecified organic impurity in the portion of
Cholesterol taken:

Result =(RU2/Rs2) x (CS2/CU) x 100

= peak response ratio of ~-cholestanol,

24-dehydrolathosterol, 4-methylcholest-5-en
3~-0I, or any other unspecified impurity to the
internal standard (peak response of
~-cholestanol, 24-dehydrolathosterol,
4-methylcholest-5-en-3~-01, or any other
unspecified impurity/peak response of the
internal standard) from the Sample solution

= peak response ratio of cholesterol to the internal
standard (peak response of cholesterol/peak
response of the internal standard) from the
System suitability solution

= concentration of USP Cholesterol RS in the System
sUitabilitysolution (mg/mL)

= concentration of Cholesterol in the Sample
solution (mgfmL)

Acceptance criteria: See Table 3. Disregard peaks less than
0.05% for any unspecified impurities and any peaksdue to
solvent.

Table 3

Acceptance
Criteria

Name (%)

~·Cholestanol (Sc-cholestan-Sp-ol, dihydrocholester-
~0.601)

Desmosterol ~4

Lathosterol ~2

24-Dehydrolathosterol (5a-cholesta-7/24-dien-3~-ol) ~0.2

4-Methylcholest-5-en-3~.ol ~0.5

Total impurities including related sterols ~5

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 14r-150°
• OPTICAL ROTATION (781 S), Procedures, Specific Rotation

Sample solution: 20 mg/mL, undried, in dioxane.
Acceptance criteria: -340 to -380

• ACIDITY
,Sample: .1.0 9
Analysis: Dissolve the Sample in 10 mL of ether in a small

flask, add 10.0 mL of 0.10 N sodium hydroxide, and shake
for about 1 min. Heat gently to expel the ether, then boil
for 5 min. Cool, dilute with 10 mL of water, add
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phenolphthalein TS, and titrate with 0.10 N sulfuric acid
until the pinkcolor just disappears, stirring the solution
vigorously throughout the titration. Perform a blank
determination (see Titrimetry (541), Residual Titrations).

Acceptance criteria: Thedifference between the number of
mL of 0.10 N sulfuric acid consumed in the blankand the
number of mL consumed in the Sample is NMT 0.3 mL.

• Loss ON DRYING (731)
Analysis: Dryunder vacuum at 60°for 4 h.
Acceptance criteria: NMT 0.3%

• SOLUBILITY IN ALCOHOL
Sample: 500 mg
Analysis: Dissolve the Sample in50 mL of warm alcohol in a

stoppered flask or cylinder, and allow to stand at room
temperature for 2 h.

Acceptance criteria: No deposit or turbidity isformed.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers.
• LABELING: Label it to indicatewhether cholesterol isderived

from animal, synthetic, or vegetable sources. For
animal-derived sources, indicatethe speciesand tissueused
(for example, bovine brain and spinal cord, woolfat, or
chickeneggs). Indicatethe names and amounts of any
added antioxidants.

• USP REFERENCE STANDARDS (11)
USP Cholesterol RS

Clove Oil

DEFINITION
Clove Oil is the volatile oil distilled with steam from the dried

flower buds of Syzygium aromaticum (L.) Merr. and L. M.
Perry (Fam. Myrtaceae). It contains NLT 85.0% of total
phenolic substances, chiefly eugenol (ClOH120 2) .

ASSAY
• PROCEDURE

Sample: 10 mL of Clove Oil
Analysis: Pipet the Sample into a suitablecassia flask, the

neck of which isgraduated from 0-6 mL at intervalsof
0.1 mL. Add 75 mL of 1 N potassium hydroxide, and shake
the mixture for 5 min. Heatfor 10 min in boiling water,
shaking the flask at least 3 times during the heating.
Remove the flask fromthe bath, and cool to room
temperature. When the liquids haveseparated completely,
add sufficient 1 N potassium hydroxide to raisethe lower
level of the oily layerso that it iswithin the graduated
portion of the neck. Measure the volumeof the oily layer
after standing for 18 h.

Acceptance criteria: NMT 1.5 mL, indicatingthe presence
of NLT 85.0%, by volume, of total phenolicsubstances in
the Oil

IMPURITIES
• LIMIT OF PHENOL

Sample: 1 mL of Clove Oil
Analysis: Shakethe Sample with 20 mL of hot water: the

water shows not more than a scarcely perceptible acid
reaction with blue litmus paper. Cool the mixture.pass the
water layerthrough a wetted filter, and treat the clear
filtratewith 1 drop of ferric chloride TS.

Acceptance criteria: The mixtureexhibits only a transient,
grayish-green color, but not a blue or violetcolor.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.038-1.060
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• OPTICAL ROTATION, AngularRotation (781 A): It isoptically
inactive or slightly levorotatory. The angular rotation isnot
grater than -1.5°.

• REFRACTIVE INDEX (831): 1.527-1.535 at 20°
• SOLUBILITY IN 10% ALCOHOL: One volumedissolves in 2

volumesof 70% alcohol.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-filled, tight

containers, and avoid exposure to excessive heat.
• LABELING: The labelstates the Latin binomial name and,

followlnq the official name, the part of the plant source
from which the articlewas derived.

Cocoa Butter

DEFINITION
Cocoa Butteris the fat obtained from the seed of

Theobroma cacao L. (Fam. Sterculiaceae).

SPECIFIC TESTS
• FATTY ACID COMPOSITION
Sample solutlorn Place 100-150 mg of Cocoa Butterin a

50-mL round-bottom flask, and add 4 mL of 0.5 N sodium
hydroxidesolution, prepared in methanol. Add a few
boiling chips to the flask, connect the round-bottom flask
to a condenser, and boilthe mixtureunder total reflux until
the fat globulesgo into solution.Add5.0 mL of a 2.0 M
borontrifluoride in methanol solutionto the boiling mixture
via the condenser, and continue boiling for 2 min.Add2
5 mL of chromatographic n-heptane to the boiling mixture
via the condenser, and boilfor another min. Remove the
flask from the source of heat, and removethe reflux
condenser. Addsaturated sodium chloride solution, and
swirl the flask gently. Add more of the saturated sodium
chloridesolution to brinq the liquid level into the neckof
the round-bottom flask. Transfer 1 mL of the organic layer
into a glass-stoppered test tube, add some anhydrous
sodiumsulfateto removethe lasttracesofwater, and filter.
Use the filtrate.

System suitability solution: 1 mg/mLeach of methyl
stearate and methyloleate, in n-heptane .

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 15-m fused-silica capillary; 0.25-lJm

stationary phase G19coating'
Temperature

Detector: 250°
Injection port; 250°
Column: See Table 1. .

[NOTE-The components of interestelute during the
temperature program. The final hold at a .
temperature of 240° serves onlyto facilitate elution
of higher boiling components.]

Table 1

H.oldTime
Initial Temperature Final . at Final

Temperature Ramp Temperature Temperature
(0) (o/min) e) (min)

180 10 240 '·5
,

Carrier gas: Helium
Linearvelocity: 48 cm/s
Injection size: 0.1 IJL

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

Injection type: Split
Split ratio: 60:1

System suitability
Sample: System suitability solution

[NoTE-The relative retention times for stearate and
oleate are about 0.97 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between the stearate and oleate

peaks
Relative standard deviation: NMT 5.0%

Analysis
Sample: Sample solution

Measure the areas for the peaks of the methyl esters of the
fatty acids. [NOTE-The relative retention times for
palmitate, stearate, oleate, linoleate, Iinolenate (if
present), and arachidate are about 1.0, 1.55, 1.60, 1.72,
1.89, and 2.30, respectively.]

Calculate the percentage of each fatty acid methyl ester
in the portion of Cocoa Butter taken:

Result =(rulrr) x 100

tu = response of each peak
rr = sum of the responses of all of the peaks

Acceptance criteria: See Table 2.

Table 2

Relative
Fatty Acid Retention Percentage

Methyl Ester Time (%)

Palmitate 1.0 23-30

Stearate 11.55 31-37

Oleate 1.60 31-38

Linoleate 1.72 1.6-4.8

Linolenate
(if presen t) 1.89 0-1.5

Arachidate 2.30 0-1.5

• MELTING RANGE
Analysis: Melt the material to be tested at a temperature of

50°-60°. Place 50 g of the melted material in a beaker, and
cool in a water bath at 25°. Stir continuously until it
assumes a pasty consistency, taking care to avoid the
inclusion of air bubble's. Place the beaker in a water bath
maintained at a temperature of 32°-33°. Continue stirring
until the specimen reaches the temperature of the water
bath and changes to a liquid cream (about 30 min). Pour
the contents into another beaker, and allow it to solidify at
room temperature for at least 2 h. Press one side of a
U-shaped capillary tube, 1.5 mm in diameter and 80 mm
in length with a distance of 10 mm between both
capillaries, into the solidified specimen. Using a very fine
metal rod, push the column down to 10 mm before the
bend of the U-tube. Then attach the other arm of the
U-tube to a precision thermometer (having 0.1°
graduations) by suitable means, with the U-tube bend at
the level of the thermometer bulb. Insert the thermometer
into a water bath so that the upper edge of the material is
at least 20 mm below the surface, and heat as directed
under Melting Range or Temperature (741), Class I except,
within 5° of the expected melting temperature, regulate
the rate of the temperature rise so that it does not exceed
0.2°/min.

Acceptance criteria: The slip point (temperature at which
the column visibly flows toward the bend in the tube) is
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30°-34°. The clear melting point (clarity via magnifying
glass) is 31°_35°.

• REFRACTIVE INDEX (831): 1.454-1 .459 at 40°
• FATS AND FIXED OILS, Free FattyAcids (401): The free fatty

acids in 10.0 g of it require for neutralization NMT 5.0 mL
of 0.10 N sodium hydroxide (1.4% as oleic acid).

• FATS AND FIXED OILS, Iodine Value (401): 33-42
• FATS AND FIXED OILS, Saponification Value (401): 188-198

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Coconut Oil

Coconut oil [8001-31-8].

DEFINITION
Coconut Oil is the refined fixed oil of the seeds of Cocos

nucifera L. (Fam. Palmae).

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils, FattyAcidComposition (401).

IMPURITIES
• ARSENIC, Method 1/ (211): NMT 0.5 IJglg
• ALKALINE IMPURITIES

Sample: 10 mL of Coconut Oil
Analysis: Mix 10 mL of freshly distilled acetone and 0.3 mL

of water, and add 0.05 mL of bromophenol blue TS.
Neutralize the solution to a green color if necessary with
0.01 N hydrochloric acid or 0.01 N sodium hydroxide.
Add the Sample, shake, and allow to stand. Titrate with
0.01 N hydrochloric acid VS to change the color of the
upper layer to yellow.

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric
acid VS is required.

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 0.5,

determined on 20.0 g
• FATS ANDFIXED OILS, FattyAcidComposition (401): Coconut

Oil exhibits the composition profile of fatty acids, shown in
Table 1.

Table 1

Number of Double Percentage
Carbon-Chain Length Bonds (%)

6 0 51.5

8 0 5.0-11.0

10 0 4.0-9.0

12 0 40.0-50.0

14 0 15.0-20.0

16 0 7.0-12.0

18 0 1.5-5.0

20 0 50.2

16 1 51.0

18 1 4.0-10.0

18 2 1.0-3.0

18 3 50.2

20 1 50.2
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Table 1

Result = [V x (A/V A)]/W

w

intersection ofthe axesrepresentsthe quantity of nickel,
in JJg, in the 2-mL portion of the Sample solution.

Calculate the content of nickel inthe portion ofthe sample
taken:

= volumeof the Sample solution, 25 mL
= nickel, as determined above
=volumeof the Sample solutionadded to the

Standardsolutions, 2 mL
= weight of Hydrogenated Coconut Oil taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 1 JJg/g
• ALKALINE IMPURITIES

Sample: 2.0 g
Analysis: Dissolve the Sample by gentlyheating ina mixture

of 1.5 mL of alcohol and 3.0 ml of toluene. Add 0.05 mL
of bromophenol blue TS, and titrate with 0.01 N
hydrochloric acid VS to a yellowendpoint.

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochloric
acid VS is required.

SPECIFIC TESTS
• MELTING RANGE OR TEMPURATURE (741): 30°-38°
• FATS AND FIXED OILS, Acid Value, Method II (401): NMT 2.0
.. FATS AND FIXED OILS, FattyAcidComposition (401):

Hydrogenated Coconut Oil exhibits the following
compositionprofile of fatty acids in Table 1.

Number of Percentage
Carbon-Chain Length Double Bonds (0/0)

6 0 S1.5

8 0 5.0-9.0

10 0 4.0-9.0

12 0 44.0-52.0

14 0 15.0-20.0

16· 0 8.0-11.0

18 0 8.0-14.0

20 0 SO.2

>20 0 SO.5

16 1 S1.0

18 1 S1.5

18 2 SO.5

18 3 SO.2

20 1 sO.2

• FATS AND FIXED OILS, Peroxide Value (401): NMT 5~0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

0.8% .
• Loss ON DRYING (731) . . ; .
.Analysis: Dry a sample at 105° for 4 h.
Acceptance criteria: NMT 0.1% I

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: .Preserve intight, .light-resistant

containers, and store at a temperature not 7xceedil1g55°.

• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

1.0%
• MELTING RANGE OR TEMPERATURE (741): 23°-26°
• WATER DETERMINATION, Method1(921): NMTO.l%, 50 mL

of chloroform being used as the solvent instead of 35-
40 mL of methanol

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant,

well-filled containers. No storage requirement specified.

Hydrogenated Coconut Oil
Hydrogenated coconut oil [84836-98-6].

DEFINITION
HydrogenatedCoconut Oil isthe product obtained byrefining

and hydrogenating the oilobtained from the seeds of
Cocos nucifera L. (Fam. Palmae).

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oils, FattyAcidComposition (401).
• B. It meets the requirements in Specific Tests for Melting

Range or Temperature (741).

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 5 g
Acceptance criteria: NMT 0.1%

• LIMIT OF NICKEL
Nickel standard solution:- Immediately before use, prepare
the equivalent of 0.2 JJg/mL of nickel by diluting 10 mL of
nickel standard solutionTS with water to 500 mL.

Sample solution: Weigh 5.0 g of Hydrogenated Coconut
Oil into a previously tared platinum or silica crucible.
Cautiously heat the substance, and introduce into it a wick
formed from twisted, ashless filter paper. Ignite the wick.
When the substance ignites, stop heating. After
combustion, ignite in a muffle furnace at about 600°.
Continue the incineration until a white ash isobtained.
After cooling, with the aid of two 2-mL portions of diluted
hydrochloric acid, transfer the residue to a 25-mL
volumetric flask, add 0.3 mL of nitric acid, and dilutewith
water to volume.

Standard solutions: lnio four separate identical 10-mL
volumetricflasks, introduce respectively 0, 1.0, 2.0, and
4.0 mL of Nickelstandardsolution. To each flask add a
2.0-mL portion ofthe Sample solution,and dilutewithwater
to volume to obtain four Standardsolutions containing an
added quantity of nickel of 0, 0.2, 0.4, and 0.8JJg,
respectively.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometer, equipped
with a graphite furnace

Analytical wavelength: 232.0 nm
lamp: Nickel hollow-cathode

Analysis
Samples: Standardsolutions

Concomitantlydetermine the absorbancesof the
Standardsolutions at least three times each. Record the
average of the steady readingsfor each of the Standard
solutions. Plot the absorbances of the Standardsolutions
versus the added quantity, in JJg, of nickel. Extrapolate
the linejoiningthe pointson the graph until it meets the
quantity axis. The distance between this point and the
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Acceptance criteria: NMT 0.05%
• LIMIT OF-HYDRAZINE

Standard solution: 9 IJg/mL of salicylaldazine and
10 mg/mL of salicylaldehyde in toluene

Sample solution: Transfer the equivalent of 2.5 g of dried
Copovidone to a 50-mL centrifuge tube, add 25 mL of
water, and mi.x to dissolve..Add 500 IJL of a 50-mg/mL
solution of salicylaldehyde In methanol, adjust the solution
with 0.25 N sulfuric acid to a pH of about 2, swirl, and heat
in a water bath at 60° for 15 min. Allow to cool, add 2.0 mL
of toluene, insert a stopper in the tube, shakevigorously for
2 min, and centrifuge-.Usethe clear upper toluene layer.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)

Solution B: Transfer a quantity of lyophilized aldehyde
dehydrogenase equivalent to 70 units to a glassvial, and
dissolve in 10.0 mL of water. [NOTE-This solution is stable
for 8 h at 4°.]

Solution C: 40 mg of nicotinamide adenine dinucleotide
in 10 mL of Solution A, in a glassvial. [NOTE:-This solution
is stable for 4 weeks at 4°.]

Blank solution: Water
Standard solution: Transfer 2 mL of water at 4° to a glass

weighing bottle, and weigh. Add 100 mg offreshly distilled
acetaldehyde, and weigh. Transferthis solution to a 100-mL
volumetric flask. Rinse the weighing bottle with several
portions of water at 4°, and transfer each rinsing to the
1OO-mL volumetric flask. Dilute the solution in the 100-mL
volumetric flask with water at 4° to volume. Store at 4° for
20 h. Transfer 1 mL of this solution to a 1OO-mL volumetric
flask, and dilute with Solution A to volume.

Sample solution: 10 mg/mL of Copovidone in Solution A
in a 1OO-mL volumetric flask. Insert a stopper into the fla;k
heat at 60° for 1 h, and cool to room temperature. '

Analysis: Pipet 0.5 mL each of the Standard solution, Sample
solution, and Blank solution into separate 1-cm cells. Add
2.5 mL of Solution A and 0.2 mL of Solution C to each cell.
Cover the cells to exclude oxygen. Mix by inversion, and
allow to stand for 2-3 min at 22 ± 2°. Determine the
absorbances of the solutions at a wavelength of 340 nm.
Add 0.05 mL of Solution B to each cell. Cover the cells to
exclude oxygen. Mix by inversion, and allow to stand for
5 min at 22 ± 2°. Determine the absorbancesof the
solutions at a wavelength of 340 nm.
Calculate the percentage of aldehydes, expressed as

acetaldehyde, in the portion of Copovidone taken:

Result= {[(A U2 - A UI) - (A 82 - A 81)]/[(A 52 - A 51) - (A 82 

A 81)]} x (C/W) x 10

= absorbance of the solution from the Sample
solution, after the addition of Solution B

=absorbance of the solution from the Sample
solution, before the addition of Solution B

= absorbance of the solution from the Blank
solution, after the addition of Solution B

=absorbance of the solution from the Blank
solution, before the addition of Solution B

= absorbance of the solution from the Standard
solution, after the addition of Solution B

= absorbance of the solution from the Standard
solution, before the addition of Solution B

=concentration of acetaldehyde in the Standard
solution (mg/mL)

=weight, calculated on the dried basis, of
Copovidone taken to prepare the Sample solution
(g)

A U2

C

W

Copovidone

(C6H9NO) n + (C4H602) m

Acetic acid ethenyl ester polymer with 1-ethenyl-2
pyrrolidone;

1-Vinyl-2-pyrrolidone polymer with vinyl acetate [25086-89
9].

DEFINITION
Copovidone is a copolymer of 1-vinyl-2-pyrrolidone and vinyl

acetate in the mass proportion of 3:2. The nominal K-value
of copovidone asstated in the labeling is NLT 90.0% and
NMT 110.0%.

IDENTIFICATION

Sample solution: 20 mg/mL
Analysis: To 5 mL of the Sample solution, add a few drops of

iodine TS.
Acceptance criteria: A deep red color is produced.

ASSAY
• PROCEDURE 1: CONTENT OF COPOLYMERIZED VINYL ACETATE

Analysis: Determine the saponification value as directed
under Fats and Fixed Oils(401), Saponification Value.
Calculate the percentage of copolymerized vinyl acetate in

the portion of Copovidone taken: -

Result:= 0.1 x (M ,tiM (2) x S

M ,I =molecular weight of vinyl acetate, 86.09
M ,2 =molecular weight of potassium hydroxide, 56.11
S =saponification value

Acceptance criteria: 35.3%-41.4% of the copolymerized
vinyl acetate component, calculated on the dried basis

• PROCEDURE 2: NITROCE,N DETERMINATION, Method /I (461)
Analysis: Proceed asdirected using 0.1 g of Copovidone. In

the procedure, use5 g of a powdered mixture of potassium
sulfate, cupric sulfate, and titanium dioxide (33:1:1) instead
of potassium sulfate and cupric sulfate (10:1); omit the use
of hydrogen peroxide; and heat until the solution has a
clear, yellow-green color and the sidesof the flask are free
from carbonaceous material. Then heat for a further
45 min; add 20 mL of water, instead of 70 mL, after the
second heating; and usebromocresol green-methyl red TS
instead of methyl red-methylene blue TS.Titrate the
distillate with 0.05 N sulfuric acid VS until the color of the
solution changes from green through pale grayish blue to
pale grayish red-purple.

Acceptance criteria: 7.00/0-8.0% on the dried basis

IMPURITIES
• RESIDUE ONlcNITION (281): NMT 0.1%
• LIMIT OF ALDEHYDES

Solution A: 17.4 mg/mL of monobasic potassium
phosphate, adjusted if necessary, with 1 N potassium
hydroxide to a pH of 9.0
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Adsorbent: 0.25-mm layerof dimethylsilanized
chromatographic silica gel mixture

Application volume: 10 J.IL
Developing solvent system: Acetonitrile and water

(17:3)
Analysis

Samples: Standard solutionand Sample solution
Proceed as directed in the chapter. Allow the spots to dry,

and develop the chromatogram in the Developing
solvent system until the solvent front has moved about
three-fourths of the length of the plate. Locatethe spots
on the plate by examination under UV light at a
wavelength of 365 nm: salicylaldazine appears as a
fluorescent spot having an RFvalue of about 0.6-0.7, and
the fluorescence of any salicylaldazine spot from the
Sample solutionisnot more intense than that produced by
the spot from the Standard solution.

Acceptance criteria: NMT 1 ppm
• LIMIT OF PEROXIDES

Copovidone solution: 40 mg/mL of Copovidone in water
calculated on the dried basis

Sample solution: Transfer25.0 mLof Copovidone solution
to a 50-mL beaker, and add 2 mL of titanium trichloride
sulfuric acid TS. Allow to stand for 30 min at room
temperature.

Blanksolution: Transfer25.0 mLof Copovidone solutionto a
50-mL beaker, and add 2 mL of 13% sulfuric acid.

Spectrometric conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 405 nm
Cell: 1 cm
Blank: Blank solution

Analysis: Determine the' absorbance of the Sample solution.
Acceptance criteria: The absorbance is NMT 0.35

(corresponding to NMT 0.04%, expressed as hydrogen
peroxide). .

• LIMIT OF MONOMERS (1-VINYL-2-PYRROLIDONE, VINYL
ACETATE, AND 2-PVRROLIDONE)

Solution A: Water, acetonitrile, and methanol (90:5:5)
Solution B: Water, acetonitrile, and methanol (50:45:5)
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 .. ,.: ~ 100 0

2 100 0

26 80 20

27 0 100

36 0 100

38 100 0

Standard stock solution: 0.50 mg/mL of l-vinyl
2-pyrrolidone, 0.50 mg/mL of vinyl acetate, and
3.0 mg/mL of 2-pyrrolidone in methanol

Standard solution: Standardstock solutioninSolution A (1 in
2000)

Sample solution: Dissolve 250 mg of Copovidone in 1 mL
of methanol, mix ultrasonically, dilute with water to 10 mL.
Ifnecessary, filter to remove undissolved particles.

Chromatographic system
(See Chromatography (621), SystemSuitability.)
Mode: LC
Detector: UV 205 nm and i35' nm

NF 38

Column
Guard: 4.0-mm x 2.5-cm; packing L1
Analytical: 4.0-mm x 25-cmi 5-J.Im packing L1

Column temperature: 30°
Injection size: 10 J.IL
Flow rate: 1.0 mL/min

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT2.0 between the 2-pyrrolidoneand vinyl
acetate peaks, and NLT 2.0 between the vinyl acetate
and l-vinyl-2-pyrrolidone peaks. [NOTE-According to
the above operating conditions, the order of elution is
2-pyrrolidone, vinyl acetate, and l-vinyl-2-pyrrolidone.]

Relative standard deviation: NMT 2.0% for each
analyte, on replicate injections

Analysis
Samples: Standard solutionand Sample solution

[NOTE-After each injection of the Sample solutionwash
the polymericmaterialofCopovidonefrom the guard
column by passing the Mobilephasethrough the
column backwardsfor 30 min at the same flow rate.]

Calculate the content of l-vinyl-2-pyrrolidone in the
portion of Copovidone taken:

Result =(A TAlA SA) x (C siC T) x 100

A TA =l-vinyl-2-pyrrolidone peak response from the
Sample solution

A SA =l-vinyl-2-pyrrolidone peak response from the
Standard solution

C SA =concentration of l-vinyl-2-pyrrolidone in the
Standard solution(mg/mL)

C T = concentration of Copovidone in the Sample
solutionon the dried basis (mg/mL)

Calculate the content of vinyl acetate in the portion of
Copovidone taken;

Result =(A T81A 58) x (C s81C T) x 100

A T8 =Vinyl acetate peak response from the Sample
solution

A 58 =vinyl acetate peak response from the Standard
solution

C58 = concentration of vinyl acetate in the Standard
solution(mg/mL) r

C T = concentration of Copovidone in the Sample
solutionon the dried basis(mg/mL)

Calculate the content of 2-pyrrolidone in the portion of
Copovidone taken:

Result = (A TelA sd x (CscIC T) x 100

=2-pyrrolidone peak response from the Sample
solution

=2-pyrrolidone peak response from the Standard
solution .

=concentration of 2-pyrrolidone in the Standard
solution(mg/mL) .

= concentration of Copovidone in the Sample
solutionon the dried basis (mg/mL)

Acceptance criteria: NMT 0.001% off-vinyl
2-pyrrolidone, NMT 0.001% of vinylacetatelandNMT
0.5% of 2-pyrrolidone . ',J .
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SPECIFIC TESTS
• Loss ON DRYING (731): Dry a sample at 105° for 3 h: it loses

NMT 5.0% of its weight.
• CLARITY AND COLOR OF SOLUTION

Sample: 1.0 g
Analysis: Dissolve the Sample in 10 mL of water.
Acceptance criteria: The solution is clear or slightly

opalescent and colorless to pale yellow or pale red.
• K-VALUE

Sample solution: Transfer a quantity of undried
Copovidone, equivalent to 1.0 g on the dried basis, to a
1OO-mL volumetric flask, and dissolve in and dilute with
water to volume. Allow to stand for 1 h.

Analysis: Determine the viscosity, using a capillary-tube
viscometer (see Viscosity-CapillaryMethods (911», of this
solution at 25 ± 0.2°.

Calculate the relative K-value of Copovidone:

Result = [ ~300c log z +(c + 1.5c log Z)2 +

1.5c logz-cJ/(0.15 c + 0.003 c
2)x(100/K

u)

c =weight on the dried basis, of the specimen tested
in each 100.0 mL of solution (g)

z =viscosity of the Sample solution relative to that of
water

K u =nominal K-value stated on the label

Acceptance criteria: 90.0%-110.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements speCified.
• LABELING: Label it to indicate its nominal K-value.
• USP REFERENCE STANDARDS (11)

USP Copovidone RS

Coriander Oil

DEFINITION
Coriander Oil is the volatile oil obtained by steam distillation

from the dried ripe fruit of Coriandrum sativum L. (Fam.
Apiaceae).

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): Between 0.863 and 0.875
• OPTICAL ROTATION, AngularRotation (781A): Between +8°

and +15°
• REFRACTIVE INDEX (831): Between 1.462 and 1.472 at 20°
• SOLUBILITY IN 70% ALCOHOL: One volume dissolves in 3

volumes of 70% alcohol.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, protect from light, and store at controlled room
temperature. Avoid exposure to excessive heat. ,

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant source from which
the article was derived.

Corn Oil

[8001 -30-7].
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DEFINITION
Corn Oil is the refined fixed oil obtained from the embryo of

ZeamaysL. (Fam. Gramineae).

IDENTIFICATION
• A. IDENTITY BY FArrY ACID COMPOSITION

Analysis: Proceed as directed in the test for Fats and Fixed
Oils(401), Procedures, FattyAcidComposition.

Acceptance criteria: Meets thecornposltlon profile of fatty
acids in Table 1

• B. IDENTITY BY TRIGLYCERIDE PROFILE
Analysis: Proceed asdirected in Identification of Fixed Oilsby

Thin-Layer Chromatography (202), Identification, MethodI or
Method 1/.

Acceptance criteria: Meets the requirements in the chapter

IMPURITIES
• ALKALINE IMPURITIES

Sample: 10 mL of Corn Oil
Analysis: Mix 10 mL of acetone and 0.3 mL of water, and

add 0.05 mL of bromophenol blue TS. Neutralize the
solution to a green color if necessary with 0.01 N
hydrochloric acid or 0.01 N sodium hydroxide. Add the
Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VSto change the color of the upper layer
to yellow.

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, AcidValue: NMT 0.2
• FATS AND FIXED OILS (401), Procedures, FattyAcid

Composition: Corn Oil exhibits the composition profile of
fatty acids in Table 1.

Table 1
Number of Percentage

Carbon-Chain length Double Bonds (%)

<14 0 :s0.1

14 0 :S0.1

16 0 8.6-16.5

16 1 :s0.5

18 0 1.0-3.3

18 1 20.0-42.2

18 2 39.4-62.0

18 3 0.5-1.5

20 0 :s0.8

20 1 so.5

22 0 :S0.3

22 1 so.1

24 0 :s0.4

• FATS AND FIXED OILS (401), Procedures, Peroxide Value:
NMT 10.0

• FATS AND FIXED OILS (401), Procedures, Sterol Composition:
The sterol fraction of the Corn Oil contains NMT 0.3% of
brassicasterol.

• FAT~ AND FIXED OILS (401), Procedures, Unsaponifiable
Matter: NMT 1.5%

• WATER DETERMINATION (921), MethodI: NMT 0.1%. Usea
mixture of equal volumes of decanol and anhydrous
methanol as the solvent.
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserveintight, light-resistant

containers, and avoid exposure to excessive heat.
• LABELING: WhereCorn Oil is intended for use in the

manufacture of injectable dosage forms, it isso labeled.
• OTHER REQUIREMENTS: ForCorn Oil intended for use in

injectabledosage forms, specified in Labeling, the
requirementsfor Acid Value, Peroxide Value, Unsaponifiable
Matter, and Waterunder Injections and ImplantedDrug
Products (1), Product Quality Tests Common to Parenteral
Dosage Forms, Specific Tests, Vehicles and addedsubstances,
Nonaqueous vehicles must be met.

Corn Syrup
[8q29-43-4].

DEFINITION
Corn Syrupisan aqueous solution-of saccharides obtained by

partial hydrolysis of edible corn starch by food grade acids
and/or enzymes. It contains NLT 20.0% reducingsugar
content (dextrose equivalent)expressedas D-glucose,
calculated on the dried basis.

IDENTIFICATION
• A.
Analysis: Adda few drops of a solutionof Syrup (1 in 20) to

5 mL of hot, alkaline cupric tartrate TS.
Acceptance criteria: Acopious, red precipitateof cuprous

oxide isformed.

ASSAV I

• REDUCING SUGARS (DEXTROSE EQUIVALENT)
Apparatus: Mount a ring support on a ring stand 1-2 in

above a gas burner, and mount a second ring 6-7 inabove
the first. Place 6-in open-wiregauze on the lower ring to
support a 250-mL conical flask, and placea 4-inwatch glass
with a center hole on the upper ring to deflect heat.
Attach a 25-mLburet to the ring stand so that the tip just
passes through the watch glasscentered above the flask.
Place an indirectly lighted white surfacebehind the
assemblyfor observing the endpoint. -

Standard solution: 6 mg/mL of USP Dextrose RS
Sample solution: ,1 0 mg/mL of Corn Syrup
Analysis: Transfer'25.0-mL portions of alkaline cupric

tartrate TS to each of.twoflasks, and boil. Immediately place
one flask on the wiregauze of the Apparatus, and adjust the
burner so that the boiling point is reached in about 2 min.
Titratewith the Standard solution to within0.5 mL of the
anticipated endpoint. Heat the flask, with swirling, boil
moderatelyfor 2 min, and add 2 drops of methylene blue
solution (1 in 100). Immediately add 2 drops of the
Standardsolution from the buret, and bring to a boil. Allow
the cuprous oxide to settle slightly, and observe the color
of the supernatant. Complete the titrationwithin 1 min by
adding the Standard solutiondropwise, and boilafter each
addition to the disappearance of the blue color, as
determined by viewing against a white background in
daylight or under equivalent illumination. Ifmore than
0.5 mL of the titrant is required after the addition of the
indicator, repeat the titration, adding the necessary volume
of titrant beforeadding the indicator. Bring the contents of
the second flask to a boil, and similarly titrate with the
Sample solution. '
Calculatethe percentage of reducing sugars as D-glucose,

calculatedon the dried basis, in the portion ofCornSyrup
taken:

NF 38

Result =(C siC u) x (V S/Vu) x [1/(0.01 x A)] x 100

Cs = concentrationof USP Dextrose RS in the Standard
solution(mg/mL)

C u = concentration of Corn Syrup in the Sample
solution (mg/mL)

Vs =titrated volumeof the Standard solution (mL)
V u =titrated volumeof the Sample solution (mL)
A =percentage of dry solids in Corn Syrupmeasured

by the refractive index

Acceptance criteria: NLT 20.0% reducingsugar content on
the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 20 g
Acceptance criteria: NMT 0.5%

• LIMIT OF LEAD
[NoTE-For the preparationofallaqueous solutionsand

for the rinsing of glassware beforeuse, use water that
has been passed through a strong-acid, strong-base,
mixed-bed ion-exchangeresin. Fordigestion, use
acid-cleaned, high-density polyethylene,
polypropylene, polytef, or quartz tubes. Selectall
reagents to have as Iowa content of lead as
practicable, and store all reagent solutions in
borosilicate glasscontainers. Cleanseglassware
before use by soaking in warm 8 N nitricacid for
30 min and rinsing with deionizedwater. Store final
diluted solutions in acid-cleaned plasticor polytef
tubes or bottles.]

Modifier solution: 200 mg/mLof magnesium nitrate. Just
before use, transfer 1.0 mL of this solution to a 10-mL
volumetric flask, and dilutewith 5% nitricacid to volume.

Standard stock solution: Transfer 10.0 mL of lead nitrate
stock solutionTS to a 1OO-mL volumetric flask, add 40 mL
of water and 5 mL of nitric acid, and dilute with water to
volume.Transfer 1.0 rnl, ofthissolutionto a second 100-mL
volumetric flask, dilute with 5% nitric acid to volume, and
mix.This solution contains 0.1 IJg/mL of lead.

Standard solutions: Transfer portionsof Standardstock
solution to four suitablecontainers, and dilute with 5%
nitricacid to obtain Standard solutions having lead
concentrations of 100,50,25, and 10 ng/mL, respectively.

Sample solution: [NOTE-Perform this procedure in a
fume hood.] Transfer 1.5 g of Corn Syrupto a digestion
tube, and add 0.75 mL of nitric acid to the tube. Warmthe
solution slowly (to avoidspattering) to 90°_95°. Heat until
all brown vapors have dissipated and any rust-colored tint
has disappeared from the tube (20-30 min). Cool, add
0.5 mL of 50% hydrogen peroxide, dropwise, to the
solution,heat to 90°-95° for5 min,and cool. Adda second
0.5-mLportion of 50% hydrogenperoxide dropwiseto the
solution,and heat to 90°-100° until clear (5-10 min).Cool,
and transfer the solutionto a 1O-mL volumetricflask. Rinse
the digestion tube with 5% nitric acid, add the rinseto the
volumetric flask, dilute with 5% nitric acid to volume,
and mix. --

Standard blank: 5% Nitric acid ,
Sample blank: Transfer 1.5 g of waterto a-digestion tube,

and proceed as directed for the Sample solution, beginning
with "add 0.75 mL of nitric acid".

Instrumental conditions
Mode: Graphitefurnace atomic absorption with

pyrolytically coated graphite tubes and adequate means
of background correction

Lamp: Lead hollow-cathode' -
Analytical wavelength: Lead emission line of 283;3 nm
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Furnace program: See Table 7• [NOTE-The temperature
program may be modified to obtain optimum furnace
temperatures.]

Table 1

Step Dry Ash Purge Atomize

Cooldown,
and purge

the airfrom
the furnace

Temperature CO) 200 750 20 1800

Ramptime(s) 20 40 - 0

Holdtime(s) 30 40 60 10

Argon
Argonflowrate gas flow

(mL/min) 300 300 300 stopped

Injection volume: 20 IJL
Analysis

[NoTE-Use peak area measurements for all
quantitations.]

Samples: Add 5 IJL of the Modifiersolutionto 20 IJL each
of the Standardsolutions, the Sample solution, the
Standard blank, and the Sample blank, and mix.

Separately inject equal volumes (about 20 IJL) of the
Samples into the instrument for analysis. Using the
Standard blank to set the instrument to zero, determine
the integrated absorbances of the Standard solutions. Plot
the integrated absorbances of the Standard solutions
versus their contents of lead, in ng/mL, and draw the line
best fitting the four points to determine the calibration
curve. Similarly determine the integrated absorbances of
the Sample solutionand the Sample blank. Correct the
absorbance value of the Sample solutionby subtracting
from it the absorbance value obtained from the
Sample blank. .

Calculate the concentration of lead in the portion of Corn
Syrup taken:

Result = (C LX V/W) x F

C L = concentration of lead in the Sample solution, as
determined from the calibration curve (ng/mL)

V =volume of the Sample solution, 10 mL
W =weight of Corn Syrup taken to prepare the Sample

solution(g)
F =conversion factor, 10-3 IJg/ng

Acceptance criteria: NMT 0.5 IJg/g
• LIMIT OF SULFUR DIOXIDE

Starch indicator solution: Mix 109 of soluble starch with
50 mL of cold water, transfer to 1000 mL of boiling water,
stir until completely dissolved, cool, and add 1 9 of salicylic
acid preservative. [NOTE-Discard this solution after 1
month.]

Sample: 100 9
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Blank: 200 mL of water
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 0.005 N iodine VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 250-mL conical flask, add
100 mL of water, and mix. Cool to 5°-10°. While stirring
with a magnetic stirrer, add 10 mL of cold (5°-10°) 1.5 N
sodium hydroxide. Stir for an additional 20 s, and add
10 mL of Starch indicatorsolution. Add 10 mL of cold (SO_
10°) 2.0 N sulfuric acid, and titrate immediately with Titrant
until a light blue color persists for 1 min. Perform a blank
determination, and make any necessary correction.
Calculate the concentration, in ppm (lJg/g), of sulfur

dioxide (S02) in the Sample taken:

Result = [(V s - V8) x N x FdWJ x F2

VS =Titrant volume consumed by the Sample (mL)
V 8 =Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F1 = equivalency factor, 32.0 mg/mEq
W =Sample weight (g)
F2 =conversion factor, 10 3 IJg/mg

Acceptance criteria: NMT 40 IJg/g
• ABSENCE OFSOLUBLE STARCH

Analysis: Dissolve 1 9 in 10 mL of water, and add 1 drop of
iodine TS.

Acceptance criteria: Ayellow color indicates the absence of
soluble starch.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102cfu/
g.

• TOTAL SOLIDS
Instrumental conditions

(See Refractive Index(831 ).)
Mode: Refractometer equipped with a jacket for water

circulation or some other mechanism for maintaining the
sample at 20 ± 0.1° or 45 ± 0.1°

Before proceeding with measurements, ensure that the
sample and the prism have reached the equilibrium
temperature and that the instrument has been properly
checked and calibrated against a standard provided by the
manufacturer.

Analysis: Measure the refractive index of Corn Syrup, and
convert the value to approximate percent solids value using
Table 2 and Table 3. [NOTE-Table 2 covers the approximate
total solids levels of these products in commerce. If the ash
or dextrose equivalent of the sample differs from that of the
product in Table 2, use Table 3 for the ash and dextrose
equivalent correction.]

www.webofpharma.com

https://nhathuocngocanh.com/



5726 Corn / OfficialMonographs

Table 2. Reference for Converting the Refractive Index to Approximate Percent Solids (Corn Syrup)

NF 38

Refractive Refractive Degrees Baume
Dry Substance (OS) Index Index at 1400 F

Dextrose Equivalent (DE) (%) at 200 at 450 (600 C) + 1

76.0 1.4888 1.4837 40.98

77.0 1.4915 1.4864 41.49

78.0 1.4943 1.4892 42.00

79.0 1.4971 1.4919 42.51

28 DECorn syrup-0.3% ash 80.0 1.4999 1.4947 43.01

78.6 1.4933 1.4882 41.99

79.6 1.4960 1.4909 42.49

80.6 1.4988 1.4936 42.99

81.6 1.5015 1.4964 43.49
34 DEHigh-maltose corn syrup-

0.3% ash 82.6 1.5043 1.4992 43.99

78.4 1.4938 1.4887 42.01

79.4 1.4965 1.4914 42.52

80.4 1.4993 1.4941 43.02

81.4 1.5021 1.4969 43.52

36 DECorn syrup-0.3% ash 82.4 1.5049 1.4997 44.02

78.9 1.4934 1.4883 42.00

79.9 1.4961 1.4910 42.51

80.9 1.4988 1.4937 43.01

81.9 1.5016 1.4964 43.51
43 DE High-maltose corn syrup-

0.3% ash 82.9 1.5044 1.4992 44.01

78.7 1.4933 1.4882 42.01

79.7 1.4960 1.4909 42.51

80.7 1.4988 1.4936 43.02

81.7 1.5015 1.4964 43.52

43 DECorn syrup-O.3% ash 82.7 1.5043 1.4992 44.01

78.8 1.4935 1.4884 41.99

79.8 1.4962 1.4911 42.50

80.8 1.4990 1.4938 43.00
.,

81.8 1.5018 1.4966 43.50
43 DECorn syrup

(ion-exchanged)-0.0396 ash 82.8 1.5045 1.4994 43.99

80.5 1.4962 1.4911 42.64

81.5 1.4989 1.4938 43.14

82.5 1.5016 1.4965 43.64

83.5 1.5044 1.4992 44.13

53 DECorn syrup-0.3% ash 84.5 1.5072 1.5020 44.63

81.0 1.4955 1.4904 42.53

82.0 1.4982 1.4931 43.02

83.0 1.5009 1.4958 43.52

84.0 1.5037 . 1.4985 44.01

63 DECorn syrup-O.3% ash 85.0 1.5064 1.5012 44.50
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Table 2. Reference for Converting the Refractive Index to Approximate Percent Solids (Corn Syrup) (continued)

Refractive Refractive Degrees Baume
Dry Substance (OS) Index Index at 140° F

Dextrose Equivalent (DE) (%) at 20° at 45° (600 C) + 1

81.3 1.4963 1.4912 42.60

82.3 1.4990 1.4939 43.10

83.3 1.5017 1.4965 43.59

84.3 1.5044 1.4993 44.09
63 DECorn syrup

(ion-exchanged)-0.03% ash 85.3 1.5072 1.5020 44.58

81.0 1.4949 1.4898 42.36

82.0 1.4975 1.4924 42.86

83.0 1.5002 1.4951 43.36

84.0 1.5029 1.4978 43.85

66 DECorn syrup-0.3% ash 85.0 1.5056 1.5005 44.35

69.0 1.4598 1.4550 35.46

70.0 1.4621 1.4573 35.96

71.0 1.4644 1.4596 36.46

72.0 1.4668 1.4619 36.96

95 DECorn syrup-0.3% ash 73.0 1.4692 1.4643 37.45

69.0 1.4597 1.4549 35.39

70.0 1.4620 1.4572 35.89

71.0 1.4644 1.4595 36.39

72.0 1.4667 1.4619 36.89
95 DECorn syrup

(ion-exchanged)-0.03% ash 73.0 1.4691 1.4642 37.38

Acceptance criteria: The total solidsvalue is NLT 70.0%.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STQRAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: Label it to indicate its nominal dextrose

equivalent. Label it also to indicate the presence of sulfur
dioxide ifthe residual concentration isgreater than 10 ppm
(I-Ig/g).

• USP REFERENCE STANDARDS (11)
USP Dextrose RS

High Fructose Corn Syrup

DEFINITION
High Fructose Corn Syrup isa clear aqueous solution of

saccharides prepared from high-dextrose-equivalentcorn
starch hydrolysate by the partial enzymatic conversion of
dextrose to fructose, using an insolubleglucose isomerase
enzyme preparation that complies with 21 CFR 184.1372. It
is available in two types, 42% and 55%, based on fructose
as a proportion of total saccharides. High Fructose Corn
Syrup 42% contains NLT 97.0% of total saccharides,
expressed as a percentage of total solids, of which NLT
92.0% consists of monosaccharides, including 41.00/0
50.0% of fructose, and NMT 8.0% consists of other
saccharides. High FructoseCorn Syrup 55% contains NLT
95.0%'oftotal saccharides,expressed asa percentage of total
solids, of which NLT 94.0% consists of monosaccharides,
including 54.0%-60.0% offructose, and NMT 6.0% consists
of other saccharides.

IDENTIFICATION
• A.

Analysis: Add a few drops of a solution (1 in 10) of Syrupto
5 mLof hot, alkaline cupric tartrate TS.

Acceptance criteria: Acopious, red precipitate of cuprous
oxide isformed (distinctionfrom sucrose).

• B. It meets the requirements of the Assay.

ASSAY
• PROCEDURE

Mobile phase: Water
Standard solution: Prepare a solution in water, which

contains a total of 10% (w/v) saccharide solids, using USP
Dextrose RS, USP Fructose RS, and USP Maltose
Monohydrate RS, in proportions that approximate, on the
Total Solids basis, the composition of High Fructose Corn
Syrup to be analyzed (see Table 1).

Table 1

High Fructose Corn Syr- High Fructose Corn
Component up 42% Syrup 55%

USP Fructose RS 4.2% 5.5%

USP Dextrose RS 5.0% 4.0%

USP Maltose Monohy-
drate RS 0.8% 0.5%

Sample solution: Dilutea known weight of Syrup,
determined from the result of the test for TotalSolids, with
water to have 10% (w/v) solids.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
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Table 3. Ash and Dextrose Equivalent (DE) Corrections for Corn Syrup: Changes in Refractive Index for an Increase in Dry
Substance (DS) (Corn Syrup)

Dry Substance (OS)
(%) 1% Ash 1 Dextrose Equivalent (DE)

2 0.000000 -0.000001

4 0.000000 -0.000003

6 0.000001 -0.000005

8 0.000002 -0.000007

10 0.000003 -0.000010

12 0.000004 -0.000012

14 0.000006 -0.000015

16 0.000008 -0.000017

18 0.000010 -0.000020

20 0.000013 -0.000023

22 0.000016 -0.000026

24 0.000019 -0.000029

26 0.000022 -0.000033

28 0.000026 -0.000036

30 0.000030 -0.000040

32 0.000034 -0.000044

34 0.000039 -0.000048

36 0.000044 -0.000052

38 0.000049 -0.000057

40 0.000055 -0.000061

42 0.000061 -0.000066

44 0.000068 -0.000071

46 0.000074 -0.000076

48. 0.000082 -0.000081

50 0.000089 -0.000087

52 0.000097 -0.000093

54 0.000105 -0.000099

56 0.000114 -0.000105

58 0.000123 -0.000112

60'
~~

0.000133 -0.000118

62 0.000143 -0.000125

64 0.000153 -0.000132

66 0.000164 -0.000140

68 0.000175 -o.0()0147

70 0.000187 -0.000155

72 0.000199 -0.000163

74 0.000212 -0.000172

76 0.000225 -0.000181

78 0.000239 -0.000190

80 0.000253 -0.000199

82 0.000268 -0.000208

84 0.000283 -0.000218
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Column: 7.8-mm x 30-cm; packing L19
Temperatures

Detector: 45°
Column: 85°

Flow rate: 0.6 mL/min
Injection volume: 10 IJL
Run time: 20 min

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for maltose,
dextrose, and fructose are about 0.83, 1.00, and
1.32, respectively.]

Suitability requirements
Resolution: NLT 1.5 between maltoseand dextrose, and

NLT 1.5 between dextrose and fructose
Relative standard deviation: NMT 1.0% for the
fructose peak

Analysis
Samples: Standardsolutionand Sample solution
Injecta volume (about 10 IJL) of the Sample solution, and

measure all the peak areas.The elution pattern includes
the higher degree of polymerized saccharides (DP4+),
followed by tri-saccharides (DP3), maltose, dextrose, and
fructose, The higher-molecular-weight polysaccharides
containing more than 4 D-glucopyranosyl units can be
integrated into one peak represented by the peak of
DP4+.

[NOTE-The relative retention timesfor higherdegrees of
polymerizedsaccharides(DP4+), tri-saccharides (DP3),
maltose, dextrose, and fructose are about 0.66,0.74,
0.82, 1.00, and 1.32, respectively, from the Sample
solution.]

Calculatethe percentage of monosaccharides, PMS'

expressed in terms of fructose (PF) and dextrose (Po), in
the total solid portion of Syrup taken:

PF = (rFU/rFS) x [CFS x Vu/(Wu x 0.01 x PSofld)] x 100

Po= (roulros) x [Cos x Vu/(Wu x 0.01 x PSOfld)] x 100

= peak area of fructose from the Sample solution
= peak area of fructose from the Standard solution
= concentration of USP Fructose RS in the Standard

solution (rriq/rnl)
= volume of theSample solution(mL)
= weight of Syru'p taken to prepare the Sample

solution (mg)
= percentage of total solids in the Syrupas

determined in the test for TotalSolids
= peak area of dextrose from the Sample solution
= peak area of dextrose from the Standard solution
= concentration of USP Dextrose RS in the Standard

solution (mg/mL)

Calculatethe percentage of other saccharides, Pos,
expressed in terms of maltose(POP2) , tri-saccharides (DP3)
(POP3), and higher degree of polymerized saccharides
(DP4+) (POP4+), in the total solid portion of Syruptaken:

POS = POP2 + POP3+ POP4+ = [(rUI + rU2 + rU3)lrS] x [Cs x Vu/(Wu
x 0.01 x PSolid)] x 100

= peak area of maltosefrom the Sample solution
= peak area of tri-saccharides (DP3) from the

Sample solution
= peak area of higher degree of polymerized

saccharides (DP4+) from the Sample solution
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ts = peak area of maltosefrom the Standard solution
Cs = concentration of USP Maltose MonohydrateRS in

the Standard solution (mg/mL)
Vu = volume of the Sample solution(mL)
Wu = weight of Syrup taken to prepare the Sample

solution (mg)
PSolid = percentage of total solids in the Syrup as

determined in the test for TotalSolids

Calculate the percentage oftotal saccharides, Prs, expressed
as a percentage of total solids:

Calculate the percentage of monosaccharides in total
saccharides:

Result = (PMs/Prs) x 100

Calculate the percentage of fructose in total saccharides:

Result =(P~Prs) x 100

Calculate the percentage of other saccharides in total
saccharides:

Result = (Pos/Prs) x 100

Acceptance criteria
For High Fructose Corn Syrup 42%
Total saccharides: NLT 97.0%, expressedas a

percentage of total solids. Totalsaccharides contain
monosaccharides and other saccharides as follows.
Monosaccharides: NLT 92.0.0/0
Fructose: 41.00/0-50.0%
Other saccharides: NMT 8.0%

For High Fructose Corn Syrup 55%
Total saccharides: NLT 95.0%, expressed as a

percentage of total solids. Totalsaccharides contain
monosaccharides and other saccharides as follows.
Monosaccharides: NLT 94.0%
Fructose: 54.0%-60.0%
Other saccharides: NMT 6.0%

IMPURITIES
• ReSIDuE ON IGNITION (281): NMT 0.05%
• LIMIT OF LEAD

[NOTE-For the preparationofall aqueoussolutionsand
for the rinsing of glassware beforeuse, usewater that
has been passed through a strong-acid, strong-base,
mixed-bed ion-exchange resin. For digestion, use
acid-cleaned, high-density polyethylene,
polypropylene, polytef, or quartz tubes. Select all
reagents to have as Iowa content of lead as
practicable, and store all reagent solutions in
borosilicate glasscontainers. Cleanse glassware
before use by soaking in warm 8 N nitric acid for
30 min and rinsing with deionizedwater. Store final
diluted solutions in acid-cleaned plastic or polytef
tubes or bottles.]

Matrix modifier solution: 200 mg/mLof magnesium
nitrate. Justbefore use, transfer 1.0 mL of this solution to a
1O-mL volumetric flask, and dilute with 5% nitricacid to
volume.

Alternate matrix modifier solution: Justbefore use, add
0.3 mL of commercially available 10,000 IJg/mL palladium
standard solution and 5 mL of commercially available
10,000 IJg/mL magnesium nitrate standard solution to
9.7 mL of 5% nitric acid, and mixwell. [NOTE-Alternate
matrix modifiersolutioncan be used to replacethe Matrix
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modifiersolution. Then the air ashing step in the furnace
program (see Table 2) can be ornltted.]

Standard stock solution: Transfer 10.0 mL of lead nitrate
stock solution TS to a 1OO-mL volumetric flask, add 40 mL
of water and 5 mL of nitric acid, and dilute with water to
volume. Transfer 1.0 mL of this solution to a second 100-mL
volumetric flask, dilute with 5% nitric acid to volume, and
mix. This solution contains 0.1 J..Ig/mL of lead.

Standard solutions: Transfer portions of Standard stock
solution to four suitable containers, and dilute with 5%
nitric acid to obtain Standard solutions having lead
concentrations of 100,50,25, and 10 ng/mL, respectively.

Sample solution: [NOTE-It is recommended to perform
this procedure in a fume hood. To ensure that a
representative subsample of Syrup is used for analysis,
ultrasonic and/or vortex mixing of Syrup samples prior to
weighing is recommended.] Transfer 1.5 g of Syrup to two
digestion tubes, labeled "Sample solution" and
"Temperature monitor solution," and add 0.75 mL of nitric
acid to each tube. Placea thermometer in the tube labeled
"Temperature monitor solution," then use the Temperature
monitorsolutionsolely to monitor the temperature to be
within ranges specified by the method. Warm both
solutions slowly to 90°-95° to avoid spattering. Heat until
all brown vapors have dissipated and the samples no longer
have a rust-colored tint. This typically takes 20-30 min.
Allow the samples to cool. Add 0.5 mL of 50% hydrogen
peroxide dropwise to both solutions, heat to 90°_95° for
5 min, and cool. Add a second 0.5-mL portion of 50%
hydrogen peroxide dropwise to both solutions, and heat to
90°-100° for 5-1 0 min or until the solutions are clear. Cool,
and transfer the Sample solutionto a 1O-mLvolumetric flask.
Rinse the tube labeled "Sample solution" with 5% nitric
acid, add the rinsing to/the volumetric flask, dilute with 5%
nitric acid to volume, and mix.

Standard blank: 5% Nitric acid
Sample blank: Transfer 1.5 g of water to a digestion tube,

and proceed asdirected for the Sample solution, beginning
with "add 0.75 mL of nitric acid".

Instrumental conditions
Mode: Graphite furnace atomic absorption with

pyrolytically coated graphite tubes and adequate means
of background correction

Lamp: Lead hollow-cathode .
Analytical wavelength: Lead emission line of 283.3 nm
Furnace program: See Table 2. [NOTE-The temperature

program may be modified to obtain optimum furnace
temperatures.] .. '.

Table 2

Gas
FlowRat

Tempera- HoldTi e
ture Ramp me (mL/ Read

Step (0) (s) (s) Gas min) (s)

Dry 200 20 30 Argon 300 -
Char -(Ash) 750 40 40 Air" 300

Cooldow -n 20 1 60 Argon 300

Stop flo
Atomize 1800 0 10 Argon w 10

Clean 2600 1 7 Argon 300 -
Cooldow -n 20 1 5 Argon 300

a Ifthe Matrixmodifiersolutionisused,airashingmustbe used in the experiment.
Ifthe Alternatematrixmodifiersolutionisused, aircan be substituted withargon.
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If the Matrix modifiersolutionisused,the furnace controller
must be able to handle two gas flows to facilitate air
ashing. Argon is used as the purge gas for the furnace
for all steps but the char. Oxygen ashing isused to avoid
build-up of residue during the char step. Breathing
quality air is used asthe alternative gasfor the air ashing.
The long (60 s) "Cool down" step prior to atomization
ensures that the air used for the oxygen ashing (char) is
cleared from the furnace.

Autosampier
Sample volume: 20 J..IL
Alternative volume: 5 J..IL of Matrix modifiersolution (or

Alternatematrix modifiersolution)
Analysis

Samples: Add 5 J..IL of the Matrix modifiersolution (or
Alternatematrix modifiersolution)to each 20-J..IL aliquot of
the four Standardsolutions, add 5 J..IL of the Matrix modifier
solution (or Alternatematrix modifiersolution) to 20 IJL of
the Sample solution, add 5 J..IL of the Matrix modifier
solution (or Alternatematrix modifiersolution) to 20 IJL of
the Standardblank, and add 5 J..IL of the Matrix modifier
solution (or Alternatematrix modifiersolution) to 20 IJL of
the Sample blank.

Use peak area measurements for all quantitations.
Using the Standardblank to set the instrument to zero,

determine the integrated absorbances of the Standard
solutions. Plot the integrated absorbances of the Standard
solutions versus their contents of lead, in ng/mL, and draw
the line best fitting the four points to determine the
calibration curve. Similarly determine the integrated
absorbances of the Sample solution and the Sample blank.
Correct the absorbance value of the Sample solutionby
subtracting from it the absorbance value obtained from
the Sample blank.

Calculate the concentration of lead, in J..Ig/g, in the portion
of Syrup taken:

Result =(V x CdW) x F

V = volume of the Sample solution, 10 mL
CL = concentration of lead in the Sample solution, as

determined from the calibration curve (ng/mL)
W = weight of Syrup taken to prepare the Sample

solution (g)
F =conversion factor, 10-3 IJg/ng

Acceptance criteria: NMT 0.1 J..Ig/g
• LIMIT OF SULFUR DIOXIDE

Starch indicator solution: Mix 10 g of soluble starch with
50 mL of cold water. Transfer to 1000 mL of boiling water,
stir until completely dissolved, cool, and add 1 g of salicylic
acid preservative. [NOTE-Discard the solution after 1
month.]

Sample: 100 g
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.005 N iodine VS
Blank: 200 mL of water
Endpoint detection: Visual '

Analysis: Transfer the Sample to a 250-mL conical flask, add
100 mL of water, and mix. Cool to 5°-10°. While stirring
with a magnetic stirrer, add 10 mL of cold (5°_10°) 1.5 N
sodium hydroxide. Stir for an additional 20 s, and add
10 mL of Starch indicatorsolution. Add 10 mL of cold (5°_
10°) 2.0 N sulfuric acid, and titrate immediately with Titrant
until a light blue color persists for 1 min. Perform a blank
determination, and make any necessary correction.
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Calculate the concentration, in I-Ig/g, of sulfur dioxide
(S02) in the Sample taken:

Result = {[(Vs - VB) x N x F,]/W} X F2

Vs = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F1 = equivalency factor, 32.0 mg/mEq
W = Sample weight (g)
F2 = conversion factor, 103 I-Ig/mg

Acceptance criteria: NMT 30 I-Ig/g

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

. SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 clu/g, and the total
combined moldsand yeastscount does not exceed 102clu/
g.

• TOTAL SOLIDS
Analysis: Determinethe refractive index of the Syrup at 20°

or 45° (see Refractive Index(831». Use Table 3 and Table 4
for calculating the percentage of total solids on a weight/
weight basis, Ifnecessary, interpolate between the
refractive..indexvaluesto find the percentage of total solids
to the nearest 0.1%.

Table 3. High Fructose Corn Syrup 42%

Percentage of
Total Solids Refractive Index Refractive Index
(P Solid)(0/0) at 200 at 450

69.0 1.4597 1.4543

70.0 1.4620 1.4565

70.5 1.4632 1.4577

71.0 1.4643 1.4589

72.0 1.4667 1.4612

73.0 1.4691 1.4635

74.0 1.4715 1.4658

75.0 1.4738 1.4683

76.0 1.4763 1.4707

77.0 1.4787 1.4731

78.0 -- e, 1.4811 1.4755

79.0 1.4836 1.4779

80.0 1.4861 1.4804

81.0 1.4886 1.4829

Table 4. High Fructose Corn Syrup 55%

Percentage of
Total Solids Refractive Index Refractive Index
(P Solid)(0/0) at 200 at 450

75.0 1.4738 1.4680

76.0 1.4762 1.4704

76.5 1.4774 1.4716

77.0 1.4786 1.4728

.78.0 1.4811 1.4752

79.0 1.4835 1.4776

80.0 1.4860- 1.4801

81.0 1.4885 1.4826
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Acceptance criteria
High Fructose Corn Syrup 42%: NLT 70.5%
High Fructose Corn Syrup 55%: NLT 76.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirement specified.
• LABELING: Label it to state, as part of the official title, the

nominal percentage of fructose: Label it to indicate the
presence of sulfur dioxide ifthe residual concentration is
greater than 10 I-Ig/g.

• USP REFERENCE STANDARDS (11)
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS

Corn Syrup Solids
DEFINITION
Corn Syrup Solids (Dried Glucose Syrup) isa dried mixture of

saccharides obtained by partial hydrolysis of edible corn
starch by food-grade acids and/or enzymes. It contains NLT
20.0% reducing sugar content (dextrose equivalent)
expressed as D-glucose, calculated on the dried basis.

IDENTIFICATION
• A.

Sample solution: 50 mg/mL
Analysis: Add a few drops of the Sample solutionto 5 mL of

hot, alkaline cupric tartrate TS.
Acceptance criteria: Acopious, red precipitate of cuprous

oxide isformed (distinction from sucrose).

ASSAY
• REDUCING SUGARS (DEXTROSE EQUIVALENT)
Apparatus: Mount a ring support on a ring stand 1-2 in

above a gas burner, and mount a second rifjg 6-7 in above
the first. Place a 6-in open-wiregauze on the lower ring to
support a 250-mL conical flask, and placea 4-inwatch glass
with a center hole on the upper ring to deflect heat.
Attach a 25-mL buret to the ring stand so that the tip just
passes through the watch glasscentered above the flask.
Placean indirectly lighted white surface behind the
assemblyfor observing the endpoint.

Standard solution: 6 mg/mLof USP Dextrose RS
Sample solution: Transfer 4 g of Corn Syrup Solids to a

500-mLvolumetric flask, and dilute with water to volume.
Analysis: Transfer 25.0-mL portions of alkaline cupric

tartrate TS to each oftwo flasks, and boil.Immediately place
one flask on the wiregauze of the Apparatus, and adjust the
burner so that the boiling point will be reached in 2 min.
Titrate with the Standard solution to within 0.5 mL of the
anticipated endpoint. Heat the flask, with swirling, boil
moderately for 2 min, and add 2 drops of a 10-mg/mL
methylene blue solution. Immediately add 2 drops of the
Standardsolutionfrom the buret, and bring to a boil.Allow
the cuprous oxide to settle slightly, and observe the color
of the supernatant. Complete the titration within 1 min by
adding the Standard solutiondropwise and boiling after
each addition to the disappearance of the blue color, as
determined by viewing against a white background in
daylight or under equivalent illumination. Ifmore than
0.5 mL of the titrant is required after the addition of the
indicator, repeat the titration, adding the necessary volume
of titrant beforeadding the indicator. Bring the contents of
the second flask to a boil, and similarly titrate with the
Sample solution.
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Calculatethe percentage of reducing sugars as D-glucose,
calculated on the dried basis, in the portion of Corn Syrup
Solids taken:

Result = (C siC u) x (V s/Vu) x [1/(0.01 x A)] x 100

=concentration of USP DextroseRS in the Standard
solution(mg/mL)

=concentration of Corn SyrupSolids taken to
prepare the Sample solution (mg/mL)

= titrated volumes of the Standardsolution (mL)
=titrated volumes of the Sample solution(mL)
= percentage of dry solids in Corn Syrup Solids, as

determined in the test for TotalSolids

Acceptance criteria: NLT 20.0% reducing sugar conte~t
(dextrose equivalent) expressed as D-glucose on the dried
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%
• LIMIT OF SULFUR DIOXIDE

Starch indicator solution: Mix 109 of soluble starch with
50 mLof cold water. Transfer to 1000 mL of boilingwater,
and stir until completely dissolved. Cool, and add 1 g of
salicylic acid preservative. [NOTE-Discard the solution after
1 month.]

Sample: 78 g
Blank: 200 mLof water
Titrimetric system

(See Titrimetry(541).)
Mode: Directtitration
Titrant: 0.005 N iodine VS
Endpoint detection: ~isual .

Analysis: Transfer the Sample to a 250-mLconical flask.
Dilutewith 122 mLof water, and mixto dissolve. Cool to
5°-10°. While stirringwith a magnetic stirrer,add 10 mLof
cold (5°-10°) 1.5 Nsodium hydroxide.Stirfor an additional
20 s and add 10 mL of Starch indicatorsolution.Add 10 mL
of c~ld (5°-10°) 2.0.N sulfuric acid, and titrate .
immediately with Titrant until a light blue color persistsfor
1 min. Perform a blank determination, and make any
necessarycorrection.
Calculate the amount of sulfurdioxide (S02) in the Sample

taken:

Result;; {[(V s - V8) x N x F 1] x F2 }/W

= Titrant vo'lu;;'e consumed by the Sample (mL)
=Titrant volume consumed by the Blank(mL)
=actual normalityof the Titrant (mEq/mL)
=equivalencyfactor, 32.0 mg/mEq
=conversionfactor, 103 j.Jg/mg
=Sample weight (g)

Acceptance criteria: NMT 40 j.Jg/g
• LIMIT OF LEAD

[NOTE-For the preparation ofallaqueous solutionsand
for the rinsingof glasswarebefore use, use water that
has been passed through a s!rong-ac!d, st.rong-base,
mixed-bed ion-exchange resin. Fordigestion, use
acid-cleaned, high-density polyethylene,
polypropylene, polytef, or quartz tubes. Select all
reagents to have as Iowa content of I~ad a~
practicable, and store all reagent solutions In
borosilicateglass cont~iners. Cleanse.gl.ass~are
before use by soaking In warm 8 N nttric acid for
30 min and rinsing with deionized water. Store final
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diluted solutions in acid-cleaned plasticor polytef
tubes or bottles.]

Modifier solution: 200 mg/mL of magnesium nitrate. Just
before use transfer 1.0 mL of this solution to a 10-mL
volumetri~ flask and dilute with 5% nitricacid to volume.

Standard soluti~ns: Transfer 10.0 mL of lead nitrate stock
solution TS to a 1OO-mL volumetricflask. Add 40 mLof
water and 5 mLof nitricacid, dilute with water to volume,
and mix. Transfer 1.0 mL of this solution to a 100-mL
volumetricflask, and dilute with 5% nitricacid to volume.
Thissolution contains 0.1 j.Jg/mL of lead. Transfer portions
of this solution to four suitable containers, and dilute with
5% nitric acid to obtain Standardsolutions having lead
concentrations of 100,50,25, and 10 ng/mL, respectively.

Sample solution: [NOTE-Perform this procedure in a
fume hood.] Transfer 1.2 g of Corn Syrup Solids to two
digestion tubes labeled Sample solution ~n.d ter:nperature
monitor solution, and add 0.75 mLof nltricacid to each
tube. Warm both solutionsslowly to 90°-95° to avoid
spattering. Heat until all brown vapors have dissipatedand
any rust-colored tint is gone from the tube labeled Sample
solution (20-30 min): Cool, then add 0.5 mL of 50%
hydrogen peroxide dropwise to both solutions,and heat to
between 90° and 95° for 5 min. Cool, then adda second
0.5-mL portion of 50% hydrogen peroxide dropwise to
each solution, and heat to 90°-100° until clear (5-10 min).
Cool, and transfer the solution labeled Sample solutionto a
1O-mL volumetricflask. Rinse the Sample solutiondigestion
tube with 5% nitricacid, add the rinse to the volumetric
flask, and dilute with 5% nitricacid to volume.

Standard blank: 5% Nitric acid
Sample blank: Transfer1.5 g of water to a digestion tube,

and proceed as directed for the Sample solution, beginning
with "add 0.75 mLof nitricacid".

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometer equipped

with pyrolytically coated graphite tubes and adequate
means of background correction

Analytical wavelength: 283.3 nm
Injection volume: 20 j.JL
Furnace program: See Table 1.

[NOTE-The temperature program may be modified to
obtain optimum furnace temperatures.]

Table 1
Step Dry Ash Purge Atomize

Cooldown,
and purge

the airfrom
the furnace

Temperature (0) 200 750 20 1800

Ramptime(s) 20 40 - 0

Hold time(s) 30 40 60 10

Argon
Argonflowrate gas flow

(mL/min) 300 300 300 stopped

Analysis
Samples: Standardsolutions, Sample solution,

Standardblank, Sample blank . _ _.
Add 5 j.JL of the Modifiersolution to 20 j.JL each of the

Standardsolutions, the Sample solution, the .
Standardblank,and the Sample blank,and mix.Separately
inject each into the atomic absorption
spectrophotometer.

Using the Standardblank to set the instrument to zero,
determine the integrated absorbances of the Standard
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solutions. Plot the integrated absorbances of the Standard
solutions versus their contents of lead, and draw the line
best fitting the four points to determine the calibration
curve. Similarly, determine the integrated absorbances
of the Sample solution and the Sample blank. Correct the
absorbance value of the Sample solution with the
Sample blank.

Calculate the concentration of lead in the portion of Corn
Syrup Solids taken:

Result = [V x (C/\tV)] x F

V = volume of the Sample solution, 10 mL
C =concentration of lead in the Sample solution, as

determined from the calibration curve (ng/mL)
W =weight of Corn Syrup Solids taken to prepare the

Sample solution (g)
F = conversion factor, 10-3 J..Ig/ng

Acceptance criteria: NMT 0.5 J..Ig/g

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined yeastsand molds count does not exceed 102 cfu/
g.

• STARCH
Sample solution: 100 mg/mL
Analysis: Add 1 drop of iodine TS to 10 mL of the Sample

solution.
Acceptance criteria: A yellow color indicates the absenceof

soluble starch.
• TOTAL SOLIDS

Analysis: To determine the water content, proceed as
directed in WaterDetermination(921), Method la, except
use a weighed amount of Corn Syrup Solids, W v, for the
Test Preparation. In Standardization of the Reagent, proceed
as directed, except use the formula for significant amounts
of water (1% or more). [NOTE-Pure methanol can make the
detector overly sensitive, particularly at low ppm levels of
water, causing it to deflect to dryness and slowly recover
with each addition of reagent. This slows down the titration
and may allow the system to actually pick up ambient
moisture during the resulting long titration. Adding
chloroform or a similar nonconducting solvent will retard
this sensitivity and can improve the analysis.] In the
Procedure calculatlnq.the water content in the Test
Preparation, use W w=S x F.
Calculate the percentage of total solids in the portion of the

Test Preparation taken:

Result=(W u: W w)/W u x 100

W u = weight of Corn Syrup Solids for the Test
Preparation (mg)

W w = weight of water determined (mg)

Acceptance criteria: NLT 90.0% when the reducing sugar
content is NLT 88.0%; NLT 93.0% when the reducing sugar
content is 20.0%-88.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly closed

containers, and store in a cool, dry place.
• LABELING: Label it to indicate its nominal dextrose

equivalent. Label it also to indicate the presence of sulfur
dioxide if the residual concentration is greater than 10 J..Ig/
g.
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• USP REFERENCE STANDARDS (11)
USP Dextrose RS

Cottonseed Oil
[8001-29-4].

DEFINITION
Cottonseed Oil is the refined fixed oil obtained from the seed

of cultivated plants of various varieties of Gossypium hirsutum
L.or of other speciesof Gossypium (Fam. Malvaceae). It may
contain suitable antioxidants.

IDENTIFICATION
• A. IDENTITY BY FATTY ACID COMPOSITION: Cottonseed Oil

exhibits the composition profile of fatty acids, as
determined in Fats and Fixed Oils(401), Procedures, Fatty
Acid Composition. See Table 1.

Table 1

Carbon-Chain Number of Percentage
length Double Bonds (%)

<14 oor 1 ~0.2

14 0 0.3-1.0

16 0 18.0-26.4

16 1 ~1.2

18 0 2.1-3.3

18 1 14.0-21.7

18 2 46.7-58.3

18 3 ~1.0

20 0 ~1.0

20 1 ~0.5

22 0 ::;0.6

22 1 ~0.5

24 0 ~0.5

• B. IDENTITY BY TRIGLYCERIDE PROFILE
Analysis: Proceed asdirected in Identificationof Fixed Oilsby

Thin-Layer Chromatography (202), Identification, Method I or
Method /I.

Acceptance criteria: Meets the requirements in the chapter

IMPURITIES
• ALKALINE IMPURITIES

Sample: 10 mL of Cottonseed Oil
Analysis: Mix 10 mL of acetone and 0.3 mL of water, and

add 0.05 mL of bromophenol blue TS. If necessary,
neutralize the solution to a green color with 0.01 N
hydrochloric acid or 0.01 N sodium hydroxide. Add the
Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VSto change the color of the upper layer
to yellow.

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric
acid is required .

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, AcidValue: NMT 0.2
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 10.0 .
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter. NMT 1.5%
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• WATER DETERMINATION (921), Method I, Method ta NMT
0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and avoid exposure to excessive heat.
• LABELING: Label it to indicatethe name and quantity of any

added antioxidants.WhereCottonseed Oil is intended for
use in the manufacture of injectable dosage forms, it isso
labeled.

• OTHERREQUIREMENTS: ForCottonseed Oil intended for use
in injectable dosage forms, which isspecified in the Labeling
section, the requirementsunder Injections and Implanted
Drug Products (1), Product Quality Tests Common to
Parenteral Dosage Forms, Specific Tests, Vehicles and added
substances, Nonaqueous vehicles must be met.

Hydrogenated Cottonseed Oil
DEFINITION
Hydrogenated Cottonseed Oil is the product obtained by

refining and hydrogenating oilobtained from seeds of
cultivatedplants ofvarious varieties of Gossypium hirsutum L.
or of other speciesof Gossypium (Fam. Malvaceae). The
product consists mainly of triglycerides of palmitic and
stearicacids.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

FixedOils, FattyAcidComposition (401).
• B. It meets the requirements in Specific Tests for Melting

Range or Temperature, Class /I (741).

IMPURITIES
• LIMIT OF NICKEL

Solution A: Immediately before use, dilute 10 mL of nickel
standard solutionTS with water to 500 mL. Thissolution
contains the equivalentof 0.2 J..lg/g of nickel.

Sample solution: Weigh 5.0 g of Hydrogenated Cottonseed
Oil into a previously tared platinum or silica crucible.
Cautiously heat, and introduce into the substance a wick
formed from twisted ashless filterpaper: Ignite the wick.
When the substance ignites,stop heating. After
combustion, ignit~ in a muffle furnace at 600°. Continue
the incineration untilwhite ash isobtained. After cooling,
transfer the residue,.with the aid of two 2-mL portions of
diluted hydrochloric acid, to a 25-mL volumetric flask, add
0.3 mL of nitric acid, and dilute with water to volume.

Standard solutions: Into three identical 1O-mL volumetric
flasks, introduce respectively 1.0, 2.0, and 4.0 mL of
Solution A.Toeach flask add a 2.0-mL portionof the Sample
solution, and dilute with water to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry, equipped

with a graphite furnace
Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode

Analysis: Concomitantlydetermine the absorbances of the
Sample solution and each of the Standardsolutions at least
three times each, and record the average of the steady
readings. Plot the absorbances of the Sample solution and
the Standardsolutions versus the added quantity of nickel.
Extrapolate the linejoiningthe points on the graph until it
meets the concentration axis. The distance between this
point and the intersection of the axes represents the
concentration of nickel in the Sample solution.

Acceptance criteria: NMT 1 J..lg/g
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• ALKALINE IMPURITIES
Sample solution: Dissolve by gentle heating 2.0 g of

HydrogenatedCottonseed Oil in a mixtureof 1.5 mL of
alcoholand 3.0 mL of toluene.

Analysis: To the Sample solution add 0.05 mL of
bromophenol blueTS,and titrate with 0.01 N hydrochloric
acid to a yellow endpoint.

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
• FATS AND FIXED OILS, FattyAcidComposition (401):

HydrogenatedCottonseed Oilexhibits the composition
profile of fatty acids in Table 1, as determined in the
chapter.

Table 1
Carbon-Chain Percentage

Length No. of Double Bonds (%)

<14 0 ::;0.2

14 0 ::;1.0

16 0 19-26

18 0 68-80

20 0 ::;1.0

22 0 ::;1.0

24 0 ::;0.5

18 1 :::4.0

18 2 ::;1.0

• MELTING RANGE OR TEMPERATURE, Class /I (741): 57°-70°
• FATS AND FIXED OILS, Acid Value (Free FattyAcids) (401)

Sample: 10 g
Analysis: Dissolve the Sample in 50 mL of a hot mixtureof

neutralized alcohol and toluene (1:1), add 0.5 mL of
phenolphthaleinTS, and titrate with 0.1 N potassium
hydroxideVS to produce a permanent, faint pinkcolor.

Acceptance criteria: NMT 0.5
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No storage requirementsare specified.

Creatinine

113.12

DEFINITION
Creatininecontains NLT 98.5% and NMT 102.0%

of C4H7N30 , as Creatinine, calculated on the dried basis.
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IDENTIFICATION

ASSAY
• PROCEDURE

Sample: 40 mg of Creatinine
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Indicator electrode: Glass
Reference electrode: Silver-silver chloride

Reference electrode solution: Saturated lithium
perchlorate and silver chloride in glacial acetic acid

Analysis: Dissolve the Sample in 10 mL of glacial acetic acid.
Titrate the Sample with 0.1 N perchloric acid VS.Perform a
blank determination, and make any necessary correction.
Calculate the percentage of creatinine (C4H]N 30 ) in the

Sample taken:

Result= [(V - B) x N x F x 100]/W

V = volume of the Titrant consumed by the Sample
(mL)

8 = volume of the Titrant consumed by the 81ank
(mL)

N =actual normality of the Titrant (mEq/mL)
F = equivalency factor, 113.12 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 98.50/0-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%

SPECIFIC TESTS
• Loss ON DRYING (731): Dry a sample at 105° for 3 h: it loses

NMT 3.0% of its weight. .

ADDITIONAL REQUIREMENTS ,
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Creatinine RS

Cresol
C]HaO 108.14
Phenol, methyl-;
Cresol [1319-77-3].

DEFINITION
Cresol is a mixture of isomeric cresolsobtained from coal tar

or from petroleum.

IDENTIFICATION
• A.

Sample solution: A saturated solution
Analysis: To the Sample solution add a few drops of ferric

chloride TS.
Acceptance criteria: A bluish-violet color is produced.
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IMPURITIES
• LIMIT OF PHENOL

Solution A: Bubble air through nitric acid until the acid is
colorless, then mix 1 volume of the acid with 4 volumes of
water.

Standard solution: Dissolve 1 g of phenol in 100 mL of
water, and determine the actual C6H60 concentration as
follows. Pipet 4 mL of the solution into an iodine flask, add
30.0 mL of 0.1 N bromine VS, then add 5 mL of
hydrochloric acid, and immediately insert the stopper.
Shake the flask repeatedly for 30 min, and allow to stand
for 15 min. Add quickly 5 mL of a 200-mg/mL potassium
iodide solution, taking precautions to prevent the escapeof
bromine vapor, and at once insert the stopper into the flask.
Shakethoroughly, remove the stopper, and rinse it and the
neck of the flask with a small quantity of water so that the
washings flow into the flask.Add 1 mL of chloroform, shake
the mixture, and titrate the liberated iodine with 0.1 N
sodium thiosulfate VS, adding 3 mL of starch TS as the
endpoint is approached. Perform a blank determination.
Each mL of 0.1 N bromine is equivalent to 1.569 mg
of C6H60 . Dilute a suitable volume of the solution with
water to obtain a concentration of 250 ~g/mL of C6H60 .

Sample solution: Place2.5 g of Cresol in a 250-mL
volumetric flask, add 10 mL of sodium hydroxide solution
(100 mg/mL), and dilute with water to volume. Pipet 5 mL
of this solution into a 200-mL volumetric flask, add 45 mL
of water and '1 drop of methyl orange TS, neutralize with
Solution A added dropwise, and then dilute with water to
volume.

Analysis: Pipet 5.0 mL of the neutralized Sample solution
into each of two 20- x 180-mm test tubes, graduated at the
25-mL mark, and pipet 5.0 mL of the Standardsolution into
each of two similar test tubes. To the contents of each tube
add 5 mL of Millon's Reagent,allowing it to flow down the
inner wall of the tube. Place the tubes simultaneously in a
boiling water bath provided with a rack so that the tubes
do not touch the bottom of the bath, and maintain the bath
at boiling temperature for 30 min, accurately timed. At
once remove the tubes from the bath, cool them
immediately and thoroughly by placing them in a bath of
cold water for NLT 10 min, and add 5 mL of Solution A to
each tube. Add 3 mL of a 2% formaldehyde solution to one
of each pair of tubes, add water to fill all tubes to volume,
shakethoroughly, and allow to stand for 16 h, during which
time the added formaldehyde imparts a yellow color while
the contents of the other two tubes acquire an orange-red
color.

Pipet 20 mL from each of the two tubes containing the
Standardsolution into separate 1OO-mL volumetric flasks,
add 5 mL of Solution A, and then add water to volume.
Transfer the solutions to burets marked 87 and 82,
representing, respectively, the solution not treated and the
solution treated with formaldehyde.

Pipet 10 mL from each of the two tubes containing the
Sample solution into separate 50-mL color-comparison
tubes marked N 7 and N2, representing, respectively, the
solution treated with formaldehyde and the solution not
treated with formaldehyde.

Add to tube N7 the orange-red colored solution from buret
87, and add to tube N2 an equal volume of the
yellow-colored solution from buret 82, until the colors in
tubes N 7 and N2 match when observed in a colorimeter.

Calculate the percentage of phenol (C6H60 ) in the portion of
the sample taken:

Result = V/W x 5 .
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Croscarmellose Sodium

Acceptance criteria: NMT 5.0%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.030-1.038
• DISTILLING RANGE, Method /I (721): NLT 90% distills

between 195° and 205°.
• HYDROCARBONS

Sample solution: 1 in 60
Standard solution: To 58 mL of water add 1.5 mL of 0.02 N

sulfuric acid and 1 mL of barium chloride solution (100 mg/
mL).

Analysis: Compare the turbidity of the Sample solution
against the Standard solution after the Standard solution has
been shaken and allowed to stand for 5 min.

Acceptance criteria: The Sample solution shows no more
turbidity than the Standard solution.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

Portions of this monograph that are national USP text, and are
not part of the harmonized text, are marked with symbols (••)
to specify this fact.

DEFINITION
Croscarmellose Sodium is the sodium salt of a cross-linked,

partly 0-(carboxymethylated) cellulose.

IDENTIFICATION
• A. Mix 1 g with 100 mL of methylene blue solution (1 in

250,000), stir the mixture, and allow it to settle. The
Croscarmellose Sodium absorbs the methylene blue and
settles as a blue, fibrous mass.

• B. Mix 1 g with 50 mL of water. Transfer 1 mL of the mixture
to a small test tube, and add 1 mL of water and 5 drops of
1-naphthol TS. Incline the test tube, and carefully add
2 mL of sulfuric acid down the side so that it forms a lower
layer: a reddish-violet color develops at the interface.

• ·C. A portion of the mixture of Croscarmellose Sodium with
water, prepared as directed in Identification B, imparts an
intense yellow color to a non luminous flame.·

IMPURITIES
• RESIDUE ON IGNITION (281): 14.0%-28.0%, calculated on

the dried basis. Use 1.0 g for the test, and use sufficient
sulfuric acid to moisten the entire residue after the initial
charring step, and additional sulfuric acid if an excessive
amount of carbonaceous material remains after the initial
complete volatilization of white fumes.

• ·SODIUM CHLORIDE AND SODIUM GLYCOLATE
Sodium chloride

Sample: 5 g of Croscarmellose Sodium
Analysis: Transfer the Sample to a 250-mL beaker. Add

50 mL of water and 5 mL of 30% hydrogen peroxide, and
heat on a steam bath for 20 min, stirring occasionally to
ensure hydration. Cool, and add 100 mL of water and
10 mL of nitric acid. Titrate with 0.05 N silver nitrate VS,
determining the endpoint potentiometrically, using a
silver-based indicator electrode and a double-junction
reference electrode containing 10% potassium nitrate
filling solution in the outer jacket and a standard filling
solution in the inner jacket, and stirring constantly (see
Titrimetry (541»).

Result=(F x V x N)/[(100 - b) x W]

=equivalence factor for sodium chloride, 584.4
=volume of the silver nitrate (mL)
=normality of the silver nitrate
=percentage of loss on drying, determined

separately
=weight of the specimen (g)

Calculate the percentage of sodium chloride in the
specimen taken:

F
V
N
b

W

Sodium glycolate
Standard stock solution: Transfer 100 mg of

glycolic acid, previously dried in a desiccator at room
temperature overnight, to a 1OO-mL volumetric flask.
Dissolve in and dilute with water to volume, and mix.
[NOTE-Use this solution within 30 days.]

Standard solution A: Transfer 1.0 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, then add 5 mL of glacial acetic acid. Dilute with
acetone to volume, and mix.

Standard solution B: Transfer2.0 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, then add 5 mL of glacial acetic acid. Dilute with
acetone to volume, and mix.

Standard solution C: Transfer 3.0 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make
5 mL, then add 5 mL of glacial acetic acid. Dilute with
acetone to volume, and mix.

Standard solution 0: Transfer4.0 mL of the Standard stock
solution to a 1OO-mL volumetric flask. Add water to make

5 mL, then add 5 mL of glacial acetic acid. Dilute with
acetone to volume, and mix.

Sample solution: Transfer 500 mg to a 1OO-mL beaker.
Moisten thoroughly with 5 mL of glacial acetic acid,
followed by 5 mL of water, and stir with a glass rod to
ensure proper hydration (usually about 15 min). Slowly
add 50 mL of acetone while stirring, then add 1 g of '
sodium chloride, and stir for several min to ensure
complete precipitation of the carboxymethylcellulose.
Filter through a soft, open-textured paper, previously
wetted with a small amount of acetone, and collect the
filtrate in a 1OO-mL volumetric flask. Use an additional
30 mL of acetone to facilitate the transfer of the solids and
to wash the filter cake,then dilute with acetone to volume,
and mix.

Analysis
Samples: Standard solution A, Standard solution B,

Standard solution C, Standard solution 0, and Sample
solution

Transfer 2.0 mL of the Sample solution and 2.0 mL of each
Standard solution to separate 25-mL volumetric flasks,
and prepare a blank flask containing 2.0 mL of a solution
containing 5% each of glacial acetic acid and water in
acetone. Placethe uncovered flasks in a boiling water
bath for 20 min to remove the acetone. Remove from
the bath, and cool. Add to each flask 5.0 mL of
2,7 -dihydroxynaphthalene TS, mix, add an additional
15 mL, and again mix. Cover the mouth of each flask
with a small piece of aluminum foil. Place the flasks
upright in a boiling water bath for 20 min, then remove
from the bath, cool, dilute with sulfuric acid to volume,
and mix.

Determine the absorbance of each solution at 540 nm,
with a suitable spectrophotometer, against the blank,
and prepare a standard curve using the absorbances
obtained from the Standard solutions.

Calculate the percentage of sodium glycolate in the
specimen taken:

= volume of the Standard solution taken from buret
B1 (mL)

=weight of Cresol taken (g)

v
w
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Acceptance criteria: The sum of the percentages of
sodium chloride and sodium glycolate is NMT 0.5%.·

SPECIFIC TESTS
• ·CONTENT OF WATER-SOLUBLE MATERIAL

Analysis: Disperse 109 in 800 mLof water, and stirfor 1 min
every 10 min during the first 30 min. Allow to stand for an
additional hour, or centrifuge, if necessary. Decant 200 mL
of the aqueous slurry onto a rapid-filtering filter paper in a
vacuum filtration funnel, apply vacuum, and collect about
150 mL of the filtrate. Pour the filtrate into a tared 250-mL
beaker, weigh, and calculate the weight, in g, of the filtrate,
W3, by difference. Concentrate on a hot plate to a small
volume, but not to dryness; dry at 105° for 4 h; and again
weigh.
Calculate,in g, the weight of the residue by difference, W"
Calculate the percentage of water-soluble material in the

specimen, on the dried basis, taken:

Result= [100 x W, x (800 + W2)]/{W2 x W3 x [1 - (0.01 x b)]}

WI =weight of residue by difference (g)
W2 =weight of the specimen taken (g)
W3 =weight of the filtrate by difference (g)
b =percentage loss on drying of the specimen taken

Acceptance criteria: NMT 10.0%·
• DEGREE OF SUBSTITUTION

Sample: 1 g .
Analysis: Transfer the Sample to a glass-stoppered, 500-mL

conical flask. Add 300 mL of sodium chloride solution (1 in
10), then add 25.0 mLof 0.1 N sodium hydroxide VS. Insert
the stopper, and allow to stand for 5 min with intermittent
shaking. Add 5 drops of m-cresol purple TS, and from a
buret add 15 mL of 0.1 N hydrochloric acid VS. Insert the
stopper in the flask, and shake. Ifthe solution is violet, add
0.1 N hydrochloric add VS in I-ml, portions until the
solution becomes yellow, shaking after each addition.
Titrate with 0.1 N sodium hydroxide VSto a violet
endpoint.
Calculate the net number of milliequivalents, M, of base

required for the neutralization of 1 g of Croscarmellose
Sodium, on the dried basis.

Calculate the degree of acid carboxymethyl substitution,
A:

Result = 1150 x M/[71 02 - (412 x M) - (80 x C)]'

M =milliequivalents of base
( =percentage of residue on ignition of the

Croscarmellose Sodium as determined in the
test for Residue on Ignition

Calculate the degree of sodium carboxymethyl
substitution,S:

Result ~ [162 + (58 x A)]x (/[7102 - (80 x C)]

NF 38

F

b

Result = (F x W,)/[(100 - b) x W2]

=factor converting glycolic acid to sodium
glycolate, 12.9

=weight of glycolic acid in the specimen,
determined from the standard curve and the
absorbance of the Sample solution (mg)

=percentage of loss on drying, determined
separately

=weight of the specimen taken (g)
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A = degree of acid carboxymethyl substitution, as
determined above

( =percentage of residue on ignition of the
Croscarmellose Sodium as determined in the
test for Residue on Ignition

The degree of substitution is the sum of A + S.
Acceptance criteria: The degree of substitution is 0.60

0.85 on the dried basis.
• Loss ON DRYING (731)

Analysis: Dry at 105° for 6 h.
Acceptance criteria: NMT 10.0%

• • MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1000 cfu/g, and the total
combined molds and yeasts count does not exceed
100 cfu/g. It meets the requirements of the test for
absence of Escherichia coli,'

• pH (791)
Analysis: Mix 1 g with 100 mL of water for 5 min.
Acceptance criteria: 5.0-7.0

• SETTLING VOLUME
Analysis: To 75 ml of water in a 1OO-mlgraduated cylinder,

add 1.5 g of it in 0.5-g portions, shaking vigorously after
each addition. Add water to make 100 mL,shake again until
all of the powder is homogeneously distributed, and allow

. to stand for 4 h. Note the volume of the settled mass.
Acceptance criteria: The volume of the settled mass is10.0

30.0 mL.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Crospovidone
Portions of the monograph text that are national USPtext, and

are not part of the harmonized text, are marked with
symbols (t .) to specify this fact.

(C6H9NO) n

1-Ethenyl-2-pyrrolidinone homopolymer; .
1-Vinyl-2-pyrrolidinone homopolymer [9003-39-8].

DEFINITION
Crospovidone is a water-insoluble synthetic cross-linked

homopolymer of N-vinyl-2-pyrrolidinone. It contains NLT
11.0% and NMT 12.8% of nitrogen (N), calculated on the
dried basis. Two types of Crospovidone are available,
depending on the particle size: Type A and Type B.

IDENTIFICATION

vacuum at 105°
• B.

Sample: 1 g
Analysis: Suspend the Sample in 10 mLof water, add 0.1 ml

of 0.1 N iodine, and shake for 30 s. Add 1 mL of starch TS,
and shake.

Acceptance criteria: No blue color develops.
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• C. To 10 mL of water add 0.1 g and shake. A suspension is
formed, and no clear solution is obtained within 15 min.

• D.
Sample: 20 g of the dried substance
Analysis: Clean and dry the analytical sieves used in the

analysis by washing the sieves in hot water. Allow to dry
overnight in a drying cabinet at 105°. Place the Sample in a
1OOO-mL conical flask, add 500 ml of water, and shake the
suspension for 30 min. Pour the suspension through a
63-lJm analytical sieve, previously tared, and rinse the sieve
with water until the filtrate isclear. Drythe sieve and sample
residue at 105° for 5 h in a drying cabinet without
circulating air. Cool in a desiccator for 30 min, and weigh.
Calculate the percentage sieving residue fraction of sample

particles having a diameter of more than 63 IJm:

Result = [em 1 - m 3) x 1OO]/m 2

m 1 =mass of the sieve and sample residue, after drying
for 5 h (g)

m 3 =mass of the sieve (g)
m 2 =initial mass of the sample, calculated on a dried

basis (g)

Acceptance criteria: If the sieving residue fraction is more
than 15%, the substance isclassifiedas Type A; ifthe sieving
residue fraction is NMT 15%, the substance is classified as
Type B.

ASSAY
• NITROGEN DETERMINATION, Method" (461)

Sample: 0.1 g
Analysis: Proceed as directed, using the Sample. In the

Procedure, omit the use of hydrogen peroxide, and use 5 g
of a powdered mixture of potassium sulfate, cupric sulfate,
and titanium dioxide (33:1:1), instead of potassium sulfate
and cupric sulfate (10:1). Heat until a clear; light green
solution is obtained. Heat for an additional 45 min, and
proceed as directed for Procedure, beginning with
"Cautiously add to the digestion mixture 70 mL of water".

Acceptance criteria: 11 .0%-12.8% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on

1.0 g .
• PEROXIDES

Sample suspension A: [NoTE-Use for Type A]
40 mg/mL in water. To 25 ml of this suspension add 2 mL

of titanium trichloride-sulfuric acid TS. Allow to stand for
30 min, and filter.

Sample suspension B: [NoTE-Use for Type B.]
16 mg/mL in water. To 25 mL of this suspension add 2 mL

of titanium 'trichloride-sulfuric acid TS. Allow to stand for
30 min, and filter.

Compensation liquid A: [NoTE-Use for Type A]
40 mg/mL in water. Filter, take 25 mL, and add 2 ml of a

13% solution of sulfuric acid.
Compensation liquid B: [NoTE-Use for Type B.]

16 mg/mL in water. Filter, take 25 mL, and add 2 ml of a
13% solution of sulfuric acid.

Analysis: Measure the absorbance of the filtrate at 405 nm
againstthe appropriate compensation liquid.

Acceptance criteria: NMT 0.35. For Type A, this
corresponds to NMT 400 ppm expressed as H20 2; for Type
B, this corresponds to NMT 1000 ppm expressed as H20 2•

• VINYLPYRROLIDINONE
Mobile phase: Acetonitrile and water (1:9)
Sample solution: 25 mg/ml of suspension in methanol.

Shake for 60 min. Leave the bulk to settle, and pass
through a filter of 0.2-lJm pore size.
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Reference stock solution A: 5 IJg/mL of vinylpyrrolidinone
in methanol

. Reference stock solution B: 100 pq/rn], of
vinylpyrrolidinone and 5 mg/mL of vinyl acetate in
methanol

Reference solution A: A 1-in-20 solution of Reference stock
solutionA in Mobilephase

Reference solution B: A 1-in-l 00 solution of Reference stock
solutionB in Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV
Analytical wavelength: 235 nm
Precolumn: 4-mm x 2.5-cm; 5-lJm packing II
Column: 4-mm x 25-cm; 5-lJm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection size: 50 IJL. [Nora-After each injection of the

Sample solution, wash the precolumn by passing the
Mobilephasebackwards, at the same flow rate as applied
in the test, for 30 min.]

System suitability
Samples: Reference solutionA and Reference solution B
Suitability requirements

Resolution: NLT 2.0 between vinylpyrrolidinone and
vinyl acetate, Reference solutionB

Relative standard deviation: NMT2.0% for 6 injections,
Reference solutionA

Analysis
Samples: Sample solutionand Reference solutionA

Record the chromatograms, and measure the responses
for the vinylpyrrolidinone peak.

Acceptance criteria: The area of the peak from the Sample
solutionis NMTthe area of the principal peak from Reference
solution A (NMT 10 ppm).

SPECIFIC TESTS
• Loss ON DRYING (731): Dry 0.5 g at 105° to constant

weight: it loses NMT 5.0% of its weight.
• WATER-SOLUBLE SUBSTANCES

Sample: 25.0 g
Analysis: Transfer the Sample to a 400-mL beaker, add

200 mLof water, and stir on a magnetic stirrer, using a 5-cm
stirring bar, for 1 h. Transfer to a 250-mL volumetric flask
with the aid of 25 mLof water. Add waterto volume. Allow
the bulk of the solids to settle. Pass 100 ml of the relatively
clear supernatant through a membrane filter of 0.45-lJm
pore size, protected against clogging by superimposing a
membrane filter of 3-lJm pore size. While filtering, stir the
solution above the filter manually or with a mechanical
stirrer, taking care not to physically damage the membrane
filter. Transfer 50.0 mLof the clear filtrate to a tared 100-mL
beaker, evaporate to dryness, and dry at 110° for 3 h.

Acceptance criteria: The weight of the residue does not
exceed 75 mg (1.5%).

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in tight containers.•
• ·LABELlNG: The label states the type (Type A or Type B).•
• • USP REFERENCE STANDARDS (11)

USP Crospovidone RS
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Gamma Cyclodextrin
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(C6H lOOS)s 1297.12
Cyclooctaamylose;
Cyclomaltooctaose [17465-86-0].

DEFINITION
Gamma Cyclodextrin is composed of 8 alpha-(l-4) linked

D-glycopyranosyl units. It contains NLT 98.0% and NMT
102.0% of cyclooctaamylose (C6H,oOs)s, calculated on the
dried basis.

IDENTIFICATION

• B. The retention time of the major peak from the Sample
solution corresponds to that of the Standard solution, as
obtained in the Assay. I

• C. It meets the requirements of the test for Specific Rotation.

ASSAY
• PROCEDURE

Mobile phase: Methanol and water (7:93)
System suitability solution: Prepare an aqueous solution

containing 0.5 mg/mL each of USP Alpha Cyclodextrin RS,
USP Beta Cyclodextrin RS, and USP Gamma
Cyclodextrin RS. .

Standard solution: 1.0 mg/mL of USP Gamma
Cyclodextrin RS

Sample stock solution: Transfer 250 mg of Gamma
Cyclodextrin to a 25-mL volumetric flask, and dissolve in
water, with the aid of heat if necessary. Cool, and dilute
with water to volume.

Sample solution: 1.0 mg/mL of Gamma Cyclodextrin,
prepared from the Sample stock solution

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm x 15-cm; 5-l..Im packing L1
Temperature'

Detector: 40°
Column: 30°

Flow rate: 1.5 mL/min
Injection size: 50 I..IL

System suitability
Sample: System suitability solution

[NOTE-The relative retention times for gamma
cyclodextrin, alfadex, and betadex are 0.8, 1.0, and
1.9, respectively.]

Suitability requirements
Resolution: NLT 1.5 between the gamma cyclodextrin

and alfadex peaks
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Tailing factors: 0.8-2.0 for the three cyclodextrins
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of gamma cyclodextrin

[(C6H lOOS)s] in the portion of sample taken:

Result=(r ulr s) x (C siC u) x 100

r u =peak response from the Sample solution
r s =peak response from the Standard solution
C s =concentration of the Standard solution (mg/mL)
C u =concentration of the Sample solution (mg/mL)

corrected for water found in Specific Tests, Loss on
Drying

Acceptance criteria: 98.00/0-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on a

1.0-g specimen
• RELATED COMPOUNDS

Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the
Assay.

Standard solution: Transfer 5.0 mL of System suitability
. solution into a 50-mL volumetric flask, and dilute with water

to volume.
Sample solution: Use the Sample stock solution, prepared as

directed in the Assay.
Analysis

Samples: Standard solution and Sample solution
Acceptance criteria: For the Sample solution, the areas of

any peaks corresponding to alfadex (alpha cyclodextrin) or
to betadex (beta cyclodextrin) are not greater than the area
of the corresponding peaks in the chromatogram of the
Standard solution (0.5%); and the sum of the areas of all the
peaks, excluding the principal peak, the peaks
corresponding to alfadex or to betadex, and artifact peaks,
is not greater than the area of the peak corresponding to
gamma cyclodextrin in the chromatogram of the
Standard solution (0.5%).

• REDUCING SUBSTANCES
Dextrose standard solution: 10.0 mg/mL of USP

Dextrose RS, calculated on the anhydrous basis
Analysis: Transfer a quantity of Gamma Cyclodextrin,

equivalent to 1.0 g on the dried basis, to a 500-mL conical
flask. Dissolve in 10 mL of water, and add 25 mL of alkaline
cupric citrate TS2. Cover the flask with aluminum foil, and
boil the solution for 5 min. Cool in an ice bath to room
temperature. Add 25 mLof 0.6 N acetic acid, 10 mL of 3 N
hydrochloric acid, and 10 mL of 0.1 N iodine solution.
[NoTE-The addition of these solutions must be in the order
given.]
Titrate the solution with 0.1 N sodium thiosulfate VS, and

determine the endpoint potentiometrically. Perform a
blank determination (see Titrimetry (541), Residual
Titrations). Calculate the difference in volumes required.

Create a calibration curve by similarly titrating 0.25, 0.5,
0.75, and 1.0 mL of Dextrose standard solution. Plot the
amount, in mg, of dextrose in each titrated Dextrose
standard solution versus the volume consumed, in mL, of
0.1 N sodium thiosulfate VS in the titration, and draw a
straight line through the four points. From the line so
obtained and the volume of 0.1 N sodium thiosulfate VS
required in the titration of Gamma Cyclodextrin,
determine the weight, ~ in mg, of the reducing
substances as dextrose in the portion of Gamma
Cyclodextrin taken.
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Table 1

Carrier gas: Helium
Flowrate: 1 mL/min
Injection volume: 1 I..lL
Injection type: Split ratio 1:20

System suitability
Samples: StandardsolutionA,Standardsolution B, and

Standardsolution C
[NOTE-See Table 2.]

eA.
:$

Sample:Dse neat liquids.
Acceptance criteria: The IR absorption spectrum exhibits

maximaonly at the same wavelengthsas that of a similar
preparation of USP Cyclomethicone 4 RS, USP
Cyclomethicone 5 RS, or USP Cyclomethicone 6 RS.

ASSAY
e PROCEDURE

Standard solution A: USP Cyclomethicone 4 RS (neat)
Standard solution B: USP Cyclomethicone 5 RS (neat)
Standard solution C: USP Cyclomethicone 6 RS (neat)
Sample solution: Cyclomethicone (neat)
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 60-m fused silica; coated with a

I.o-urn film of phase G1
Temperatures

Injection port: 2500

Detector: 3000

Column: See Table 1.

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
(") ("/min) (0) (min)

60 - 60 5

60 10 200 15

200 5 225 5

W = weight of the reducingsubstancesas dextrose in
the portion of Gamma Cyclodextrin taken (mg)

Wc = weight of Gamma Cyclodextrin taken (g)
F =conversion factor, 10-3g/mg

Acceptance criteria: NMT 0.5%

SPECIFIC TESTS
e MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for the absence of Salmonella
speciesand Escherichia coli. The total aerobic microbial
count does not exceed 1000 du/g, and the total combined
molds and yeasts count does not exceed 100 du/g.

e COLOR AND CLARITY OF SOLUTION
Sample solution: Transfer a quantity of Gamma

Cyclodextrin, equivalent to 2.5 g on the dried basis, into a
25-mL volumetric flask, dissolve in and dilutewith water
that has been previously boiledand cooled to room
temperature to volume, and mix.

Analysis: Determinethe absorbance of the Sample solution
in a t-ern cell at 420 nm, with a suitable
spectrophotometer, after correctingfor the blank.

Acceptance criteria: At420 nm, the absorbance is not
greater than 0.20, and the solution isclear.

e Loss ON DRYING (731): Dry a sampleat 1050 for2 h: it loses
NMT 11.0% of its weight.

e OPTICAL ROTATION, Specific Rotation(781 S)
Sample solution: 10 mg/,mL
Analysis: Proceedas directed in the chapter.
Acceptance criteria: +1740 to +1800

ADDITIONAL REQUIREMENTS
e PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.
e USP REFERENCE STANDARDS (11)

USP Alpha Cyclodextrin RS
USP BetaCyclodextrin RS
USP DextroseRS
USP Gamma Cyclodextrin RS

Calculate the percentage of the reducingsubstancesin the IDENTIFICATION
portion of Gamma Cyclodextrin taken:

Result =(W/W c;) x Fx 100

Cyclomethicone

(C2H60Si)n

Cyclopolydimethylsiloxane;
Cyclic polydimethylsiloxanes;
Cyclodimethicone [69430-24-6].

DEFINITION
Cyclomethicone isa fully methylated cyclic siloxane

containing repeating unitsof [-(CH3)2SiO-]m inwhichn is4,
5, 6, or a mixtureof them. It contains NLT 98.0% of
(C2H60Si)m calculatedas the sum of cyclomethicone 4,
cydornethlcone 5, and cyclomethicone 6, and NLT 95.0%
and NMT 105.0% of the labeledamount ofanyone or more
of the individual cyclomethicone components.

Table 2
Relative

Name Retention Time

Cyclomethicone 4 0.9

Cyclomethicone 5 1.0

Cyclomethicone 6 1.2

Suitability requirements
Relative standard deviation: NMT 2.0% for
cyclomethicone 4, StandardsolutionA; NMT 2.0% for
cyclomethicone 5, StandardsolutionB; NMT 2.0% for
cyclomethicone 6, Standardsolution C

Calculate the percentage of cyclomethicone 4,
cyclomethicone 5, and cyclomethicone 6 by dividing 100
times the response of each peak at the retention time of
the corresponding reference standard by the sum of all of
the responses in the chromatogram. The percentages
obtained from duplicate injections agree to within 1.0%.
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An~~~ .
Samples: Standard solution A,Standard solution B, Standard

solutionC, and Sample solution
Calculate the percentage of cyclomethicone 4

(cyclomethicone 5 or cyclomethicone 6) in the portion
of Cyclomethicone taken:

Result= (rulrr) x 100

ru = peak responseof cyclomethicone 4
(cyclomethicone 5 or cyclomethicone 6)

rr =sum of all the peak responses

Calculate the percentage purity by adding the
percentages of cyclomethicone 4, cyclomethicone 5,
and cyclomethicone 6.

Acceptance criteria
Sum of cyclomethicone 4, cyclomethicone 5, and

cyclomethicone 6: NLT 98.0% of (C2H60Si)n

Labeled amount: 95.00/0-105.0% of the labeled amount
of anyone or more of the individual cyclomethicone
components

IMPURITIES
• LIMIT OF NONVOLATILE RESIDUE

Sample: 2.0 g
Analysis: .Transfer the Sample into an open, tared aluminum

dish, and evaporate in a circulating air oven at 150° for 2 h.
Allow to cool in a desiccator, and weigh.

Acceptance criteria: NMT 3.0 mg, corresponding to NMT
0.15% (w/w)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Avoid exposure to excessive heat. .
• LABELING: Label it to state, as part of the official title, the

n-value of the Cyclomethicone. Where it isa mixture of two
or three such cyclic siloxanes, the label statesthe n-value
and percentage of each in the mixture.

• USP REFERENCE STANDARDS (11)
USP Cyclomethicone 4 RS
USP Cyclomethicone 5 RS
USP Cyclomethicone 6 RS

Dehydroacetic Acid

H'C,(yO
YuCH.

o 0

C8H804 168.15
Keto form: 2H-Pyran-2,4(3H)-dione, 3-acetyl-6-methyl-;
3-Acetyl-6-methyl-2H-pyran-2,4(3H)-dione [520-45-6].
Enol form: 2H-Pyran-2-one, 3-acetyl-4-hydroxy-6-methyl-;
3-Acetyl-4-hydroxy-6-methyl-2H-pyran-2-one [771':'03-9].

DEFINITION
Dehydroacetic Acid contains NLT 98.0% and NMT 100.5% of

dehydroacetic acid (C8H804), calculated on the dried basis.

IDENTIFICATION
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ASSAY
• PROCEDURE

Sample: 500 mg
Blank: 75 mL of neutralized alcohol
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Transfer the Sample into a 250-mL conical flask,
dissolve it in 75 mL of neutralized alcohol, and add
phenolphthalein TS.Titrate with Titrant to a pink endpoint
that persists for NLT 30 s. Perform a blank determination.
Calculate the percentage of dehydroacetic acid (C8H804)in

the Sample taken:

Result={[(V s - V8) x N x Fj/W} x 100

V s =Titrant volume consumed by the Sample (mL)
V 8 =Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (rnfiq/rnl)
F =equivalency factor, 168.2 mg/mEq
W = Sample weight (mg)

Acceptance criteria: 98.00/0-100.5% on the dried basis

IMPURITIES
• 'RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFICTESTS
• MELTING RANGE OR TEMPERATURE, Class 1(741): 109°-111 °
• Loss ON DRYING (731)

Analysis: Dry a sample at 80° for 4 h.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Dehydroacetic Acid RS

Denatonium Benzoate

c/a- .~
C28H34N203 . H20 464.60

C28H34N203 446.59
Benzenemethanaminium, N-[2-[(2,6-dimethylphenyl)

amino]-2-oxoethyl]-N,N-diethyl-, benzoate, monohydrate;
Benzyldiethyl[(2,6-xylylcarbamoyl)methyl]ammonium

benzoate monohydrate [86398-53-0].
Anhydrous [3734-33-6].

DEFINITION
Denatonium Benzoate, dried at 105° for 2 h, contains one

molecule of water of hydration or is anhydrous. When dried
at 105° for 2 h, it contains NLT 99.5% and NMT 101.0% of
denatonium benzoate (C28H34N203)'
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IDENTIFICATION

• B.~
I.JItf< 10

Analytical wavelengt : 263 nm
Sample solution: 100 J,Jg/mL
Medium: Water
Acceptance criteria: Absorptivities, calculated on the dried

basis, do not differ by more than 3.0%.
• C. .

Sample: 150 mg
Analysis: Dissolve the Sample in 10 mL of water, and add

15 mL of trinitrophenol TS.
Acceptance criteria: A yellow precipitate is formed.

• D.
Sample: 100 mg
Analysis: Dissolve the Sample in 10 mL of water, and add

20 mL of 2 N sulfuric acid and 15 mL of ammonium
reineckate TS. Mix, filter through a sintered-glass crucible
using gentle suction, and wash thoroughly with water.
Remove as much water as possible with suction, and then
dry in an oven at 105° for 1 h.

Acceptance criteria: The denatonium reineckate so
obtained melts at about 170° (see Melting Range or
Temperature (741»).

ASSAY
• PROCEDURE

Sample: 900 mg, previously dried
Blank: 50 mL of glacial acetic acid
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual

Analysis: Dissolvethe Sample in 50 mL of glacial acetic acid,
and add 1 drop of crystal violet TS.Titrate with Titrant to a
green endpoint. Perform a blank determination, and make
any necessarycorrection.
Calculate the percentage of denatonium benzoate

(C2sH34Nz03) in theportion of sample taken:

Result= {[(Vs - VB) x N x Fj/W} x 100

Vs =Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 446.6 mg/mEq
W =Sample weight (mg)

Acceptance criteria: 99.5%-101.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• CHLORIDE AND SULFATE, Chloride (221)

Standard solution: 0.10 mL of 0.020 N hydrochloric acid
Sample soluton: Dissolve 350 mg in 9 mL of water, add

1 mL of nitric acid, and filter.
Analysis: Use 1.0 mL of the Sample solution, and proceed as

directed in the chapter
Acceptance criteria: 0.2%; the Sample solutionshows no

more chloride than the Standardsolution.

NF 38

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 163°-170°, on a

dried specimen
• pH (791)

Sample solution: 30 mg/mL
Acceptance criteria: 6.5-7.5

• Loss ON DRYING (731)
Analysis: Dry at 105° for 2 h.
Acceptance criteria

Monohydrate form: 3.50/0-4.5%
Anhydrous form: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicatewhether it is hydrous or

anhydrous.
• USP REFERENCE STANDARDS (11)

USP Denatonium Benzoate RS

Desoxycholic ACid-see Desoxycholic Acid General
Monographs

Dextrates
DEFINITION
Dextrates is a purified mixture of saccharidesresulting from

the controlled enzymatic hydrolysis of starch. It is either
anhydrous or hydrated. Its dextrose equivalent is NLT 93.0%
and NMT 99.0%, calculated on the dried basis.

ASSAY
• DEXTROSE EQUIVALENT

Standard solution: 10 mg/mL of USP Dextrose RS
Sample solution: 10 mg/mL of Dextrates in hot water'
Analysis: Transfer 25.0-mL portions of alkaline cupric

tartrate TS to each of two boiling flasks. Bring the contents
of one of the flasks to a boil, and titrate with the Standard
solutionto within 0.5 mL of the anticipated endpoint. Again
heat the flask, with swirling, boil moderately for 2 min, add
2 drops of a 1O-mg/mL methylene blue solution,
immediately add 2 drops of the Standard solution from the
buret, and again bring to a boil. Allow the cuprous oxide to
settle slightly, and observe the color ofthe supernatant.
Complete the titration within 3 min by adding the Standard
solution dropwise, and boiling after each addition to the
disappearance of the blue color, determined by viewing
against a white background in daylight or under equivalent
illumination. If more than 0.5 mL of the titrant was required
after the addition of the indicator, repeat the titration,
adding the necessaryvolume of titrant before adding the
indicator. Bring the contents of the second flask to a boil,
and similarly titrate with the Sample solution. '
Calculate the percentage of dextrose equivalent taken on

the dried basis:

Result = (C siC u) x (V slV u) x [1/(1- 0.01 x A)] x 100

=concentration of USP Dextrose RS in the Standard
m~~n~~m~ '.

=concentration of Dextrates in the SafTlple solution
(mg/mL)

= titrant volume consumed bytheStahdard
solution (mL) '" . ,,'>.' ',' ' •... - .." " ,

=titrant volume consumed by the Sample solution
(mL)
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Dextrin

=volume of 0.1 N sodium thiosulfate consumed in
the titrations of the blank

=volume of 0.1 N sodium thiosulfate consumed in
the titrations of the Dextrin

198.17

Acceptance criteria: (V 8 - V u) is NMT (V 8 - V 5),
corresponding to NMT 10%, calculated asdextrose
(C6H1206) ·

IMPURITIES
• RESiDUE ON IGNITION (281): NMT 0.5%
• CHLORIDE AND SULFATE, Chloride (221)

Sample: 3.0 g
Control: 2.8 mL of 0.020 N hydrochloric acid in 75 mL of

water
Analysis: Dissolve the Sample in 75 mL of boiling water.

Cool, dilute with water to 75 mL, and filter if necessary. To
25 mL of this solution and the Control, add 2 mL of nitric
acid and 1 mL of silver nitrate TS.

Acceptance criteria: Any turbidity produced is NMT that
of the Control, corresponding to NMT 0.2% of chloride.

• LIMIT OF PROTEIN
Sample: 10 g
Analysis: Proceed as directed in Nitrogen Determination

(461), using the Sample instead of 1 g, 60 mL of sulfuric
acid instead of 20 mL, and multiplying the percentage of
nitrogen found by 6.25.

Acceptance criteria: NMT 1.0%

SPECifiC TESTS
• ACIDITY

Sample: 10.0 g
Analysis: Add the Sample to 100 mL of 70% alcohol,

previously neutralized to phenolphthalein. Shakefor 1 h,
filter, and titrate 50 mL of the filtrate with 0.10 N sodium
hydroxide.

Acceptance criteria: NMT 3.0 mL
• BOTANIC CHARACTERISTICS

Microscopic: Granules are similar in appearance to the
starch from which the Dextrin has been prepared, except
that when prepared from corn starch, many of the granules
show concentric striations, and when prepared from potato
starch, concentric striations are not clearly visible; the hilum
is frequently bicleft; and a small proportion of the granules
are distorted.

• Loss ON DRYING (731): Dry a sample at a pressure not
exceeding 100 mm of mercury at 1200 for 4 h: it losesNMT
13.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

= volume of 0.1 N sodium thiosulfate consumed in
the titrations of the dextrose

Dextrose-see Dextrose General Monographs

Dextrose Excipient
C6H1206 • H20

a-Glucose, monohydrate;
D-Glucose monohydrate [77938-63-7].

DEfiNITION

Dextrose Excipient is a sugar usually obtained by hydroly~is of
starch. It contains 1 molecule of water of hydration.~Jt

= losson drying of Dextrates taken (%)A

DEfiNITION
Dextrin is starch, or partially hydrolyzed starch, modified by

heating in a dry state, with or without acids, alkalies, or pH
control agents. During heating, moisture may be added.

IDENTifiCATION
• A.

Sample: 1 g
Analysis:
Suspend the Sample in 20 mL of water, and add a few drops

of iodine TS.
Acceptance criteria: A blue to reddish-brown color results.

• B. Dextrin is very soluble in boiling water, forming a
mucilaginous solution (difference from starch).

ASSAY
• REDUCING SUGARS (DEXTROSE EQUIVALENT)

Sample: A quantity of Dextrin equivalent to 2.0 g on the
dried basis ,

Analysis: To the Sample add 100 mL of water, shake for
30 min, dilute with water to 200 mL, accurately measured!
and filter. To 10.0 mL of alkaline cupric tartrate TS add
20.0 mL of the filtrate, mix, and heat on a hot plate adjusted
to bring the solution to a boil in 3 min. Boil for 2 min, and
cool quickly. Add 5 mL of potassium iodide solution (3 in
10) and 10 mL of 2 N sulfuric acid, mix, and titrate
immediately with 0.1 N sodium thiosulfate VS,using starch
TS, added toward the end of the titration, as an indicator.
Repeat the procedure beginning with "To 10.0 mL of

alkaline cupric tartrate TS" using, in place of the filtrate,
20.0 mL of a solution (1 in 1000) of anhydrous dextrose,
accurately prepared. Perform a blank titration.

Compare (V 8 - V u) and (V B - V 5)'

Result1 =(V B - V u)

Result2 =(VB - V 5)

Acceptance criteria: 93.0%-99.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECifiC TESTS
• pH (791)

Sample: 200 mg/mL in carbon dioxide-free water
Acceptance criteria: 3.8-5.8

• Loss ON DRYING (731)
Analysis: Dry at 1050 for 16 h in a convection oven.
Acceptance criteria: For the anhydrous form, NMT 2.0%;

for the hydrated form, 7.8%-9.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store in a cool, dry place.
• LABELING: Label it to state whether it is anhydrous or

hydrated.
• USP REFERENCE STANDARDS (11)

USP Dextrose RS
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contains'NLT 97,S%cal1d'NMT]02~0%ofdextrose

(C6Hl~06)} calculated onthe:anhydrol:'sb~sis,:.... is (NF36)

IDENTIfICATION

Calculatethe percenta§e'ofdextros€(C~f-1120~)'i'nthe
portion ofDextroseExdpien,tta~en; "

Result:: (ru/rs)x(CslCur~)Od

== peal< area of dextr()s~froJTl ~he~ Sample solu,tic>lj
::: peak area of d~x~rose from,~ta~ , " "
::: concentrati "xtrose RS nd(irc!

solutionA ( .. ,'.,. "'", ..
== concentration of Dextrose EXdpient:inth~

Sample. solIJtion (nig/mL),

Acceptance criteria:: 97.5r<r:'10~:.O%. ,oriJhe'arjhYClr(j~s
basis.... 2S (NF36)

IMPURITIES

Add the following:,

A. RELATED SUBSTANCES
Mobile phase} System suitabilitys

Chromatographksystem:<Prote~inthe
Assay. , . '," '.... _. . ",

Standard solutionB: Dilute 1~O ml 9f tile Sample solution
with water to 250;0 mL

Standard solution'C:.'Dililfe'2S~(rmL orSlanaardso7t1fion---B
, wi.th waterto 200.0 mL .' - . ',. .' ' .. " , '
Samplesolution: ' Equivalentto 3,0 mg/mL ofan!JYfJrou,s

de
Sys l,Jitability

Sample: Syste ,
[NOTE~The rei

maltose} iso
0.8}0.8, 1.0,
for dextrose

Suitability req, nts. .'
Resolution: NlT 1.3 between maltcitrl()seandfIlalto$€

Analysis ," .' . ." _." _.. ._,_
Samples: Standard solutiof7,B} StondarC} solut,ion ,C}can~

Sample solution
The reporting thres,hold is 0.05

an area less than the principal
C

Acceptance criteria
Malt .

areq
Mal

.'. HEAVYMETALS<'~3;).'. ,""_~"" ••' '._ .. .-_ 'c"".

Test preparation: 4.0 9 ofDextrose Excipienth12,5 mLof
water

Acceptance criteria: I\jMT:S pimlA'(officiall~Jah·2t)18}
• RESIDUE ON IGNITION (281): NMT0.1%
• SOLUBLE STARCH, SULFITES ,

Sample solution: 1 9 of Dextrose Excipient in 10 mL of
water

Analysis: To the Sample solution add 1 drop of iodine TS.
Acceptance criteria: The liquid is colored yellow.

u
of~ne-Samp/~~olutionto 5 'ml of
,IS, .c'. ' .. , '_

i9uSred,P!E!cipitafE!ot~uprous.

Del~te the follQwing: '.

.....·A.
Sample solution: 50
Analysis: Aqda few d

hot alkaline cupric
Acceptance criteria:

oxide is formed, .... is (NF36j

Atld the followin

Change to. read:

• •A~""S.,ECXRoscopi
SpeCtroscopy: 197K

Sample; Dry a test spe.. .' ,.e'conditionsspeCified in
the test forWaterDetermination.

Acceptance criteria: Meetsthe..r~quir~rnen~A' 2S(NF36)

Add the,following:

,A. PROCEDURE
Mobile phase: Water
System suitability solution: ,

Mal Monohydrate RS}
Fruc ose RS

Standard solution A: 30 m
Sample solution: Equivalen

dextrose
Chromatographic system
. (See Chromatography (621), System"Su!tabJllty.)

Mode: LC
Detector: . Refractive index
Column:' 7.8~mll1 x }O-cmj 9.~J.l,l!iJ:>CJd~ing P9
Temperatures

Column: ,85 ± 10

Detector: .400

Flow rate: 0.3 mLjmin
Injection volume: .20 IJL
Run time:' l,Stimes the retention'tlmeof dextrose

Systemsuitability .' . , ' ", " ,
Sample: System suitabilit

[NOTE"':"The relative.ret
rrii:lltoseiisom~ltosef·
0.8} 0.8,1.0, and 1.3
for.dextr about

SUitability . ,ir n s " .. ..,.,. _ • . ' ,
Resolution:' NLT betWeEm'maltdtriose and maltose

Analysis . .. . .',. , __' ,.,.." ..'
Samples: Standard solution Aand Sample.·solL}tion

··s.
Analysis: Examir:lethe chromat6gfarns'()b~ai~efJ, irithe
Assay.. . ...'

Acceptance crit¢ria: The priricipalpecd<·
Sample solution iSSimil".r..~ii:t~rle-:t~etl' .
prindpal. peakobtainea v

Add the following:'

... c..Meets the reqUire
for Water Determinatio

ASSAY
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SPECIFIC TESTS Diacetylated Monoglycerides

o

C¢~ O~CH3
h- O~CH3

o

Dibutyl Phthalate

Diatrizoic ACid-see DiatrizoicAcidGeneral
Monographs

• A.
5

Sample: specimen
Acceptance criteria: Meet the requirements

IMPURITIES
• R.ESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 3
• FATS AND FIXED OILS, Hydroxyl Value (401): NMT 15
• FATS AND FIXED OILS, Saponification Value (401): 365-395

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Diacetylated Monoglycerides RS

DEFINITION
Diacetylated Monoglycerides is glycerin esterified with edible
fat-forming fatty acidsand acetic acid. It may be prepared by
the interesterification of edible oils with triacetin in the
presenceof catalytic agents, followed by molecular
distillation, or by the direct acetylation of edible
monoglycerides with acetic anhydride without the use of
catalyst or molecular distillation.

IDENTIFICATION

C16H2204 278.34
1,2-Benzenedicarboxylic acid, dibutyl ester [84-74-2].

DEFINITION
Dibutyl Phthalate contains NLT 99.0% and NMT 101.0% of

dibutyl phthalate (C16H2204)'

IDENTIFICATION

TEST~(197), Inf~areg
_ 2020) On undried specimen

• B. It meets the requirements in Specific Tests for Refractive
Index(831).

ASSAY
• PROCEDURE

Sample: 0.75 9
Titrimetric system

(See Titrimetry (541).)
Mode: Residual titration

• LABELING: Label it to indicate that it is not intended for

• WATER DETERMINATION 921 , Method11/
Anal sis
i~

Acceptance criteria: 7.50/0-9.5%
• COLOR OF SOLUTION

Sample solution: Dissolve 25 9 of Dextrose Excipient in
water to make 50.0 mL.

Control solution: Mix 1.0 mL of cobaltous chloride CS,
3.0 mL of ferric chloride CS, and 2.0 mL of cupric sulfate
CS with water to make 10 mL. Dilute 3 mL of this solution
with water to 50 mL.

Analysis: Make the comparison by viewing the Sample
solutionand Controlsolutiondownward in matched
color-comparison tubes against a white surface.

Acceptance criteria: The Sample solution hasno more color
than the Controlsolution.

• ACIDITY
Sample solution: 100 mg/mL in carbon dioxide-free water
Analysis: Add phenolphthalein TSto 50 mL of the Sample

solution, and titrate with 0.020 N sodium hydroxide to the
production of a distinct pink color.

Acceptance criteria: NMT 0.30 mL
• CHLORIDE AND SULFATE (l21), Chloride

Standard solution: 0.50 mL of 0.020 N hydrochloric acid
Sample: 2.0 9
Acceptance criteria: 0.018%; the Sample shows no more

chloride than the Standard solution.
• CHLORIDE AND SULFATE (221), Sulfate

Standard solution: 0.50 mL of 0.020 N sulfuric acid
Sample: 2.0 9 .
Acceptance criteria: 0.025%; the Sample shows no more

sulfate than the Standard solution.
• ARSENIC (211), Procedures, Method 1: NMT 1 ppm
• DEXTRIN

Sample: 1 9 of finely powdered Dextrose Excipient
Analysis: Reflux the Sample with 20 mL of alcohol.
Acceptance criteria: "ltdlssolves completely.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
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Titrant: 0.5 N alcoholic potassium hydroxide VS
Back-titrant: 0.5 N hydrochloric acid VS '
Endpoint detection: Visual

Analysis: Transfer the Sample to a flask, add 25.0 mL of
Titrant, attach a reflux condenser to the flask, and boil in a
water bath for 1 h. Add 1 mLof phenolphthalein TS.Titrate
immediately with Back-titrant. Perform a blank
determination. Each mLof Titrant isequivalent to 69.59 mg
of dibutyl phthalate (C16H2204)'

Acceptance criteria: 99.00/0-101.0%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 0.1 %

• RELATED COMPOUNDS
Internal standard solution: 3 mg/mL of dibenzyl in

methylene chloride
Sample stock solution: 100 mg/mL of Dibutyl Phthalate in

methylene chloride
Sample solution A: Dilute 5.0 mL of Sample stock solution

with methylene chloride to 10 mL.
Sample solution B: Add 5.0 mL of Sample stock solution,

1.0 mL of Internal standardsolution, and dilute with
methylene chloride to 10 mL.

Standard solution: Add 1.0 mL of Sample solutionA,
10.0 mL of Internal standardsolution, and dilute with
methylene chloride to 100 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm x 1.5-m; packed with 3% liquid phase

G3 on support Sl A
Temperatures

Column: 1900

Injection port: 225 0

Detector: 225 0

Carrier gas: Nitrogen
Flow rate: 30 mL/min
Run time: Three times the retention time .of dibutyl

phthalate
Injection volume: 1 IJL

System suitability .
Samples: Sample solutionA and Standard solution
Suitability requirements

[NoTE-The elution order is the internal standard peak
followed by the dibutyl phthalate peak.]

Resolution: NLT 12 between the internal standard and
the dibutyl phthalate peak, Standard solution

Additional requirements: Verify that there is no peak
with the same retention time as the internal standard in
Sample solutionA. Ifsuch a peak is observed, make any
necessary correction for factors of dilution, and then
determine the area due to the interfering component
that must be subtracted from the area of the internal
standard peak appearing in the' chromatogram
recorded for Sample solution B.

Analysis
Samples: Sample solutionB and Standard solution

Calculate the peak area ratio of dibutyl phthalate to the
internal standard for the Standardsolution. Calculate the
peak area ratio of the sum of all peaks, excluding the
main peak, the solvent peak, and the internal standard
peak, to the internal standard peak for Sample solution B.

Acceptance criteria: NMT 1.0%; the ratio for Sample
solution B is NMT the ratio for the Standard solution.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.043-1.048 at 200

NF 38

• REFRACTIVE INDEX (831): 1.490-1.495 at 20 0

• ACIDITY
Sample: 20.0 g
Analysis: Mix the Sample with 50 mL of alcohol that

previously has been neutralized to a phenolphthalein
endpoint. Add 0.2 mL of phenolphthalein TS, and titrate
with 0.1 N sodium hydroxide VS.

Acceptance criteria: NMT 0.50 mL is required to change
the color of the indicator.

• WATER DETERMINATION, Method I (921): NMT0.2%
• ApPEARANCE

Sample: Dibutyl Phthalate (neat)
Standard solution: Prepared immediately before use by

mixing 2.4 mLof ferric chloride CSand 0.6 mLof cobaltous
chloride CS with dilute hydrochloric acid (10 mg/mL) to
make 10 mL, and diluting 5 mL of this solution with dilute
hydrochloric acid (10 mg/mL) to make 100 mL

Analysis: Compare the Sample and the Standard solutionby
viewing the substance and the solution downward in
matched color-comparison tubes against a white surface
(see Colorand Achromicity(631».

Acceptance criteria: The Sample is clear and not more
intensely colored than the Standardsolution.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Dibutyl Phthalate RS

Dibutyl Sebacate
o

H,C~ /".. .o, »<: »<: /".. /".. Jl~
<;»: ......... Jr <»: <;»: .................. ~o ell,

o

CH3(CH2)300C(CH2)S COO(CH2)3CH3

ClsH3404 314.46
Decanedioic acid, 1,1O-dibutyl ester;
Dibutyl 1,1O-decanedioate;
Sebacic acid di-n-butyl ester [109-43-3].

DEFINITION
Dibutyl Sebacate consists of esters of n-butyl alcohol and

saturated dibasic acids, principally sebacic acid. It contains
NLT 92.0% and NMT102.0% of dibutyl sebacate (ClsH3404)'

IDENTIFICATION

Sample: Undried specimen
Acceptance criteria: Meets the requirements

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Internal standard solution: 0.9 mg/mL of methyl
heptadecanoate inalcohol'

Standard solution: 1.0 mg/mL of USP Dibutyl Sebacate RS
in the Internal standardsolution

Sample solution: 1.0 mg/mL of Dibutyl Sebacate in the
Internal standardsolution
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Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica column, coated

with a 0.25-l..lm film of phase G2
Temperature

Detector: 300 0

Injection port: 300 0

Column: See Table 7.

Table 1
Hold Time at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperaturee) elmin) e) (min)

150 - 150 5

150 10 250 5

Carrier gas: Helium
linear velocity: 50 cm/s
Injection volume: 1 ul,
Injection type: Split injection, split ratio is about 30:1
Run time: 20 min

System suitability
Sample: Standard solution

[NoTE-The relative retention times for dibutyl sebacate
and methyl heptadecanoate are 1.0 and 0.9,
respectively.]

Suitability requirements
Resolution: NlT 2.0 between methyl heptadecanoate

and dibutyl sebacate
Relative standard deviation: NMT 2.0% for the peak

response ratio of dibutyl sebacate to methyl
heptadecanoate

Analysis . .
Samples: Standard solutionand Sample solution
Calculate the percentage of dibutyl sebacate (ClsH3404) in

the portion of Dibutyl Sebacate taken:

Result=(Ru/Rs) x (Cs/Cu) x 100

=peak response ratio of dibutyl sebacate to methyl
heptadecanoate from the Sample solution

=peak response ratio of dibutyl sebacate to methyl
heptadecanoate from the Standardsolution

=concentration of USP Dibutyl Sebacate RS in the
Standard solution (mg/ml)

=concentration of Dibutyl Sebacate in the Sample
solution (mg/ml)

Acceptance criteria: 92.0%-102.0%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.935-0.939 at 200

• REFRACTIVE INDEX (831): 1.429-1 .441
• FATS AND FIXED OILS, Acid Value (401): NMT0.1
• FATS AND FIXED OILS, Saponification Value (401): 352-360

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Store at room temperature. Protect from moisture.
• USP REFERENCE STANDARDS (11)

USP Dibutyl Sebacate RS

OfficialMonographs / Diethanolamine 5747

Diethanolamine

~
HO~~OH

C4H11N02 105.14
Ethanol, 2,2'-iminobis-;
2,2"-lminodiethanol [111-42-2].

DEFINITION
Diethanolamine is a mixture of ethanolamines, consisting

largely of diethanolamine. It contains NlT 98.5% and NMT
101.0% of ethanolamines, calculated on the anhydrous basis
as NH(C2H40H)2'

IDENTIFICATION

• A.
'5

ASSAY
• PROCEDURE

Sample: 2 g
Blank: 50 ml of water
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.5 N hydrochloric acid VS
Endpoint detection: Visual

Analysis: To the Sample add 50 ml of water and
bromocresol green TS. Titrate with the Titrant. Perform a
blank determination.
Calculate the percentage of diethanolamine, expressed as

NH(C2H40Hh, in the Sample taken:

Result = {[(Vs - VB) x N x Fj/W} x 100

Vs = Titrant volume consumed by the Sample (ml)
VB =Titrant volume consumed by the Blank(ml)
N = actual normality of the Titrant (mEq/ml)
F =equivalency factor, 105.14 (mg/mEq)
W =Sample weight (mg)

Acceptance criteria: 98.5%-101.0% on the anhydrous
basis

IMPURITIES
• LIMIT OF TRIETHANOLAMINE

Mixed indicator: 1.5 mg/mL of methyl orange and 0.8 mg/
mL of xylene cyanole FF in water

Sample: 20 g
Blank: 100 ml of methanol and 6-8 drops of Mixedindicator
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.5 N alcoholic sulfuric acid VS
Endpoint detection: Visual

Analysis: Place 100 ml of methanol and 6-8 drops of Mixed
indicator in a 500':mL glass-stoppered conical flask, and
neutralize with 0.1 N alcoholic sulfuric acid or 0.1 N
alcoholic potassium hydroxide. The neutral solution is
amber when viewed by transmitted light and is red-brown
when viewed by reflected Iight.Add the Sample. Cautiously
add 75 mLof acetic anhydride, and swirlto effect complete
solution. Cool to room temperature, if necessary, and allow
to stand at room temperature for 30 min. Titrate with the
Titrant. Perform a blank determination.
Calculate the percentage of triethanolamine in the Sample

taken:
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Result ={[(Vs - VB) x N x FJ/W} x 100

Vs =Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank(mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 149.2 mg/mEq
W =Sample weight (mg)

Acceptance criteria: NMT 1.0% by weight

SPECIFICTESTS
• REFRACTIVE INDEX (831): 1.473-1,476 at 30°
• WATER DETERMINATION, Method I (921)

Sample: 20 9
Solvent: A mixture of methanol and glacial acetic acid

(40:25)
Acceptance criteria: NMT 0.15%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Diethanolamine RS

Diethyl Phthalate

°

C¢": O./"...CH.

.--:;; O"./'CH.

o

C'2H'404 222.24
l,2-Benzenedicarboxylic acid, diethyl ester;
Diethyl phthalate [84-66-2].

DEFINITION
Diethyl Phthalate contains NLT 98.0% and NMT 102.0% of

diethyl phthalate (C12H,404)' calculated on the anhydrous
basis. [CAUTION-Avoid contact.]

IDENTIFICATION

ASSAY
• PROCEDURE

Sample: 1.5 9
Titrimetric system

(See Titrimetry (541).)
Mode: Residual titration
Titrant: 0.5 N alcoholic potassium hydroxide VS
Back-titrant; 0.5 N hydrochloric acid VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a flask, add 50.0 mL of the
Titrant, and boil with a reflux condenser on a water bath
for 1 h. Add 20 mL of water, then add phenolphthalein TS.
Titrate the excess potassium hydroxide with the
Back-titrant. Perform a blank determination. Each mL of
0.5 N potassium hydroxide is equivalent to 55.56 mg of
diethyl phthalate (C12H,404)'

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 10 9

NF 38

Analysis: Gently heat the Sample until the liquid has
evaporated, and ignite the residue to constant weight.

Acceptance criteria: NMT 0.02%

SPECIFIC TESTS
• SPECIFIC CRAVITY (841): 1.118-1.122 at 20°
• REFRACTIVE INDEX (831): 1.500-1.505 at 20°
• ACIDITY

Sample: 20.0 9
Analysis: Mix the Sample with 50 mL of alcohol that

previously has been neutralized to a phenolphthalein
endpoint, and titrate with 0.1 N sodium hydroxide VS to a
phenolphthalein endpoint.

Acceptance criteria: NMT 0.50 mL is required for
neutralization.

• WATERDETERMINATION, Method I (921): NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Diethyl Phthalate RS

Diethyl Sebacate
o

H.C, /o~ »<; »<: »<: /'... Jl ./"...'-' If <»: <»: ......, ......, ~o CH,

o

CH3CH200C(CH2)8COOCH2CH3

C14H2604 258.35
Decanedioic acid, 1,1O-diethyl ester;
Diethyl 1,1O-decanedioate [110-40-7].

DEFINITION
Diethyl Sebacateconsists of the diester of alcohol (ethanol)

and sebacic acid. It contains NLT 98.0% and NMT 102.0%
of diethyl sebacate (C'4H2604)'

IDENTIFICATION

• A.
~''''< ,)

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Internal standard solution: 0.9 mg/mL of methyl
heptadecanoate in n-heptane

Standard solution: 1.0 mg/mL of USP Diethyl Sebacate RS
in the Internal standardsolution

Sample solution: 1.0 mg/mL of Diethyl Sebacate in the
Internal standard solution

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silica capillary; 1.5-lJm

layer of phase G1
Temperatures

Injection port: 300°
Detector: 300°
Column: See Table 1.
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Table 1 IDENTIFICATION

Carrier gas: Helium
Flow rate: 2.2 mt/rnln
Injection size: 0.5 J,lL

System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention times for
2-methoxyethanol, 2-ethoxyethanol, ethylene
glycol, diethylene glycol monoethyl ether, and
diethylene glycol are about 0.40, 0.43, 0.50, 0.93,
and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between 2-ethoxyethanol and

ethylene glycol
Relative standard deviation: NMT 2.0%, determined

from diethylene glycol monoethyl ether
Analysis

Sample: Diethylene Glycol Monoethyl Ether (neat)
Calculate the percentage of diethylene glycol monoethyl

ether (C6H1403) in the portion of Diethylene Glycol
Monoethyl Ether taken:

Result = (rU/rT) x 100

=peak response for diethylene glycol monoethyl
ether

= sum of the responses of all the peaks

• The time of the major peak of the Sample
solution corresponds to that of the System suitability
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

Sample: Diethylene Glycol Monoethyl Ether (neat)
System suitability solution: 1 mg/mL each of 2

methoxyethanol, 2-ethoxyethanol, ethylene glycol,
diethylene glycol, and USP Diethylene Glycol Monoethyl
Ether RS in methanol

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica bonded with a

1.0-J,lm layer of phase G46
Temperature

Injector: 250 0

Detector: 275 0

Column: See the temperature program table below.

Acceptance criteria: 99.0%-101.0%

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

120 - 120 1

120 12 225 2

134.17

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(0) e/min) e) (min)

150 - 150 5

150 10 250 5

H3C.....--....O~O~OH

=peak response ratio of diethyl sebacate to methyl
heptadecanoate from the Sample solution

=peak response ratio of diethyl sebacate to methyl
heptadecanoate from the Standard solution

=concentration of USP Diethyl Sebacate RS in the
Standardsolution(mg/mL) .

=concentration of Diethyl Sebacate in the Sample
solution (mg/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.10%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.958-0.968 at 200

• REFRACTIVE INDEX (831): 1.435-1.437 at 20 0

• FATS AND FIXED OILS '(401), Procedures, AcidValue: NMT0.5
• FATS AND FIXED OILS (401), Procedures, IodineValue: NMT

0.5

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cool, dry, and well-ventilated place.
• USP REFERENCE STANDARDS (11)

USP Diethyl Sebacate RS

Carrier gas: Helium
linear velocity: 50 cm/s
Injection volume: 1 J,lL
Injection type: Split injection; split ratio, 3:1

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for diethyl sebacate
and methyl heptadecanoate are 1.0 and 1.2,
respectively. ]

Suitability requirements
Resolution: NLT 2.0 between diethyl sebacate and

methyl heptadecanoate
Relative standard deviation: NMT 2.0%, ratio of the

peak response of diethyl sebacate to that of methyl
heptadecanoate

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of diethyl sebacate (C14H2604) in

the portion of Diethyl Sebacate taken:

Result = (R viR s) x (C siC v) x 100

Diethylene Glycol Monoethyl Ether

DEFINITION
Diethylene Glycol Monoethyl Ether contains NLT 99.0% and

NMT 101.0% of C6H140 3• It is produced by condensation of
ethylene oxide and alcohol, followed by distillation.
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IMPURITIES
ORGANIC IMPURITIES
• Procedure 1: Limit of Free Ethylene Oxide
Acetaldehyde solution: 10 IJg/mL of acetaldehyde.

[Nora-Prepare fresh just before use.]
Ethylene oxide stock solution

[CAUTION-Ethylene oxide is toxic and flammable.
Prepare these solutions in a well-ventilated fume hood,
using great care. Protect both hands and face by
wearing polyethylene protective gloves and an
appropriate face rnask.] . .

[NoTE-Before using the polyethylene glycol 200 In this
test remove any volatile components from it by
pla~ing 500 mL of the polyethylene glycol 200 in a
1OOO-mL round-bottom flask, attaching the flask to a
rotary evaporator, and evaporating at a temperature of
60° at a pressure of 1.5-2.~ kP~ f~r 6 h.] .

Fill a chilled pressure bottle "':'Ith liquid ethylene ~xlde, and
store in a freezer when not In use. Use a small piece of
polyethylene film to protect the llquid from contact with
the rubber gasket. Tare a glass-stoppered conical flask, add
50 mL of polyethylene glycol 200, and reweigh the flask.
Transfer 5 mL of the liquid ethylene oxide to a 100-mL
beaker chilled in a mixture of sodium chloride and wet ice
(1:3). Using a gas-tight gas chromatographic syringe that
has been previously cooled to -1 0°, t~an~er 300 IJL .
(corresponding to about 250 mg) of liquid ethylene OXide
to the polyethylene glycol 200, and swirl gently to mix.
Replace the stopper, reweigh the flask, and determine the
amount of ethylene oxide absorbed by weight difference.
Adjust the weight of the mixture with polyethY,leneglyc?1
200 to 100.0 g, replace the stopper, and swirl gently t? mix.
This stock solution contains 2.5 mg/g of ethylene OXide.
[NOTE-Prepare this Ethylene oxide stock solution fresh just
before use, and store in a refrigerator.]

Ethylene oxide standard solution A: Tare a g.lass-stoppered
conical flask, and chill it in a refrigerator. Add 35 mL of
polyethylene glycol 200, and.rew~igh the flask. Use a .
gas-tight gas chromatographic syrrnge th~t has been chlll~d

in a refrigerator, and transfer 1.g of the chll.led Ethylen~ OXide
stock solution to the tared, conical flask. Adjust the weight of
the solution with polyethylene gly~ol 200 to 50.0 g, rep.lace
the stopper, and swirl gently to mix. Transfer 109 of this
solution to a 50-mL volumetric flask. Add 30 mL of water,
and mix. Dilute with water to volume, and mix to obtain a
solution containing' 10 IJg/mL of ethylene oxide.
[NOTE-Prepare this solution fresh just before use, and store
in a refrigerator.] .. "

Ethylene oxide standard sol.ution B: Transfer 10.0 ~L of
Ethylene oxide standard solution A to a 50-!TIL vOlun;etrrc flask,
and dilute with water to volume to obtain a solution
containing 2 IJg/mL of ethylene oxide. [.NoTE-~repare this
solution fresh just before use, and store In a refrrgerator.]

System suitability solution: Transfer 0.5 mLof Ethyle'}e oxide
standard solution 8 to a 1O-mL pressure headspace Vial, and
add 0.1 mLof Acetaldehyde solution and 0.1 mLof water, seal
the vial and mix. Heat the mixture at 70° for 45 min.

Standard solution: Transfer 1 g of Diethylene Glycol
Monoethyl Ether to a 1O-mL pressure headspace vial, and
add 0.5 mL of Ethylene oxide standard solution 8 and 0.5 mL
of water. Seal the vial, and mix. Heat the mixture at 70° for
45 min.

Sample solution: Transfer 1 g of Diethylene Glycol
Monoethyl Ether to a 1O-mL pressure headspace vial, add
1 mLof water, seal the vial, and mix. Heat the mixture at 70°
for 45 min.

Chromatographic system
(See Chromatography (621), System SUitability.)

NF 38

[NOTE-The use of a headspace apparatus that
automatically transfers a measured amount of
headspace is allowed.]

Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m glass or quartz capillary bonded

with a 1.0-lJm layer of phase ,G1
Temperature

Injector: 150°
Detector: 250°
Column: See the temperature program table below.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperaturee) e/min) e) (min)

50 - 50 5

50 5 180 -
180 30 230 5

Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 mL

System suitability
, Sample: Gaseous headspace of the System suitability solution

[NoTE-The relative retention times for acetaldehy,de and
ethylene oxide are about 0.94 and 1.0, respectively.]

Suitability requirements
Resolution: NLT2.0 between the acetaldehyde and

ethylene oxide peaks
Relative standard deviation: NMT 15%

Analysis '.
Samples: Gaseous headspace of the Standard solution and

Sample solution
[NOTE-Use a heated, gas-tight gas chromatographic

syringe.] .
Calculate the amount of ethylene oxide in the portion of

Diethylene Glycol Monoethyl Ether taken:

Result =ru/[(rs x Wu) - (ru x Ws)]

=ethylene oxide peak area from the Sample solution
= ethylene oxide peak area from the Standard

solution
= weight of Diethylene Glycol Monoethyl Ether

taken to prepare the Sample solution (g)
=weight of Diethylene Glycol Monoethyl Ether

taken to prepare the Standard solution (g)

Acceptance criteria: NMT 1 IJg/g
• PROCEDURE 2: LIMIT OF 2-METHOXYETHANOl,.

2-ETHOXYETHANOl, ETHYLENE GLYCOL, AND DIETHYLENE
GLYCOL

Sample, System suitability solution, Chromatographic
system, and System suitability: Proceed as directed in the
Assay.

Analysis: Proceed as directed in the Assay.
Calculate the percentage of 2-methoxyethanol in the

portion of Diethylene Glycol Monoethyl Ethertaken:

Result =(rU/rT) x 100

ru = peak response for 2-methoxyethanol
rT = sum of all the peak responses

Calculate the percentage of 2-ethoxyethanol in the portion
of Diethylene Glycol Monoethyl Ether taken:
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Diethylene Glycol Stearates
DEFINITION
Diethylene Glycol Stearates is a mixtureof diethylene glycol

monoesters and diesters of stearicand palmitic acids. It
contains NLT 45.0% of monoesters produced from the

condensation ofethyleneglycol and stearicacidofvegetable
or animal origin.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Melting

Range or Temperature, Class" (741).
• B. It meets the requirements in Specific Tests for Fats and

Fixed O;ls, FattyAcidComposition (401).

ASSAY I

• PROCEDURE
Mobile phase: Tetrahydrofuran
Sample solution: 40 mg/mLof Diethylene Glycol Stearates

in tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm;containing5-~m 1ooA packing

L21. [NOTE-Two or three 7.5-mm x 30-cm L21 columns
may be used in place ofthe 60-cm column, provided that
System suitability requirementsare met.]

Temperatures
Detector: 40°
Column: 40°. [NoTE-The column temperature may be

lowered to ambient temperature, although working at
40° provides stable separation conditions and ensures
better sample solubility.]

Flow rate: 1 mL/min
Injection volume: 40 ~L

System suitability
Sample: Sample solution

[NoTE-The relative retention times for diesters,
monoesters, and diethyleneglycol are 0.78, 0.84,
and 1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 2.0% for the

monoesters peak
Analysis

Sample: Sample solution
Calculatethe percentage of free fatty acids, E, in the

portion of Diethylene Glycol Stearates taken:

E= IA x 270/561.1

IA =acid value, determined in Specific Tests for Fats
and Fixed Oils, AcidValue (Free FattyAcids) (401)

Calculate the percentage of monoesters in the portion of
Sample taken:

Result = [rM/(rM+ ro) ] x (100 - D - E)

rM =peak response for the monoesters
t» = peak responsefor the diesters
D = percentage of free diethyleneglycol in the

portion of Diethylene Glycol Stearates taken, as
determined in Impurities for Limit of Free
Diethylene Glycol

Acceptance criteria: NLT 45.0% of monoesters

IMPURITIES
• LIMIT OF. FREE DIETHYLENE GLYCOL

Mobile phase, Sample solution, Chromatographic
system, and System suitability: Proceedas directed in the
Assay.

Standard solution A: 0.5 mg/mLof diethylene glycol in
tetrahydrofuran .

Standard solution B: 1.0 mg/mLof diethylene glycol in
tetrahydrofuran

Acceptance Criteria,
Name NMT (ppm)

2-Methoxyethanol 50

2-Ethoxyethanol 160

Ethylene glycol 620

Diethylene glycol 150

SPECIFIC TESTS
• REFRACTIVE INDEX (831): 1.426-1.428 at 20°
• WATER DETERMINATION, Method I (921): NMT 0.1%,

determined on a 10-g specimen
• FATS AND FIXED OILS, Acid Value (401)

[NOTE-This test must be performed promptlyafter
samplingto avoidoxidationofthe samplespecimen.]

Analysis: Dissolve 30 g of Diethylene Glycol" Monoethyl
Etherin 30 mL of neutralized alcohol. Add 1 mL of
phenolphthalein TS, and titrate with 0.01 N alcoholic
potassium hydroxideVS to produce a permanent, faint pink
color. .1

Acceptance criteria: Theacidvalueso obtained isNMT 0.1.
• FATS AND FIXED OILS, P.eroxide Value (401): NMT 8.0, 2 g

being used

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers

under an atmosphere of an inert gas, at a temperature not
exceeding 35°.

• LABELING: Label it to indicate that it is intended for topical
or transdermal use only and it isstored under an
atmosphere of an inert gas. The material is not to be used
for parenterals.

• USP REFERENCE STANDARDS (11)
USP Diethylene Glycol Monoethyl EtherRS

Result =(rU/rT) x 100

ru =peak response for 2-ethoxyethanol
rT =sum of all the peak responses

Calculate the percentage of ethylene glycol in the portion
of Diethylene Glycol Monoethyl Ether taken:

Result =(rU/rT) x 100

ru =peak response for ethylene glycol
rT =sum of all the peak responses

Calculate the percentage ofdiethyleneglycol in the portion
of Diethylene Glycol Monoethyl Ether taken:

Result =(rU/rT) x 100

ru =peak response for diethyleneglycol
rT = sum of all the peak responses

Acceptance criteria: See Impurity Table 7.

Impurity Table 1
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Standard solution C: 2.0 mg/mL of diethylene glycol in
tetra hydrofuran

Standard solution D: 4.0 mg/mL of diethylene glycol in
tetrahydrofuran

Analysis
Samples: Sample solutionand Standard solutions

Plot the diethylene glycol peak responses obtained versus
the concentration of diethylene glycol in the Standard
solutions. From the standard curve so obtained,
determine the diethylene glycol concentration in the
sample.

Calculate the percentage of free diethylene glycol in the
portion of sample taken:

Result=(CICu) x 100

C =concentration of diethylene glycol, determined
from the standard curve (mg/mL)

Cu = concentration of the Sample solution(mg/mL)

Acceptance criteria: NMT 8.0%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class /I (741): 43°-50°
• FATS AND FIXED OILS, AcidValue (Free FattyAcids) (401)

Sample: 10.0 g
Acceptance criteria: NMT 4.0

• FATS AND FIXED OILS, Iodine Value (401): NMT 3.0
'. FATS AND FIXED OILS, Saponification value (401)

Sample: 2.0 g
Acceptance criteria: 150-1 70

• FATS ANDFIXED OILS, FattyAcidComposition (401): 40.00/0
60.0% of stearic acid, and the sum of palmitic and stearic
acids is NLT 90.0%. I

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g
Acceptance criteria: NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements are specified.
• LABELING: Label it to indicate that it is intended for topical

and vaginal use only.

Diisopropanolamine

C6H1SN02 133.19
2-Propanol, 1,1'-iminobis-;
1,1 '-lminodi-2-propanol [110-97-4].

DEFINITION
Diisopropanolamine is a mixture of isopropanolamines,

consisting largely of diisopropanolamine. It contains NLT
98.0% and NMT 102.0% of isopropanolamines, calculated
as NH(C3H60H)2 on the anhydrous basis.

IDENTIFICATION
• A. The IRabsorption spectrum of a thin film exhibits regions

of absorption between 2.8 and 4.0 J.Jm, between 6.7 and
7.1 J.Jm, and between 8.5 and 9.4 J.Jm; and several
characteristic peaks, the most pronounced being at about
7.3, 7.5, 8.3, 9.6, 10.4, and 10.7 J.Jm. '

ASSAY
• PROCEDURE

Sample: 2 g

NF 38

Blank: 50 mL of water
Titrimetric system

(See Titrimetry (541).)
Mode: .Direct titration
Titrant: 0.5 N hydrochloric acid VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 250-mL conical flask. Add
50 mL of water and bromocresol green TS.Titrate with
Titrant. Perform a blank determination, and make any
necessary correction.
Calculate the percentage of isopropanolamines, expressed

as NH(C3H60H)2, in the portion of Diisopropanolamine
taken:

Result={[(Vs - VB) x N x F]IW} x 100

Vs =Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 0.1332 g/mEq
W = Sample weight (g)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
~ LIMIT OF TRIISOPROPANOLAMINE

Indicator solution: 1.5 mg/mL of methyl orange and
0.8 mg/mL of xylene cyanole FF

Sample: 20 g
Blank: 100 mL of methanol
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.5 N alcoholic sulfuric acid VS
Endpoint detection: Visual

Analysis: To a glass-stoppered, 500-mL conical flask add
100 mL of methanol and 6-8 drops of Indicatorsolution,
and neutralize with 0.1 N alcoholic sulfuric acid or 0.1 N
alcoholic potassium hydroxide. The neutral solution is
amber when viewed by transmitted light and is red-brown
when viewed by reflected light. Add the Sample, cautiously
add 75 mL of acetic anhydride, and swirl to dissolve. Allow
to stand at room temperature for 30 min. Cool to room
temperature, if necessary. Titrate with Titrant. Perform a
blank determination, and make any necessary correction.
Calculate the percentage of triisopropanolamine in the

portion of Diisopropanolamine taken:

Result={[(Vs - VB) x N x F]IW} x 100

Vs = Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 0.1914 g/mEq
W =Sample weight (g)

Acceptance criteria: NMT 1.0% by weight

SPECIFICTESTS
• WATER DETERMINATION, Method I (921)

Solvent: A mixture of 5.0 mL of glacial acetic acid and 25 mL
of methanol

Acceptance criteria: NMT 0.50%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No specific storage conditions are required.

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

Dimethicone

Dimethicone;
a-(Trimethylsi Iyl)-co-methylpoly[oxy(dimethylsilylene)]

[9006-65-9].

DEFINITION
Dimethicone is a mixture of fully methylated linear siloxane

polymers containing repeating units of the formula:

[-(CH3)2SiO-] n

stabilized with trimethylsiloxy end-blocking units of the
formula:

wherein n has an average value such that the corresponding
nominal viscosity is in a discrete range between 20 and
30,000 centistokes. It contains NLT97.0% and NMT 103.0%
of polydimethylsiloxane ([-(CH3)2SiO-] n)'

The requirements for viscosity, specific gravity, refractive
index, and loss on heating differ for the several types of
Dimethicone, as set forth in Table 1.

IDENTIFICATION
• A. The IRabsorption spectrum of the Sample exhibits

maxima only at the same wavelengths asthat of the
Standard, obtained asdirected in the Assay.

ASSAY
• PROCEDURE

Standard: USP Polydimethylsiloxane RS
Sample: Dimethicone
Instrumental conditions

(See Mid-InfraredSpectroscopy (854).)
Mode: IR,with a resolution of 4 crtr' and fitted with an

accessory for attenuated total reflectance and a
germanium (Ge) sample trough (450 or 60°)

Wavelength range: 4000 to 700 crrr'
Analysis

Samples: Standardand Sample
Using an empty and clean trough, determine the

background spectrum. Fill the trough with the Sample,
and record the spectrum. Clean the trough, fill it with the
Standard, and determine the spectrum. Examine the
spectra in the range between 1300 and 1200 crrr", and
determine the absorbance of the peak in each spectrum
at about 1259 crrr".

Calculate the percentage of polydimethylsiloxane
([-(CH3hSiO-] n) in the Dimethicone taken:

Result=(A viA s) x (D siD v) x 100

A u =absorbance of the Sample
A s = absorbance of the Standard
D s = specific gravity of USP Polydimethylsiloxane RS
D u = specific gravity of Dimethicone

Acceptance criteria: 97.0%-103.0%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): See Table 1.
• REFRACTIVE INDEX (831): See Table 1.
• ACIDITY

Sample: 15.0 g
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Analysis: Dissolve the Sample in a mixture of 15 mL of
toluene and 15 mL of butyl alcohol, previously neutralized
to bromophenol blue TS,and titrate with 0.050 N alcoholic
potassium hydroxide to a bromophenol blue endpoint.

Acceptance criteria: NMT 0.10 mL of 0.050 N alcoholic
potassium hydroxide is required.

• Loss ON HEATING
Sample: 1 g
Analysis: Preheat an open aluminum vessel (60 mm in

diameter and 10 mm high) at 150° for 30 min, and allow
to cool to room temperature. Tare the vessel, transfer the
Sample to it, heat at 150° in a circulating air oven for 2 h,
and allow to come to room temperature in a desiccator
before weighing.

Acceptance criteria: See Table 1.
• BACTERIAL ENDOTOXINS TEST (85) (where it is intended for

use in coating containers that come in contact with articles
for parenteral use)

Sample: 1.0 mL
Analysis: Mix the Sample with 4.0 mL of

polydimethylsiloxane having a viscosity of 0.65 centistokes,
previously tested and shown to be negative for bacterial
endotoxins, by mixing on a vortex mixer for 1 min in an
extraction tube. Add 10 mL of water, and mix on a vortex
mixer for NLT 60 min. Allow the layersto separate, and use
the lower aqueous layer as the sample.

'Acceptance criteria: It contains NMT 1.0 USP Endotoxin
Unit/mL, equivalent to NMT 10 Endotoxin Units/mL of the
Dimethicone taken.

• VISCOSITY-CAPILLARY METHODS (911) and VISCOSITY
ROTATIONAL METHODS (912)

Analysis: Determine the viscosity of Dimethicone having a
nominal viscosity of less than 1000 centistokes at 25 ± 0.1°,
using a capillary viscometer. Determine the viscosity of
Dimethicone having a nominal viscosity of 1000 centlstokes
or greater at 25 ± 0.1°, using a rotational viscometer.

Acceptance criteria: See Table 7.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicate its nominal viscosity value.

Dimethicone intended for use in coating containers that
come in contact with articles for parenteral useisso labeled.

• USP REFERENCE STANDARDS (11)
USP Polydimethylsiloxane RS

Docusate SodiUm-see Docusate Sodium General
Monographs

Edetate Calcium Disodium-see Edetate Calcium
Disodium General Monographs

Edetate Disodium-see Edetate Disodium General
Monographs
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Table 1 (Dimethicone\
Nominal
Viscosity Viscosity loss on Heating

(centistokes) (centistokes) Specific Gravity Refractive Index (%)

Min. Max. Min. Max. Min. Max. Max.

20 18 22 0.946 0.954 1.3980 1.4020 20.0

50 47.5 52.5 0.955 0.965 1.4005 1.4045 2.0

100 95 105 0.962 0.970 1.4005 1.4045 0.3

200 190 220 0.964 0.972 1.4013 1.4053 0.3

350 332.5 367.5 0.965 0.973 1.4013 1.4053 0.3

500 475 525 0.967 0.975 1.4013 1.4053 0.3

1000 950 1050 0.967 0.975 1.4013 1.4053 0.3

12,500 11,875 13,125 - - 1.4015 1.4055 2.0

30,000 27,000 33,000 0.969 0.977 1.4010 1.4100 2.0

Edetic Acid

ClOH16N20S 292.24
Glycine, N,N'-l,2-ethanediylbis[N-(carboxymethyl)-;
(Ethylenedinitrilo)tetraacet!c acid [60-00-4].

DEFINITION
Edetic Acid contains NLT 98.0% and NMT 100.5% of edetic

acid (CloH16N20S)'

IDENTIFICATION "

ASSAY
• PROCEDURE

Standard: 200 mg ofchelometrlc standard calcium
carbonate, previously dried to 1100 for 2 h and cooled
in a desiccator

Sample solution: Transfer 1.4 g of EdeticAcid to a 1OO-mL
volumetric flask, dissolvein 11 mL of 1 N sodium hydroxide,
dilute with water to volume, with cooling if necessary,
and mix.

Analysis: Add 10 mL of water to the Standard, swirl to form a
slurry, and cover the beaker with a watch glass. Without
removing the watch glass, add 2 mL of 3 N hydrochloric
acid from a pipet, and swirl to dissolve. Wash down the
sidesof the container, the outer surface of the pipet, and
the watch glasswith water, and dilute with water to
100 mL. While stirring with a magnetic stirrer, add 30 mL
of the Sample solution from a 50-mL buret. Add 10 mL of
1 N sodium hydroxide and 300 mg of hydroxy naphthol
blue, and continue the titration with the Sample solution
to a blue endpoint.
Calculate the percentage of edetic acid (ClOH16N20S) in the

portion of sample taken:

Result=[WI(Vx C)] x (M rllM r2) X 100

W =weight of calcium carbonate (mg)
V =volume of the Sample solution consumed in the

titration (mL)
C =concentration of the Sample solution (mg/mL)
M rl =molecular weight of edetic acid, 292.24
M r2 = molecular weight of calcium carbonate, 100.09

Acceptance criteria: 98.00/0-100.5%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• IRON

Sample solution: Char 3.0 g of EdeticAcid thoroughly, and
heat in an oven at 500 0 until most of the carbon is 
consumed. Cool, add 0.15 rnl, of nitric acid, and heat at
500 0 until all of the carbon is consumed. Dissolvethe
residue in 2 mL of a mixture of equal volumes of
hydrochloric acid and water, digest in a covered dish on a
steam bath for 10 min, remove the cover, and evaporate to
dryness. Dissolvethe residue in 1 mL of 1 N acetic acid and
20 ml of hot water, digest for 5 min on a steam bath, cool,
and dilute with water to 30 mL.

Control solution: Dissolve43.2 mg of ferric ammonium
sulfate in 10 ml of 2 N sulfuric acid, and add water to make
1000 ml. Each mL contains 5 IJg of Fe.

Analysis: To 2.0 ml each of Sample solution and Control
solution add 2 ml of hydrochloric acid, and dilute with
water to 50 ml. Add 50 mg of ammonium persulfate and
3 ml of ammonium thiocyanate solution (300 mg/ml),
mix, and transfer to a color comparison tube.

Acceptance criteria: 0.005%; the color of the Sample
solution is not deeper than that of the Control solution.

• LIMIT OF NITRILOTRIACETIC ACID
Mobile phase: Add 10 ml of 1.0 M tetrabutylammonium

hydroxide in methanol to 200 ml of water, and adjust with
1 M phosphoric acid to a pH of 7.5 ± 0.1. Transfer the
solution so obtained to a 1OOO-mlvolumetric flask, add
90 ml of methanol, dilute with water to volume, mix, and
passthrough a filter of 0.5-lJm pore size.

Solution A: 10 mg/ml of cupric nitrate [Cu(N03h]
Standard stock solution: Transfer 100 mg of nitrilotriacetic

acid to a 1O-ml volumetric flask, and add 0.5 mL of
ammonium hydroxide. Dilute with water to volume.

Standard solution: Transfer1.0 g of EdeticAcid to a 100-ml
volumetric flask,add 300 IJL of Standard stock solution,and
dilute with Solution A to volume. Sonicate, if necessary, to
completely dissolve.
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System suitability solution: Transfer 10 mg of Edetic Acid
to a 1OO-mL volumetric flask, add 100 IJL of Standard
stock solution, and dilute with Solution A to volume.
Sonicate, if necessary, to completely dissolve.

Sample solution: 10 mg/mL of Edetic Acid in Solution A.
Sonicate, if necessary, to completely dissolve.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 50 IJL

System suitability
Samples: Standard solution and System suitability solution

[NOTE-The relative retention times for nitrilotriacetic
acid, copper, and edetate are about 0.35, 0.65, and
1.0, respectively.]

Suitability requirements
Resolution: NLT 3 between the nitrilotriacetic acid and

copper peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standard solution and Sample solution
Acceptance criteria: 0.3%; the response of the

nitrilotriacetic acid peak of the Sample solution does not
exceed the difference between the nitrilotriacetic acid peak
responses from the Standard solution and the Sample
solution.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Edetic Acid RS

Egg Phospholipids

DEFINITION
Egg Phospholipids is a mixture of naturally occurring

phospholipids obtained from the yolk of hens' eggs that is
suitable for use as an emulsifying agent in injectable
emulsions. The content of phosphatidylcholine,
phosphatidylethanolamine, Iysophosphatidylcholine, and
other related phospholipids isto be reported in the certificate
of analysis. It may also contain a suitable stabilizer.

ASSAY
• CONTENT OF PHOSPHOLIPIDS

Solution A: 1341.6 g of n-hexane, 334.1 g of 2-propanol,
39.4 g of glacial acetic acid, and 1.45 g of triethylamine (or
2.0 mL triethylamine)

Solution B: 663.5 g of 2-propanol, 140.0 g of water, 15.8 g
of glacial acetic acid, and 0.58 g of triethylamine

Solvent: n-Hexane, 2-propanol, and water (23:23:4).
[NOTE~To avoid the formation of two phases, mix the
2-propanol and water first, and then add the n-hexane.]

Mobile phase: See the gradient table below.

Program Flow (ml/ Solution A Solution B
Step Time (min) min) (%) (%)

1 0 1.0 95 5

2 5.0 1.0 80 20

3 8.5 1.0 60 40
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Program Flow (ml/ Solution A Solution B
Step Time (min) min) (%) (%)

4 15.0 1.0 0 100

5 17.5 1.0 0 100

6 17.6 1.0 95 5

7 21.0 1.0 95 5

8 22.0 2.0 95 5

9 27.0 2.0 95 5

10 29.0 1.0 95 5

Standard solutions: Transfer USP Phosphatidylcholine RS,
USP Phosphatidylethanolamine RS, and USP
Lysophosphatidylcholine RS to separate flasks, dissolve
each in Solvent, and dilute. Standard solutions of five
different concentrations are prepared on the basis of the
expected content of phosphatidylcholine,
phosphatidylethanolamine, and Iysophosphatidylcholine
in the sample. The Standard solutions should cover a range
of 60% to 140%. Calculate the concentrations of the
Standards:

Result = WP/V

W ' =weight of the Standard (mg)
P =purity of the designated Reference Standard
V = volume of each of the Standard solutions (mL)

Sample solution: 100 mg of Egg Phospholipids in a 25-mL
volumetric flask. Dissolve in Solvent, and dilute. Calculate
the concentration, in mg/mL: this value is used as the
sample amount. -

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: evaporative light-scattering detector
Column: 4-mm x 125-mm; 5-lJm packing L20
Column temperature: 55°
Injection size: 20 IJL

System suitability
Sample: Standard solutions

[NOTE-The relative retention times for
phosphatidylcholine, phosphatidylethanolamine,
and Iysophosphatidylcholine are 1.00, 0.85, and
1.25, respectively.]

Suitability requirements
Relative standard deviation: NMT 5.0%

Analysis
Samples: Each of the Standard solutions and Sample

solution
Identify the peaks of the relevant analytes in the

chromatogram of the Sample solution by comparison
with the chromatograms obtained from the Standard
solutions. Measure the areas of the analyte peaks. Plot the
logarithms of the relevant responses versus the
logarithms of the concentrations, in mg/mL, of each
analyte obtained from the Standard solutions, and
determine the linear regression line using a least-squares
analysis. The correlation coefficient for the linear
regression line is NLT 0.995. From the graphs so
obtained, determine the concentration, C, in mg/mL, of
the relevant analyte in the Sample solution.

Separately calculate the percentages of
phosphatidylethanolamine, phosphatidylcholine, and
Iysophosphatidylcholine in the portion of Egg
Phospholipids taken:
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Result=(CV/W) x 100

C = concentration of the relevant analyte in the
Sample solution (mg/mL)

V = volume of the relevant analyte in the Sample
solution (mL)

W = weight of Egg Phospholipids in the Sample
solution (mg)

Acceptance criteria: NMT 3.0% of Iysophosphatidylcholine

IMPURITIES
ORGANIC IMPURITIES
• Procedure: Limit of Nonphosphatidyl Lipids
Solvent: Diethyl ether
Sample solution: 500 mg of Egg Phospholipids, dissolved in

15 mL of Solvent, in a 50-mL conical flask
Chromatographic system

(See Chromatography (621), Column Chromatography.)
Mode: Column
Chromatographic column:
Transfer 1000 g of silica gel having a particle size of 0.05

0.2 mm into a container with well-closing screw caps. Add
150 g of water, shake well, and allow to stand for 24 h.
Suspend 15 g of prepared adsorbent in 50 mL of Solvent,
and introduce into a 1- to 2-cm chromatographic column.
Drain the Solvent through the column to a level of about
1 em above the silica gel bed.

Analysis
Sample: Sample solution

Transfer the Sample solution to the Chromatographic
column. Rinse the column containing the Sample solution
with two 15-mL portions of Solvent, allowing each rinse to
passthrough the column before adding the next. After
rinsing, elute with 105 mL of Solvent. Evaporatethe eluate
(150 mL) in a tared, round-bottom, 250-mL conical flask
to dryness,using asuitable rotary evaporator. The volatiles
are blown out with a stream of nitrogen, and the residue
isdried at 105° for 20 min. The weight of the residuegives
the oil fraction, determined as nonpolar lipids, in Egg
Phospholipids.

Calculate the percentage of the nonphosphatidyl lipids
taken:

Result=A/W x 100

A =weight of the residue (mg)
W =weight of Egg Phospholipids taken in the Sample

solution (rnq)

Acceptance criteria: NMT 7.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 20.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 3
• BACTERIAL ENDOTOXINS TEST (85): NMT 6 USP Endotoxin

Units/g
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total microbial
count does not exceed 100 du/g. It meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

• WATER DETERMINATION, Method1(921)
Sample: 2 gin 50 mL of anhydrous methyl alcohol
Acceptance criteria: NMT 6.0%

ADDrFlONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve under nitrogen in a

sealed container, and store ata temperature of -10° or
below.
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• USP REFERENCE STANDARDS (11)
USP Phosphatidylcholine RS
USP Phosphatidylethanolamine RS
USP Lysophosphatidylcholine RS

Erythorbic Acid

HO~O',;:::::O
H")=\
HO OH

C6Hs0 6 176.12
o-Araboascorbic acid;
D-Erythro-hex-2-enoic acid delta-lactone;
Isoascorbic acid, D-isoascorbic acid [89-65-6].

DEFINITION
Erythorbic Acid contains NLT 99.0% and NMT 100.5%

of C6Hs0 6, calculated on the dried basis.

IDENTIFICATION

• B.
Sample solution: 20 mg/mL of Erythorbic Acid and water
Analysis: To 2 mL of Sample solutionadd a few drops of

sodium nitroferricyanide TSand then add 1 mL of 0.1 N
sodium hydroxide.

Acceptance criteria: A transient blue color immediately
appears.

• C.
Analysis: Dissolveabout 15 mg of Erythorbic Acid in 15 mL

of trichloroacetic acid'(1:20). Add about 200 mg of
activated charcoal, and shakethe mixture vigorously for
1 min. Pass through a small fluted filter, refilter if necessary
to obtain a clear filtrate, agitate the mixture until the pyrrole
is dissolved, and heat in a water bath at 50°.

Acceptance criteria: A blue color appears.

ASSAY
• PROCEDURE

Sample: 400 mg
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Endpoint detection: Colorimetric '.

Analysis: Dissolve the Sample in a mixture of 100 mL of
recently boiled and cooled water and 25 mL of 2 N sulfuric
acid. Add 3 mL of starch TS, and titrate at once with 0.1 N
iodine VS. Perform a blank determination. '
Calculate the percentage of erythorbic acid (C6Hs0 6) in the

Sample taken:

Result= [(V - 8) x N x Fx 100]/W

V =Titrant volume consumed by the Sample (mL)
8 =Titrant volume consumed by the Blank (mL)
N = Titrant actual normality (mEq/mL)
F =equivalency factor, 88.06 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 99.00/0-100.5% on the dried basis
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IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.3%
• LIMIT OF.LEAD

[NOTE-Select reagents having as Iowa lead content as
practicable, and store all solutions in borosilicate glass
containers. Rinse all glassware thoroughly with warm
8 N nitric acid followed by deionized water.]

Standard stock solution: Dissolve160 mg of lead nitrate in
100 mL of water containing 1 mL of nitric acid. Dilute with
water to 1000 mL. On the day of use, transfer 10.0 mL of
the above solution to a 1OO-mL volumetric flask, and dilute
with water to volume. EachmL of this solution contains the
equivalent of about 10 J.Ig of lead.
[NOTE-Prepare the Standardsolutions on the day of use.]

Standard solution A: 1 J.Ig/mL of lead from the Standard
stock solution

Standard solution B: 2 J.Ig/mL of lead from the Standard
stocksolution

Standard solution C: 5 J.Ig/mL of lead from the Standard
stock solution

Sample solution: Transfer a weighed portion of about 109
of Erythorbic Acid to an evaporating dish. Add 5 mL of 25%
sulfuric acid, and distribute the sulfuric acid uniformly
through the sample. Within a hood, place the dish on a
steam bath to evaporate most of the water. Placethe dish
on a burner, and slowly pre-ash the,sample by expelling
most of the sulfuric acid. Placethe dish in a muffle furnace
at 525°, and ash the sample until the residue appears free
from carbon. Cool, and cautiously wash down the inside of
the evaporation dish with water. Add 5 mL of 1 N
hydrochloric acid. Placethe dish on a steam bath, and
evaporate to dryness. Add 1.0 mL of 3 N hydrochloric acid
and approximately 5 mL of water, and heat briefly on a
steam bath to dissolve any residue. Transfer quantitatively
to a 1O-mLvolumetric flask, and dilute with water to
volume.

Blank: To an evaporating dish add 5 mL of 25% sulfuric acid,
and distribute the sulfuric acid uniformly. Within a hood,
place the dish on a steam bath to evaporate most of the
water. Place the dish on a burner, and expel most of the
sulfuric acid. Then place the dish in a muffle .furnaceat 525°
for about the same amount of time as in the Sample
solution preparation. Cool, and cautiously wash down the
inside of the evaporation dish with water. Add 5 rnl, of 1 N
hydrochloric acid. Placethe dish on a steam bath, and
evaporate to dryness. Add 1.0 mL of 3 N hydrochloric acid
and approximately 5 mL of water, and heat briefly on a
steam bath to dissolveany residue. Transfer quantitatively
to a 1O-mL volumetric flask, and dilute with water to
volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption
lamp: Lead electrodeless discharge
Flame: Air-acetylene
Analytical wavelength: 283.3 nm
Slit width: 0.7 nm

Standard curve
Samples: StandardsolutionA, StandardsolutionB, Standard

solution C, and Blank
Plot: Corrected absorbance values versus their

corresponding concentration (J.Ig/mL). [NOTE-Determine
the corrected absorbance values by subtracting the
absorbance of the Blankfrom the absorbance of the
Samples.] .

Analysis
Sample: Sample solution
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From the Standardcurve, determine the lead
concentration in the Sample solution. Calculate the lead
content, in ppm, in the portion of Erythorbic Acid taken:

Result=V x Cs/W

V =volume of the Sample solution(mL)
Cs =concentration of lead in the Sample solution (J.Ig/

mL)
W = weight of Erythorbic Acid in the Sample solution

(g)

Acceptance criteria: NMT 10 ppm

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S): -16.5° to

-18.0°
Sample solution: 100 mg/mL in water

• Loss ON DRYING (731): Dry a sample in a vacuum over silica
gel for 3 h: it losesNMT 0.4% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Erythorbic Acid RS

Erythritol
OH

~OH
HO ,

bH

C4H100 4 122.12
1,2,3,4-Butanetetrol;
Butane 1,2,3,4-tetrol (meso-erythritol) [149-32-6].

DEFINITION
Erythritol is obtained by fermentation of starch enzyme

hydrolysate (from starches such aswheat and corn). It is
obtained from the fermentation broth of suitable osmophilic
yeastssuch as Moniliellapollinis or Trichosporonoides
megachiliensis. It contains NLT 96.0% and NMT 102.0% of
erythritol (C4H lO0 4) , calculated on the anhydrous basis.

IDENTIFICATION

i'"" "...~1.!'( .... .... )
• B. MUTING RANGE OR TEMPERATURE (741): 119°-123°

ASSAY
• PROCEDURE

Mobile phase: 0.01% Sulfuric acid
System suitability solution: 0.05 mg/mL each of USP

Erythritol RS and glycerol
Standard solution: 50 mg/mL of USP Erythritol RS
Sample solution: 50 mg/mL of Erythritol
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 30-cm; packing L17
Column temperature: 70°
Flow rate: 0.8 mL/min
Injection volume: 10 J.IL
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System suitability
Samples: System suitabilitysolution and Standardsolution
, [NoTE-The relative retention times for erythritol and

glycerol are about 1.0 and 1.1, respectively.]
Suitability requirements

Resolution: NLT 2.0 between erythritol and glycerol,
System suitability solution

Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standardsolutionand Sample solution

[NoTE-Record chromatograms for over a period of 3
times the retention time of erythritol.]

Calculate the percentage of erythritol (C4H100 4) in the
portion of Erythritol taken:

Result =(ru/rs) x (Cs/Cu) x 100

to =peak responsefrom the Sample solution
rs =peak responsefrom the Standardsolution
Cs =concentration of USP Erythritol RS inthe Standard

solution (mg/mL)
Cu = concentration of Erythritol in the Sample solution

(mg/mL)

Acceptance criteria: 96.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF LEAD

Sample solution: Dissolve 20:0 9 of Erythritol in diluted
acetic acid, and dilute with the same medium to 100 mL.
Add 2.0 mL of a saturated ammonium
pyrrolidinedithiocarbamate solution(10 mg/mL of
ammonium pyrrolidinedithiocarbamate) and 10.0 mL of
methyl isobutyl ketone, and shakefor 30 s. Protectfrom
bright light. Allow the two layers to separate, and use the
methyl isobutyl ketone layer.

Standard solutions: Prepare as directed for the Sample
solution, except prepare three solutions by adding 0.5, 1.0,
and 1.5 mLof standard lead solutionTS inaddition to the
20.0 g of Erythritol.

Blanksolution: Prepareas directed for the Sample solution,
omitting Erythritol.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometry, using

methyl isobutyl ketone previously treated as described in
,the Sample solution, but without the sample added

Analytical wavelength: 283.3 nm
Lamp: Leadhollow-cathode
Flame: Air-acetylene

~~yili .
Samples: Sample solution and Standard solutions
Introduce the Sample solutionand each of the three

Standardsolutions into the instrument. Record the steady
absorbance reading. Plot the absorbance readingsagainst
the known concentrations of added lead (in IJg), and
draw a straight line. Extrapolate the lineuntil it meets the
concentration axis, whichisequal to the concentration, in
ppm, of lead in the sample.

Acceptance criteria: NMT 0.5 IJg/g

• RELATED COMPOUNDS
Mobile phase, System suitability solution, Standard
solution, and Sample solution: Proceed as directed in the
Assay.
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Standard solution A: Transfer 2.0 mL of the Standard
solution from the Assay to a 1OO-mL volumetric flask, and
dilute with water (1 mg/mLof erythritol).

Chromatographic system: Proceed as directed in the
Assay, except use an Injection volume of 20 IJL.

Analysis
Samples: and Sample

solution
Calculatethe percentage of each impurity found:

Result =(ru/rs) x (Cs/Cu) x 100

ru =peak response from the Sample solution
rs from the ~\Sj~an'aajr€J

Cu =concentration
(mg/mL)

Acceptance criteria
Individual impurities: NMT 2.0%
Total impurities: NMT 2.0%

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count using the Plate-Count Methods is NMT 103

cfu/g, and the total combined molds and yeasts count is
NMT 102 cfu/g. It meets the requirementsof the tests for
absence of Salmonella speciesand Escherichia coli.

• LossON DRYING (731)
Sample: 8 g
Analysis: Drythe Sample at 105°for 4 h.
Acceptance criteria: NMT 0.2%

• WATER DETERMINATION, Method1(921): NMT 0.5%
• CONDUCTIVITY

Sample solution: 200 mg/mL in water ,
Analysis: Using an appropriate conductivity meter, choosea

conductivitycell that is appropriate for the properties and
conductivityof the solutionto be examined. Use a certified
reference material,' for example, a solutionof potassium
chloride, that is appropriate for the measurement. The
conductivityvalueof the certified reference material should
be near the expected conductivity valueof the solution to
be examined. After calibrating the apparatus with a
certified reference material solution, rinsethe conductivity
cellseveral times with water and at least twice with the
aqueous solution to 'be examined. Measure the
conductivityof the solutionat a temperature of 20° while
stirring gently with a magnetic stirrer.

Acceptance criteria: NMT 20 IJS/cm

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
• USP REFERENCE STANDARDS (11)

USP Erythritol RS .
meso-Erythritol, 1,2,3,4-butanetetrol.
C4H100 4 122.12

1 Commercially available conductivity calibration solutions for conductivity
meter standardization, standardized by methods traceable to the National
Institute of Standards and Technology (NIS1), may be used. Solutions
prepared according to instructions given in the American Society for
Testing and Materials (ASTM)Standard D1125 may be used, provided that
the conductivity of the resultant solution is the same as that of the solution
prepared from the NIST-certified material.
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Ethyl Acetate

C4HsOz 88.11
Acetic acid, ethyl ester;
Ethyl acetate [141-78-6].

DEfiNITION
EthylAcetate contains NLT 98.0% and NMT 102.0% of ethyl

acetate (C4HsOz) .

IDENTifiCATION

ASSAY
• PROCEDURE

Diluent: N,N-dimethylacetamide
System suitability solution: 2.0 mg/mL of USP Ethyl

Acetate RS and 20 IJg/mL of USP Methyl Ethyl Ketone RS in
~mt .

Standard solution: 2.0 mg/mL of USP EthylAcetate RS in
Diluent

Sample solution: 2.0 mg/mL of Ethyl Acetate in Diluent
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 60-m; coated with a 1.8-lJm film of

phase G43 I

Temperatures
Detector: 250 0

Injection port: 210 0

Column: See Table 1.

Table 1
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature. Temperature

(0) e/min) e) (min)

40 - 40 15

40 12 200 2

"

Carrier gas: Helium
Flow rate: 3.0 mL/min
Injection volume: 1 IJL
Injection type: Split injection, split ratio 30:1
Run time: 30.3 min

System suitability
Samples: .System suitabilitysolutionand Standard solution

[NOTE-The relative retention times for methyl ethyl
ketone and ethyl acetate are 0.97 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT 2.0 between the methyl ethyl ketone

and ethyl acetate peaks, System suitabilitysolution
Tailing factor: NMT 1.5 for the ethyl acetate peak,

Standard solution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of ethyl acetate (C4HsOz) in the

portion of EthylAcetate taken:
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Result =(rv/r s) x (CsIC v) x Px 100

r u =peak area of ethyl acetate from the Sample
solution

r s =peak area of ethyl acetate from the Standard
solution

C s =concentration of USP EthylAcetate RS in the
Standardsolution(mg/mL)

C u =concentration of Ethyl Acetate in the Sample
solution (mg/mL)

P = labeled purity of USP EthylAcetate RS

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• ,LIMIT OF NONVOLATILE RESIDUE

Sample: EthylAcetate
Analysis: Evaporate the Sample in a tared porcelain dish on a

steam bath, and dry at 105 0 for 1 h.
Acceptance criteria: NMT 0.02%

• CHROMATOGRAPHIC PURITY
Diluent and Chromatographic system: Proceed as

directed in the Assay.
System suitability solution: 0.16 mg/mL each of
. acetaldehyde and methanol, 160 mg/mL of EthylAcetate,

and 1.6 mg/mL of USP Methyl Ethyl Ketone RS in Diluent
Sensitivity solution: 0.08 mg/mL each of acetaldehyde,

USP Ethyl Acetate RS, and USP 1-Ethoxy
2-methylpropane RS in Diluent

Methyl compounds identification solution: 0.16 mg/mL
each of methanol, methyl acetate, and methyl isobutyrate
in Diluent

Standard solution: 0.16 mg/mL each of acetaldehyde, USP
EthylAcetate RS, and USP 1-Ethoxy-2-methylpropane RS in
Diluent

Sample solution: 160 mg/mL of Ethyl Acetate in Diluent
System suitability

Samples: System suitabilitysolution, Sensitivitysolution, and
Standardsolution
[NOTE-The relative retention times for acetaldehyde,

methanol, methyl ethyl ketone, ethyl acetate, and
1-ethoxy-2-methylpropane are 0.29,0.31,0.97, 1.0,
and 1.1, respectively.]

Suitability requirements
Resolution: NLT 2.0 between the acetaldehyde and

methanol peaks; NLT 2.0 between the methyl ethyl
ketone and ethyl acetate peaks, System suitabilitysolution

Signal-to-noise ratio: NLT 20 for the acetaldehyde, ethyl
acetate, and 1-ethoxy-2-methylpropane peaks,
Sensitivity solution

Tailing factor: NMT 1.5 for the acetaldehyde, ethyl
acetate, and 1-ethoxy-2-methylpropane peaks, Standard
solution

Relative standard deviation: NMT 5.0% for
acetaldehyde, ethyl acetate, and 1-ethoxy
2-methylpropane, Standard solution

Analysis
Samples: Methyl compounds identification solution,

Standardsolution, and Sample solution
Calculate the percentage of acetaldehyde and 1-ethoxy

2-methylpropane in the portion of EthylAcetate taken:

Result =(r vir s) x (C siC v) x 100

ru = peak area of acetaldehyde or 1-ethoxy-
2-methylpropane from the Sample solution
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=peak area of acetaldehyde or 1-ethoxy
2-methylpropane from the Standard solution

=concentration of acetaldehydeor USP 1-Ethoxy
2-methylpropane RS in the Standard solution
(mg/mL)

=concentration of Ethyl Acetate in the Sample
solution (mg/mL)

Identify the methanol, methylacetate, and methyl
isobutyratepeaksin the Sample solution based on those in
the Methyl compounds identification solution.

Calculate the content of methylcompounds in the portion
of Ethyl Acetate taken:

Result =(r r/rs) x F

r T =sum of the peak areas of methanol, methyl
acetate, and methyl isobutyrate from the Sample
solution

r s = peak area of ethyl acetate from the Standard
solution

F =limitof methyl compounds, in percentage, 0.1

Acceptance criteria
~E~t~,lg;,~~g~:?f~f\;1I",2;~.~
'~~.0~~Jlg~Y1i~<gU~~J;l}'IPEQR~9g:~c.i~~~~~trtll~lij NMT 0.1%
Methyl compounds: NMT 0.1%
Other impurities: NMT 0.3%; the sum of allother peaks

areas in the chromatogram of the Sample solution,
excluding the ethyl acetate, specified impurities, and
solvent peaks areas, is not greater than three times the
ethyl acetate peak area of the Standard solution.

SPECIFIC TESTS
• ACIDITY

Sample solution: 2.0 mL of Ethyl Acetate in 10 mL of
neutralized alcohol

Analysis: Add 2 drops of phenolphthalein rse the Sample
solution. Neutralize with 0.10 N sodium hydroxide.

Acceptance criteria: NMT 0.10 mL of 0.10 N sodium
hydroxide is required.

• READILY CARBONIZABLE SUBSTANCES TeST (271)
Sample: 2 mL of Ethyl Acetate
Analysis: Add the Sample carefully to 10 mL of suJfuric acid

to form separate layers.
Acceptance criteria: No dark zone isdevelopedwithin

15 min. ','
• SPECIFIC GRAVITY (841.): 0.894-0.898
• BACTERIAL ENDOTOXINS TEST (85): If labeled for use in

preparing parenteral dosage forms, it alsomeets the
following requirements.The level of bacterial endotoxins is
such that the requirement in the relevant dosage form
monographs(s) in which Ethyl Acetateisused can be met.
Wherethe labelstates that Ethyl Acetatemust be subjected
to further processingduring the preparationof injectable
dosage forms, the level of bacterial endotoxins issuch that
the requirement in the relevantdosage form monograph(s)
in which Ethyl Acetate is used can be met.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,and

avoid exposure to excessive heat.
• LABELING: Where Ethyl Acetate is intended for use in the

manufacture of injectable dosage forms, it isso labeled.
Where Ethyl Acetate must be subjected to further
proc;:essing during the preparation of injectable dosage
forms to ensure acceptable levels of bacterial endotoxins, it
isso labeled.

• USP REFERENCE STANDARDS (11)
USP Ethyl Acetate RS
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USP 1-Ethoxy-2-methylpropane RS
USP Methyl Ethyl Ketone RS

Ethyl Acrylate and Methyl Methacrylate
Copolymer Dispersion

[9010-88-2].

DEFINITION
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion

isan aqueous dispersion ofa copolymerofethylacrylateand
methyl methacrylatehaving an average molecular weight of
about 800,000. It may contain suitableemulsifying agents.

IDENTIFICATION

Analysis: Place 1 drop of Dispersion on a glass plate,' and
cover the test substance with a water-resistant crystal disk
(silver chlorideor KRS-5).2 Gently presson and then remove
the crystal disk. Dry the crystal disk at 800 forapproximately
15 min.

Acceptance criteria: The IR absorption spectrum of Ethyl
Acrylate and Methyl Methacrylate Copolymer Dispersion
exhibits maximacorrespondingto the same wavelengths
as those of a similar preparation of USP Ethyl Acrylate and
Methyl Methacrylate Copolymer Dispersion RS treated in
the same manner.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): Using mild heating conditions

(e.g., steam bath, sand,bath) to avoid loss of material,
evaporate the Ethyl Acrylate and Methyl Methacrylate
CopolymerDispersion to dryness beforeignition: NMT 0.4%
residue isobtained, calculated on the undried basis.

ORGANIC IMPURITIES
• Procedure: Limitof Monomers
Solution A: 35 mg/mLof sodium perchlorate
Solution B: Dilute phosphoricacid with water to obtain a

solution havinga pHof 2.0.
Mobile phase: Solution Band methanol (4:1)
Standard solution: Prepare a solution in tetrahydrofuran

havinga concentrationof 2 ~g/mL each ofethylacrylateand
methyl methacrylate. To 10.0 mL of this solutionadd
5.0 mL of Solution A, and mix. Dilute 5.0 mL of the mixture
with water to 10.0 mL, and mix. The solution. contains a
concentration of 0.67 ~g/mL each of ethyl acrylate and
methyl methacrylate.

Sample stock solution: 20 mg/mLof Ethyl Acrylate and
Methyl Methacrylate Copolymer Dispersion in
tetrahydrofuran

Sample solution: To 5.0 mL of Solution A add 10.0 mL of
Sample stock solution, dropwise, whilestirring continuously.
Centrifuge, and filterthe clearsupernatant. Dilute 5.0 mL of
the clearsupernatant with water to 10.0 mL, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC .

1 Asimple glassmicroscopeslide issuitable.
2 KRS-5 consistsof 42% thallium(l) bromide and 58% thallium(l) iodine by
molecularweight. Suitabledisks of silver chlorideand of KRS-5 are
availablefrom www.photonic.saint-gobain.com, www.almazoptics.com
and www.internationalcrystal.net. '
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Detector: UV 200 nm
Column: 4.6-mm x 12.0-cm; packing L1
Flow rate: 2 mL/min
Injection size: 50 IJL

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT 2.0 between ethyl acrylate and methyl
methacrylate

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of each monomer in the portion

of Ethyl Acrylate and Methyl Methacrylate Copolymer
Dispersion taken:

Result= (ru/rs) x (Cs/Cu) x D x F x 100

Acceptance criteria: The weight of the residue does not
exceed 1000 mg (1%).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store between 5° and 25°, with excursions
permitted up to 30°. Do not freeze.

• LABELING: Label it to indicate the name and quantity of any
added emulsifiers.

• USP REFERENCE STANDARDS (11)
USP Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion RS

Ethyl Maltol

3 A commercial device is availablefrom Brookfield as an ultra-low (UL)
viscosityadapter. The adapter comprises a.O.4-c,:,diamet~r shaft, an
accurately machined chamber (or tube) With an Internal diameter of
2.8 cm and a depth of13.5 ern, and a cylindrical spindle 2.5 cm in diameter
and 9.1 cm in height.
4 The cylindrical spindle rotates at 30 rpm.

Total impurities: NMT 0.01% of total monomers

SPECIFIC TESTS I

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1000 cfu/g, .and the total
yeasts and molds count does not exceed 100 cfu/g.

• pH (791): 5.5-8.6
• Loss ON DRYING (73"1): Dry a sample at 110° for 3 h: it loses

between 68.5% and 71.5% of its weight.
• VISCOSITY-ROTATIONAL METHODS (912): Equip a suitable

rotational viscometer with an adapter comprising a
cylindrical spindle rotating within an accurately machined
chamber (or tube).' Mix the Dispersion, pipet the test
specimen in the spedfled volume, which is recommended
by the instrument manufacturer, into the chamber (or
tube) and ensurethatthe temperature of the test specimen is
at 20'± 0.10. The shear rate under the test condition is NLT
1 S-l and NMT 100 S-l. 4 Measurethe apparent viscosity,
following the instrument manufacturer's directions.
Acceptance criteria: The viscosity is between 2 and 20 mPa

. s.
• COAGULUM

Sample: 100 g of Ethyl Acrylate and Methyl Methacrylate
Copolymer Dispersion
Analysis: Weigh a stainless steel sieve having 125.-lJm

openings or a suitable single-woven wire cloth with a mesh
width of 125 IJm, and filter the Sample through it.
[NOTE-Suitable single-woven wire cloth mesh meets the
requirements set in ISO 9044.]
Wash the sieveor the cloth with distilled water until a clear

filtrate is obtained, and dry the sieveor the cloth to
constant weight at 105°.

chloroform

ASSAY
• PROCEDURE

Standard solution: 10.0 IJg/mL of USP Ethyl Maltol RS in
0.1 N hydrochloric acid

Sample solution: 10.0 IJg/mL of Ethyl Maltol in 0.1 N
hydrochloric acid

Instrumental conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: 276 nm
Cell: 1 cm
Blank: 0.1 N hydrochloric acid

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ethyl maltol (C7Hs0 3) in the

portion of Ethyl Maltol taken:

Result= (Au/As) x (Cs/Cu) x 100

C7Hs0 3 140.14
2-Ethyl-3-hydroxy-4-pyrone;
2-Ethyl-3-hydroxy-4H-pyran-4-one;
2-Ethyl pyromeconic acid [4940-11-8].

DEFINITION
Ethyl Maltol contains NLT 99.0% of C7Hs0 3, calculated on the

anhydrous basis.

IDENTIFICATION

=absorbance of the Sample solution
=absorbance of the Standard solution
=concentration of USP Ethyl Maltol RS in the

Standard solution (lJg/mL)
= concentration of Ethyl Maltol in the Sample

solution (lJg/mL)

Acceptance criteria: NLT 99.0% on the anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2% at 800° for 15 min

=peak responseof each monomer from the
Sample solution

= peak responseof each monomer from the
Standard solution

= concentration of each monomer in the Standard
solution (lJg/mL)

= concentration of Ethyl Acrylate and Methyl
Methacrylate Copolymer Dispersion in the
Sample stock solution (mg/mL)

= dilution factor for the preparation of the Sample
solution from the Sample stock solution, 3

=unit conversion factor, 10-3 mg/lJg

D

F
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SPECIFICTESTS
• WATER DETERMINATION, Method1(921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Ethyl Maltol RS

Ethyl Oleate

H3C............O~CH3
C2oH3s02 310.51
9-0ctadecenoic acid, (Z)-, ethyl ester;
Ethyl (Z)-9-octadecenoate;
Ethyl cis-9-octadecenoate [111-62-6].

DEFINITION
Ethyl Oleate consists of esters of ethyl alcohol and high

molecularweightfatty acids, principally oleicacid. Itcontains
NLT 65.0% of ethyl (Z)-9-octadecenoate(C2oH3s02)' It may
contain suitable stabilizers.

IDENTIFICATION
• A. PRESENCE OF ESTER
Analysis 1: Proceed as directed in Fats and Fixed Oils,

Saponification Value (401).
Acceptance criteria: 177-188
Analysis 2: Proceed as directed in Fats and Fixed Oils, Acid

Value (401).
Acceptance criteria: NMT 0.5

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceedas directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solutioncorresponds to the ethyloleate peak
of the System suitabilitysolution.

ASSAY
• PROCEDURE

System suitability solution: 5 mg/mLof USP Ethyl
Oleate RS, 1.2 mg/mL of USP Ethyl Palmitate RS;
1.2 mg/mL of USP Ethyl Linoleate RS, and 0.5 mg/mLof
USP Ethyl Stearate RS in n-hexane .

Sample solution: 5 mg/mL of Ethyl Oleate in n-hexane
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 25-m capillary; bonded with a

0.2-l.Jm layerof phase G16
Temperatures

Detector: 270°
Injection port: 250°
Column: See temperature program shown in Table 1.

Table 1
HoldTime at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

(0) e/min) e) (min)

178 - 178 2

'78 3.3 240 2.5

Carrier gas: Hydrogen
Flowrate: 0.7 mL/min
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Injection volume: 1.0 I.JL
Injection type: Split injection; split ratio is200:1
Run time: 23-24 min

System suitability .
Sample: System suitabilitysolution

[NOTE-See Table 2 for the relative retention times.]

Table 2
Relative

Retention
Component Time

Ethyl palmitate 0.65

Ethyl stearate 0.96

Ethyl oleate 1.00

Ethyllinoleate 1.08

Suitability requirements
Resolution: NLT2.0 between the ethylstearate and ethyl

oleate peaks .
Analysis

Samples: System suitabilitysolutionand Sample solution
Identify each ethyl ester (ethyl palmitate, ethyl stearate,

ethyloleate, or ethyllinoleate)peak in the Sample solution
based on that in the System suitabilitysolution.

Calculate the percentage of each ethyl ester (ethyl
palmitate, ethylstearate, ethyl oleate, or ethyl Iinoleate)
in the portion of Ethyl Oleate taken:

Result =(ruffT) x 100

t.u =peakresponse ofeach ethylester (ethylpalmitate,
ethyl stearate, ethyl oleate, or ethyl Iinoleate)
from the Sample solution

f r =sum of all the peak responsesexcluding peak
responses due to solventfromthe Sample solution

Acceptance criteria: Disregard peaks that are less than
0.05% for any unspecified impurities, and any peaksdue to
solvent.
Ethyl Oleate exhibits the composition profiles shown in

Table 3 below.

Table 3

Percentage
Component (%)

Ethyl palmitate ::;16.0

Ethyl stearate ::;6.0

Ethyl oleate ~65.0

Ethyl linoleate ::;18.0

IMPURITIES
• TOTAL ASH

Sample: 2.0 g .
Analysis: Heat a silica or platinumcrucible to redness for

30 min, allow to cool in a desiccator, and weigh. Transfer
the Sample to the crucible. Dry at 100°-105° for 1 hand
ignite to constant weight in a muffle furnace at 600 ± 25°,
allowing the crucible to cool in a desiccatorafter each
ignition.Flames shouldnot be produced at any time during
the procedure. Ifafter prolonged ignition the ash still
contains black particles, take up with hot water, pass
through an ashless filter paper, and ignite the residue and
the filterpaper. Combinethe filtrate with the ash, carefully
evaporate to dryness, and ignite to constant weight.

Acceptance criteria: NMT 0.1%
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SPECIFIC TESTS
• FATS AND FIXED OILS, Iodine Value (401): 75-85
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• WATER DETERMINATION (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: Label it to indicate whether oleic acid is derived

from vegetable, animal, or synthetic sources. Indicate the
names and amounts of any added stabilizers.

• USP REFERENCE STANDARDS (11)
USP Ethyl Linoleate RS
USPEthyl Oleate RS
USP Ethyl Palmitate RS
USPEthyl Stearate RS

Ethyl Vanillin

C9H100 3 166.17
Benzaldehyde, 3-ethoxy-4-hydroxy-;
3-Ethoxy-4-hydroxybenzaldehyde [121-32-4].

DEFINITION
Ethyl Vanillin, dried over phosphorus pentoxide for 4 h,

contains NLT 98.0% and NMT 101.0% of C9H100 3•

IDENTIFICATION

•B·3~li
.({LltfCJ/lcl

SamplesoilJtic:m: 8 jJg/mL in methano
Acceptance criteria:' Meets the requirements

ASSAY
• PROCEDURE

Sample: 300 mg of Ethyl Vanillin (previously dried)
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 0.1 N sodium methoxide VS
Blank: 50 mL of dimethylformamide, accurately measured
Endpoint detection: Visual

Analysis: Transfer the Sample solution to a 125-ml conical
flask, and dissolve in 50 mL of dimethylformamide. Add
thymol blue TS and titrate, using a magnetic stirrer and
taking precautions against the absorption of atmospheric
carbon dioxide. Perform a blank determination. Calculate
the percentage of ethyl vanillin (C9HlO0 3) in the Sample
taken:

Result={[(Vs - VB) x N x FJ/W} x 100

Vs = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (ml)
N = actual normality of the Titrant (mEq/mL)
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F = equivalency factor, 166.2 mg/mEq
W = Sample weight (mg)

Acceptance criteria: 98.0%-101.0% on the previously
dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• MELTING RANGE ORTEMPERATURE (741): 76°-78°
• Loss ON DRYING (731): Dry a sample over phosphorus

pentoxide for 4 h: it losesNMT 1.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. '
• USP REFERENCE STANDARDS (11)

USP Ethyl Vanillin RS

EthylceUulose

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols e.) to specify this fact.

Cellulose, ethyl ether;
Cellulose ethyl ether [9004-57-3].

DEFINITION
Ethylcellulose is a partly O-ethylated cellulose. It contains NLT

44.0% and NMT 51.0% of ethoxy (-OC2Hs) groups,
calculated on the dried basis. It may contain a suitable
antioxidant.

IDENTIFICATION

• A.
I. . ~

Sample: Dissolve 40 mg in 1 mL of methylene chloride,
spread 2 drops of this solution between two sodium
chloride plates, then remove one of the plates to evaporate
the solvent.

Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

[CAuTloN-Hydriodic acid and its reaction byproducts
are highly toxic. Perform all steps of the Standard
solution and the Sample solution in a properly
functioning hood. Specific safety practices to be
followed are to be identified to the analyst
performing this test.] ,

[NOTE-Prepare the solutions immediately before use.]
Internal standard solution: To 10 mL of o-xylene add

0.5 mL of n-octane and dilute to 100.0 mL with o-xylene.
Sample solution: To 30.0 mg of the substance to be

examined, previously dried, add 60 mg of adipic acid in a
5-mL pressure-tight reaction vial equipped with a
pressure-tight membrane stopper coated with
polytetrafluoroethylene and secured with an aluminum
crimped cap or any other sealing system providing a
sufficient air-tightness. Add 2.00 mL of Internalstandard
solution and 1.0 rnlof hydriodic acid and close
immediately. Accurately weigh the vial (total mass before
heating). Do not mix the contents of the vial by hand before
heating. Placethe vial in an oven or heat in a suitable heater,
with continuous mechanical agitation, maintaining the
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internaltemperature of the vial at 115 ± 2°for 70 min.Allow
to cool and weigh accurately the vial (total mass after
heating). Ifthe difference of the total mass before heating
to the total mass after heating is more than 10 mg,
prepare a new test solution. Afterphase separation, pierce
through the septum of the vial with a cooled syringe and
withdraw a sufficient volume of the upper phase as the test
solution.

Standard solution: Place60 mg of adipicacid and 2.00 mL
of Internal standard solution in another 5-mLreaction vial,
add 1.0 mLof hydriodic acid and close immediately.
Accurately weigh the vial, then inject 25 J,JL of iodoethane
through the septum in the vial.Weighagain accuratelyand
mix.After phase separation, pierce through the septum of
the vial with a cooled syringe and withdraw a sufficient
volume of the upper phase as the Standard solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silica coated with 3-J,Jm

layerof phase Gl. [NoTE-Use a guard column, if
necessary.]

Temperatures
Injection port: 2500

Detector: 280°
Column: See Table 1.

Table 1
Hold Time at

Initial Temperature Final Final
Temperature Ramp Temperature Temperature

e> e/min) e) (min)

50 0 I 50 3

50 10 100 0

100 34.9 250 8

Flow rate: 4.2 mL/min
Carrier gas: Helium
Split ratio: 40:1
Injection volume: 1 J,JL

System suitability
Sample: Standard solution

[NOTE-The relative retention time is about 0.6 for
iodoethane with reference to n-octane (retention
time about 10 mlnj.]

Suitability requirements
Resolution: NLT 5.0 between n-octane and iodoethane
Relative standard deviation: NMT 2.0%, using the

response factor of the principal peak for six injections
of the Standard solution '

Analysis
Sample: Sample solution

[NoTE-Measure all of the peak areas, excluding the
solvent peak.]

Calculatethe response factor (F):

Result = (A 1 x W 1 x C)/(A 2 x 100)

A 1 = peak area of the internal standard peak from the
Standard solution

W 1 = weight of iodoethane in the Standard solution
(mg) .

C =content of iodoethane from the certificateof the
manufacturer (%)

A 2 = peak area of the iodoethane peak from the
Standard solution

NF 38

Calculate the percentage content (rn/rn) of the ethoxy
group:

Result =(A 4 x Fx M,x 100)/(A 3 x W2 X M 2)

= peak area of lodoethane from the Sample solution
= response factor calculated from above
=molar mass of ethoxy group, 45.1
=peak area of the internal standard from the

Sample solution
=weight of the sample (dried substance) in the

Sample solution (mg)
=molar mass of iodoethane, 156.0

Acceptance criteria: NLT 44.0% and NMT 51.0% of
ethoxy groups on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 0.5%

• CHLORIDES
Standard stock solution: 0.824 mg/mL of sodium chloride
Standard solution: 8.24 J,Jg/mL of sodium chloride,

prepared from the Standard stock solution. [NoTE-Prepare
immediately before use.]

Sample solution: Disperse 250 mg in 50 mLof water, heat
to boiling, and allowto cool, shaking occasionally. Filter,
and discard the first 10 mLof the filtrate.

Analysis
Samples: Standard solution and Sample solution
Separatelydilute 10 mL of the Sample solution and Standard

solution with water to 15 mL, add 1 mLof diluted nitric
acid (125 giL), and pour the mixturesas a single addition
into test tubes containing 1 mLof 0.1 N silver nitrate VS.
Examine the tubes laterally against a black background.

Acceptance criteria: After standing for 5 min protected
from light, any opalescence in the Sample solution is not
more intense than that in the Standard solution (0.1%).

• ACETALDEHYDE
Solution A: 0.5 mg/mL of methylbenzothiazolone

hydrazone hydrochloride
Solution B: 10 mg/mL of ferric chloride and 16 mg/mL of

sulfamicacid
Standard stock solution: 10 mg/mL of acetaldehyde in

water. [NoTE-Use immediately. Prepare the Standard
solution and Sample solution at the same time.]

Standard solution: 3 J,Jg/mL of acetaldehyde from the
Standard stock solution in water. [NoTE-Use immediately.]

Sample solution: Dissolve 3.0 g of Ethylcellulose in 10 mL
of water, stir by mechanical means for 1 h, allow to stand
for 24 h, filter, and dilutethe filtratewith water to 100.0 mL.

Analysis
Samples: Standard solution and Sample solution
Transfer5.0 mLof the Sample solution and Standard

solution to separate flasks. To each flask add 5 mLof
Solution A, and heat in a water bath at 60° for 5 min. Add
2 mLof Solution B,and heat again at 60° for 5 min. Cool,
and dilute with water to 25.0 mL.

Acceptance criteria: The Sample solution is not more
intenselycolored than the Standard solution.

SPECIFIC TESTS
• VISCOSITY-CAPILLARY METHODS (911)

Solution A: Alcohol and toluene (1:4 w/w)
Sample solution: Shake a quantity of Ethylcellulose,

equivalent to 5.00 g of the dried substance, with 95 g of
Solution A until the substance isdissolved.

Analysis: Determine the viscosity using a capillary
viscometer.
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Acceptance criteria: The viscosity (rnf'a- s) determined at
2SO is NLT 80.0% and NMT 120.0% of that stated on the
label for a nominal viscosity greater than 6 mPa . s; and NLT
75.0% and NMT 140.0% of that stated on the label for a
nominal viscosity of NMT 6 mPa . s.

o ACIDITY OR ALKALINITY
Solution A: Dissolve 100 mg of phenolphthalein in 80 mL

of alcohol, and dilute with water to 100 mL.
Solution B: Dilute 50 mg of methyl red with 1.86 mL of

0.1 N sodium hydroxide and 50 mL of alcohol, and dilute
with water to 100 mL.

Sample solution: To 0.5 g of Ethylcellulose add 25 mL of
. carbon dioxide-free water, and shake for 15 min. Pass

through a sintered-glass filter with a maximum diameter of
pores between 16 and 40 IJm.

Analysis: To 10 mL of Sample solutionadd 0.1 mL of Solution
A and 0.5 mL of 0.01 N sodium hydroxide (Solution C). To
10 mL of Sample solution add 0.1 mL of Solution Band
0.5 mL of 0.01 N hydrochloric acid (Solution D).

Acceptance criteria: Solution C is pink; Solution D is red.
o Loss ON DRYING (731)

Sample: 1 g
Analysis: Dry at 105° for 2 h.
Acceptance criteria: It loses NMT 3.0% of its weight.

ADDITIONAL REQUIREMENTS
o ·PACKAGING AND STORAGE: Preserve in well-closed

containers.•
• LABELING: Label to indicate its nominal viscosity in mPa . s

for a 5% rn/rn solution. The label states the name and
amount of any added antioxidant.

• USP REFERENCE STANDARDS (11)
• USP Ethylcellulose RS •

EthylceUulose Aqueous Dispersion
DEFINITION
Ethylcellulose Aqueous Dispersion is a colloidal dispersion of

Ethylcellulose in water. It contains NLT 90.0% and NMT
110.0% of the labeled amount of ethylcellulose. It contains
suitable amounts of Cetyl Alcohol and Sodium Lauryl Sulfate,
which assist in the formation and stabilization of the
dispersion. It may contain suitable antifoaming and
antimicrobial agents.

IDENTIFICATION
o A.

Diluent: Toluene and alcohol (80:20)
Standard solution: 250 mg of USP Ethylcellulose RS in

5 mL of Diluent
Sample solution: A small quantity of Dispersion in 5 mL of

Diluent
Analysis: Transfer a few mL of the Standard solutionandthe

Sample solution to two separate silver chloride plates, and
evaporate.

Acceptance criteria: The IRabsorption spectrum of the
residue in the regions 3600 to 2600 cm-1 and 1500 to
800 crrr' exhibits maxima only at the same wavenumbers
as that of a film of USP Ethylcellulose RS.

• B.
Sample: 2 mL
Analysis: Transfer the Sampleto a Petri dish, 100 mm in

diameter, so that the bottom of the dish is covered
uniformly. Place the dish in an oven or on a hot plate to
evaporate the water.

Acceptance criteria: A transparent film results.

Official Monographs / Ethylcellulose 5765

• C.
Sample solution: Dissolve the film formed in Identification

test B in 20 mL of chloroform.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm x 1.8-m; 10% liquid phase Gl on support

SlA
Temperatures

Injection port: 250°
Detector: 275°
Column: 220°

Injection volume: 2 IJL
Acceptance criteria: The retention time of the major peak

followinq the solvent peak from the sample corresponds to
that from a similar solution of USPCetyl Alcohol RS.

• D.
Indicator solution: To a 150-mL graduated beaker

containing 0.7 mL of sulfuric acid and 5 g of anhydrous
sodium sulfate slowly add water to the 90~mL mark. Add
methylene blue solution (3 in 1000) to the 1OO-mL mark.

Analysis: To 1 mL of Dispersion in a 1OO-mL graduated
mixing cylinder add 9 mL of water followed by 25 mL of
Indicatorsolution. Add 15 mL of chloroform, and shake
vigorously. Allow the two phases to separate.

Acceptance criteria: The lower phase is blue, indicating the
presence of sodium lauryl sulfate.

ASSAY
• PROCEDURE

Sample solution: Dispersion equivalent to 25 mg of
ethylcellulose

Analysis: Determine the ethoxy content, as directed in
MethoxyDetermination (431). Calculate the ethylcellulose
content from the ethoxy content found, and calculate the
ethoxy content of the ethylcellulose as declared in the
labeling. Each mL of 0.1 N sodium thiosulfate is equivalent
to 0.7510 mg of (-OC~Hs).

Acceptance criteria: 90.0%-110.0%

SPECIFIC TESTS
• VISCOSITY-RoTATIONAL METHODS (912)

Sample: Neat
Analysis: Use a rotational viscometer equipped with a

low-viscosity adapter. Mix the Sample, and pipet 20 mL of
it into the low-viscosity small sample adapter. Start the
viscometer, and take readings after 60, 90, and 120 s at a
temperature of 25 ± 2° and at a spindle speed that results
in readings of 10%-90% of full-scale. Multiply the average
of the three readings by the factor specified for the selected
spindle speed to obtain the viscosity in centipoises.

Acceptance criteria: NMT 150 centipoises
• pH (791): 4.0-7.0
• Loss ON DRYING (731 )

Sample: 5 mL
Analysis: Place 109 ofstandard 20- to 30-mesh sand,

previouslydried for at least 30 min at 60°, into a tared Petri
dish. Add the Sample,and again weigh. Dry at 60° to
constant weight.

Acceptance criteria: NMT 71.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein tight containers, and

protect from freezing.
• LABELING: The labeling states the ethoxy content of the

ethylcellulose and the percentage of ethylcellulose. The
labeling also states the names and quantities of any added
antifoaming and antimicrobial agents.
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• USP REFERENCE STANDARDS (11)
USP Cetyl Alcohol RS
USP Ethylcellulose RS

Ethylcellulose Dispersion Type B
DEfINITION
A stabilized dispersion of ethylcellulose in water. It contains

NLT 90.0% and NMT 110.0% of the labeled amount of
Ethylcellulose. It may contain suitable amounts of
plasticizers, stabilizers, and glidants.

IDENTifiCATION
• A. fiLM fORMATION

Analysis: Transfer an appropriate quantity of Ethylcellulose
Dispersion Type B to a clear glass plate, distribute evenly,
and place in a laboratory oven at about 60° until dry.
[NOTE-It may take less than 60 min.]

Acceptance criteria: A continuous transparent or
translucent film is formed.

• B. INFRARED ABSORPTION

Analysis:
p;~or
'Seg~

Standard s
?J;:~~{~ij~~*~ using
USP Ethylcellulose RS.

Acceptance criteria: The IRabsorption spectrum of the film
so formed in the 3600-2600 ern" and 1500-800 cm-l

regions exhibits maxima corresponding to the same wave
numbers as the Standard spectrum. .

• C. The retention time of the ethylcellulose peak of the
Sample solution corresponds to that of the Standard
solution, asobtained in the Assay. [NoTE-Plasticizer and/or
stabilizer peaks may be present in the chr<:>matogram.]

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
Standard solution: Transfer 375 mg of USP

Ethylcellulose RS to a 1OO-mL volumetric flask, and add
70 mL of tetrahydrofuran. Shakeby mechanical means until
the ethylcellulose is'dissolved, and dilute with
tetrahydrofuran to volume. The Standard solution contains
3.75 mg/mL of USP Ethylcellulose .RS.

Sample solution: Add 30 mL of tetrahydrofuran to 1.0 9 of
Ethylcellulose Dispersion Type B in a 50-mL volumetric
flask, and mix the mixture on a suitable shaker for 15 min.
Dilute with tetrahydrofuran to volume, and mix. The
Sample solution contains 20 mg/mL of Ethylcellulose
Dispersion Type B in tetrahydrofuran. [NOTE-If
Ethylcellulose Dispersion Type B contains inorganic
insoluble material, a portion of the Sample solution should
be centrifuged at 15,800 x g for NLT 15 min.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 8.0-mm x 30-cm; 6-J.Jm packing L21
Temperature

Detector: 45°
Column: 45°

Flow rate: 0.5 mL/min
Injection size: 20 J.JL
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System suitability
Sample: Standard solution
Suitablity requirements

Relative standard deviation: NMT 5.0% determined for
the ethylcellulose peak

Tailing factor: NMT 2.0 for the ethylcellulose peak
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of

ethylcellulose in the portion of Ethylcellulose Dispersion
Type B taken:

Result= (ru/rs) x (Cs/Cu) x 100

=peak response of ethylcellulose from the Sample
solution

=peak response of ethylcellulose from the Standard
solution

=concentration of USP Ethylcellulose RS in the
Standard solution (mg/mL)

=concentration of Ethylcellulose Dispersion Type B
in the Sample solution (mg/mL)

Acceptance criteria: 90.0%-110.0%

OTHER COMPONENTS
[NOTE-Perform the test for individual plasticizers,

stabilizers, or glidants only if they are included in the
Labeling.]

• CONTENT OF MEDIUM-CHAIN·TRIGLYCERIDES
Mobile phase, Sample solution, and Chromatographic

system: Proceed as directed in the Assay.
Standard solution: Transfer 375 mg of USP

Ethylcellulose RS, 60 mg of medium-chain triglycerides,
and 40 mg of oleic acid to a 1OO-mL volumetric flask. Add
70 mL of tetrahydrofuran, and shake by mechanical means
until the ethylcellulose is dissolved. Dilute with
tetrahydrofuran to volume. The Standard solution contains
3.75 mg/mL of USP Ethylcellulose RS, 0.6 mg/mL of
medium-chain triglycerides, and 0.4 mg/mL of oleic acid.
[NOTE-Oleic acid is included in the Standard solution to
assistwith consistent integration between Standard and
Sample solutions.]

System suitability
Sample: Standard solution

[NOTE-The relative retention times for ethylcellulose,
medium-chain triglycerides, and oleic acid are 1.00,
1.18, and 1.25, respectively.]

Suitability requirements
Relative standard deviation: NMT 5.0% determined for

the medium-chain triglycerides peak
Resolution: NLT 2.0 between ethylcellulose and

medium-chain triglycerides .
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of medium-chain triglycerides in

the portion of Ethylcellulose Dispersion Type B taken:

Result =(ru/rs) x (Cs/Cu) x 100

ru =peak response of medium-chain triglycerides
from the Sample solution

rs = peak response of medium-chain triglycerides
from the Standard solution

Cs = concentration of medium-chain triglycerides in
the Standard solution (mg/mL)

Cu =concentration of Ethylcellulose Dispersion Type B
in the Sample solution (mg/mL)
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Acceptance criteria: The percentage content of
medium-chain triglycerides falls within the quantity range
indicated by the Labeling. The ratio of medium-chain
triglycerides to ethylcellulose is less than 0.25.

• CONTENTOF OLEIC ACID
Standard solution: 1.68 mg/mL of USP Oleic Acid RS in

tetrahydrofuran
Sample solution: Add 15 mL of tetrahydrofuran to 2.0 g of

Ethylcellulose Dispersion Type B in a 25-mL volumetric
flask, and mix the mixture on a suitable shaker for 15 min.
Dilute with tetrahydrofuran to volume, and mix. The
Sample solution contains 80 mg/mL of Ethylcellulose
Dispersion Type B in tetrahydrofuran.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary column; 0.25-l...Im

layer of phase G25 (or G35)
Temperature

Detector: 280 0

Injector port: 280 0

Column: See the temperature program table below.

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) elm in) e) (min)

120 - 120 5

120 10 250 20

Carrier gas: Helium
Flow rate: 7.0 mL/min I

Injection size: 1.0 I...IL
Injection type: Splitless

System suitability
Sample: Standard solution

[NOTE-The retention time for oleic acid is about
18.5 min.]

Suitability requirements
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standard solution and Sample solution
Calculate the percentaqe of oleic acid in the portion of

Ethylcellulose Dispersion Type B taken:

Result";; (ru/rs) x (Cs/Cu) x 100

ru = peak response of oleic acid from the Sample
solution

rs = peak response of oleic acid from the Standard
solution

C, = concentration of USP Oleic Acid RS in the
Standard solution (mg/mL)

Cu = concentration of EthylcelluloseDispersion Type B
in the Sample solution (mg/mL)

Acceptance criteria: The percentage content of oleic acid
falls within the quantity range indicated by the Labeling.
The ratio of oleic acid to ethylcellulose is less than 0.15.

• CONTENTOF DIBUTYL SEBACATE AND OLEIC ACID
Standard solution: 0.74 mg/mL of USP Dibutyl SebacateRS

and 0.48 mg/mL of USP Oleic Acid RS in tetrahydrofuran
Sample solution: Add 25 mL of tetrahydrofuran to 1.0 g of

Ethylcellulose Dispersion Type B in a 50-mL volumetric
flask, and mix the mixture on a suitable shaker for 15 min.
Dilute with tetrahydrofuran to volume, and mix. The
Sample solution contains 20 mg/mL of Ethylcellulose
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Dispersion Type B in tetrahydrofuran. [NOTE-If
Ethylcellulose Dispersion Type B contains inorganic
insoluble material, a portion of the Sample solution should
be centrifuged at 15,800 x gfor NLT 15 min.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 15-m capillary column; O.t-urn layer

of phase G25 (or G35)
Temperature

Detector: 280 0

Injector port: 280 0

Column: See the temperature program table below.

Hold Time at FI-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

150 - 150 2

150 10 250 10

Carrier gas: Helium
Flow rater 5.0 mL/min
Injection size: 0.5 I...IL

. Injection type: Split (ratio about 10:1)
System suitability

Sample: Standard solution
[NOTE-The relative retention times for dibutyl sebacate

and oleic acid are 1.00 and 1.45, respectively.]
Suitability requirements

Relative standard deviation: NMT 5.0%
Resolution: NLT 2.0 between dibutyl sebacate and

oleic acid
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of each component (dibutyl

sebacate or oleic acid) in the portion of Ethylcellulose
Dispersion Type B taken:

Result= (ru/rs) x (Cs/Cu) x 100

ru =peak response of each component (dibutyl
sebacate or oleic acid) from the Sample solution

rs =peak response of each component (dibutyl
sebacateor oleic acid) from the Standard solution

C, =concentration of each component (USP Dibutyl
SebacateRS or USP Oleic Acid RS) in the Standard
solution (mg/mL)

Cu = concentration of Ethylcellulose Dispersion Type B
in the Sample solution (mg/mL)

Acceptance criteria
Dibutyl sebacate: The percentage content falls within the

quantity range indicated by the Labeling. The ratio of
dibutyl sebacate to ethylcellulose is less than 0.25.

Oleic acid: The percentage content falls within the
quantity range indicated by the Labeling. The ratio of oleic
acid to ethylcellulose is less than 0.15.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 1.95%. [NoTE-Perform

this test only if Ethylcellulose Dispersion Type B contains
inorganic nonvolatile material.]

ORGANIC IMPURITIES
• Procedure 1: limit of Glycerin

[NoTE-Perform this test only if Ethylcellulose Dispersion
Type B contains glycerides.]
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Standard solution: 0.05 mg/mLof USP Glycerin RS in
methanol

Sample solution: Add 15 mL of methanol to 2.0 g of
. Ethylcellulose Dispersion TypeBin a 25-mL volumetric flask,

and mix the mixtureon a suitableshakerfor 15 min. Dilute
with methanol to volume, and mix. The Sample solution
contains 80 mg/mL of Ethylcellulose Dispersion Type Bin
methanol.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary column; 3.0-l-Im layer

of phase G43
Temperature

Detector: 2800

Injector port: 2800

Column: See the temperature program table below.

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) e/mln) e) (min)

120 10 150 2

150 15 240 20

Carrier gas: Helium
Flowrate: 10.0 mL/min
Injection size: 1.01-lL
Injection type: Splitless

System suitability
Sample: Standard solution

[NoTE-The retention timeforglycerin isabout 3.8 min.]
Suitability requirements

Relativestandard deviation: NMT 5.0%
Tailing factor: NMT 2.5

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycerin in the portion of

Ethylcellulose Dispersion Type Btaken: '

Result =(ru/rs) x (Cs/Cu) x 100

ru =peak response of glycerin from the Sample
solution ,\

rs =peak response of glycerin from the Standard
solution ,."

Cs = concentration of USP Glycerin RS in the Standard
solution (mg/mL)

Cu =concentration of Ethylcellulose Dispersion TypeB
in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.6%
• Procedure 2: limit of l-Butanol

[NOTE-Perform this test onlyifEthylcellulose Dispersion
Type Bcontains butyl esters.]

Standard solution: 0.1 mg/mL of USP l-Butanol RS in
methanol

Sample solution: Add 15 mL of methanol to 2.0 g of
Ethylcellulose Dispersion Type Bin a 25-mL volumetric flask,
and mixthe mixture on a suitableshakerfor 15 min. Dilute
with methanol to volume, and mix. The Sample solution
contains80 mg/mL of Ethylcellulose Dispersion Type Bin
methanol, [NoTE~lf Ethylcellulose Dispersion Type B
contains inorganicinsoluble material, a portionof the Sample
solution should be centrifuged at 15,800 x g for 30 min.]

Chromatographic system .
(See Chromatography (621), System Suitability.)
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Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary column; 1.0-l-Im layer

of phase G16
Temperature

Detector: 2500

Injector port: 2500

Column: See the temperature program table below.

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
e) elmin) (") (min)

45 - 45 5

45 10 80 -
80 20 220 10

Carrier gas: Helium
Flow rate: 10.0 mL/min
Injection size: 0.51-1L
Injection type: Splitless

System suitability
Sample: Standard solution

[NoTE-The retention time for l-butanol isabout
7.8 min.]

Suitability requirements
Relative standard deviation: NMT 5.0%
Tailing factor: NMT 2.0

Analysis
Samples: Standard solution and Sample solution
Calculatethe percentage of l-butanol in the portion of

Ethylcellulose Dispersion TypeBtaken:

Result =(ru/rs) x (Cs/Cu) x 100

ru = peak response of l-butanol from the Sample
solution

rs =peak response of l-butanol from the Standard
solution

C, =concentration of USP l-Butanol RS in the
Standard solution (mg/mL)

Cu =concentration of Ethylcellulose Dispersion TypeB
in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.2%

SPECIFIC TESTS
• pH (791): 9.5-11.5
• TOTAL SOLIDS
Analysis: Place 3 g (4 mm in diameter) of glassbeads in an

aluminum dish, and weigh. Add 109 of Ethylcellulose
Dispersion Type B, and again weigh. Dry at about 1050 for
3 h. Determine the percentage of total solids in
Ethylcellulose Dispersion Type B.

Acceptance criteria: 23.0%-26.0%
• VISCOSITY-RoTATIONAL METHODS (912)

Sample: 500 mL of Ethylcellulose Dispersion Type B
Analysis: Transfer the Sample to a beakerwith an inside

diameter of 83 mm. Place the beakerina water bath, cover
with a watchglass,allow to equilibrate at 25 ±0.1°, and let
air bubbles dissipate. Keep the samplefreefrom entrapped
air bubbles and uniform intemperature. Stirthe dispersion
in the beaker at low agitation speed to ensure
homogeneity, makingsure that no air bubbles are
incorporated. Determineviscosity at 25 ± 0.10

, using a
suitable rotational viscometer with a spindlehaVing a
cylinder4.7 cm in diameter and 0.2 cm high attached to a
shaft 0.3 cm in diameter, the distancefrom the top of the
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cylinder to the lower tip of the shaft being 2.7 cm, and the
immersion depth being 4.9 ern.' Operate the viscometer
at 20 rpm. Follow the instrument manufacturer's directions
to measure the apparent viscosity.

Acceptance criteria: 400-1500 mPa . s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at a

temperature below 25°. Protect from freezing.
• LABELING: The labeling states the percentage of

ethylcellulose. Label it to indicate the names and quantity
ranges of any added plasticizers, stabilizers, and glidants.
Label it to indicate whether any fatty acid components, or
fatty acid-containing components are derived from animal,
vegetable, or synthetic sources.

• USP REFERENCE STANDARDS (11)
USP 1-Butanol RS

1-Butanol.
C4HlOO 74.12

USP Dibutyl Sebacate RS
Decanedioic acid;
Dibutyl ester.
C18H3404 314.46

USP Ethylcellulose RS
Cellulose, ethyl ether;
Cellulose ethyl ether.

USP Glycerin RS
1,2,3-Propanetriol;
Glycerol.

USP Oleic Acid RS
9-0ctadecenoic acid, (Z)-;
Oleic acid.
C18H3402 282.46

Ethylene Glycol and Vinyl Alcohol Graft
Copolymer

Polyethylene glycol-graft-polyvinyl alcohol;
Graft-copoly(ethylene glycol-vinyl alcohol) [121786-16-1].

DEFINITION
Ethylene Glycol and Vinyl Alcohol Graft Copolymer is a graft

copolymer of ethylene glycol and vinyl alcohol. It consists of
about 75% of vinyl alcohol (-CH2CH(OH)-) units and 25%
of ethylene glycol (-CH2CH20-) units. The Copolymer is
produced by using polyethylene glycol and vinyl acetate as
starting materials. Polyethylene glycol forms the polymer
backbone on which polyvinyl acetate is grafted. Hydrolysis
of polyvinyl acetate side chains leads to formation of
polyvinyl alcohol grafted chains. Ethylene Glycol and Vinyl
Alcohol Graft Copolymer may contain glidant to improve
flowability.

IDENTIFICATION
• INFRAflED ABSORPTION

Sample: 200 mg of Ethylene Glycol and Vinyl Alcohol Graft
Copolymer .

Analysis: Dissolve the Sample in 5-10 mL of water. Spread
1 mL of this solution on a thallium brornolodlde window.'

, Acommercial instrument is available as an RV2 spindlefrom Brookfield.
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Totally moisten the surface area of the window. Dry the
window at 110° for approximately 30 min, and allow the
window to cool to room temperature.

Acceptance criteria: The IRabsorption spectrum of
Ethylene Glycol and Vinyl Alcohol Graft Copolymer exhibits
maxima corresponding to the same wavelengths as those
of a similar preparation of USP Ethylene Glycol and Vinyl
Alcohol Graft Copolymer RS treated in the same manner.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281)
Sample: 10.0 g
Acceptance criteria: NMT 3.0%

ORGANIC IMPURITIES
• Procedure 1: Ethylene Oxide and Dioxane

[CAUTION-Ethylene oxide is toxic and flammable.
Preparethese solutions in a well-ventilated fume hood,
using great care. Protect both hands and face by
wearing polyethylene protective gloves and an
appropriate face mask. Store all solutions in hermetic
containers, and refrigerate at a temperature between
4° and 8°.]

. [NOTE-Before using polyethylene glycol 200 in this test,
remove any volatile components from it by placing
500 mL of polyethylene glycol 200 in a 1000-mL
round-bottom flask, and attaching the flask to a rotary
evaporator maintained at a temperature of 60° and
under a vacuum of 10-20 mm Hg for 6 h.]

Acetaldehyde solution: 10 IJg/mL of acetaldehyde.
[NOTE-Prepare the Acetaldehyde solution immediately
before use.]

Ethylene oxide stock solution: Introduce 300 IJL
(corresponding to 250 mg) of gaseousethylene oxide to the
polyethylene glycol 200. Determine the absorbed massof
ethylene oxide via the weight of the solution before and after
the absorption. Dilute the solution with the polyethylene
glyol200 to 100 g. This stock solution contains 2.5 mg/g of
ethylene oxide.
[NOTE-Prepare this stock solution immediately before

use, and store in a refrigerator after preparation.]
Ethylene oxide solution: 100 IJg/g of ethylene oxide in

polyethylene glycol 200 from Ethylene oxide stock solution.
Transfer 5 g of 100 IJg/g ethylene oxide in polyethylene
glycol 200 to a 50-mL volumetric flask filled with 30 mL of
water. Dilute with water to volume, and mix to obtain a
solution containing 10 IJg/mL of ethylene oxide.
[NOTE-Prepare this solution immediately before use, and use
the solution directly after preparation.]

Dioxane solution: 500 IJg/mL of dioxane
Standard solution A: Transfer 0.1 mL of Ethylene oxide

solution to a 1O-mL pressure headspace vial. [NOTE-Other
sizes, such as 22-mL, may be used, depending on the
operating conditions; however, the same size must be used
for Standard solution A, Standard solution B, and the Sample
solution.] Add 0.1 mL of Acetaldehyde solution and 0.1 mL of
Dioxane solution, seal the vial, and mix.

Standard solution B: Transfer 1.0 g of Ethylene Glycol and
Vinyl Alcohol Graft Copolymer to a 1O-mL pressure
headspace vial. Add 0.1 mL of Ethylene oxide solution,
0.1 mL of Dioxane solution, and 1.0 mL of
N,N-dimethylacetamide, seal the vial, and mix.

, Thallium bromoiodide, also known as KRS-5, consistsof 42% thallium(l)
bromide and 58% thallium(1) iodineby molecularweight. Suitabledisksof
KRS-5 are availablefrom www.photonic.saint-gobain.com.
www.almazoptics.com,and www.internationalcrystal.net.
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Sample solution: Transfer 1.0 g of Ethylene Glycol and Vinyl
Alcohol Graft Copolymer to a 1O-mLpressureheadspacevial.
Add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water,
seal the vial, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
[NoTE-Use a headspace apparatus that automatically

transfers a measured amount of headspace.]
Mode: GC
Detector: Flame ionization
Detector temperature: 250°
Column: 0.25-mm x 30-m glassor quartz capillary column;

1.0-l.Jm layer of phase Gl
Column temperature: See the temperature program table

below.

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
CO) e/min) (min) (min)

50 - 50 5

50 5 180 -
180 30 230 5

Carrier gas: Helium
Flow rate: 0.8 mL/min
Injection size: 1 mL (the gaseous headspace)
Injection type: Split ratio 20:1
Injection port temperature: 250°
Headspace sampler

Equilibration time: 45 min
Equilibration temperature

Standard solution A: 70°
Standard solution B: 90°
Sample solution: 90°

Transfer line temperature: 150°
Pressurization time: 1 min
Final headspace pressure: 0.7 bar
Injection time: 12 s

System suitability
Sample: Standard solutionA

[NoTE-The relative retention times for acetaldehyde and
ethylene oxide are 0.94 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between acetaldehyde and ethylene

oxide
Signal-to-noise: NLT 5 determined from the dioxane peak
Relative standard deviation: NMT 15%

Analysis
Samples: Standard solutionBand Sample solution

Calculate the content of ethylene oxide, in ppm, in the
portion of Ethylene Glycol and Vinyl Alcohol Graft
Copolymer taken:

Result=Ae x ru/[(rs x Wu) - (ru x Ws)]

Ae = quantity of ethylene oxide added to Standard
solutionB (l.Jg)

ru = ethylene oxide peak responsefrom the Sample
solution

rs =ethylene oxide peak response from Standard
solutionB

Wu = weight of Ethylene Glycol and Vinyl Alcohol Graft
Copolymer taken to prepare the Sample solution
(g)

Ws =weight of Ethylene Glycol and Vinyl Alcohol Graft
Copolymer taken to prepare Standard solution B
(g)
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Calculate the content of dioxane, in ppm, in the portion of
Ethylene Glycol and Vinyl Alcohol Graft Copolymer
taken:

Result=AD x ru/[(rs x Wu) - (ru x Ws)]

AD =quantity of dioxane added to Standard solution B
(l.Jg)

ru =dioxane peak responsefrom the Sample solution
rs =dioxane peak responsefrom Standard solution B
Wu =weight of Ethylene Glycol and Vinyl Alcohol Graft

Copolymer taken to prepare the Sample solution
(g)

Ws =weight of Ethylene Glycol and Vinyl Alcohol Graft
Copolymer taken to prepare Standard solution B
(g)

Acceptance criteria: NMT 1 ppm of ethylene oxide; NMT
10 ppm of dioxane

• Procedure 2: Vinyl Acetate
Solution A: Acetonitrile, methanol, and water (5:5:90)
Solution B: Acetonitrile, methanol, and water (45:5:50)
Mobile phase: See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

0 100 0

2 100 0

40 85 15

42 0 100

48 0 100

51 100 0

System suitability solution: Transfer 50 mg of vinyl acetate
and 50 mg of l-vinylpyrrolidin-2-one to a 50-mL volumetric
flask, add 10 mL of methanol, and sonicate or gently shake
the flask to dissolve the materials. Dilute with Solution A to
volume. Dilute 10 mL of this solution with Solution A to
100 mL. Dilute 5 mL of this solution with Solution A to
100 mL. The System suitabilitysolutioncontains about 5
I.Jg/mL each of vinyl acetate and l-vinylpyrrolidin-2-one.

Standard solution: Transfer 50 mg of vinyl acetate to a
1OO-mL volumetric flask,dissolvein and dilute with methanol
to volume, and mix well. Dilute 5.0 mL of the solution with
Solution A to 100 mL. Dilute 10.0 mL of this solution with
Solution A to 100 mL. The Standard solution contains about
2.5 I.Jg/mL of vinyl acetate. [NOTE--2This solution should be
analyzed within 1 h when stored at room temperature.]

Sample solution: Transfer 250 mg of Ethylene Glycol and
Vinyl Alcohol Graft Copolymer to a 1O-mLvolumetric flask,
and add 1-2 mL of methanol, using an ultrasonic bath if
necessary. After cooling to ambient temperature, dilute with

Pass through a
1~~~~~ltl~[~I~iJj~{~~cf'!'$) membrane filter. [NOTE-This solution

1 h when stored at room
temperature.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.0-mm x 25-cm analytical column; 5-l.Jm packing

L1. A 4.0-mm x 3-cm pre-column; 5-l.Jm packing L1 may
be used if a 'matrix effect is observed. [NOTE-The matrix
effect may result in poor reprodUcibility of the retention
times and of the peak shapes.]

Column temperature: 30°
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Flow rate: 1 mL/min
Injection size: .10 IJL

System suitability
Sample: System suitabilitysolution .

[NoTE-The relative retention timesfor vinyl acetate and
1-vinylpyrrolidin-2-one are 1.0 and 1.4, respectively.]

Suitability requirements '
Resolution: NLT 5.0 between vinyl acetate and

1-vinylpyrrolidin-2-one
Relative standard deviation: NMT 5.0% determined
from the 1-vinylpyrrolidin-2-one peak

Analysis
Samples: Standardsolutionand Sample solution

Acceptance criteria: The response of the vinyl acetate peak
from the Sample solutionisNMT that ofthe vinyl acetate peak
from the Standardsolution, correspondingto NMT 100 ppm
of vinyl acetate.

• Procedure 3: Acetic Acid/Acetate
Mobile phase: 5 mM sulfuric acid
Standard solution: 0.3 mg/mLfor each of acetic acid and

citricacid in Mobilephase
Sample solution: 20 mg/mL of Ethylene Glycol and Vinyl

Alcohol Copolymer
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-IJm packing L1
Column clean: After each injection, rinsethe column with a

mixture of equal volumesof Mobilephaseand acetonitrile.
Column temperature: Ambient
Flow rate: 1 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention timesfor acetic acid and
citricacid are 1.0 and 1.3, respectively.] .

Suitability requirements
Resolution: NLT 2.0 between acetic acid and citric acid
Relative standard deviation: NMT 5.0% determined
from the acetic acid peak

Analysis
Samples: Standardsolutionand Sample solution .

Acceptance criteria: The response of the acetic acid peak
from the Sample solution is NMT that of the acetic acid peak
from the Standardsolution, correspondingto NMT 1.5% of
acetic acid.

SPECIFICTESTS
• FATS AND FIXED OILS, Ester Value (401): 10-75
• Loss ON DRYING (731): Dry 1.0 g of Ethylene Glycol and

Vinyl Alcohol GraftCopolymerin a vacuumat 140°for 1 h:
it loses NMT 5.0% of its weight.

• pH (791): 5.0-8.0, in a solutionof 20% (w/w) in carbon
dioxide-free water

• VISCOSITY-RoTATIONAL METHODS (912): After
determining the Loss onDrying,weigha quantityof undried
Ethylene Glycol and Vinyl Alcohol GraftCopolymer,
equivalent to 100.0 g on the dried basis. Transfer the
sample to a short form, 600-mL beaker (internal diameter
about 80 mm and height 120 mm), and add water to make
the mixture weigh 500 g. Ensure a homogeneous solution
by gently stirringat room temperature for48 h. Afterwards
allowthe container to stand for 24 h to let the entrapped
air dissipate. [NOTE-Ensure that the concentration of this
solution is20% (w/w).] Determinethe viscosity of this
solution at 23 ± 0.1° using a suitable rotational viscometer
with a spindle having a cylinder4.7 cm in diameter and
0.2 em high attached to a shaft 0.3 cm in diameter, the
distance from the top of the cylinder to the lowertip of the
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shaft being 2.7 cm, and the immersion depth being
4.9 cm.2 Operate the viscometer at 100 rpm. Follow the
instrument manufacturer'sdirections to measure the
apparent viscosity.

Acceptance criteria: 25-250 mPa. s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at a temperature below 25°.
• LABELING: Label it to indicate the viscosity, givingthe

viscosity measurement parameters, concentration of the
solution, and the type ofequipment used.The labeling also
indicates the name and quantity of any added glidant.

• USP REFERENCE STANDARDS (11)
USP Ethylene Glycol and Vinyl Alcohol GraftCopolymer RS

Ethylene Glycol Stearates
DEFINITION
Ethylene Glycol Stearates isa mixtureof ethylene glycol

monoesters and diestersof stearicand palmitic acids. It
contains NLT 50.0% of monoesters produced from the
condensation ofethyleneglycol and stearicacidofvegetable
or animalorigin.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Melting

Range or Temperature, Class /I (741).
• B. It meets the requirements in Specific Tests for Fats and

Fixed Oils, FattyAcidComposition (401).

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
Sample solution: 40 mg/mLof Ethylene Glycol Stearates in

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm;containing5-IJiTll ooA packing

L21. [NOTE-Two or three 7.5-mm x 30-cm L21 columns
may be used in place of the one 60-cm column,
provided that System suitability requirementsare met.]

Temperatures
Column: 40°. [NOTE-The column temperature may be

lowered to ambient temperature, although working at
40° provides stable separation conditionsand ensures
better sample solubility.]

Detector: 40°
Flowrate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: Sample solution

[NoTE-The relative retention timesfor diesters,
monoesters, and ethylene glycol are 0.76, 0.83, and
1.0, respectively.]

Suitability requirements
Relative standard deviation: NMT 2.0% for the

rnonoesters peak
Analysis

Sample: Sample solution
Calculate the percentage offreefattyacids, E, inthe portion

of Ethylene Glycol Stearatestaken:

E= IA x 270/561.1

2 Acommercial instrument is available as an RV2 spindle from Brookfield.
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IA = acid value, determined in Specific Tests for Fats
and Fixed Oils, Acid Value (Free FattyAcids) (401)

Calculate the percentage of monoesters in the portion of
Sample taken:

Result= [rMI(rM+ rD)](1 00 - 0 - E)

Ethylparaben

Acceptance criteria: NMT5.0%

SPECIFIC TESTS " 0 ,.

• MELTING RANGE OR TEMPERATURE, Class" (741): 54°-60°
• FATS AND FIXED OILS, AcidValue (Free FattyAcids) (401)

Sample: 10.0 g
Acceptance criteria: NMT 3.0

• FATS AND FIXED OILS, Iodine Value (401): NMT 3.0
• FATSAND FIXED OILS, Saponification Value (401)

Sample: 2.0 g
Acceptance criteria: 170-195

• FATS AND FIXED OILS, FattyAcidComposition (401): 40.0%
60.0% of stearic acid, and the sum of palmitic and stearic
acids is NlT 90.0%.

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)
Sample: 1.0 g
Acceptance criteria: NMT0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

sto'rage requirements specified.
• LABELING: label it to indicate that it is intended for topical

use only. . .

= peak response for the monoesters
= peak response for the diesters
= percentage of free ethylene glycol in the portion

of Ethylene Glycol Stearates taken, as
determined in Impurities for Limit of Free Ethylene
Glycol

Acceptance criteria: NlT 50.0% of monoesters

IMPURITIES
• LIMIT OF FREE ETHYLENE GLYCOL

Mobile phase, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the
Assay.

Standard solution A: 0.5 mg/ml of ethylene glycol in
tetrahydrofuran

Standard solution B: 1.0 mg/ml of ethylene glycol in
tetra hydrofuran

Standard solution C: 2.0 mg/ml of ethylene glycol in
tetrahydrofuran

Standard solution D: 4.0 mg/ml of ethylene glycol in
tetra hydrofuran

Analysis
Samples: Sample solutionand Standardsolutions

Plot the ethylene glycol peak responses obtained versus
the concentration of/ethylene glycol in the Standard
solutions. From the standard curve so obtained,
determine the ethylene glycol concentration in the
Sample solution. .

Calculate the percentage of free ethylene glycol in the
portion of sample taken: Result.= P x (ru x Cs)/(rs x Cu)

P = labeled purity of USP Ethylparaben RS expressed
as a percentage

ru = peak area of ethylparaben from the Sample
solution

Cs = concentration of ethylparaben in Standard
solution B

rs = peak area of ethylparaben from Standard
solution B

Cu = concentration of Ethylparaben in the Sample
solution

b o· b .. .t •....J
• B. MELTING RANGE OR TEMPERATURE (741): 115°-118°

ASSAY
• PROCEDURE

Mobile phase, Sample solution, Standard solution B, and
Chromatographic system: Proceed as described in the
procedure for Related Substances.

System suitability
Sample: Standardsolution B
Suitability requirements

Relative standard deviation: NMT0.85% for 6
injections

Analysis
Samples: Sample solution and StandardsolutionB
Calculate the percentage of Ethylparaben in the Sample

solution:

C9HlO0 3 166.17
Benzoic acid, 4-hydroxy-, ethyl ester;
Ethyl p-hydroxybenzoate [120-47-8].

DEFINITION
Ethylparaben contains NlT 98.0% and NMT 102.0%

of C9H100 3•

IDENTIFICATION

Acceptance criteria: 98.0%-102.0%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT0.1%, determined on

1.0 g
ORGANIC IMPURITIES
• Procedure: Related Substances
Mobile phase: Methanol and a 6.8-g/l solution of potassium

dihydrogen phosphate (65:35 v/v)
Sample solution: Dissolve50.0 mg of Ethylparaben in 2.5 ml

of methanol, and dilute with Mobilephaseto 50.0 ml. Dilute
10.0 ml of this solution with Mobilephaseto 100.0 ml.

Standard solution A: 5.0 IJg/ml each of p-hydroxy benzoic
acid, USP Methylparaben RS, and USP Ethylparaben RS in
Mobilephase

Standard solution B: Dissolve 50.0 mg of USP
Ethylparaben RS in 2.5 ml of methanol, and dilute with
Mobilephaseto 50.0 ml. Dilute 10.0 ml of this solution with
Mobilephase to 100.0 ml.

= concentration of ethylene glycol, determined
from the standard curve (mg/ml) .

= concentration of the Sample solution (mg/ml)

Result= (C/Cu) x 100

C

Cu
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Standard solution C: Dilute 1.0 mL of the Sample solution
with Mobilephase to 20.0 mL. Dilute 1.0 mL of this solution
with Mobilephaseto 10.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.3 mL/min
Injection size: 10 IJL
Run time: About 4 times the retention time of ethylparaben

System suitability
Sample: StandardsolutionA
[NoTE-The retention time of ethylparaben is about

3.0 min; the relative retention times for
p-hydroxybenzoic acid, ethylparaben, and
methylparaben are about 0.5, 1.0, and 0.8,
respectively.]

Suitability requirements
Resolution: NLT 2.0 between the methylparaben and

ethylparaben peaks
Analysis

Samples: Sample solution and StandardsolutionC
[NOTE-Disregard any limit that is0.2 times ~he are~ of the

principal peak in the chromatogram obtained with
Standardsoiutlon C (0.1 %).]

Acceptance criteria
p-Hydroxybenzoic acid: The peak area in the Samp/~

solution, multiplied by 1.4 to corre.ct ~or the cal.culatlon of
content, is NMT the area of the principal peak In Standard
solution C (0.5%). . ..

Unspecified impurities: The peak area of ea~h l!TIpurrty I~
the Sample solution is NMT the area of the principal peak In
Standardsolution C (0.5%). ... .

Total impurities: The total peak area for alllmp~rrt!es In the
Sample solution is NMT twice the area of the principal peak
in Standardsolution C (1.0%).

SPECIFIC TESTS
• COLOR OF SOLUTION

Sample solution: 100 mg/mL in alcohol. . .
Comparison solution: Mix 2.4 mL of ferric chloride ~S,

1.0 mL of cobaltous chloride CS, and 0.4 mL of cuprrc
sulfate CS with 0.3 N hydrochloric acid to make 1.0m~.
Dilute 5 mL of this solution with 0.3 N hydrochloric acld to
make 100 mL. [Nora-Prepare and use this solution
immediately.]

Analysis .. "
Samples: Alcohol, Sample solution, and Comparison

solution .
Make the comparison by viewing the s~lutionsd?wnward In

matched color-comparison tubes against a white surface
(see Colorand Achromicity(631». . .

Acceptance criteria: The Sample solution IS clear an~ not
more intensely colored than alcohol or the Comparison
solution.

• ACIDITY
Sample solution: To 2 mLof Sample solutionprepared in the

test for Colorof Solution, add 3 mL of alcohol, 5 mL of
carbon dioxide-free water, and 0.1 mL of bromocresol
green TS.

Analysis: Titrate with 0.10 N sodiu~ hyd~oxide.
Acceptance criteria: NMT 0.1 mL IS required to produce a

blue color.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
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• USP REFERENCE STANDARDS (11)
USP Ethylparaben RS
USP Methylparaben RS

Ethylparaben Sodium·

C9H9Na03 188.2
Benzoic acid, 4-hydroxy-, methyl ester, sodium salt;
Ethyl p-hydroxybenzoate, sodium salt;
Sodium 4-ethoxycarbonylphenolate [35285-68-8].

DEFINITION
Ethylparaben Sodium contains N~T 95.0% and NMT 102.0%

of ethylparaben sodium (C9H9Na03), calculated on the
anhydrous basis.

IDENTIFICATION
• A.

Standard: 0.5 g of USP Ethylparaben RS
Sample: 0.5 g of Ethylparabe~ Sodium '"
Analysis: Dissolve the Sample In 5 mL of water, acidify With

hydrochloric acid, and filter the resulting precipitate. Wash
the precipitate with water, and dry under vacuum at 80°
for 2 h.

Acceptance criteria: The IR absorption spectrum of a
mineral oil dispersion of the Sample exhibits maxima only
at the same wavelengths as those of a similar preparation
of the Standard.

• B.
Sample solution: Ignite 0.3 g of Ethylparaben Sodium, cool,

and dissolve the residue in about 3 mL of 3 N
hydrochloric acid. .

Acceptance criteria: A platinum wire dipped in the Sample
solution imparts an intense, persistent yellow color to a
nonluminous flame.

ASSAY
• PROCEDURE

Mobile phase: Methanol and a 6.8-g/L solution of
potassium dihydrogen phosphate (65:35)

System suitability solution: 5.0 IJg/mL each of
p-hydroxybenzoic acid, USP Methylparaben RS, and USP
Ethylparaben RS in Mobilephase

Standard solution: Dissolve 50.0 mg of USP
Ethylparaben RS in 2.5 mL of methanol, and dilute with
Mobilephaseto 50.0 mL. Dilute 10.0 mL of this solution
with Mobilephaseto 100.0 mL. .

Sample solution: Dissolve 50.0 mg of Ethylparaben Sodium
in 2.5 mL of methanol, and dilute with Mobilephase to
50.0 mL. Dilute 10.0 mL of this solution with Mobilephase
to 100.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.3 mL/min
Injection volume: 10 IJL
Run time: About 4 times the retention time of the

ethyl para ben peak
System suitability .

Samples: System suitability solution and Standardsolution
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[NoTE-The retention time of ethylparaben is about
2.9 min; the relative retention times for
p-hydroxybenzoic acid, methylparaben, and
ethylparaben are about 0.5, 0.8, and 1.0,
respectively. ]

Suitability requirements
Resolution: NLT 2.0 between methylparaben and

ethylpara ben peaks, System suitabilitysolution
Relative standard deviation: NMT 0.85% for six

injections, Standard solution
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of ethylparaben sodium in the

portion of Ethylparaben Sodium taken:

Result = (rulrs) x (CslCu) x (M,tlM'2) X P

tu = peak area of ethylparaben from the Sample
solution

rs =peak area of ethylpara ben from the Standard
solution

Cs =concentration of USP Ethylparaben RS in the
Standard solution

Cv = concentration of Ethylparaben Sodium in the
Sample solution

M'I = molecular weight of ethylparaben sodium, 188.2
M'2 = molecular weight of ethylparaben, 166.1 7
P = labeled purity of USP Ethylparaben RS expressed

as a percentage

Acceptance criteria: 95.0%-102.0% on the anhydrous
basis

IMPURITIES
• RELATED COMPOUNDS

Mobile phase, System suitability solution, Sample
solution, and Chromatographic, system: Proceed as
directed in the Assay.

Standard solutlon: Dilute 1.0 mL of the Sample solution
with Mobilephaseto 20.0 mL. Dilute 1.0 mLof this solution
with Mobilephaseto 10.0 mL.

System suitability
Sample: System suitabilitysolution

[NoTE-The retention time of ethylparaben is about
2.9 min; the relative retention times for
p-hydroxybenzoic acid, methylparaben, and
ethylparaben are about 0.5, 0.8, and 1.0,
respectively.] '. '.

Suitability requirements
Resolution: NLT 2.0 between methylparaben and

ethylparaben peaks
Analysis

Samples: Standard solutionand Sample solution
Acceptance criteria

p-Hydroxybenzoic acid: The peak area in the Sample
solution, multiplied by 1.4 to correct for the calculation of
content, is NMT 6 times the area of the principal peak in
the Standard solution; NMT 3.0%.

Unspecified impurities: The peak area of each impurity in
the Sample solution is NMT the area of the principal peak
in the Standard solution; NMT 0.5%.

Total impurities: The total peak area for all unspecified
impurities in the Sample solution is NMT twice the area of
the principal peak in the Standard solution; NMT 1.0%.

• CHLORIDE AND SULFATE, Chloride (221)
Sample: 0.2 9
Control solution: 0.10 mL of 0.020 N hydrochloric acid
Acceptance criteria: 0.035%; the Sample shows no more

chloride than the Controlsolution.
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• CHLORIDE AND SULFATE, Sulfate (221)
Sample: 1.0 9
Control solution: 0.31 mL of 0.020 N sulfuric acid
Acceptance criteria: 0.030%; the Sample shows no more

sulfate than the Controlsolution.

SPECIFIC TESTS
• pH (791)

Sample solution: 1 mg/mL
Acceptance criteria: 9.5-10.5

• WATER DETERMINATION, Method I (921): NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Ethylparaben RS
USP Methylparaben RS

Eucalyptus Oil
[8000-48-4].

DEFINITION
Eucalyptus Oil is obtained by steam distillation and

rectification from the fresh leaves or the fresh terminal
branchlets of various species of Eucalyptus rich in 1,8-cineole.
The species mainly used are Eucalyptus globulus Labill.,
Eucalyptus polybractea R.T. Baker, and Eucalyptus smithii R.T.
Baker. It contains NLT 70.0% and NMT 95.0% of eucalyptol
(l,8-cineole, C1oH1SO).

IDENTIFICATION

• A.
'S

• B.IDENTITY BY AROMA SUBSTANCE PROFILE: The retention
times of the (+)-a-pinene, ~-pinene, (R)-(-)-a-phellandrene,
(R)-(+)-Iimonene, and eucalyptol peaks of the Sample
solutioncorrespond to those of the Standard solution, as
obtained in the test for Content of AromaSubstances in the
Assay.

ASSAY
• CONTENT OF AROMA SUBSTANCES

Standard solution A: 1.0 J.JL/mL of (+)-a-pinene, 0.5 J.JL/mL
of ~-pinene, 0.5 J.JL/mL of sabinene, 0.5 J.JL/mL of
(R)-(-)-a-phellandrene, 1.0 J.JL/mL of (R)-(+)-Iimonene, 5
J.JL/mL of USP Eucalyptol RS, and 5 mg/mL of USP
Camphor RS in heptane

Standard solution B: 0.01 J.JL/mL of (R)-(+)-Iimonene in
heptane

Sample solution: 20 J.JL/mL of Eucalyptus Oil in heptane
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 60-m fused-silica capillary; 0.25-J.Jm

layer of phase G16
Temperatures

Injection port: 2200

Detector: 2200

Column: See Table 1.
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Table 1

HoldTime
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") ("/min) (") (min)

60 - 60 5

60 5 200 5

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection type: Split ratio, 1:50
Injection volume: 1 J..IL

System suitability
Sample: StandardsolutionA

[NoTE-The relative retention times are listed in Table
2.]

Table 2
Relative

Retention
Name Time

(+)-a-Pinene 0.64

p-Pinene 0.80

Sabinene 0.83

(R)-(-)-a-Phellandrene 0.91

(R)-(+)-Limonene 0.98

Eucalyptol 1.00

Camphor 1.58

Suitability requirements
Resolution: NLT 1.5 between (R)-(+)-Iimonene and

eucalyptol
Analysis

Samples: StandardsolutionA, Standardsolution 8, and
Sample solution '

Identify the peaks in the Sample solution based on those in
StandardsolutionA as well as in Table 3.

Table 3
Relative

Retention
Name .' Time

p-Myrcene -. ", 0.86-0.90

y-Terpinene 1.05-1.07

p-Cymene 1.12-1.13

Terpinen-4-ol 1.68

a-Terpineol 1.82

~-Myrcene elutes before (R)-(-)-a-phellandrene and after
sabinene; y-terpinene and p-cymene elute between
eucalyptol and camphor; and terpinen-4-ol and
a-terpineol elute after camphor.

Calculate the percentage of (+)-a-pinene [~-pinene,

sabinene, (R)-(-)-a-phellandrene, (R)-(+)-Iimonene, or
eucalyptol] in the portion of Eucalyptus Oil taken:

Result= (ru/rs) x (Cs/Cu) x 100

tu = peak response of (+)-a-pinene [~-pinene,

sabinene, (R)-(-)-a-phellandrene,
(R)-(+)-Iimonene, or eucalyptol] from the Sample
solution
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rs =peak responseof (+)-a-pinene W-pinene,
sabinene, (R)-(-)-a-phellandrene,
(R)-(+)-Iimonene, or eucalyptol] from the
Standardsolution

Cs =concentration of (+)-a-pinene W-pinene,
sabinene, (R)-(-)-a-phellandrene,
(R)-(+)-Iimonene, or USP Eucalyptol RS] in the
Standardsolution (J..IL/mL)

Cv =concentration of Eucalyptus Oil in the Sample
solution (J..IL/mL)

Calculate the percentage of camphor in the portion of
Eucalyptus Oil taken:

Result=(ru/rs) x [CsI(Cv x D)] x 100

rv =peak responseof camphor from the Sample
solution

ts =peak responseof camphor from the Standard
solution

Cs = concentration of USP Camphor RS in the Standard
solution (mg/mL)

Cv = concentration of EucalyptusOil in the Sample
solution (J..IL/mL)

o = density of EucalyptusOil (mg/J..IL)

Calculate the percentage of ~-myrcene (y-terpinene,
p-cymene, terpinen-4-ol, or a-terpineol) in the portion of
Eucalyptus Oil taken:

Result= (ru/rr) x 100

rv =peak responseof ~-myrcene (y-terpinene,
p-cymene, terpinen-4-ol, or a-terpineol) from the
Sample solution

rr =sum of the total peak responses, except for the
peaks due to solvent, from the Sample solution

Acceptance criteria: See Table 4. Disregard any peak with
an area less than the major peak areafrom Standardsolution
8, corresponding to 0.05%.

Table 4

Acceptance
Criteria,

Name NMT(%)

(+)-a-Pinene 0.2-10.0

p-Pinene 0.05-1.5

Sabinene 0.3

(R)-(-)-a-Phellandrene 0.05-1.5

(R)-(+)-Limonene 2.0-15.0

Eucalyptol 70.0-95.0

Camphor 0.1

Percentage of y-terpinene: 0.1%-6.0%
Percentage of p-cymene: 0.5%-15.0%
Total percentage of all identified aroma substances

[(+)-a-pinene, p-pinene, sabinene,
(R)-(-)-a-phellandrene, (R)-(+)-Iimonene, eucalyptol,
camphor, p-myrcene, y-terpinene, p-cymene,
terpinen-4-ol, and a-terpineol]: NLT 98.0%

IMPURITIES
• TEST FOR ALDEHYDE

Alcoholic hydroxylamine solution: Dissolve 3.5 g of
hydroxylamine hydrochloride in95 mL of 60% alcohol
(v/v) and add 0.5 mL of a 2-mg/mL solution of methyl
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orange in 60% alcohol (v/v) and sufficient 0.5 M potassium
hydroxide in 60% alcohol (v/v) to give a pure yellow color.
Dilute with 60% alcohol (v/v) to 100 mL.

Analysis: In a ground-glass-stoppered tube, 25 mm in
diameter and 150 mm long, add 10 ml of Eucalyptus Oil.
Then add 5 mL of toluene and 4 ml of Alcoholic
hydroxylamine solution. Shakevigorously, and titrate
immediately with 0.5 M potassium hydroxide in 60%
alcohol (v/v) until the red color changes to yellow.
Continue the titration with shaking; the endpoint is reached
when the pure yellow color of the indicator is permanent
in the lower layer after shaking vigorously for 2 min and
allowing separation to take place. The reaction is complete
in about 15 min.
Repeatthe titration using a further 10 ml of Eucalyptus Oil

and, as a reference solution for the endpoint, the titrated
liquid from the first determination, to which has been
added 0.5 mL of 0.5 M potassium hydroxide in 60%
alcohol (v/v).

Acceptance criteria: NMT 2.0 mL of 0.5 M potassium
hydroxide in 60% alcohol (v/v) is required in the second
titration.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.906-0.927, at 20°
• REFRACTIVE INDEX (831): 1.450-1.470, at 20°
• OPTICAL ROTATION (781): 0°_10°, at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. Do

not store above 25°.
• USP REFERENCE STANDARDS (11)

USP Camphor RS
USP Eucalyptol RS
USP Eucalyptus Oil RS I

Hard Fat

DEFINITION
Hard Fat is a mixture of glycerides of saturated fatty acids.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.05%
• ALKALINE IMPURITIES

Sample: 2.0 g .'
Analysis: Dissolve the Sample in a mixture of 1.5 mL of

alcohol and 3.0 mL of ether. Add 0.05 mL of bromophenol
blue TS, and titrate with 0.01 N hydrochloric acid to a
yellow endpoint.

Acceptance criteria: NMT 0.15 mL of 0.01 N
hydrochloric acid

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class" (741): The

melting temperature does not differ by more than 2° from
the nominal value given in Labeling.

• FATS AND FIXED OILS, Acid Value (401): NMT 1.0
• FATS AND FIXED OILS, Hydroxyl Value (401): NMT 70
• FATS AND FIXED OILS, Iodine Value (401):· NMT 7.0
• FATS AND FIXED OILS, Saponification Value (401): 215-255
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at a

temperature that is 5° or more below the melting range
statedin the labeling.

• LABELING: The labeling includes the nominal melting
temperature, which is 27°-44°.
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Fennel Oil

DEFINITION
Fennel Oil is the volatile oil distilled with steam from the dried,

ripe fruit of Foeniculumvulgare Mill. (Fam. Apiaceae).
[NOTE-If solid material has separated, carefully warm the

FennelOil until it iscompletely liquefied, and mix before
using.] ,

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.953-0.973
• CONGEALING TEMPERATURE (651): NLT 3°
• OPTICAL ROTATION, AngularRotation (781A): +12° to +24°
• REFRACTIVE INDEX (831): 1.528-1.538 at 20°
• SOLUBILITY IN 90% ALCOHOL: 1 volume dissolves in 1

volume of 90% alcohol.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: The label statesthe Latin binomial and, following

the official name, the part of the plant source from which
the article was derived. The label also states that if solid
material hasseparated, carefully warm Oil until it is
completely liquefied, and mix before using.

Ferric Oxide

DEFINITION
Ferric Oxide contains NlT 97.0% and NMT 100.5% offerric

oxide (Fe203), calculated on the ignited basis.

IDENTIFICATION
• A. IDENTIFICATIONTESTS-GENERAL, Iron (191)

Sample solution: Dissolve0.5 g in 50 ml of hydrochloric
acid, and dilute with water to 200 mL.

Acceptance criteria: .Meets the requirements of the test for
Ferric Salts

ASSAY
• PROCEDURE

To calculate the percentage of ferric oxide on the ignited
basis, ignite about 2 g at 800 ± 25° to constant weight as
directed in Loss on Ignition (733). [NOTE-Ignited Ferric
Oxide is hygroscopic.]

Sample: 1.5 g
Blank: 25 mL of hydrochloric acid
Titrimetric system

Mode: Direct titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Digest the Sample in 25 mL of hydrochloric acid
on a water bath until dissolved. Add 10 mL of hydrogen
peroxide TS, and evaporate on a water bath almost to
dryness to volatilize all hydrogen peroxide. Dissolvethe
residue by warming with 5 mL of hydrochloric acid; add
25 mL of water; filter into a 250-mL volumetric flask,
washing the filter with water; and add water to volume.
Transfera 50-mL aliquot to a glass-stoppered flask, add 3 g

of potassium iodide and 5 mL of hydrochloric acid, and
insert the stopper into the flask.Allow the mixture to stand
for 15 min, add 50 mL of water, and titrate the liberated
iodine with Titrant, using starch TS asthe indicator.
Perform a blank determination in the same manner.

Calculate the percentage of ferric oxide (Fe203) in the
portion of the sample taken:

Result= {reVs - VB) x N x A/w} xl 00

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

Vs = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 79.85 mg/mEq
W = Sample weight, calculatedwith a correction for

losson ignition(mg)

Acceptance criteria: 97.00/0-100.5% on the ignited basis

IMPURITIES
• MERCURY, Method lIa (261)
Test preparation: Combine 0.67 g of Ferric Oxideand

35 mL of0.5 Nhydrochloric acid. Heatto boiling, and allow
to cool.

Analysis: Proceedas directed for Test preparation in the
chapter, beginningwith "Add2 drops ofphenolphthalein".

Acceptance criteria: NMT 3 ~g/g

• LIMIT OF ARSENIC
Lead acetate cotton: Immerse absorbent cotton pledgets

in a mixture of lead acetate TS and 2 N acetic acid (10:1).
Freethe cotton pledgets from excess liquid by expression,
and allowto air-dry.

Sodium borohydride solution: 30 mg/mLof sodium
borohydridein 0.25 Nsodium hydroxide. Storeina loosely
covered container protected from direct sunlight.

Mercuric bromide paper: Immerse several filter paper disks
with a 15"mm diameter in alcoholic mercuric bromide TS,
remove the disks from the solution, and allow to dry,
protected from light. Store in a glass-stoppered container
protected from light.

Arsenic trioxide stock solution: Dissolve 132.0 mg of
arsenic trioxide in 2.0 mL of 2 N sodium hydroxide, and
dilute with water to 100 mL.

Standard stock solution: On the day of use, dilute 1.0 mL
of Arsenic trioxidestocksolutionwith water to 1000 mL.

Standard solution: Dilute 1.5 mL of the Standard stock
solution with hydrochloric acid to 10 mL. This solution
contains 0.15 ~g/mL of arsenic.

Sample solution: Dissolve 0.5 g of Ferric Oxide in several
mL of hydrochloric acidwiththe aid of heat, and dilutewith
hydrochloric acid to 10.0 mL. .

Apparatus: Preparea 300-ml, side-arm conical flask
containing a magnetic stirring bar. Attach to the conical
flask a ground-glassstopper. Pass through the ground-glass
stopper a glasstube 20 cm long with an internal diameter
of 5 mm. The lower.endof this tube is inside the conical
flask, and it has been drawn to a tip with an internal
diameter of 1 mm. There isan orifice, 2.5 mm in diameter,
15 mm from the tip, and at least 3 mm belowthe lower
surfaceof the stopper. The upper end of the tube has a flat
ground surfaceat a right angle to the axis of the tube.
Asecond glasstube, 30 mm long with an internal diameter

of 5 mm and with a similar flat ground surface, is placed
in contact with the ground surfaceof the first tube and is
held in position by a clamp and springs.

Into the lowertube insert55 mg of loosely packed Lead
acetatecotton. Between the flat surfaces of the tubes
place a disk of Mercuric bromidepaper.

Analysis: Before placing the tube assembly into the flask,
transfer the Sample solution to the flask, and add 5.0 mL of
potassium iodideTS and 20 mL of water. Assemble the
apparatus immediately, and stirwhileslowly adding, overa
period of 20 min, 40 mL of Sodium borohydride solution
through the side arm of the flask. Examine the stain
produced on the Mercuric bromidepaper.Perform the same
Analysis using the Standardsolution.

Acceptance criteria: NMT 3 ~g/g; the stain produced on
the Mercuric bromidepaperfrom the Sample solution is not
more intense than that from the Standardsolution.
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• LIMIT OF LEAD
Lead nitrate stock solution: 1.598 mg/mLof lead nitrate in

0.5 M nitricacid. Prepareand store this solution in glass
containers free from soluble lead salts.

Standard stock solution: On the day of use, combine
5.0mL of Lead nitrate stock solutionand 10 mL of 1 N
hydrochloric acid, and dilute with water to 100 mL.

Standard solution: Transfer 1.0 mL of the Standardstock
solution to a 1OO-mL volumetric flask, add 10 mL of 1 N
hydrochloric acid, and dilute with water to volume. This
solution contains 0.5 ~g/mL of lead.

Sample solution: Transfer 2.5 g of Ferric Oxideto a 100-mL,
glass-stoppered conicalflask. Add 35 mL of 0.1 N
hydrochloric acid, and stir for 1 h. Filter, collecting the
filtrate in a 50-mLvolumetric flask, and dilute with 0.1 N
hydrochloric acid to volume.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).) .
Mode: Atomic absorption spectrophotometer equipped
with a flow spoiler

Analytical wavelength: 217.0 nm (lead emission line)
Lamp: Lead hollow-cathode
Flame: Air-acetylene oxidizing

Analysis
Samples: Standardsolutionand Sample solution

Acceptance criteria: 0.001%;the absorbanceofthe Sample
solution does not exceed that of the Standardsolution.

SPECIFIC TESTS
• WATER-SOLUBLE SUBSTANCES

Sample: 2.0 g
Analysis: Digestthe Sample in 100 ml ofwater on a boiling

water bath for 2 h, filter, and wash the filter with water.
Evaporate the filtrate and washings, and dry the residue at
105° for 1 h.

Acceptance criteria: 1.0%; NMT 20 mg of residue
• ACID-INSOLUBLE SUBSTANCES

Sample: 2.0 g
Analysis: Digest the Sample in 25 mL of hydrochloric acid

by boilingfor 20 min. Add 100 mL of hot water, and filter
quantitativelythrough a tared filtering crucible, with the aid
of hot wash water, until the filtrate tests negativefor
chloride. Drythe crucibleand contents at 105°for 1 h.

Acceptance criteria: 0.3%; the residue weighs NMT 6 mg.
• ORGANIC COLORS AND LAKES

Sample: 3.0 g
Analysis: Place 1.0 g of the Sample ineach of 3 beakers, and

add 25 mL of each of the following reagents, one reagent
to each beaker: 1-chloronaphthalene,alcohol, and
chloroform. Heat the beakers containing alcohol and
chloroform just to boiling. Heat the other beakeron a
boilingwater bath for 15 min,withoccasional swirling. Pass
the contents of the beakers through retentive,
solvent-resistant filter paper. If any of the filtrates shows
visible turbidity, centrifugefor 15 min. Record the spectra
against respective solvent blanks in 1-cm cells from 350 to
750 nm.

Acceptance criteria: No peak above the noise level with a
slope greater than +0.001 absorbance unit/nm isfound.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Ferrosoferric Oxide
231.54
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Magnetite;
Ferrous-ferric oxide;
Iron (II, III) oxide [1317-61-9].

DEFINITION
Ferrosoferric Oxide contains NLT 97.0% and NMT 100.5%

of Fe20 3, calculated on the ignited basis.

IDENTIFICATION
• A.

Sample solution: Dissolve 0.1 g in 5 mL of hydrochloric
acid, and dilute with water to 50 mL.

Analysis 1: Transfer 5 mL of the Sample solution to a test
tube, and add a few drops of potassium ferrocyanide TS.

Analysis 2: Transfer 5 mL of the Sample solution to a test
tube, and add a few drops of potassium ferricyanide TS.

Acceptance criteria: For both Analysis 7 and Analysis 2, a
blue precipitate (Prussian blue) is formed, which does not
dissolve in dilute hydrochloric acid subsequently added.
The precipitate dissolves in oxalic acid and sodium or
potassium hydroxide.

• B. Ferrosoferric Oxide presents as black powder, which is
distinguished from ferric oxide exhibiting two basic colors
(red and yellow). It is attracted to a magnet.

ASSAY
• PROCEDURE

To enable the calculation of the percentage of Fe20 3 on the
ignited basis, ignite about 2 g at 800 ± 25° to constant
weight asdirected in Loss on Ignition (733). [NoTE-Ignited
Ferrosoferric Oxide is hygroscopic.]

Sample: 1.5 g
Blank: 25 mL of hydrochloric acid
Titrimetric system

(See Titrimetry(541).) I

Mode: Direct titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Digest the Sample in 25 mL of hydrochloric acid
on a water bath .untll dissolved. Add 10 mL of hydrogen
peroxide TS, and evaporate on a water bath almost to
dryness in order to volatilize all hydrogen peroxide. Dissolve
the residue by warming with 5 mL of hydrochloric acid; add
25 mL of water; filter into a 250-mL volumetric flask,
washing the filter with water; and add water to volume.
Transfer a 50-mL aliquot to a glass-stoppered flask, add 3 g
of potassium iodide and 5 mL of hydrochloric acid, and
insert the stopper into the flask. Allow the mixture to stand
for 15 min, add 50mL of water, and titrate the liberated
iodine with 0.1 N sodium thiosulfate VS, using starch TS as
the indicator. Perform a blank determination in the same
manner.
Calculate the percentage of the labeled amount asferric

oxide (Fe20 3) in the portion of the Sample taken:

Result={[(V s- V s)x N x A/w} x 100

Vs =Titrant volume consumed by the Sample (mL)
V B = Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 79.85 mg/mEq
W =weight of the Sample, calculated with a correction

for losson ignition (mg)

Acceptance criteria: 97.0%-100.5% on the ignited basis

IMPURITIES
• LIMIT OF ARSENIC (AS)

[NoTE-Select all reagents to have as low contents of
elemental impurities as practicable, and store all
reagent solutions in containers of borosilicate glass.
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Cleanseall glasswarebefore use by soaking in warm
8 N nitric acid for 30 min and by rinsing with
deionized water.]

Solvent: 10% hydrochloric acid in water
Standard stock solution: Prepare a solution containing

2 ppm of arsenic from an Arsenic ICP/AA standard
solution in Solvent. [NOTE-A commercially available
certified standard solution can be used.]

Sample stock solution: In a 1OO-mL volumetric flask,
dissolve 5.0 g of FerrosoferricOxide in 50 mL of
hydrochloric acid by heating without boiling for about 1 h
until the sample is dissolved. Cool down to room
temperature. Pass through a filter, if necessary. Dilute with
water to volume. Transfer 20.0 mL of the solution to a
1OO-mL volumetric flask, add 40 mL of ascorbic acid
solution (200 mg/mL of ascorbic acid in water) and 20 mL
of potassium iodide solution (400 mg/mL of potassium
iodide in water), and dilute with water to volume.
[NoTE-Reduce arsenic to the lowest possible oxidation
state.] The resulting solution contains 10 mg/mL (g/L) of
Ferrosoferric Oxide.

Sample solution A: Transfer20 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Dilute with Solvent to
volume. The resulting solution contains 2 mg/mL (giL) of
Ferrosoferric Oxide.

Sample solution B: Transfer 20 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 25 mL of the
Standardstocksolution, and dilute with Solvent to volume.

Sample solution C: Transfer 20 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 50 mL of the
Standardstock solution, and dilute with Solvent to volume.

Blank: Solvent
Instrumental conditions

(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Lamp: Arsenic hollow-cathode
Flame: Air-acetylene
Analytical wavelength: 193.696 nm

Analysis
Samples: Sample solution A, Sample solutionB,and Sample

solution C
[NOTE-To minimize matrix interference, it is

recommended that the method of standard additions
be used.]

Determine the absorbancesof the Samples against the
Blank, and plot the corrected absorbances versustheir
added content of arsenic(0, 0.5, and 1.0 ppm). Draw the
straight line best fitting the three points, and extrapolate
the line until it meets the concentration axis.The distance
between this point and the intersection of the axes
represents theconcentration of arsenic, C AI in ppm
(~g/g) in the 2 mg/mL of FerrosoferricOxide in Solvent.

Calculate the content of arsenic, in ~g/g, in the portion of
Ferrosoferric Oxide taken:

Result=CA X 0

o =dilution factor, 25

Acceptance criteria: NMT 2 ppm
• LIMIT OF CADMIUM (CD) AND CHROMIUM (CR)

[NOTE-Select all reagents to have as low contents of
elemental impurities as practicable, and store all
reagent solutions in containers of borosilicate glass.
Cleanseall glasswarebefore use by soaking in warm
8 N nitric acid for 30 min and by rinsing with
deionized water.]

Solvent: 10% hydrochloric acid in water
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Standard stock solution: Prepare a solution containing
2 ppm each of cadmium and chromium from an ICP
standard solution containing cadmium and chromium in
Solvent. [NOTE-A commercially available certified standard
solution can be used.]

Sample stock solution: In a 1OO-mL volumetric flask,
dissolve 5.0 g of Ferrosoferric Oxide in 50 mL of
hydrochloric acid by heating without boiling for about 1 h
until the sample is dissolved. Cool down to room
temperature. Pass through a filter, if necessary. Dilute with
water to volume. Transfer 20.0 mL of the solution to a
1OO-mL volumetric flask, and add water to volume. The
resulting solution contains 10 mg/mL of Ferrosoferric
Oxide.

Sample solution A: Transfer 20 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Dilute with Solvent to
volume. The resulting solution contains 2 mg/mL of
Ferrosoferric Oxide.

Sample solution B: Transfer 20 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 25 mL of the
Standard stocksolution, and dilute with Solvent to volume.

Sample solution C: Transfer 20 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 50 mL of the
Standard stock solution, and dilute with Solvent to volume.

Blank: Solvent
Instrumental conditions

(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma-atomic emission

spectrometer (ICP-AES)
Analytical wavelength

Cadmium: 228.802 nm
Chromium: 267.716 nm

Analysis
Samples: Sample solution A, Sample solution 8, and Sample

solution C
[NOTE-The operating conditions may be developed and

optimized based on the manufacturer's
recommendation.]

[NOTE-To rnlnlmlze.rnatrix interference, it is
recommended that the method of standard additions
be used.] .

Instrument performance must be verified to conform to the
manufacturer's specifications for resolution and
sensitivity. Before analyzing samples, the instrument must
passa suitable performance check. Aspirate the Samples,
at least in duplicate, and calculate the average
absorbances for each against the Blank. Plot the average
absorbances of the Samples versustheir added content (0,
0.5, and 1.0 ppm) of cadmium (or chromium). Draw the
straight line best fitting the three points, and extrapolate
the line until it intercepts the concentration axis. The
distance between this point and the intersection of the
axes represents the concentration of cadmium (or '
chromium), C C1 in ppm (lJg/g) in the 2 mg/mL of
Ferrosoferric Oxide in Solvent.

Calculate the content of cadmium (or chromium), in IJg/g,
in the portion of Ferrosoferric Oxide taken:

Result=C c x 0

o =dilution factor, 25

Acceptance criteria
Cadmium: NMT 1 ppm
Chromium: NMT 100 ppm

• LIMIT OF LEAD (PB)
[NOTE-Select all reagents to have as low contents of

elemental impurities as practicable, and store all
reagent solutions in containers of borosilicate glass.
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Cleanse all glassware before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with
deionized water.]

Solvent: 4% hydrochloric acid and 8% nitric acid in water
Standard solution: Prepare a solution containing 25 ppb

of lead in Solvent. [NOTE-A commercially available certified
standard solution can be used.]

Sample stock solution: Dissolve1.0 g of FerrosoferricOxide
in 4 mL of hydrochloric acid and 8 mL of nitric acid in a
1OO-mL volumetric flask by heating without boiling until
the sample is dissolved. Cool down to room temperature.
Pass through a filter, if necessary. Dilute with water to
volume. The resulting solution in the flask contains 10 mgt
mL of Ferrosoferric Oxide.

Sample solution A: Transfer 10 rnl, of the Sample stock
solution to a 1OO-mL volumetric flask, and dilute with
Solvent to volume. The solution contains 1 mg/mL of
Ferrosoferric Oxide.

Sample solution B: Transfer 10 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 4 mL of the
Standard solution, and dilute with Solvent to volume.

Sample solution C: Transfer 10 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 12 mL of the
Standard solution, and dilute with Solvent to volume.

Sample solution D: Transfer 10 mL of the Sample stock
solution to a 1OO-mL volumetric flask. Add 20 mL of the

.Standard solution, and dilute with Solvent to volume.
Blank: Solvent
Instrumental conditions

(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped

with graphite heating device
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode

Analysis
Samples: Sample solution A, Sample solution 8, Sample

solution C, and Sample solution 0
[NOTE-To minimize matrix interference, it is

recommended that the method of standard additions
be used.]

Determine the absorbances of the Samples against the
Blank, and plot the corrected absorbances versustheir
added content (0, 1, 3, and 5 ppb) of lead. Draw the
straight line best fitting the four points, and extrapolate
the line until it intercepts the concentration axis. The
distance between this point and the intersection of the
axesrepresents the concentration oflead, Cu in ppm (lJg/
g) in the 1 mg/mL of Ferrosoferric Oxide.

Calculate the content of lead, in IJg/g, in the portion of
Ferrosoferric Oxide taken:

Result= C LX 0

o = dilution factor, 10

Acceptance criteria: NMT 10 ppm
• LIMIT OF MERCURY (He) AND NICKEL (NI)

[NOTE-Select all reagents to have as low contents of
elemental impurities as practicable, and store all
reagent solutions in containers of borosilicate glass.
Cleanse all glassware before use by soaking in warm
8 N riitric acid for 30 min and by rinsing with
deionized water.]

Solvent: 10% hydrochloric acid in water
Standard solution: Prepare a solution containing 2ppm of

mercury (or nickel) from a Mercury (or Nickel) ICP/AA
standard solution in Solvent. [NOTE-A commercially
available certified standard solution can be used.]
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Sample stock solution: In a 1OO-ml volumetricflask,
dissolve 5.0 g of Ferrosoferric Oxide in 50 ml of
hydrochloricacid by heating without boilingfor about 1 h
until the sample is dissolved. Cool down to room
temperature. Pass through a filter, if necessary. Dilutewith
water to volume. Transfer20.0 ml of the solution to a
1OO-ml volumetric flask, and add water to volume. The
resulting solution contains 10 mg/ml of Ferrosoferric
Oxide.

Sample solution A: Transfer20 ml of the Sample stock
solution to a 1OO-ml volumetricflask. Dilute with Solvent to
volume. The resulting solution contains 2 mg/ml of
Ferrosoferric Oxide.

Sample solution B: Transfer20 ml of the Sample stock
solution to a 1OO-ml volumetricflask. Add 25 ml of the
Standardsolution, and dilute with Solvent to volume.

Sample solution C: Transfer20 ml of the Sample stock
solution to a 1OO-ml volumetricflask. Add 50 ml of the
Standardsolution, and dilute with Solvent to volume.

Blank: Solvent
Instrumental conditions

(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer
Detection

Mercury: .Flameless
Nickel: Air-acetyleneflame

Lamp: Mercury hollow-cathode or nickel hollow-cathode
Analytical wavelength

Mercury: 253.7 nm
Nickel: 231.604 nm

Analysis
Samples: Sample solutionA, Sample solutionB,and Sample

solution C
[NOTE-To minimize matrix interference, it is

recommended that the method of standard additions
be used.]

Determine the absorbances of the Samples against the
Blank, and plot the corrected absorbances versus their
content (0, 0.5,.and 1.0 ppm) of mercury(or nickel). Draw
the straight line best fitting the three points, and
extrapolate the line until it intercepts the concentration
axis.The distance between this point and the intersection
of the axes represents the concentration of mercury (or
nickel), Cs, in ppm (lJg/g) in the 2 mg/ml of Ferrosoferrlc
Oxide in Solvent.

Calculatethe content of mercury(or nickel), in IJg/g, in the
portion of Ferros~f:rric Oxide taken:

Result =C s x 0

o =dilution factor, 25

Acceptance criteria
Mercury: NMT 1 ppm
Nickel: NMT 200 ppm

SPECIFIC TESTS
• WATER-SOLUBLE SUBSTANCES

Sample: 2.0 g
Analysis: Digest the Sample in 100 ml ofwater on a boiling

water bath for 2 h, filter, and wash the filterwith water.
Evaporate the filtrate and washings, and dry the residue at
105° for 1 h.

Acceptance criteria: Theweight ofthe dried residueisNMT
20 mg, corresponding to NMT 1.0%.

• ACID-INSOLUBLE SUBSTANCES
Sample: 2.0 g
Analysis: Digest the Sample in 25 ml of hydrochloric acid

by boilingfor 20 min. Add 100 ml of hot water, and filter

NF 38

quantitativelythrough a tared filtering 1 crucible, with the
aid of hot wash water, until the filtrate tests negative for
chloride. Drythe crucibleand contents at 105° for 1 h.

Acceptance criteria: The weight of the residue is NMT
6 mg, corresponding to NMT 0.3%.

• ORGANIC COLORS AND LAKES
Analysis: Place 1.0 g in each of 3 beakers, and add 25 ml of

each of the following reagents, respectively:
l-chloronaphthalene, alcohol, and chloroform. Heat the
beakers containing alcohol and chloroform just to boiling.
Heat the other beaker on a boiling water bath for 15 min,
with occasional swirling. Pass the contents of the beakers
through retentive, solvent-resistantfilter paper." Ifany of
the filtrates show visible turbidity, centrifuge for 15 min.
Record the spectra against respectivesolvent blanksin t-ern
cellsfrom 350 to 750 nm.

Acceptance criteria: Absorbance in the range of 350
750 nm is NMT 0.01 AU.

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined moldsand yeastscount does not exceed 102 cful
g.

• pH (791): 6-9 in a 10% suspension
• Loss ON DRYING (731)

Analysis: Drya sample at 105° for 1 h.
. Acceptance criteria: NMT 1.0% of its weight

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.

Fructose-see Fructose General Monographs

Fumaric Acid

C4H40 4 116.07
2-Butenedioic acid, E-;
Fumaric acid [110-17-8].

DEFINITION
Fumaric Acid contains NlT 99.5% and NMT 100.5%

of C4H40 4, calculated on the anhydrous basis.

IDENTIFICATION

ASSAY
• PROCEDURE

Sample solution: Dissolve 1 g of Fumaric Acid in 50 ml of
methanol, and warm gently on a steam bath to effect
solution. Cool, and add phenolphthalein TS.

Analysis: Titrate the Sample solution with 0.5 N sodium
hydroxideVS to the first appearance of a pink color that
persistsfor not lessthan 30 s. Perform a blank titration (see
Titrimetry(541». Each ml of 0.5 N sodium hydroxide is
equivalent to 29.02 mg of C4H40 4•

1Aglass-filter disc (P4; pore sizediameter 9 to 15 J,Jm) can be used, or
equivalent.
2 A PTFE filter(diameter 25 mm, O.2-lJm pore size), or equivalent.
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Galactose

Acceptance criteria: 99.5%-1 00.5% on the anhydrous
basis

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1 %
ORGANIC IMPURITIES
• Procedure: Limit of Maleic Acid
Mobile phase: 0.005 N sulfuric acid
Standard solution: 1 jJg/mL of USP Maleic Acid RS in Mobile

phase
Sample solution: 1 mg/mL of Fumaric Acid in Mobilephase
System suitability solution: 10 jJg/mL of USP Fumaric

Acid RS and 5 jJg/mL of USP Maleic Acid RS in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 22-cm; packing L17
Flow rate: 0.3 mL/min
Injection size: 5 jJL

System suitability
Sample: System suitability solution

[NoTE-The relative retention times for maleic' acid and
fumaric acid are about 0.5 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.5 of the maleic acid and fumaric acid

peaks
Relative standard deviation: NMT 2.0% of the maleic

acid peak
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of maleic acid in the total weight

of Fumaric Acid taken: I

Result =(ru/rs) x (Cs/Cu) x 100

ru = peak response of maleic acid from the Sample
solution

rs =peak response of maleic acid from the Standard
solution

Cs = concentration of USP Maleic Acid RS in the
Standardsolution (mg/mL)

Cu = nominal concentration of the Sample solution
(mg/mL)

Acceptance criteria: ·'NMT0.1 %

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Fumaric Acid RS
USP Maleic Acid RS

DEFINITION
Galactose isone of the products of the metabolism of lactose, a

naturally occurring sugar in dairy products, by the digestive
enzyme lactase.

IDENTIFICATION

,~ ~""·>;)E>'E:j""" • \ ,..'7 .el)
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Solution A: Methanol and water (60:40)
Standard solution A: 500 jJg/mL of USP Galactose RS in

Solution A
Standard solution B: 500 jJg/mL each of USP

Galactose RS, USP Dextrose RS, and USP Lactose
Monohydrate RS in Solution A

Sample solution: Dissolve 10 mg of Galactose in 20 mL of
Solution A.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Application volume: 2 jJL
Developing solvent system: Propanol and water (85:15)
Spray reagent: 0.5 9 of thymol in a mixture of alcohol and

. sulfuric acid (95:5)
System suitability

Sample: StandardsolutionB
Suitability requirements

Resolution: There must be three clearly resolved spots in
the chromatogram for Standardsolution B.

Analysis
Samples: StandardsolutionA, Standardsolution B, and

Sample solution
Develop the plate in an unsaturated tank. After the solvent

front has moved over 15 em, remove the plate from the
tank. Dry the plate with warm air, then spray the plate
with Sprayreagent. Heat for 10 min in an oven at 130°.

Acceptance criteria: The R Fof the principal spot of the
Sample solution corresponds to that of StandardsolutionA.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %
• LIMITOF LEAD

Diluent: Dilute 12 mL of acetic acid with water to 100 mL.
Mix equal parts of this solution and water to prepare the
Diluent.

Lead standard solution: 16 jJg/mL of lead nitrate
Standard solutions: To three identical flasks add 0.5, 1.0,

and 1.5 mLof Lead standardsolution, respectively, and then
add to each flask 20.0 9 of Galactose. Dilute with Diluent to
100 mL. To each flask add 2.0 mL of ammonium
pyrrolidinedithiocarbamate solution (10 mg/mL) and
10.0 mL of methyl isobutyl ketone, then shake for 30 s.
Protect from light. Allowthe layers to separate, and use the
methyl isobutyl ketone (upper) layer.

Sample solution: Dissolve 20.0 9 of Galactose in 100 mL of
Diluent. Add 2.0 mL of ammonium
pyrrolidinedithiocarbamate solution (10 mg/mL) and
10.0 mL of methyl isobutyl ketone, and shake for 30 s.
Protect from light. Allowthe layers to separate, and use the
methyl isobutyl ketone (upper) layer.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air-acetylene180.16

"-Q~
HOOH

C6H1206
a-D-Galactopyranose [3646-73-9].
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Analysis
Samples: Standard solutions and Sample solution

Concomitantly determine, at least in triplicate, the
absorbances of the Samples. Record the average steady
readings for each of the Standard solutions and the
Sample solution. Plot the absorbances of the Standard
solutions and the Sample solution versus the amount of
lead added. Extrapolate the line joining the points on the
graph until it meets the concentration axis. The distance
between this point and the intersection of the axes
represents the concentration of lead in the Sample
solution.

Acceptance criteria: NMT 0.5 IJg/g
• BARIUM

Standard solution: Add 6 mL of water to 5 mL of the Sample
solutionprepared for the Acidity test.

Sample solution: Add 5 mL of water and 1 mL of dilute
sulfuric acid to 5 mL of the Sample solution prepared for the
Acidity test. Allow to stand for 1 h.

Acceptance criteria: Any opalescence in the Sample solution
is not more intense than that in the Standard solution.

SPECIFICTESTS
• ApPEARANCE OF SOLUTION

Sample solution: Dissolve, with heating at 50°, 10.0 g of
Galactose in 50 mL of carbon dioxide-free water.

Control solution: Prepare immediately before use by
mixing 3.0 mL of ferric chloride CS, 3.0 mL of cobaltous
chloride CS, and 2.4 mL of cupric sulfate CSwith dilute
hydrochloric acid (10 mg/mL) to make 10 mL, and diluting
1.5 mL of this solution with the dilute hydrochloric acid to
100 mL. .

Analysis: Compare by viewing the Sample solutionand the
Controlsolution downward in matched color-comparison
tubes against a white surface (see Color andAchromicity
(631».

A~ceptancecriteria: The Sample solution is not more
Intensely colored than the Controlsolution.

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR'
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 du/g, and the total
combined molds and yeastscount does not exceed 102 cfu/
g. It meets the requirements of the test for absence of
Salmonella species, Escherichia coli, Staphylcoccus aureus,
and Pseudomonas aeruginosa.

• OPTICAL ROTATIO~, Specific Rotation (7815)
Sample solution: Transfer 10.0 g to a 1OO-mL volumetric

flask, and dissolve in 80 mL of water. Add 0.2 mL of
ammonia TS, allow to stand for 30 min, then dilute with
water to volume.

Analysis: Perform at 20°.
Acceptance criteria: +78.0° to +81.5°

• ACIDITY
Sample solution: Dissolve 10.0 g of Galactose,with heating

at 50°, in 40 mL of carbon dioxide-free water. Dilute with
carbon dioxide-free water to 50 mL. [NoTE-Use this
solution for the Bariumtest.]

Analysis: To 30 mL of the Sample solution add 0.3 mL of
phenolphthalein TS, and titrate with 0.01 N sodium
hydroxide to a pink color.

Acceptance criteria: NMT 1.5 mL of 0.01 N sodium
hydroxide is required.

• WATER DETERMINATION, Method I (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein a tight container. No

storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Dextrose RS
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USP Galactose RS
USP Lactose Monohydrate RS

Galageenan
DEFINITION
Galageenan is the hydrocolloid obtained by extraction with

water or aqueous alkali from the red seaweed class
Rhodophyceae species Eucheuma gelatinae. Galageenan
consists chiefly of potassium, sodium, calcium, magnesium
and ammonium sulfate esters of galactose and '
3,6-anhydrogalactose copolymers. These hexoses are
alternately linked asu-I, 3 and ~-1,4 in the polymer. The ester
sulfate content ranges from 8%-18%. In addition, it contains
inorganic salts that originate from the seaweed and from the
process of recovery from the extract.

Galageenan is recovered by alcohol precipitation or by
freezing and pressing.

IDENTIFICATION
• A. FILM. FORMATION

Solution A: A solution (1 in 50), prepared by heating a
uniform dispersion in a hot water bath to 80°

Acceptance criteria: Solution A becomes more viscous upon
cooling and may form a gel.

• B.
Analysis: Dilute a portion of Solution A (retained from

Identification test A) with 4 parts water, and add 2-3 drops
of methylene blue TS.

Acceptance criteria: A blue, stringy precipitate is formed.

~
Sample solution: Disperse2 g of Galageenan in 400 mL of a

solution containing 5 g of edetate disodium in 1000 mL of
60% isopropyl alcohol, and stir for 2 h. Filter with the aid
of vacuum, and wash the residue with a total of 200 mL of
65% isopropyl alcohol. Finish washing with a total of
100 mL of 80% isopropyl alcohol. Dry the residue for
30 min in a 60° oven, and overnight in a 70° vacuum oven.
Break lumps by grinding with a mortar and pestle. Dissolve
15 mg of the alcohol-treated material in 5 mL of water. Heat
for 10 min in a water bath. Pipet 2 mL onto a suitable
nonsticking surface to produce a 5-lJm-thick film
(when dry). .

Spectral range: 2000-600 cm-1

Analysis: Subtract the baseline (drawn by connecting the
minima in the range of 1500 and 800 cm-1) from the raw
spectrum. Record the absorbances for the bands at 1220
1260, 928-933,840-850, and 800-805 cm-1 relative to the
absorbance at 1050 crrr'.

Acceptance criteria: The absorbance values so obtained are
within the ranges specified in Table 1.

Table 1
Absorbance

Relative to
Wave Number Molecular 1050 crrr" Gala-

(cnr") Assignment geenan

1220-1260 Estersulfate 0.3-0.6

928-933 3,6-Anhydrogalactose 0.3-0.6

840-850 Calactcse-a-sulfate 0.1-0.3
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Gelatin

combined molds and yeastscount does not exceed 20 cful
g, and it meets the requirements of the tests for absence of
Escherichia coli and Salmonella species.

• VISCOSITy-RoTATIONAL METHODS (912)
Sample solution: Transfer 7.5 g of Galageenan to a tared,

tall-form, 600-mL beaker. Add 450 mL of water, and
disperse with agitation for 15 min. Add water to bring the
weight to 500 g, and heat in a water bath, with continuous
agitation, until a temperature of 80° is reached. Add water
to adjust for loss by evaporation, cool to between 76° and
77°, and place in a constant-temperature bath maintained
at 75°.

Analysis: Use a suitable rotational viscometer equipped
with a spindle having a cylinder 1.88 cm in diameter and
6.51 cm in height, and an immersion depth of 8.10 cm (No.
1 spindle). Allow the spindle to rotate in the solution at
30 rpm for six revolutions, then observe the scale reading.
Convert the scale reading to centipoises by multiplying by
the constant for the spindle and speed used.

Acceptance criteria: NLT 15 centipoises (at 75°)
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

35.0%
• Loss ON DRYING (731 ): Dry a sample at a pressure not

exceeding 10 mm of mercury at 70° for 18 h, cool in a
desiccator, and weigh: it losesNMT 12.5% of its weight.

APDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

preferably in a cool place.

DEFINITION
Purifiedprotein obtained from collagen of

:.1..+ A"(NF l-M~J-2020) (including fish and poultry)
by partial, alkaline and/or acid hydrolysis,
~and/orA(NF1-May-2020) enzymatic hydrolysis, or by thermal
hydrolysis.

The hydrolysis leads to gelling or non-gellin
monograph covers both the elling .
and non-gelling gradesA(c -Ma~'-.lU;':IU)

hydrolyzed gelatinA).~(NF,_

IDENTIFICATION

Portions of this monograph that are national USP text, and are
not part of the harmonized text, are marked with symbols
(+ +) to specify this fact.

'I" NOTE-Compare
spectra of the test specimen and USP Gelatin RS over the
range from 800 to 3500 cm-1• Disregard any peak at about
1403 cm- 1.]+

• B.
Sample solution: Dissolve 1.00 g in carbon dioxide-free

water at about 55°, dilute with the same solvent to 100 mL,
and keep at 55°. Save the unused portion of this solution
for use in the test for pH.

Analysis: To 2 mL of the Sample solution add 0.05 mL of a
125-g/L solution of copper sulfate pentahydrate. Mix, and
add 0.5 mL of an 85-g/L solution of sodium hydroxide.

Acceptance criteria: A violet color is produced.

Absorbance
Relative to

Wave Number Molecular 1050 crrr" Gala-
(em-I) Assignment geenan

800-805
3,6-Anhydrogalactose-2-sul-
fate 0.0-0.1

Table 1 (continued)

ASSAY
• CONTENT OF SULFATE

Sample: 300 mg
Analysis: Weigh the Sample on anashless filter paper. Fold

the paper so as to enclose the Sample, and place it in a
500-mL Kjeldahl flask. Add 45 mL of nitric acid, and bring
to a boil on a hot plate in a fume hood. Add nitric acid as
necessaryto keep the sample from evaporating to dryness.
Continue boiling until digestion is complete and the
volume of nitric acid remaining is about 10 mL. Cool the
mixture, and reduce the excess nitric acid by adding
formaldehyde TS until the evolution of nitrogen oxide
vapors has ceased. Heat this mixture on a hot plate to
reduce the volume to about 10 mL. Transfer the mixture
to a 150-mL beaker with the aid of severalportions of water
until the total volume is approximately 100 mL. Add 0.5 mL
of hydrochloric acid, and bring to a boil on a hot plate. Add
carefully 19 mL of 0.25 M barium chloride, and allow to boil
for 1 min: Cover with a watch glass, and allow to stand
overnight. Filter the solution through a tared, fine-porosity
filtering crucible previously ignited in a muffle furnace at
550° for 30 min and cooled in a desiccatorfor 30 min. Wash
the barium sulfate precipitate so obtained on the crucible
several times with boiling water. Placethe crucible in an
oven, and heat at 100° for 30 min. Transfer the crucible to a
muffle furnace, and ignite for 30 min at 550°. Remove the
crucible, and cool in a desiccator for 30 min.
Weigh and calculate the percentage of sulfate ~roups:

Result=(W elW s) x (M ,tiM (2) x 100

W 8 =weight of barium sulfate obtained (mg)
W s = weight of Galageenan taken (mg) .
M r1 = molecular weight of the sulfate group, 96.02
M ,2 =molecular weight of barium sulfate, 233.4.3

Acceptance criteria: }~%-18% sulfate

IMPURITIES
• LEAD (251):, NMT 5 ppm
• ACID-INSOLUBLE MATTER

Sample: 2 g
Analysis: Transfer the Sample to a 250-mL beaker

containing 150 rnl, of water and 1.5 mL of sulfuric acid.
Cover with a watch glass, and heat on a steam bath for 6 h,
rubbing down the wall of the beaker frequently with a
rubber-tipped stirring rod, and replacing any water lost by
evaporation. Transfer 500 mg of a suitable filter aid to the
beaker, and passthrough a tared filtering crucible equipped
with a 2.4-cm glass fiber filter. Wash the residue several
times with hot water, dry at 105° for 3 h, cool in a
desiccator, and weigh. The difference between the total
weight and the sum of the weights of the filter aid, crucible,
and glassfiber filter is the weight of the acid-insoluble
matter.

Acceptance criteria: NMT 2.0% of the weight of
Galaqeenan taken

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 200 cfu/g, the total
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=volumeof 0.1 Msodium hydroxide consumed
by the Sample (mL)

=volumeof0.1 Msodium hydroxide consumed by
the blank(mL)

=actual molarity of the Titrant (rnol/L)
= weight of the Sample (g)

M
W

Figure 1. Apparatus for determination of sulfur dioxide.

Carryout a blanktitration, and calculatethe content of
sulfurdioxide, in ppm:

Result =[(Vs - VB) x (MIW)] x 32,030

carbon dioxide, and alsostop the heating and the cooling
water. Transfer the contents of the test tube with the aid
ofa littlewaterto a 200-mL wide-necked, conical flask. Heat
on a water bath for 15 min, and allowto cool. Add 0.1 mL
of bromophenol blue TS, and titrate with Titrant until the
color changes from yellow to violet-blue.

Acceptance criteria: NMT 50 ppm
• PEROXIDES

Peroxidase transfers oxygenfrom peroxidesto an organic
redox indicatorthat isconverted to a blue oxidation
product. The intensity of the color obtained is
proportional to the quantity of peroxide and can be
compared with a colorscale providedwith the test strips
to determine the peroxideconcentration.

Per?xide test strips: Use commercial test stripswith a
suitablescalecovering the range of 0-25 ppm of peroxide.

Sample: 20.0 ± 0.1 g
Suitability test .

Hydrogen peroxide standard solution: 2 ppm of
hydrogen peroxide (H202) prepared by dilution of
hydrogen peroxidesolution[30 giL of hydrogen peroxide
(HzOz)]

Procedure: Dipa test stripfor 1 s into Hydrogen peroxide
standardsolution, such that the reaction zone is properly
wetted. Remove the test strip,shakeoffexcessliquid, and
after 15 s, compare the reactionzone with the colorscale
provided.The test stripsare suitable ifthe color matches
that of the 2-ppm concentration. ..'

Analysis: Weigh the Sample in a beaker, and add 80.0
± 0.2 mL of water. Stirto moistenallof the gelatin, and
allowthe Sample to stand at room temperature for 1~3 h.
Coverthe beakerwith a watch glass. If the Sample isnot
dissolved completely, placethe beaker in awater bath at
65 ± 2° for 20 ±5 min to dissolve the Sample. Stirthe
contents of the beakerwith a glass rod to achieve a
homogeneous solution. Dip a test strip for 1 s into the test

• D. FOR NON-GElLING GRADES
Medium: pH 6.8 phosphate buffer. -Mix 77.3 mL of a

71 .5-g/L solution of disodium hydrogen phosphate
dodecahydrate with 22.7 mL of a 21-g/L solution of
citric acid.

Sample: 0.5 g
Color reagent: Prepare immediately before use. Dissolve

1.0 g of dimethylaminobenzaldehyde in 3.5 mL of
perchloric acid [600 giL of perchloric acid (HCI04) ] .

Analysis: Place the Sample in a 250-mL bottle. Add 10 mL
of water and 5 mL of sulfuric acid. Place the bottle, partly
but not completelyclosed (forexample, usinga watch
glass), in an oven at 105° for 4 h. Allow to cool, and add
200 mL of water. Adjust with a 200-g/L solutionof sodium
hydroxideto a pH of 6.0-8.0. Place 2 mL of the solution
in a test tube, and add 2 mL of oxidizing reagent (14-g/L
solution of chloramineT in the Medium; prepare
immediatelybefore use). Mix, and allow to stand for
20 min. Add 2 mL of Colorreagent, and slowly add 6.5 mL
of 2-propanol). Mix, and place in a water bath at 60° for
about 15 min.

Acceptance criteria: A red color
develops.

SPECIFIC TESTS
• pH (791)

Sample: Use the Sample solutionprepared, in Identification 8.
Acceptance criteria: 3.8-7.6 at 55°

• WATER CONDUCTIVITY (645)
Sample: 1.0% solution at 30 ± 1.0°
Analysis: Determinewithout the use of the temperature

compensation. "
Acceptance criteria: NMT lmS· crrr"

• C.
Sample: 0.5 g
Analysis: Place the Sample in a test tube of about 15-mm

internal diameter, and add 10 mL of water. Allow to stand
for ~ 0 min".;pe~t~~D~~£:;t:~L?~;B~0~in, and keep the tube
upright at :~.20T:-§~~(NF-J"Mil~[,ip~P) for 6 h. Invert the tube.

Acceptance criteria: The contents do not flowout
immediately for gellinggrades. The contents immediately
flowout for non-gelling grades.

• SULFUR DIOXIDE
Sample: 25.0 g
Titrimetric system

Mode: tit..""tir,n

Titrant: 0.1 sodium hydroxide VS
Endpoint detection:

Analysis: Introduce 150 mL of water into the flask (see A in
Figure 1), and pass carbon dioxidethrough thewhole
systemfor 15 min at a rate of 100 mL/min. To 10 mL of
hydrogen peroxide solution [30 giL of hydrogen peroxide
(H202) ] add 0.15 mL of bromophenol blueTS. Add O~1 M
sodium hydroxide until a violet-blue color isobtained,
without exceeding the endpoint. Place the solution in the
test tube (D). Without interrupting the stream of carbon
dioxide, remove the funnel (8), and introduce through the
opening into the flask (A) the Sample withthe aidof100 mL
of water. Add through the funnel 80 mL of diluted
hydrochloric acid [73 giL of hydrogen chloride(HCI)], and
boilfor 1 h. Open the tap of the funnel, stop the flowof
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solution, such that the reactionzone is properlywetted.
Remove the test strip,shakeoffexcessliquid, and after 15 s,
compare the reactionzone with the colorscale provided.
Multiply the concentration read from the color scale by a
factor of 5 to calculatethe concentration, in ppm, of
peroxide in the test substance.

Acceptance criteria: NMT 10 ppm
• GEL STRENGTH (BLOOM VALUE)

For gelling grades
The gel strength isexpressedas the mass in grams

necessary to produce the force that, applied to a plunger
12.7 mm indiameter, makesa depression 4-mm deep ina
gel with a concentration of 6.67% m/m and matured at
10°.

Sample: 7.5 g
Apparatus: Textureanalyzer or gelometer with a

cylindrical piston 12.7 ± 0.1 mm in diameter with a plane
pressuresurfaceand a sharp bottom edge, and a bottle
59 ± 1 mm in internal diameter and 85 mm high. Adjust
the apparatus according to the manufacturer's manual.
Settings

Distance: 4 mm
Test speed: 0.5 mm/s

Analysis: Place the Sample in a bottle. Add 105 mL of
water, place a watch glassover the bottle, and allowto
stand for 1-4 h. Heatina water bath at 65 ±2°for 15 min.
While heating, stirgentlywith a glassrod. Ensure that the
solution is uniform and that any condensed water on the
inner walls of the bottle is incorporated. Allow to cool at
room temperature for 15 min, and transferthe bottle to a
thermostatically controlled bath at 10.0 ± 0.1°, fitted
with a device to ensure that the platform on which the
bottle stands isperfectly horizontal. Close the bottlewith a
rubber stopper, and allow to stand for 17 ± 1 h. Remove
the Sample bottle from the bath, and quickly wipe the
water from the exteriorof the bottle. Center the bottle on
the platformof the Apparatus so that the plunger contacts
the Sample as nearly at its midpoint as possible, and start
the measurement.

Acceptance criteria: 80%-120% of the labeled nominal
value

• IRON
Atomic absorption spectrometry, standard additions
m~~d "
Iron standard solution (8 ppm): Dissolve 80 mg of iron in

50 mL of hydrochloric acid [220 giL of hydrogen chloride
(HCI)], and dilute with water to 1000.0 mL. Immediately
before use, prepareal il 0 dilution with water.

Standard solution: Prepareusing the Iron standard
solution, diluted with water as necessary.

Sample solution: In a conical flask, add 10 mL of
hydrochloric acid [37% m/rn of hydrogen chloride(HCI)]
to 5.00 g of the substance to be examined.Closethe flask,
and place in a water bath at 75°....80° for 2 h. (Ifnecessary
for proper solubilization, the gelatin may be allowedto
swell after addition of the acid and before heating, the
heating time may be prolonged, and a higher
temperature may be used.) Allow to cool, and adjust the
contents of the flask with water to 100.0 g.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Analytical wavelength: 248.3 nm

Acceptance criteria: NMT 30 ppm
• CHROMIUM
Atomic absorption spectrometry, standard additions

method
Chromium standard solution (100 ppm): 0.283 mg/mL

of potassium dichromate (K2Cr207) in water
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Standard solution: Prepare usingthe Chromium standard
solution, diluted with water ifnecessary.

Sample solution: Use the Sample solutiondescribed in the
test for Iron;

"Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Analyticalwavelength: 357.9 nm

Acceptance criteria: NMT 10 ppm
• ZINC
Atomic absorption spectrometry, standard additions

method
Zincstandard solution (10 ppm): Dissolve 0.440 g ofzinc

sulfate heptahydrate and 1 mL of acetic acid [300 giL of
acetic acid (C2H402) ] in water, and dilute to 100.0 mL.
Immediately beforeuse, preparea 1:1 00 dilutioninwater.

Standard solution: Prepare using the Zincstandard
solution, diluted with water ifnecessary.

Sample solution: Use the Sample solutiondescribed in the
test for Iron.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Analyticalwavelength: 213.9 nm

Acceptance criteria: NMT 30 ppm
• Loss ON DRYING (731)

Sample: 5.0 g
Analysis: Dry the Sample in an oven at 105° for 16 h.
Acceptance criteria: NMT 15%

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total bacterial
count does not exceed 103 cfu/g, the totalyeastsand molds
count does not exceed 102cfu/g, and the tests for
Salmonella species and Escherichia coli are negative.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Protectfrom heat and moisture.
• LABELING: The labelstates the GelStrength (Bloom Value) or

that it is a non-gelling grade.
• USP REFERENCE STANDARDS (11)

USP Gelatin RS

Gellan Gum

[71010-52-1 ].

DEFINITION
Gellan Gum isa high-molecular-weight polysaccharide gum

produced by a pure-culturefermentation of a carbohydrate
with Pseudomonas elodea, purified byrecovery with isopropyl
alcohol, and then dried and milled. It is a
heteropolysaccharide comprising a tetrasaccharide
repeating unit of one rhamnose, one glucuronic acid, and
two glucose units. The glucuronic acid is neutralized to
mixed potassium, sodium, calcium, and magnesium salts. It
may contain acyl (glyceryl and acetyl) groups as the
O-glycosidically linked esters. Ityields NLT 3.3% and NMT
6.8% of carbon dioxide, calculated on the dried basis.

IDENTIFICATION

• A.
Sample solution: Hydrate 1 g of Gellan Gum in 99 mL of

deionizedwater. Stirthe mixturefor 2 h, usinga motorized
stirrerand a.propeller-type stirring blade.

Analysis: Drawa small amount of the solutionobtained
into a wide-bore pipet, and transfer it to a 10% calcium
chloridesolution. [NoTE-Reserve the remaining portion of
this solution for Identificationtest B.]

Acceptance criteria: Atough, wormlike gel will form
instantly.
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• B.
Sample solution: The remaining Sample solutionfrom

Identification test A
Analysis: Add 0.5 g of sodium chloride, heat the solution to

80°, stirring constantly, and hold at 80° for 1 min. Stop
heating and stirring the solution, and allow it to cool to
room temperature.

Acceptance criteria: A firm gel will form.

ASSAY
• ALGINATES ASSAY (311)

Sample: 1.2 g of undried Gellan Gum
Analysis: Proceed as directed for the Procedure in the

chapter.
Acceptance criteria: 3.3%-6.8% of carbon dioxide on the

dried basis

IMPURITIES
• LEAD (251)

Test preparation: Prepare as directed, using a 2.0-g portion
of Gellan Gum. Use 4 mL of DilutedStandard Lead Solution
(4 ~g of Pb) for the test.

Acceptance criteria: NMT 2.0 ~g/g

• ARSENIC, Method" (211): NMT 3.0 ~g/g
• LIMIT OF ISOPROPYL ALCOHOL

Internal standard solution: 1 mg/mL of tertiary butyl
alcohol

Standard stock solution: 1 mg/mL of isopropyl alcohol
Standard solution: Pipet 4 mL of the Standard stock

solutionand 4 mL of the Internalstandardsolution into a
1OO-mL volumetric flask, dilute with water to volume,
and mix.

Sample solution: Disperse 1 mL of a suitable antifoam
emulsion in 200 mL of water contained in a 1000-mL,
round-bottom distilling flask having a 24/40 standard taper
ground joint. Add 5 g of Gellan Gum, and shake for 1 h on a
wrist-action mechanical shaker. Connect the flask to a
fractionating column, and distill about 100 tnL, adjusting
the heat so that foam does not enter the column: Add by
pipet 4 mL of the -lntemal standardsolution, and mix.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 3.2-mm x 1.8-m stainless steel; packed with 80

to 100-mesh surface silanized packing S3, or equivalent
Temperatures .'

Column: 165°
Detector: 200° ,.;.
Injection port: 200°

Carrier gas: Helium
Injection volume: 4-5 ~L

Analysis '
Samples: Standard solution and Sample solution

[NoTE-The retention time of tertiary butyl alcohol is
1.5 relative to that of isopropyl alcohol.]

Calculate the amount of isopropyl alcohol in the portion of
Gellan Gum taken:

Result = (Ru/Rs) x (Cs/Cu) x 100

Ru =peak response ratio of isopropyl alcohol to the
internal standard from the Sample solution

Rs =peak response ratio of isopropyl alcohol to the
internal standard from the Standard solution

Cs = concentration of isopropyl alcohol in the Standard
solution (mg/mL)

Cu =concentration of the Sample solution(mq/rnt)

Acceptance criteria: NMT 0.075%
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SPECIFIC TESTS·
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli.The total aerobic microbial count is
NMT 103 cfu/g, and the total combined molds and yeasts
count is NMT 102 du/g.

• AJITICLES OF BOTANICAL ORIGIN, TotalAsh (561): 4.0%
14.0% on the dried basis

• Loss ON DRYING (731)
Analysis: Dry at 105° for 2.5 h.
Acceptance criteria: NMT 15.0%

ADDITIONAL 'REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.

Pharmaceutical Glaze

DEFINITION
Pharmaceutical Glaze is a specially denatured alcoholic

solution of Shellac containing between 20.0% and 57.0% of
anhydrous shellac and is made with either dehydrated
alcohol or alcohol containing 5% water by volume. The

. solvent is a specially denatured alcohol approved for glaze
manufacturing by the Internal Revenue Service. It contains
NLT90.0% and NMT 110.0% of the labeled amount of
shellac. It may contain waxes and titanium dioxide as an
opaquing agent.

IDENTIFICATION

• A.
Sample: Remaining sample solution retained from the Assay
Analysis: Pour the Sample from a volumetric flask onto a

clean glass plate, and place the plate in a nearly vertical
position. After drainage iscomplete, allow the resulting film
to dry in a well-ventilated place at 20° for 1 h, then place
the plate in an oven at a temperature of 43° for 16-24 h.
Cool, and scrape the film from the plate with a sharp blade,
discarding the thick edges. To 50 mg of the solid shellac
from the film add a few drops of a mixture of 1 g of .
ammonium molybdate and 3 mLof sulfuric acid. Retain the
remaining film for the tests for Identification of AleuriticAcid
and Shellolic Acidby Thin-Layer Chromatography and Rosin.

Acceptance criteria: A green color is produced, and it
becomes lilac on standing for 5 min.

• B. IDENTIFICATION OF ALEURITIC ACID AND SHELLOLIC ACID
BY THIN-LAYER CHROMATOGRAPHY

Standard solution: 6 mg/mL of USP Aleuritic Acid RS in
methanol, heating slightly if necessary

Solid shellac sample: 500 mg of solid shellac from the film
prepared in Identification test A

Sample solution: Weigh and finely powder the Solidshellac
sample. Transfer 500 mg of the finely powdered shellac to a
test tube and heat with 4 mL of 85-mg/mL sodium
hydroxide solution in a vigorously boiling water bath for
5 min. Cool, add 10 mt, of ethyl acetate, and transfer the
content to a separatory funnel. With stirring, add slowly
4 mL of a 120-mg/mL solution of glacial acetic acid to the
funnel. Shake the solution thoroughly and withdrawthe
lower layer. Transfer the upper layer to a small flask, add
anhydrous sodium sulfate, and pass the content through a
0.45-J;Jm syringe filter.' Collect the filtrate and use it as the
sample.

, A 0.45-l-Im GHP membranesyringefilter issuitable.
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Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Plate: 1O-cm x 20-cm, or 20-cm x 20-cm, silica gel 60 F254

Application volume: 10 IJL, as 8-mm bands. [NoTE-An
automated apparatus may be used.]

Developing solvent system: Ethyl acetate, methylene
chloride, methyl alcohol, and acetic acid (60:32:8:1)

Spray reagent: Prepare the anisaldehydesolution by
mixing in the following order. In 0.5 mL of anisaldehyde
add 10 mLof glacialacetic acid, 85 mLof methyl alcohol,
and 5 mLof sulfuric acid.

Analysis
Samples: Standardsolutionand Sample solution
Development: Applythe Samples indifferentbands to the

previously marked starting point on a TLC plate, and
develop the plate two times over a path of 15 em. Drythe
plate in air.

Detection: Spraywith Spray reagent. Heat the plate at
100°-105° for 10 min, and examine in daylight (or white
light).

[NOTE-The principalband of aleuritic acid shows strong
intensity and purple color. The retardation factor (R F)
for the principal band of aleuritic acid is0,41. A
blue-grayband with medium intensityat RFO.22 could
be assigned to shellolic acid.]

Acceptance criteria: The chromatogram from the Sample
solution shows severalcolored bands. One of the colored
bands issimilar in position and color to the band in the
chromatogram from the Standard solution, and it is
assigned to aleuritic acid. Below the aleuritic acid band, a
blue-gray band is assigned to shellolic acid.

ASSAY
- PROCEDURE

Sample solution A: When testing Glazethat does not
contain titanium dioxide, transfer a quantity of Glaze
containing 17 g of shellacto a 1OO-mL volumetricflask, and
add alcohol to volume. Pipet 3 mL into a tared dish
containing 109 of washed sand and a small glass rod.
Retain the remaining solution in the volumetricflask for
Identificationtest A. The tare weight includesthe combined
weights of the dish, the washed sand, and the glass rod.
Stir until a uniform mixture isobtained, allowthe glass rod

to remain in the dish, dry at 105° for 1 h in an
explosion-proof oven, cool, and weigh.

Sample solution B: When testing Glazethat contains
titanium dioxide, transfer a quantity containing 109 of
solids to a beaker, and add 10 mLof alcohol. Filter off the
pigment with the aid of a vacuum. Wash the filter with
alcohol; transfer the combined filtrate and washing, with
the aid ofalcohol, to a 200-mLvolumetricflask; add alcohol
to volume; and mix. Pipet6 mL into a tared dish containing
109 of washed sand and a smallglass rod. Proceed as
directed in Sample solution A, beginning with "The tare
weight. ..",

Analysis: The weight of shellac, W F, in g, in the quantity of
Glazetaken isobtained bysubtracting the tare weight from
the final weight of the dried dish and contents.
ForGlaze not containing titanium dioxide calculate the

percentage of shellac in the quantity of Glazetaken:

Result = [(W JV F) x V,]/W x 100

VF = final volume used, 3 mL
VI = initial volume prepared, 100 mL
W = weight of Glaze(g) for preparation of 100-mL

solution
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ForGlazecontaining titanium dioxide calculate the
percentage of shellac in the quantity of Glaze taken:

Result =[(W F/V F) x V,]/W x 100

VF = final volume used, 6 mL
VI =initial volume prepared, 200 mL
W =weight of Glaze(g) for preparation of 200-mL

solution

Acceptance criteria: 90.0%-110.0% of the labeledamount
of shellac

OTHERCOMPONENTS
-WAX

Sample: Weigh, by difference, a quantity of Glaze
containing 109 of shellac into a 200-mLtall-form beaker.

Analysis: To the Sample add with stirring 150 mLof hot
water containing 2.5 g of sodium carbonate, immerse the
beaker in a boiling water bath, and stir until the solid is
dissolved. Cover the beaker with a watch glass, and
maintain the heat for 3 h more without agitation. Remove
the beaker to a cold water bath. When the wax has floated
to the surface, pass the solution through medium-speed
quantitative ashlessfilter paper, transferring the wax to the
paper, and wash the filterwith water. Pour 5-10 mLof
alcohol onto the filter to facilitate drying. Wrap the paper
looselyin a larger piece of filterpaper, bind with a piece of
fine wire, and dry with the aid of gentle heat. Extractwith
chloroform in a suitable continuous extraction apparatus
for 2 h, using a weighed flask to receive the extracted wax
and solvent. Evaporatethe solvent,and dry the wax at 105°
to constant weight.

Acceptance criteria: It meets the requirements in Table 7.

Table 1

Type of Shellac Wax

Orange shellac NMT 5.5%

Refined orange shellac NMTO.2%

Regular bleached shellac NMT 5.5%

Refined bleached shellac NMTO.2%

IMPURITIES
- ROSIN

Sample: 2 g of the solid shellacfrom the film prepared in
Identification test A

Analysis: Dissolve the Sample by shaking with 10 mLof
dehydrated alcohol. Add slowly, with shaking, 50 mLof
solvent hexane, wash with two successive 50-mLportions
of water, filterthe washed alcohol-solvent hexane solution,
and evaporate to dryness. To the residue add 2 mLof a
mixture of liquefied phenol, dehydrated alcohol, and
solvent hexane (1 : 0.5: 2). Stir, and transfer a portion of the
solution to the cavityof a color-reaction plate. Fill an
adjacent cavitywith a mixture of bromine and solvent
hexane (1 :4), and cover both cavities with an inverted
watch glass.

Acceptance criteria: No purple or deep indigo-bluecolor is
produced in or above the liquid containing the residue.

SPECIFIC TESTS
- ACID VALUE

Sample: Weigh, by difference, a quantity of Glaze
containing 2 g of shellac.

Analysis: Dissolve the Sample in 50 mLof alcohol that has
been neutralized to phenolphthalein with 0.1 N sodium
hydroxide, add additional phenolphthalein TS ifnecessary,
and titrate with 0.1 N sodium hydroxide VS to a pink
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endpoint, or determine the endpoint potentiometrically
(see Titrimetry (541». [NoTE-For Glaze containing orange
shellac, titrate slowly, stirringvigorously, until a glass rod
dipped into the titrated solution produces a color change
when touched to a drop of thymol blue TS on a spot plate.]
Express the acid value in terms of the number of mg of

potassium hydroxide required per g of dried shellac.
Calculate the acid value as directed in Fats and Fixed Oils
(401), Acid Value.

Acceptance criteria: It meets the requirements in Table 2.

Table 2
AcidValue

Type of Shellac (on Dried Basis)

Orange shellac 68-76

Refined orange shellac 68-79

Regular bleached shellac 73-89

Refined bleached shellac 75-91

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, lined metal or

plasticcontainers, protected from excessive heat,
preferablyat a temperature below 25°.

• LABELING: Label it to indicate the type of shellac. Label it
also to indicate the shellacconcentration, the composition
of the solvent, and the quantity of titanium dioxide, if
present. Where titanium dioxide or waxes are present, the
label must state that the Glaze requires mixing before use.

• USP REFERENCE STANDARDS (11)
USP Aleuritic Acid RS

Gluconolactone-see Gluconolactone General
Monographs

Liquid Glucose

[8027-56-3].

DEfiNITION
Liquid Glucose isa product obtained by the incomplete

hydrolysis of starch.Jtconsists chiefly of dextrose, dextrins,
maltose, and water.

IDENTifiCATION
• A. Itmeets the requirements inthe Assayfor Reducing Sugars

(Dextrose Equivalent).

ASSAY

• REDUCING SUGARS (DEXTROSE EQUIVALENT)
Methylene blue solution: 10 mg/mL
Standard solution: 6 mg/mL of USP Dextrose RS
Sample solution: Transfera quantity of Liquid Glucose,

equivalent to about 3.0 g of reducing sugars (dextrose
equivalent), to a 500-mLvolumetricflask, and dilute with
water to volume. .

Analysis
Samples: Standard solution and Sample solution

Transfer25.0-mL portions of alkaline cupric tartrate TS to
each of two boilingflasks. Bring the contents of one flask
to boiling within about 2 min while titrating with
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Standard solution to within 0.5 mL of the anticipated
endpoint. Boil gently for 2 min. Continue to boil gently,
add 2 drops of Methylene blue solutionand complete the
titration within 1 min by adding the Standard solution
dropwise or in small increments until the blue color
disappears, determined by viewing against a white
background indaylightor under equivalent illumination.
If more than 0.5 mL of the titrant was required after the
addition of the indicator,repeat the titration, adding the
necessaryvolume of titrant before adding the indicator.
Bring the contents of the second flask to boiling, and
similarly titrate with the Sample solution.

Calculatethe dextrose equivalent, on the anhydrous basis,
taken:

Result =(C siC u) x (V slV u) x [1/(1 - 0.01 x A)] x 100

C s =concentration of USP DextroseRS in the Standard
solution

C u in
the Sample

Vs =Titrant volume
solution (mL)

Vu =Titrant volume consumed by the Sample solution
(mL)

A =percentage of water in the Liquid Glucose taken

Acceptance criteria: 900/0-11 0% ofthe labeledvalue on the
anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%
• SULFITE

Sample solution: 5 gin 50 mL of water
Analysis: Tothe Sample solution add 0.2 mL of 0.1 N iodine,

then add 0.5 mLof starch TS.
Acceptance criteria: A blue color is produced.

• STARCH
Sample solution: 5 g in 50 mL of water
Analysis: Boil the Sample solution for 1 min, cool, and add

0.2 mLof 0.1 N iodine.
Acceptance criteria: No blue color is produced.

SPECifiC TESTS
• ACIDITY

Sample solution: 5.0 g in 15 mL of water
Analysis: To the Sample solution add 5 drops of

phenolphthalein TS, and titrate with 0.10 N sodium
hydroxide.

Acceptance criteria: NMT 0.60 mL of 0.10 N sodium
hydroxide is required to produce a pinkcolor.

• WATER DETERMINATION, Method la (921)
Sample: 100 mg
Acceptance criteria: NMT 21.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tightly closed

containers. No storage requirements specified.
• LABELING: Label it to indicate the natural source of starch.

Label it to indicate its nominal dextrose equivalent.
• USP REFERENCE STANDARDS (11)

USP Dextrose RS
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L-Glutamic Acid, Hydrochloride

HO~/'-...~OH • He!

- ~H2

CsHgN04 • HCI 183.59
l-2-Aminoglutaric acid, hydrochloride;
2-Aminopentanedioic acid, hydrochloride [138-15-8].

DEFINITION
l-Glutamic Acid, Hydrochloride, contains NLT 98.5% and

NMT 101.5% of CsHgN04 • HCI, calculated on the dried
basis.

IDENTIFICATION

ASSAY
• PROCEDURE

Sample: 100 mg of l-Glutamic Acid, Hydrochloride,
previously dried

Analysis: Dissolve the Sample in 0.5 mL of water, add
15.0 mL of 0.1 N perchloric acid VS, and heat on a water
bath for 30 min. After cooling, add 45 mL of glacial acetic
acid, and titrate the excess perchloric acid with 0.1 N
sodium acetate, determining the endpoint
potentiometrically. Perform a blank determination (see
Titrimetry(541». Each mL of 0.1 N perchloric acid is
equivalent to 18.36 mg of CsHgN04 • HCI.

Acceptance criteria: 98.5%-101.5% on the dried basis

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.25%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S): +25.2° to

+25.8°, determined at 20° .
Sample solution: 100 mg/mL, in 2 N hydrochloric acid

• Loss ON DRYING (731): Dry a sample at 80° for4 h; it loses
NMT 0.5% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in well-closed,

light-resistant containers'.
• USP REFERENCE STANDARDS (11)

USP I-Glutamic Acid, Hydrochloride RS

Glutaral Disinfectant Soluti.on

DEFINITION
Glutaral Disinfectant Solution contains NLT 100.0% and NMT

110.0%, by weight, of the labeled amount of glutaraldehyde
(CsHs02) ·

IDENTIFICATION
• A. MELTING RANGE OR TEMPERATURE (741)

2,4-Dinitrophenylhydrazine reagent: To 0.8 g of
2,4-dinitrophenylhydrazine add 4 mL of sulfuric acid, then
add 6 rnl, of water, dropwise, with swirling. When
dissolution is essentially complete, add 20 mL of alcohol,
and filter. Use the filtrate.

Sample: 5.mL
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Analysis: To 20 mL of 2,4-Dinitrophenylhydrazine reagent
add the Sample, mix by swirling, and allow to stand for
5 min. Collect the precipitate on a filter, and rinse
thoroughly with alcohol. Dissolve the precipitate in 20 mL
of hot ethylene dichloride, filter, and cool the filtrate in an
ice bath until crystallization occurs. Collect the precipitate
on a filter. Redissolve the precipitate by refluxing with
30 mL of acetone, filter, and cool the filtrate in an ice bath
until crystallization occurs.Collect the precipitate on afilter.

Acceptance criteria: The 2,4-dinitrophenylhydrazone so
obtained melts between 185° and 195°, within a 3° range.

ASSAY
• PROCEDURE

Buffer: Dissolve2.59 g of monobasic potassium phosphate
and 6.77 g of anhydrous dibasic sodium phosphate in
500 mL of water in a 1OOO-mL volumetric flask. Dilute to
volume.

Hydroxylamine hydrochloride solution: 70 j../g/mL of
hydroxylamine hydrochloride in Buffer

Standard solution: 50 j../g/mL of glutaraldehyde in water
from Glutaral Concentrate

Standard blank solution: Add 10.0 mL of Standardsolution
and 10.0 mL of Buffertoa 50-mL volumetric flask,and dilute
with water to volume.

Sample solution: 50 uq/ml, of glutaraldehyde in water from
Disinfectant Solution

Sample blank solution: Add 10.0 mL of Sample solutionand
10.0 mL of Buffer to a 50-mL volumetric flask, and dilute
with water to volume.

Reagent blank solution: Add 10.0 mL of Bufferand 10.0 mL
of Hydroxylamine hydrochloride solution to a 50-mL
volumetric flask, and dilute with water to volume.

Instrumental conditions
Mode: UV
Analytical wavelength: 238 nm
Blank: Reagent blanksolution

Analysis
Samples: Standardsolution, Standardblank solution,

Sample solution, and Sample blank solution
Transfer 10.0 mL each of the Standardsolution and the

Sample solution to separate50-mL volumetric flasks. To
each flask add 10.0 mL of Hydroxylamine hydrochloride
solution, dilute with water to volume, mix, and allow each
flask to stand for 25 min.

Concomitantly determine the absorbancesof the Standard
solution, Sample solution, Standardblank solution, and
Sample blank solution.

Calculate the percentage of the labeled amount of
glutaraldehyde (CsHs02) in the portion of Disinfectant
Solution taken:

Result=[(Au - Aub)/(As - Asb)] x (Cs/Cu) x 100

Au = absorbance of the Sample solution
AUb =absorbance of the Sample blank solution
As =absorbance of the Standardsolution
ASb =absorbance of the Standardblank solution
Cs =concentration of glutaraldehyde in the Standard

solution (j../g/mL)
Cu =concentration of the Sample solution (j../g/mL)

Acceptance criteria: 100.0%-110.0%

SPECIFIC TESTS
• pH (791): 2.7-3.7

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and avoid exposure to excessive heat.
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Glycerin-see Glycerin General Monographs
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Calculate the percentage of monoglycerides in the portion
of Glyceryl Behenate taken:

Result =[(r udr s) x (100 - A - B)] - D

D =AV x [M ,d(M ,2 x 1000)] x 100

AV = acid value, determined in the AcidValue test in
Specific Tests

M r = molecular weight of behenic acid, 340.58
M ,2 = molecular weight of potassium hydroxide, 56.11
1000 = conversion of mg to 9

Calculate the.percentage of diglycerides in the portion of
Glyceryl Behenate taken:

Result =(r U2/r s) x (100 - A - B)

r U2 =peak area of diglycerides
rs = sum of the peak areas of monoglycerides,

diglycerides, and triglycerides
A = content of free glycerinfrom Limitof Free Glycerin

(%)
B = content of water from the WaterDetermination

test in Specific Tests (%)

Calculate the percentage of triglycerides in the portion of
Glyceryl Behenate taken: ,

Result =(r U3/r s) x (100 - A - B)

r U3 = peak area of triglycerides
r s = sum of the peak areas of monoglycerides,

diglycerides, and triglycerides
A = content of free glycerinfrom Limitof Free Glycerin

(%)
B = content of water from the WaterDetermination

test in Specific Tests (%)

Acceptance criteria
Monoglycerides: 15.0%-23.0%
Diglycerides: 40.00/0-60.0%
Triglycerides: 21.0°/0-35.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF FREE GLYCERIN

Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the
Assay.

Standard stock solution: 4.0 mg/mL of USP Glycerin RS in
tetrahydrofuran

Standard solutions: To four 15-mLflasks transfer 9.25, 0.5,
1.0, and 2.0 mLof the Standardstock solution, respectively,
and add 5.0 mLof tetrahydrofuran. Determine the
concentration for each (mg/g) .

Sample solution: Transfer0.2 9 of Glyceryl Behenate to a
15-mLflask, and add 5.0 mLof tetrahydrofuran. Heat
gently at about 35°. Determine the total mass of solvent
and substance.

Glyceryl Behenate

(Title for this monograph-not to change until December 7,
2079)
(Prior to December 7, 2079, the current practice of labeling
the article of commerce with the nameGlycerylBehenate may
be continued. Use of the name GlycerylDibehenate will be
permitted as of December 7,2074; however, the use of this
name will not be mandatory until December 7,2079. The
60-month extensionwill provide the time needed by
manufacturers and users to make necessary changes.)

DEFINITION
Glyceryl Behenate is a mixture of diglycerides, mainlyglyceryl

dibehenate, together with variable quantities of
monoglyceridesand triglycerides. Itcontains NlT15.0% and
NMT 23.0% of monoglycerides, NLT 40.0% and NMT
60.0% of diglycerides, and NLT 21.0% and NMT 35.0% of
triglycerides. It is obtained by esterification of glycerin with
behenic (docosanoic) acid. The fatty acid may be of
vegetable or synthetic origin.

IDENTIFICATION
• A. It meets the requirements for the content of diglycerides

in the Assay. .
• B. It meets the requirements for Fats and Fixed Oils(401),

FattyAcidComposition in Specific Tests.
• C. MELTING RANGE OR TEMPERATURE, Class /I (741): 65°

7r
ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
System suitability solution: 40.0 mg/mL of USP Glyceryl

Dibehenate RS ln tetrahydrofuran. Heat gently at about
35°.

Sample solution: 40.0 mg/mL of Glyceryl Behenate in
tetrahydrofuran. Heat gently at about 35°. Determine the
total mass of solvent and substance.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC .:
Detector: Refractive index
Column: 7.5-mm·x·60-cm; 5-lJm 100-A packing L21

[NOTE-Two 7.5-mm x 30-cm L21 columns may be
used in place of one 60-cm column, provided system
suitabilityrequirements are met.]

Temperatures
Detector: 35°
Column: 35°

Flow rate: 1.0 mL/min
Injection volume: 40 IJL

[NOTE-Maintain the temperature of the sample at 35°
to avoid precipitation.]

System suitability
Samples: System suitability solution and Sample solution
Suitability requirements: The retention times of the

major peaks of the Sample solutioncorrespond to those of
the System suitability solution.
[NoTE-The relative retention times for triglycerides,

diglycerides, monoglycerides, and glycerinare about
.0.73, 0.76, 0.82, and 1.0, respectively.]

Analysis
Sample: Sample solution

A

B

D

= peak area of monoglycerides
= sum of the peak areas of monoglycerides,

diglycerides, and triglycerides
= content of free glycerin from LimitofFree Glycerin

(%)
= content of water from the WaterDetermination

test in Specific Tests (%)
= content of free fatty acids (%) using the following

formula:
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System suitability
Samples: System suitabilitysolution and Sample solution
Suitability requirements: The retention times of the

major peaksof the Sample solutioncorrespond to those of
the System sUitabilitysolution.'
[NOTE-The relative retention times for triglycerides,

diglycerides, monoglycerides, and glycerin are about
0.73, 0.76, 0.82, and 1.0, respectively.]

Analysis
Samples: Standardsolutions and Sample solution
Using the chromatograms from the Standardsolutions,

measure the responses for the glycerin peaks. Plot the
concentration, in mg/g, of USP Glycerin RS in the
Standardsolutions versus the glycerin peak responses
obtained. From the standard curve so obtained,
determine the glycerin concentration, C, in mg/g, in the
Sample solution.

Calculate the percentage of free glycerin in the portion of
Glyceryl Behenate taken:

Result= (C/C u) x 100

C =concentration of glycerin determined from the
calibration curve in the Sample solution (mg/g)

C u = concentration of Glyceryl Behenate in the
Sample solution (mg/g)

Acceptance criteria: NMT 1.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value, Method 1(401)

Sample: 1 g
Analysis: Suspend the Sample in 50 mL of a mixture of

alcohol and toluene (1:1) with gentle heating. Continue as
directed in Fats and Fixed Oils(401), Acid Value, beginning
with "Add 1 mL of phenolphthalein TS".

Acceptance criteria: NMT 4 .
• FATS. ANDFIXED OILS, FattyAcidComposition (401): Glyceryl

Behenate exhibits the composition profile of fatty acids in
Table 7, as determined in the chapter.

Table 1
Carbon-Chain No. of Percentage

Length Double Bonds (%)

16 0 ::;3.0

18 0 ::;5.0

20 .. ,. 0 ::;10.0

22 0 ~83.0

22 1 ::;3.0

24 0 ::;3.0

• WATER DETERMINATION, Method la (921): NMT 1.0% on
1.O-g sample. Usepyridine as the solvent.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at a

temperature not higher than 35°.
• LABELING: Label to indicate the origin of behenic acid and

glycerin.
• USP REFERENCE STANDARDS (11)

USP Glycerin RS
USP Glyceryl Dibehenate RS

OfficialMonographs / Glyceryl 5791

Glyceryl Dibehenate

(Title for this monograph-not to become official until
December 1,2019)
(Prior to December 1, 2019, the current practice of labeling
the article ofcommerce with the name Glyceryl Behenate may
be continued. Useof the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the useof this
name will not be mandatory until December 1, 2019. The
60-month extension will provide the time needed by
manufacturers and users to make necessarychanges.)

DEFINITION
Glyceryl Dibehenate is a mixture of diglycerides, mainly

glyceryl dibehenate, together with variable quantities of
monoglycerides and triglycerides. It contains NLT 15.0% and
NMT 23.0% of monoglycerides, NLT 40.0% and NMT
60.0% of diglycerides, and NLT 21.0% and NMT 35.0% of
triglycerides. It is obtained by esterification of glycerin with
behenic (docosanoic) acid. The fatty acid may be of
vegetableor synthetic origin.

IDENTIFICATION
• A. It meets the requirements for the content of diglycerides

in the Assay.
• B. It meets the requirements for Fats and Fixed Oils(401),

FattyAcidComposition in Specific Tests.
• C. MELTING RANGE OR TEMPERATURE, Class /I (741): 6SO

77°

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
System suitability solution: 40.0 mq/rn], of USP Glyceryl

Dibehenate RS in tetrahydrofuran. Heat gently at about
35°.

Sample solution: 40.0 mg/mL of Glyceryl Dibehenate in
tetrahydrofuran. Heat gently at about 35°. Determine the
total massof solventand substance.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm; 5-lJm 100-A packing L21

[NOTE-Two 7.5-mm x 30-cm L21 columns may be
used in place of one 60-cm column, provided system
suitability requirements are met.]

Temperatures
Detector: 35°
Column: 35°

Flow rate: 1.0 mL/min
Injection volume: 40 IJL

[NOTE-Maintain the temperature of the sample at 35°
to avoid precipitation.]

System suitability
Samples: System suitabilitysolutionand Sample solution
Suitability requirements: The retention times of the

major peaksof the Sample solutioncorrespond to those of
the System SUitability solution.
[NOTE-The relative retention times for triglycerides,

diglycerides, monoglycerides, and glycerin are about
0.73, 0.76, 0.82, and 1.0, respectively.]

Analysis
Sample: Sample solution
Calculate the percentage of monoglycerides in the portion
. of Glyceryl Dibehenate taken:

Result=[(r v,/r s) x (100 - A - B)] - 0

r VI =peak area of monoglycerides
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A

B

D

AV

u ;
M r2

1000

= sum of the peak areas of monoglycerides,
diglycerides, and triglycerides

= content of free glycerin from Limit of Free Glycerin
(%)

= content of water from the WaterDetermination
test in Specific Tests (%)

=content of free fatty acids (%) using the following
formula:

D = AV x [M rl/(M r2 X 1000)] x 100

=acid value, determined in the Acid Valuetest in
Specific Tests

=molecular weight of behenic acid, 340.58
= molecular weight of potassium hydroxide, 56.11
= conversion of mg to g

[NoTE-The relative retention times for triglycerides,
diglycerides, monoglycerides, and glycerin are about
0.73, 0.76, 0.82, and 1.0, respectively.]

Analysis
Samples: Standardsolutions and Sample solution
Using the chromatograms from the Standardsolutions,

measure the responses for the glycerin peaks. Plot the
concentration, in mg/g, of USP Glycerin RS in the
Standardsolutionsversus the glycerin peak responses
obtained. From the standard curve so obtained,
determine the glycerin concentration, (, in mg/g, in the
Sample solution.

Calculate the percentage of free glycerin in the portion of
Glyceryl Dibehenate taken:

Result = «(/C u) x 100

Calculate the percentage of diglycerides in the portion of
Glyceryl Dibehenate taken:

Result=(r uir s) x (100 - A - B)

r U2 =peak area of diglycerides
r s =sum of the peak areas of monoglycerides,

diglycerides, and triglycerides
A =content of free glycerin from Limit of Free Glycerin

(%)
B =content of water from the WaterDetermination

test in Specific Tests (%)

Calculate the percentage of triglycerides in the portion of
Glyceryl Dibehenate taken:

Result= (rtJ3/r s) x (100 - A - B)

Acceptance criteria
Monoglycerides: 15.00/0-23.0%
Diglycerides: 40,00/0-60.0%
Triglycerides: 21.0%-35.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %
• LIMIT OF FREE GLYCERIN

Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the
Assay.

Standard stock solution: 4.0 mg/ml of USP Glycerin RS in
tetrahydrofuran

Standard solutions: To four 15-ml flasks transfer 0.25, 0.5,
1.0, and 2.0 ml of the Standardstocksolution, respectively,
and add 5.0 ml of tetrahydrofuran. Determine the
concentration for each (mg/g).

Sample solution: Transfer 0.2 9 of Glyceryl Dibehenate to a
15-ml flask, and add 5.0 rill of tetrahydrofuran. Heat
gently at about 35°. Determine the total mass of solvent
and substance.

System suitability
Samples: System suitability solution and 'Sample solution
Suitability requirements: The retention times of the

major peaks of the Sample solution correspond to those of
the System suitability solution.

C

C u

= concentration of glycerin determined from the
calibration curve in the Sample solution (mg/g)

= concentration of Glyceryl Dibehenate in the
Sample solution (mg/g)

Acceptance criteria: NMT 1.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, 'Acid Value, Method 1(401)

Sample: 1 g
. Analysis: Suspend the Sample in 50 ml of a mixture of

alcohol and toluene (1:1) with gentle heating. Continue as
directed in Fats and Fixed Oils(401), Acid Value, beginning
with "Add 1 ml of phenolphthalein TS".

Acceptance criteria: NMT 4
• FATS AND FIXED OILS, FattyAcidComposition (401): Glyceryl

Dibehenate exhibits the composition profile of fatty acids
in Table 1, as determined in the chapter.

Carbon-Chain No. of Percentage
length Double Bonds (%)

16 0 53.0

18 0 55.0

20 0 ::;10.0

22 0 ~83.0

22 1 53.0

24 0 53.0

625.01

• WATER DETERMINATION, Method la (921): NMT1.0% on
1.0-g sample. Use pyridine as the solvent.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at a

temperature not higher than 35°.
• LABELING: label to indicate the origin of behenic acid and

glycerin.
• USP REFERENCE STANDARDS (11)

USP Glycerin RS
USP Glyceryl Dibehenate RS

Table 1

Glyceryl Distearate

[1323-83-7].

=peak area of triglycerides
= sum of the peak areas of monoglycerides,

diglycerides, and triglycerides
= content of free glycerin from Limit of Free Glycerin

(%)
=content of water from the WaterDetermination

test in Specific Tests (%) .

A

B
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DEFINITION
Glyceryl Distearate is a mixture of diglycerides, mainlyglyceryl

distearate, together with variable quantities of
monoglycerides and triglycerides. It contains NLT 8.0% and
NMT 22.0% of monoglycerides, NLT 40.0% and NMT
60.0% of diglycerides, and NLT 25.0% and NMT 35.0% of
triglycerides. It isobtained by partial glycerolysisof vegetable
oil that consists mainly of triglycerides of palmitic or stearic
acid or by esterification of glycerol with stearic acid. The fatty
acids may be of vegetable or animal origin.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Melting

Range or Temperature, Class /I (741).
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 50 mg/mL of USP GlycerylDistearate RS

in methylene chloride
Sample solution: 50 mg/mL in methylene chloride
Chromatographic system

Developing solvent system: Ether and hexane (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol

Analysis: Proceed as directed in the chapter. Spray with the
Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The principal spot of the Sample
solution corresponds in color, size, and RF value to that of
the Standardsolution.

ASSAY
• PROCEDURE .

Mobile phase: Tetrahydrofuran
Sample solution: 40 mg/mL of Glyceryl Distearate in

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm; 5-~m 100-A packing L21.

[NOTE-Two or three 7.5-mm x 30-cm L21 columns
may be used in place of the one 60-cm column,
provided that System suitability requirements are met.
The column temperature may be lowered to ambient
temperature, although working at 40° provides stable
separation conditions and ensures better sample
solubility.]

Temperatures
Detector: 40°
Column: 40°

Flow rate: 1 mL/min
Injection volume: 40 ~L

System suitability
Sample: Sample solution

[NOTE-The relative retention times for triglycerides,
diglycerides, monoglycerides, and glycerin are 0.75,
0.78, 0.84, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between the diglycerides and

monoglycerides peaks
Relative standard deviation: NMT 2.0%, determined

from the monoglycerides peak
An~yili .

Sample: Sample solution '
Calculate the percentage of monoglycerides, diglycerides,

and triglycerides in the portion of Glyceryl Distearate
taken: '

Result =(rulrr) x 100
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=individual peak response for the monoglycerides,
diglycerides, and triglycerides, as appropriate

=sum of the responses for all of the glyceride peaks

Acceptance criteria
Monoglycerides: 8.00/0-22.0%
Diglycerides: 40.00/0-60.0%
Triglycerides: 25.00/0-35.0%

IMPURITIES
• LIMITOF NICKEL

[CAUTION-When using closed high-pressure digestion
vessels and microwave laboratory equipment, be
familiar with the safety and operating instructions
given by the manufacturer.]

Magnesium nitrate solution: 5 mg/mL of magnesium
nitrate

Standard stock solution: Transfer 5.0 mLof nickel standard
solution TSto a 1O-mL volumetric flask.Add 0.5 mLof nitric
acid and 1.0 mLof 30% hydrogen peroxide, and dilute with
water to volume.

Standard solutions: Into four identical 25-mL volumetric
flasks, each containing 6 mL of nitric acid, transfer 20, 50,
100, and 150 ~L, respectively, of the Standardstock
solution, and dilute with water to volume. These solutions
contain 4, 10, 20, and 30 ng/mL of nickel, respectively.

.Sample solution: Transfer 0.1 g of GlycerylDistearate into a
suitable high-pressure resistant digestion vessel
(fluoropolymer or quartz), and add 6.0 mLof nitric acid and
2.0 mL of 30% hydrogen peroxide. Place the closed vessel
in a laboratory microwave oven, and digest using an
appropriate program (for example, 250 W for 10 min;
600 W for 5 min; 400 W for 5 min; and 250 W for 7 min).
Allow the digestion vessel to cool before opening.
Quantitatively transfer the contents to a 25-mL volumetric
flask, and dilute with water to volume.

Blank: Add 6.0 mL of nitric acid and 2.0 mL of 30%
hydrogen peroxide to a high-pressure-resistant digestion
vessel, and proceed as directed for the Sample solution.

Zero solution: Transfer 6.0 mL of nitric acid into a 25-mL
volumetric flask. Dilute with water to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry equipped

with a pyrolytically coated tube with a platform
Analytical wavelength: 232 nm
Lamp: Nickel hollow-cathode
Graphite furnace parameters: Maintain the drying

temperature of the furnace at 100° for lOs after a 10-s
ramp, the ashing temperature at 1400° for lOs after a 20-s

. ramp, and the atomization temperature at 2500° for 5 s.
Use the Zerosolution to set the instrument to zero.

Analysis
Samples: Into seven separate 25-mL flasks, each

contalnlnq 5.0 mL of Magnesium nitrate solution, transfer
respectively 10.0 mL of each of the following: the Sample
solution, the Blank, the four Standardsolutions, and the
Zerosolution.

Concomitantly determine the absorbances of the Samples
at least three times each. Record the average of the steady
readings for each of the solutions. [NOTE-If necessary,
dilute the Sample solutionwith the Zerosolutionto obtain a
reading within the calibrated absorbance range.]

Acceptance criteria: NMT 1 ~g/g

• LIMITOF FREE GLYCERIN
Mobile phase, Sample solution, Chromatographic

system, and System suitability: Proceed as directed in the
Assay.

Standard solutions: 0.2, 0.4, 1.0, and 2.0 mg/mL of
glycerin in tetrahydrofuran
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Analysis
Samples: Standardsolutions and Sample solution

Plot the glycerin peak responses versus the concentration
of glycerin in the Standard solutions. From the standard
curve so obtained, determine the glycerin concentration
in the Sample solution.

Calculate the percentage of free glycerin in the portion of
Glyceryl Distearate taken:

Result= (C/Cu) x 100

C =concentration of glycerin in the Sample solution
from the standard curve (mg/mL)

Cu = concentration of Glyceryl Distearate in the
Sample solution (mg/mL)

Acceptance criteria: NMT 1.0%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class /I (741): 50°-70°
• FATS AND FIXED OILS, Acid Value (401)

Sample: 1.0 g
Analysis: Use a mixture of alcohol and toluene (1:1, v/v) as

the solvent and with gentle heating.
Acceptance criteria: NMT 6.0

• FATS AND FIXED OILS, FattyAcidComposition (401): The
fatty acid fraction of it contains NLT40.0% of stearic acid,
and the sum of the contents of palmitic and stearic acids is
NLT90.0%.

• FATS AND FIXED OILS, Iodine Value (401): NMT 3.0
• FATS AND FIXED OILS, Saponification Value (401)

Sample: 2.0 g
Analysis: Carry out the titration with heating.
Acceptance criteria: 165-195

• WATER DETERMINATION: Method I (921)
Analysis: Use pyridine in place of methanol in the titration

vessel.
Acceptance criteria: NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
0.1% '

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements are specified.
• USP REFERENCE STANDARDS (11)

USP Glyceryl Distearate RS
.'

NF 38
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Glyceryl Monocaprylate is a mixtureof glyceryl monoesters,
mainly mono-O-octanoylglycerol, containingvariable
quantities of diestersand triestersof fatt acids rn.V'tnn"".r1

pr~~()minatelyof ca acid.

OH

H3C~O~OH
o

CllH220 4 218.29
Octanoic acid, monoester with 1,2,3-propanetriol;
Caprylic acid monoglyceride;
Glyceryl monooctanoate;
Monocapryl glyceride [26402-26-6].

DEFINITION

Glyceryl Monocaprylate

IDENTIFICATION
• A. FATTY ACID COMPOSITION

Boron trifluoride methanol solution: 140 mg/mLof boron
trifluoride in methanol

Saturated sodium chloride solution: Mix 1 part sodium
chloridewith 2 parts water, shakefrom time to time, and
allowto stand. Before use, decant the solution from any
undissolved substance and filter, ifnecessary.

Standard solution 1: 1.0 mg/mL of USP Methyl
Caproate RS, 1.0 mg/mL of USP Methyl Caprylate RS, and
2.0 mg/mL of USP Methyl Caprate RS in n-heptane

Standard solution 2: 0.1 mg/mLof USP Methyl
Caproate RS, 0.1 mg/mL of USP Methyl Caprylate RS, and
0.2 mg/mLof USP Methyl Caprate RS in n-heptane, diluted
from Standardsolution 7

Standard solution 3: Preparean ester mixtureeither by
mixing a commercially available ester mixturewith methyl
caprylate and methyl caprate or by using USP Methyl
Caproate RS, USP Methyl Caprylate RS, USP Methyl
Caprate RS, USP Methyl Laurate RS, and USP Methyl
Myristate RS. Dissolve a quantity of the prepared ester
mixturecontaining methyl caproate, methyl caprylate,
methyl caprate, methyl laurate, and methyl myristate in
n-heptane to make a solutionof about 9.0 mg/mLfor
methylcaprylate,1.0 mg/mLfor methyl caprate, and 0.05
0.1 mg/mLfor each of the other methyl esters.

Sample solution: Transfer 100 mg of Glyceryl
Monocaprylate to a 25-mLconical flask fitted with a
suitablewater-cooled reflux condenser and a magnetic stir
bar.Add2 mL of a 20-mg/mLsolution ofsodium hydroxide
in methanol, mix, and reflux for about 30 min. Add 2 mL
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of Boron trifluoride methanolsolutionthrough the
condenser, and reflux for about 30 min. Add 4 mL of
n-heptane through the condenser and reflux for 5 min.
Cool, remove the condenser, add about 10 mLof Saturated
sodium chloride solution, shake, add a quantity of Saturated
sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect
2 mL of the n-heptane layer (upper layer), wash with three
quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary; bonded with a

1.0-J.lm layer of phase G16
Temperatures

Injection port: 250 0

Detector: 250 0

Column: See Table 7.

Table 1
Hold Time at

Initial Temperature Final Final
Temperature Ramp Temperature Temperature

(0) (O/min) (0) (min)

50 20 180 -
180 9 240 12

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 J.lL
Injection type: Split injection; split ratio, 4:1

System suitability
Samples: Standard solution 7 and Standard solution 2

[NoTE-The relative retention times for methyl
caproate, methyl caprylate, and methyl caprate are
about 0.7, 1.0rand 1.3, respectively.]

Suitability requirements
Resolution: NLT 4.0 between the methy.l caprylate and

methyl caprate peaks, Standard solution 7
Signal-to-noise ratio: NLT 10 for the methyl caproate

peak, Standard solution2 .
Analysis

Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty

acids. Disregard any-peaks with an area less than 0.05%
of the total area and any peak due to the solvent.
[NoTE-The relative retention times for several methyl
esters are summarized in Table 2.]

Table 2
Relative

Carbon-Chain Number Retention
length of Double Bonds Time

6 0 0.7

8 0 1.0

10 0 1.3

12 0 1.6

14 0 1.9

Take the main component in Standard solution 3 as a
reference component and calculate the calibration factor,
FFA' for each fatty acid methyl ester:

FFA =(FMC X Pw X AMc>/(PMCx Aw )

NF 38

FMC =factor for the main component, 1
PFA7 =percentage by weight of the fatty acid methyl

ester in Standard solution 3
AMC =peak area of the main component from Standard

solution3
PMC = percentage by weight of the main component in

Standardsolution 3
Aw =peak area of the fatty acid methyl ester from

Standardsolution 3

Calculate the percentage of the fatty acid methyl ester by
weight in the portion of Glyceryl Monocaprylate taken:

Result=[CAFA2 x FFA)/AT] x 100

AFA2 = peak area of the fatty acid methyl ester from the
Sample solution

AT =sum of the peak areas of the fatty acid methyl
esters from the Sample solution

Acceptance criteria: Glyceryl Monocaprylate exhibits the
composition profile of fatty acids shown in Table 3.

Table 3
Carbon-Chain Number Percentage

length of Double Bonds (%,w/w)

6 0 ~1.0

8 0 ~90.0

10 0 ~10.0

12 0 ~1.0

14 0 ~O.5

• B. GLYCERIDE CONTENT: It meets the requirements of the
test for Contentof Monoglycerides, Diglycerides, and
Triglycerides in the Assay.

• C. FATS AND FIXED
Saponification Value:

ASSAY

• CONTENT OF MONOGLYCERIDES, DIGLYCERIDES, AND
TRIGLYCERIDES

System suitability solution: 20 mg/mL each of
1-monooctanoyl-rac-glycerol and
1-monodecanoyl-rac-glycerol in tetrahydrofuran

Standard solution: 50 mg/mL of USP Glyceryl
Monocaprylate RS in tetrahydrofuran

Sample solution: 50 mg/mL of Glyceryl Monocaprylate in
tetrahydrofuran

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 10-m; bonded with a 0.1-J.lm layer of

phase G27
Temperatures

Injection port: 350 0

Detector: 370 0

Column: See Table 4.
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Analysis: Heat a silica or platinum crucible to redness for
30 min, allow to cool in a desiccator, and weigh. Evenly
distribute the Sample in the crucible. Dry at 100°-105° for
1 h and ignite to constant weight in a muffle furnace at 600
± 25°, allowing the crucible to cool in a desiccator after each
ignition. Flamesshould not be produced at any time during
the procedure. If after prolonged ignition the ash still
contains black particles, take up with hot water, pass
through an ashless filter paper, and ignite the residue and
the filter paper. Combine the filtrate with the ash, carefully
evaporate to dryness, and ignite to constant mass.

Acceptance criteria: NMT 0.5%
• LIMIT OF FREE GLYCEROL

Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium

periodate in 2.5 mL of a 25% (v/v) solution of sulfuric acid,
and dilute with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system

(See Titrimetry (541).)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 25 mL of methylene
chloride. Heat to about 50° and allow to cool. Add 100 mL
of water. Shakeand add 25 mL of Periodic acetic acid
solution. Shakeagain and allow to stand for 30 min. Add
40 mL of Potassium iodide solution, and allow to stand for
1 min. Add 1 mL of starch TS and titrate the liberated
iodine with Titrant until the aqueous phase becomes
colorless. Perform a blank determination.
Calculate the percentage of free glycerol in the portion of

Glyceryl Monocaprylate taken:

Result={[(VB - Vs) x N x Ex F}/W} x 100

VB = volume of Titrant consumed in the Blank titration
(mL)

Vs = volume of Titrant consumed in the Sample
titration (mL)

N =actual normality of the Titrant (mEq/mL)
E = equivalent factor for glycerol, 23 mg/mEq
F = conversion factor, 10-3 g/mg
W =weight of Glyceryl Monocaprylate taken for the

titration (g)

Acceptance criteria: NMT 3.0%

SPECIFICTESTS
• FATS ANDFIXED OILS(401), Procedures, AcidValue: NMT 3.0
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMTl
• WATERDETERMINATION (921), Method I, Method la: NMT

1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, and

store at room temperature. Protect from moisture.

• USP REFERENCE STANDARDS (11)
USP Glyceryl Monocaprylate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS

=acid value for Glyceryl Monocaprylate,
determined from the test for AcidValue

=conversion factor, 10-3 g/mg .
=molecular weight of caprylic acid, 144.21 g/mol
=molecular weight of potassium hydroxide,

56.11 g/mol .

Calculate the percentage of monoglycerides, diglycerides,
or triglycerides in the portion of Glyceryl Monocaprylate
taken:

F
Mr l

Mr2

Table 4

Result= (ru/rr) x [(100 - CA - Cw - Cc)/100] x 100

=peak response of the monoglycerides,
diglycerides, or triglycerides from the Sample
solution

= sum of all the glyceride peak responsesfrom the
Sample solution

=percentage of free fatty acids, determined above
= percentage of water, determined from the test for

WaterDetermination
=percentage of free glycerin, determined from the

test for Limit of Free Glycerol .

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 IJL
Injection type: Split injection; split ratio, 50:1

System suitability
Samples: System suitabilitysolutionand Standardsolution

[NOTE-The typical relative retention times for
monoglycerides, diglycerides, and triglycerides are
1.0-1.2, 1.5-1.9, and 2.0-2.3, respectively, Standard
solution.]

Suitability requirements
Resolution: NLT 5.0 between the

l-monooctanoyl-rac-glycerol and
l-monodecanoyl-rac-glycerol peaks, System suitability
solution

Analysis
Samples: Standard solutionand Sample solution
Based on the chromatogram from the Standard solution,

identify the peaks due to monoglycerides, diglycerides,
and triglycerides in the Sample solution.

For the calculation of the contents of monoglycerides,
diglycerides, and triglycerides, disregard the peaks with
retention times lessthan those of the monoglycerides,
which are due to impurities of the solvent and to the free
fatty acids. I

Calculate the percentage content of free fatty acids (C.J:

CA =[(IA X Fx Mr1)/Mr2] x 100

Hold Time at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

60 - 60 3

60 8 340 12

IMPURITIES
• TOTALASH

Sample: 1.0 g
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. DEFINITION

Table 1

mixturecontaining methylcaproate, methylcaprylate,
methyl caprate, methyl laurate, and methyl myristate in
n-heptane to make a solutionof about 5.0-9.0 mg/mLfor
methyl caprylate, 1.0-5.0 mg/mLfor methyl caprate, and
0.1-0.3 mg/mLfor each of the other methylesters.

Sample solution: Transfer 100 mg of Glyceryl
Monocaprylocaprate to a 25-mL conical flask fitted with a
suitablewater-cooled reflux condenser and a magnetic stir
bar.Add2 mL ofa 20-mg/mLsolutionofsodiumhydroxide
in methanol, mix, and reflux for about 30 min.Add 2 mL
of Boron trifluoride methanolsolutionthrough the condenser
and reflux for about 30 min.Add 4 mL of n-heptane
through the condenser and reflux for 5 min. Cool, remove
the condenser, add about 10 mL of Saturated sodium
chloride solution, shake, add a quantity of Saturated sodium
chloride solutionto bring the upper layerup to the neck of
the flask, and allowthe layers to separate. Collect 2 mL of
the n-heptane layer(upper layer), wash with three
quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate. .

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary; bonded with a
1.0-~m layerof phase G16

Temperatures
Injection port: 2500

Detector: 2500

Column: See Table 1.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
CO) CO/min) e) (min)

50 20 180 -
180 9 240 12

CllH2204

C13H2604

Octanoic acid, monoester with l,2,3-propanetriol and
decanoic acid, monoester with l,2,3-propanetriol;

Caprylic acid and capricacid monoglyceride;
rn".nl"'l.nr'l-",nl"'l",'l-o and glyceryl monodecanoate;

~

Glyceryl Monocaprylocaprate

OH

H,C~O~OH
o

OH

H3C~O~OH
o

USP Methyl Laurate RS
USP Methyl Myristate RS

Glyceryl Monocaprylocaprate isa mixtureof glyceryl
monoesters, mainly mono-O-octanoylglycerol and
mono-O-decanoylglycerol, containing variable quantities
of diesters and triestersof fatty acidscomposed .

licacid and ca ricacid.

IDENTIFICATION
• A. FATTY ACID COMPOSITION

Borontrifluoride methanol solution: 140 mg/mLof boron
trifluoride in methanol

Saturated sodium chloride solution: Mix 1 part sodium
chloride with 2 parts water, shakefrom time to time, and
allowto stand. Before use, decant the solutionfrom any
undissolved substance and filter, ifnecessary.

Standard solution 1: 1.0 mg/mLof USP Methyl
Caproate RS, 1.0 mg/mL of USP Methyl Caprylate RS, and
2.0 mg/mL of USP Methyl Caprate RS in n-heptane

Standard solution 2: 0.1 mg/mLof USP Methyl
Caproate RS, 0.1 mg/mL of USP Methyl Caprylate RS, and
0.2 mg/mLof USP Methyl Caprate RS in n-heptane, diluted
from Standardsolution 1

Standard solution 3: Preparean ester mixtureeither by
mixihg a commercially available ester mixturewith methyl
caprylate and methyl caprate, or by using USP Methyl
Caproate RS, USP Methyl Caprylate RS, USP Methyl
Caprate RS, USP Methyl Laurate RS, and USP Methyl
Myristate RS. Dissolve a quantity of the prepared ester

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 ~L

Injection type: Splitinjection; split ratio, 4:1
System suitability

Samples: Standard solution 1 and Standard solution2
[NOTE-The relative retention times for methyl

caproate, methylcaprylate, and methyl caprate are
about 0.7, 1.0, and 1.3, respectively.]

Suitability requirements
Resolution: NLT 4.0 between the methylcaprylateand

methyl caprate peaks, Standard solution 1
Signal-to-noise ratio: NLT 10 for the methylcaproate

peak, Standard solution 2
Analysis

Samples: Standard solution 3 and Sample solution
Measurethe peak areas for the methyl esters of the fatty

acids. Disregard any peakswith an area less than 0.05%
of the total area and any peak due to the solvent.
[NoTE-The relative retention times for several methyl
esters are summarized in Table 2.]

Table 2
Relati.ve

Carbon-Chain Number Retention
Length of Double Bonds Times

6 0 0.7

8 0 1.0
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StancJar~solu~ion: 50 mg/mL of .... USP Glyceryl Mono and
[)i~_aRryloc::aprClte RS J..(NF 1~M;y-2020j in tetrahydrofu ran" 

Sample solution: 50 mg/mL of Glyceryl
Monocaprylocaprate in tetrahydrofuran

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 1O-m; bonded with a O.l-lJm layer of

phase G27
Temperatures

Injection port: 3500

Detector: 370°
Column: See Table 4.

= acid value for Glyceryl Monocaprylocaprate,
determined from the test for Acid Value

= conversion factor, 10-3 g/mg
= molecular weight of caprylic acid, 144.21 g/mol
= molecular weight of potassium hydroxide,

56.11 g/mol

Calculate the percentage of monoglycerides, diglycerides,
or triglycerides in the portion of Glyceryl
Monocaprylocaprate taken:

Result =(rU/~T) x [(100 - CA - Cw - Cd/l00] x 100

ru =peak responses of the monoglycerides,
diglycerides, or triglycerides from the Sample
solution

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 IJL
Injection type: Split injection; split ratio, 50:1

System suitability
Samples: System suitability solution and Standard solution

[NOTE-The typical relative retention times for
monoglycerides, diglycerides, and triglycerides are
1.0-1.2, 1.5-1.9, and 2.0-2.3, respectively, Standard
solution.]

Suitability requirements
Resolution: NLT5.0 between the

l-monooctanoyl-rac-glycerol and
l-monodecanoyl-rac-glycerol peaks, System suitability
solution

Analysis
Samples: Standard solution and Sample solution
Based on the chromatogram from the Standard solution,

identify the peaks due to monoglycerides, diglycerides,
and triglycerides in the Sample solution.

For the calculation of the contents of monoglycerides,
diglyc~rid~s, and triglycerides, disregard the peaks with
retention times less than those of the monoglycerides,
which are due to impurities of the solvent and to the free
fatty acids.

Calculate the percentage content of free fatty acids (CA) :

CA = [(fAx Fx Mr1)/Mr2] x 100

Table 4

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) (o/min) e) (min)

60 - 60 3

60 8 340 12

Table 2 (continued)

Take the main component in Standard solution 3 as a
reference component and calculate the calibration factor,
FFA' for each fatty acid methyl ester:

FFA = (FMC X PFAI X AMC)/(PMCx AFAI)

FMC = factor for the main component, 1
PFAI =percentage by weight of the fatty acid methyl

ester in Standard solution 3
AMC = peak area of the main component from Standard

solution 3
PMC = percentage by weight of the main component in

Standard solution 3
AFAI = peak area of the fatty acid methyl ester from

Standard solution 3

Calculate the percentage of the fatty acid methyl ester by
weight in the portion of Glyceryl Monocaprylocaprate
taken:

Result = [(AFA2 x FFA)IAT] x 100

AFA2 =peak area of the fatty acid methyl ester from the
Sample solution

AT =sum of the peak areas of the fatty acid methyl
esters from the Sample solution

Acceptance criteria: Glyceryl Monocaprylocaprate exhibits
the composition profile of fatty acids shown in Table 3.

Table 3

Relative
Carbon-Chain Number Retention

Length of Double Bonds Times

10 0 1.3

12 0 1.6

14 0 1.9

• B! GLYCERIDE CONTENT: It meets the requirements of the
test for Content of Monoglycerides, Diglycerides, and
Triglycerides in the Assay.

• C. FATS AND FIXED OILS (401), Procedures,

Carbon-Chain Number Percentage
Length of Double Bonds (%, w/w)

6 0 :::;3:0

8 0 50.0-90.0

10 0 10.0-50.0

12 0 :::;3.0

14 0 :::;1.0

• CONTENTOF MONOGLYCERIDES, DIGLYCERIDES, AND
TRIGLYCERIDES

System suitability solution: 20 mg/mL each of
l-monooctanoyl-rac-glycerol and
'l-rnonodecanoyl-rac-qlycerol in tetrahydrofuran

ASSAY
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g,>.. ,~
USPMethyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS

• WATER DETERMINATION (921), Method I, Method la: NMT
1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at room temperature. Protectfrom moisture.

[26545-74-4].

DEFINITION
Glyceryl Monolinoleate isa mixtureof monoglycerides, mainly

glyceryl monooleate and glyceryl monoJinoleate, together
with variable quantitiesof diglycerides and triglycerides. It is
obtained by partial glycerolysis of vegetable oil that consists
mainlyof triglycerides of linoleic acid. Itcontains NLT 32.0%
and NMT 52.0% of monoglycerides, NLT 40.0% and NMT
55.0% of diglycerides, and NLT 5.0% and NMT 20.0% of
triglycerides. Asuitableantioxidant may be added.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 50 mg/mLof USP Glyceryl

MonoJinoleate RS in methylenechloride
Sample solution: 50 mg/mL in methylene chloride
Chromatographic system

(See Chromatography (621), Thin-Layer Chromatography.)
Developing solvent system: Etherand hexane (70:30)
Spray reagent: 0.1 mg/mL of rhodamine Binalcohol

Analysis: Proceed as directed in the chapter. Spraywith the
Sprayreagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The principal spot from the Sample
solution corresponds in color,size, and RF valueto that of
the Standardsolution.

• B. It meets the requirements in Specific Tests for Fats and
Fixed Oils, Iodine Value (401).

• C. It meets the requirements in Specific Tests for Fats and
Fixed Oi/s, FattyAcidComposition (401).

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran .
Sample solution: 40 mg/mL of Glyceryl Monolinoleate in

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)

354.5

Glyceryl Monolinoleate

= sum of all the glyceride peak responses from the
Sample solution

= percentage of free fatty acids, determined above
= percentage ofwater, determinedfromthe test for

WaterDetermination
=percentage of free glycerin, determinedfrom the

test for Limit of Free Glycerol

IMPURITIES
• TOTAL ASH

Sample: 1.0 g
Analysis: Heat a silica or platinumcrucible to rednessfor

30 min, allow to cool in a desiccator, and weigh. Evenly
distribute the Sample in the crucible. Dry at 100°..,.105° for
1 h and igniteto constant weight ina muffle furnaceat 600
±25°, allowing the crucible to coolina desiccatoraftereach
ignition. Flames should not be producedat anytime during
the procedure. Ifafter prolonged ignition the ash still
contains blackparticles, take up with hot water, pass .
through an ashless filter paper, and ignite the residueand
the filterpaper. Combine the filtrate with the a-sh, carefully
evaporate to dryness, and ignite to constant mass.

Acceptance criteria: NMT 0.5%
• LIMIT OF FREE GLYCEROL

Sample: 1.2 9
Periodic acetic acid solution: Dissolve 0.446 g of sodium

periodate in 2.5 mL of a 25% (v/v)solution of sulfuric acid,
and dilute with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mLof potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system

(See Titrimetry(541»
Mode: Residual titration
Titrant: 0.1 Msodium thiosulfate VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 25 mL of methylene
chloride. Heat to about 50° and allow to cool.Add 100 mL
of water. Shakeand add 25 mL of Periodic aceticacid
solution. Shakeagain and allow to stand for 30 min. Add
40 mL of Potassium iodidesolutionand allow to stand for
1 min. Add 1 mtof starch TS and titrate the liberated
iodinewith Titrant until the aqueous phase becomes
colorless. Perform a blankdetermination.
Calculate the percentage of free glycerol in the portion of

Glyceryl Monocaprylocaprate taken:

Result ={[(VB - Vs) x N x Ex A/w} x 100

VB = Titrant volume consumed in the Blank titration
(mL)

Vs = Titrant volume consumed in the Sample titration
(mL)

N = actual normality of the Titrant (mEq/mL)
E = equivalentfactor for glycerol, 23 mg/mEq
F = conversion factor, 10-3 g/mg
W = weight of Glyceryl Monocaprylocaprate taken for

the titration (g)

Acceptance criteria: NMT 3.0%

SPECIFIC TESTS
• FATS ANDFIXED OILS(401), Procedures, AcidValue: NMT 3.0
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMTl .
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Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm; 5-l.Jm 100-A packing L2l

[NOTE-Twoor three 7.5-mm x 30-cm L2l columns
may be used in place of the one 60-cm column,
provided that system suitability requirements are
met. The column temperature may be lowered to
ambient temperature, although working at 40°
provides stable separation conditions and ensures
better sample solubility.]

Temperatures
Detector: 40°
Column: 40°

Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: Sample solution

[NoTE-The relative retention times for triglycerides,
diglycerides, monoglycerides, and glycerin are about
0.76, 0.80, 0.86, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between the diglycerides and

monoglycerides peaks
Relative standard deviation: NMT 2.0%, determined

from the monoglycerides peak
Analysis

Sample: Sample solution
Calculate the percentage of monoglycerides, diglycerides,

and triglycerides in the portion of Glyceryl Monolinoleate
taken:

Result= (ru/rr) x 100

to =individual peak response for the monoglycerides,
diglycerides, and triglycerides, as appropriate

rr = sum of the responses for all of the glyceride peaks

Acceptance criteria
Monoglycerides: 32.00/0-52.0%
Diglycerides: 40.0%-55.0%
Triglycerides: 5.0%-20.0%

IMPURITIES
• LIMIT OF FREE GLYCERIN

Mobile phase, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the
Assay.

Standard solutions: 0..4, 1.0, 2.0, and 4.0 mg/mL of
glycerin in tetrahydrofuran

Analysis
Samples: Samplesolution and Standard solutions

Plot the glycerin peak responses obtained versus the
concentration of glycerin in the Standard solutions. From
the standard curve so obtained, determine the glycerin
concentration in the Sample solution.

Calculate the percentage of free glycerin in the portion of
Glyceryl Monolinoleate taken:

Result=(C/Cu) x 100

C = concentration of glycerin in the Sample solution
from the standard curve (mg/mL)

Cu = concentration of Glyceryl Monolinoleate in- the
Sample solution (mg/mL)

Acceptance criteria: NMT 6.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401)

Sample: 1.0 g
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Acceptance criteria: NMT 6.0
• FATS AND FIXED OILS, Iodine Value (401): 100-140
• FATS AND FIXED OILS, Peroxide Value (401)

Sample; 2.0 9
Acceptance criteria: NMT 12.0

• FATS AND FIXED OILS, Saponification Value (401)
Sample: 2.0 g
Acceptance criteria: 160-180

• FATS AND FIXED OILS, FattyAcidComposition (401): See
Table 7.

Table 1

No. of
Carbon-Chain Double Percentage

Length Bonds (%)

16 0 4.0-20.0

18 0 NMT6.0
~

18 1 10.0-35.0

18 2 NLT 50.0

18 3 NMT2.0

20 0 NMT1.0

20 1 NMT1.0

• WATER DETERMINATION, MethodI (921)
Analysis: Usea mixture of methanol and methylene chloride

(1:1) in place of methanol in the titration vessel.
Acceptance criteria: NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: The labeling indicates the name and the

concentration of any added antioxidant.
• USP REFERENCE STANDARDS (11)

USP Glyceryl Monolinoleate RS

Glyceryl Monooleate
Oleic acid, 2,3-dihydroxypropyl ester, (±);
(RS)-l-Glyceryl oleate 356.54
[25496-72-4].

DEFINITION
Glyceryl Monooleate is a mixture of monoglycerides, mainly

glyceryl monooleate, together with variable quantities of
diglycerides and triglycerides. It is obtained by partial
glycerolysis of vegetable oil that consists mainly of
triglycerides of oleic acid, or by esterification of glycerol with
oleic acid of vegetable or animal origin. It is defined by the
nominal content of monoglycerides. The assay requirements
differ as set forth in the accompanying table. A suitable
antioxidant may be added.

Nominal Content of Monoglycerides (%)

40 60 90

Monoglycerides 32.0-52.0 55.0-65.0 90.0-101.0

Diglycerides 30.0-50.0 15.0-35.0 <10.0

Triglycerides 5.0-20.0 2.0-10.0 <2.0
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IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution: 50 mg/mL of USP Glyceryl Monooleate

40% RS or USP Glyceryl Monooleate 90% RS in
methylene chloride

Sample solution: 50 mg/mL of Glyceryl Monooleate in
methylene chloride

Application volume: 10 IJL
Developing solvent system: Ether and hexane (7:3)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis: Proceed asdirected in the chapter. Spray with the

Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The principal spot of the Sample
solutioncorresponds in color, size, and RF value to that of
the Standard solution.

• B. It meets the requirements in Specific Tests for Fats and
Fixed Oils, Iodine Value (401).

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
Sample solution: 40 mg/mL of Glyceryl Monooleate in

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm; 5-lJm 100-A packing L21

[NOTE-Two or three 7.5-mm x 30-cm L21 columns
may be used in place of the one 60-cm column,
provided that the system suitability requirements are
met. The column temperature may be lowered to
ambient temperature, although working at 40°
provides stable separation conditions and ensures
better sample solubility.]

Temperature
Column: 40°
Detector: 40°

Flow rate: 1 mL/min
Injection size: 40 IJL

System suitability
Sample: Sample solution .

[NoTE-The relative retention times for triglycerides,
diglycerides, monoglycerides, and glycerin are about
0.76, 0.79, 0.85, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.0 between the diglycerides and

monoglycerides
Relative standard deviation: NMT 2.0%, determined

from the monoglycerides peak
Analysis

Sample: Sample solution
Calculate the percentage of monoglycerides, diglycerides,

and triglycerides in the portion of Glyceryl Monooleate
taken:

Result = (rufrT) x 100

rv = individual peak responsesfor the
monoglycerides, diglycerides, and triglycerides,
as appropriate

rr = sum of all the glyceride peak-responses

Acceptance criteria: Seethe table in the Definition.
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IMPURITIES
• LIMIT OF FREE GLYCERIN

Mobile phase, Sample solution, and Chromatographic
system: Proceed asdirected in the Assay.. .

Standard solutions: Preparefour solutions by dissolving
glycerin in tetrahydrofuran, and diluting each with
tetrahydrofuran as necessary, to obtain solutions having
known concentrations of 0.4, 1.0, 2.0, and 4.0 mg/mL.

Standard curve
Samples: Standardsolutions
Plot: Record the chromatograms, and measure the

responsesfor the glycerin peaks. Plot the glycerin peak
responsesobtained versusthe concentration, in mg/mL,
of glycerin in the Standard solutions.

Analysis
Sample: Sample solution
From the Standardcurve, determine the glycerin

concentration, in mg/mL, in the Sample solution.
Calculate the percentage of free glycerin in the portion of

Glyceryl Monooleate taken:

Result= (Cs/Cu) x 100

Cs =concentration of glycerin in the Sample solution
from the Standard curve (mg/mL)

Cu = concentration of Glyceryl Monooleate in the
Sample solution (mg/mL)

Acceptance criteria: NMT 6.0%

SPECIFICTESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 6.0,

determined on 1.0 9
• FATS AND FIXED OILS, Iodine Value (401): 65.0-95.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 12.0,

determined on 2.0 9
• FATS AND FIXED OILS, Saponification Value (401): 150-175,

determined on 2.0 9
• FATS ANDFIXED OILS,FattyAcidComposition (401): Glyceryl

Monooleate exhibits the following composition profile of
fatty acids (see Table 1), determined as directed in the
chapter.

Table 1
Number of

Carbon-Chain Length Double Bonds Percentage (%)

16 0 NMT 12.0

18 0 NMT 6.0

18 1 NlT 60.0

18 2 NMT 35.0

18 3 NMT 2.0

20 0 NMT 2.0

20 1 NMT 2.0

• WATERDETERMINATION, Method1(921): NMT 1.0%,
using a mixture of methanol and methylene chloride (1:1)
in place of methanol in the titration vessel

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified. .
• LABELING: The labeling indicates the nominal content of

monoglycerides and the name and the concentration of
any added antioxidant.
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.. USP REIFERENCE STANDARDS (11)
USP Glyceryl Monooleate 40% RS
USP Glyceryl Monooleate 90% RS

Glyceryl Monostearate
Octadecanoic acid, monoester with 1,2,3-propanetriol;
Monostearin [31566-31-1].

DEFINITION
Glyceryl Monostearate contains NLT 90.0% of

monoglycerides of saturated fatty acids, chiefly glyceryl
monostearate (C2l H4204) and glyceryl monopalmitate
(C19H3S04)' It may contain a suitable antioxidant.

ASSAY
.. PROCEDURE

Mobile phase: Tetrahydrofuran
Sample solution: 8 mg/mL of Glyceryl Monostearatein

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm; 5-J..lm 100-A packing L21
Temperature: Column and detector temperatures are

maintained at 40°.
[NOTE-Two or three 7.5-mm x 30-cm L21 columns

may be used in' place of the one 60-cm column,
provided that system suitability requirements are
met. The column temperature may be lowered to
ambient temperature, although working at 40°
provides stable separation conditions and ensures
better sample solubility.]

Flow rate: 1 mL/min
Injection size: 40 J..lL

System suitability.
Sample: Sample solution

[NoTE-The relative retention times for triglycerides,
diglycerides, monoglycerides, and glycerin are 0.77,
0.81, 0.86, and 1.0, respectively.]

Suitability requirements .
Relative standard deviation: NMT 2.0%, determined

from the monoglycerides peak
Analysis

Sample: Sample solution
Calculate the percentage of monoglycerides in the

portion of Glyceryl Monostearate taken:

Result= (ru/rr) x 100

ru =peak response of the monoglycerides
rr = sum of all the glyceride peak responses

Acceptance criteria: NLT 90.0% of monoglycerides of
saturated fatty acids, chiefly C21H4204 and C19H3S04

IMPURITIES
INORGANIC IMPURITIES
.. Residue on Ignition (281): NMT 0.5%
ORGANIC IMPURITIES
.. Procedure: Limit of Free Glycerin
Propionating reagent: Pyridine and propionic anhydride

(1:2)'
Internal standard solution: .0.2 mg/mL of tributyrin in

chloroform .
Standard solution: Transfer 15 mg of glycerin and 50 mg of

tributyrin to a glass-stoppered, 25-mL conical flask. Add
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3 mL of Propionating reagent, and heat at 75° for 30 min.
Volatilize the reagents with the aid of a stream of nitrogen at
room temperature, and add 12 mL of chloroform. Dilute
1 mL of this mixture with chloroform to 20 mL.

Sample solution: Transfer 50 mg of Glyceryl Monostearate
to a glass-stoppered, 25-mL conical flask. Add 5 mL of
Internalstandardsolution by pipet, and mix to dissolve.
Immerse the flask in a water bath, maintained at a
temperature between 45° and 50°, and volatilize the
chloroform with the aid of a stream of nitrogen. Add 3 mL of
Propionating reagent, and heat at 75° for 30 min. Volatilize
the reagents with the aid of a stream of nitrogen at room
temperature, and add 5 mL of chloroform.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization (under typical conditions)
Column: 4-mm x 2.4-m borosilicate glass, packed with 2%

liquid phase G16, on 80- to 1OO-mesh support S1A
Temperature

Injector: 300°
Detector: 310°
Column: The column is maintained isothermally at a

temperature between 190° and 200°.
Carrier gas: Helium
Flow rate: 70 mL/min

'System suitability
Sample: Standard solution (6-10 injections)
Suitability requirements

Resolution: NLT 4.0 between derivatized glycerin and
tributyrin

Relative standard deviation: NMT 2.0% of the ratio of
their peak areas

Analysis
Samples: Standard solutionand Sample solution

Calculate the responsefactor, F:

F= (AD/As) x 0Ns/WD)

AD = peak area of tributyrin from the Standard solution
As =peak area of tripropionin from the Standard

solution
Ws = weight of glycerin in the Standard solution(mg)
WD =weight of tributyrin in the Standard solution

(mg)

Calculate the percentage of glycerin in the portion of
Glyceryl Monostearate taken:

Result=(Au/As) x 0ND/WU) x F x 100

=peak area of tripropionin in the Sample solution
= peak area of tributyrin in the Sample solution
=weight of tributyrin in 5 mL of Internalstandard

solution (mg)
=weight of Glyceryl Monostearate in the Sample

solution (mg)

Acceptance criteria: NMT 1.2%

SPECIFIC TESTS
.. MELTING RANGE OR TEMPERATURE, Class I (741): Does not

melt below 55°
.. FATS AND FIXED OILS, AcidValue (401): NMT 6
• FATS AND FIXED OILS, Hydroxyl Value (401): 290--330
• FATS AND FIXED OILS, Iodine Value (401): NMT 3
• FATS AND FIXED OILS, Saponification Value (401): 150-165
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: Label it to indicatethe name and quantity of any

added antioxidant.
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CH,

CH,

ly
o

<ilyeeryl Trlstearate

CS7H11006 891.48
Octadecanoic acid, 1,1',1"-(1,2,3-propanetriyl) ester;
Octadecanoic acid, 1,2,3-propanetriyl ester;
Glycerol trioctadecanoate;
Tristearoylglycerol [555-43-1].

DEFINITION
Glyceryl Tristearate contains NLT 90.0% of triglycerides of

saturated fatty acids, chiefly glyceryl tristearate (Cs7Hl1006)'

IDENTIFICATION
• FATTY ACID COMPOSITION

Boron trifluoride methanol solution: 140 mg/mLof boron
trifluoride in methanol

Saturated sodium chloride solution: Mix 1 part of sodium
chloridewith 2 parts ofwater, shakefrom timeto time, and
allowto stand. Before use, decant the solution from any
undissolved substance and filter, ifnecessary.

Standard solution 1: 0.5 mg/mLof USP Methyl
Myristate RS, 2.0 mg/mL of USP Methyl Stearate RS, and
2.0 rnq/rnl, of USP Methyl Oleate RS in n-heptane .

Standard solution 2: 0.05 mg/mLof USP Methyl
Myristate RS, 0.2 mg/mL of USP Methyl Stearate RS, and
0.2 mg/mLof USP Methyl Oleate RS in n-heptane,diluted
from Standard solution 1

Standard solution 3: Dissolve a quantity of an ester
mixture1 containing methyl hexanoate, methylcaprylate,
methyl caprate, methyl laurate, methyl myristate, methyl
palmitate, methyl palmitoleate, methyl stearate, methyl
oleate, methyl linoleate, and methylarachidate in
n-heptane to make a solutionof about 9.0 mg/mLfor
methyl stearate and 0.1-0.2 rnq/rnl, for each other methyl
ester.

Sample solution: Transfer 100 mg of Glyceryl Tristearate
to a 25-mL conical flask fitted with a suitablewater-cooled
reflux condenser and a magnetic stir bar. Add2 mL of a
20-mg/mLsolutionof sodium hydroxide in methanol, mix,
and reflux for about 30 min. Add 2 mL of Boron trifluoride
methanolsolutionthrough the condenser, and reflux for
about 30 min.Add 4 mL of n-heptane through the
condenser, and reflux for 5 min. Cool, removethe
condenser, add about 10 mL of Saturated sodium chloride
solution, and shake.Add a quantity of Saturated sodium
chloride solutionto bring the upper layerup to the neckof
the flask, and allowthe layers to separate. Collect 2 mL of
the n-heptane layer(the upper layer); wash with three
quantities of water (2 mL each), and dry the n-heptane
phase over anhydrous sodium sulfate.

1 Ester mixture can be obtained commercially from Nu-Chek-Prep, Inc.,
P.O. Box 295, Elysian, MN 56028, or from Sigma-Aldrich; or it can be
prepared by mixing a commercially-available ester mixture with methyl
stearate.
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Chromatographic system '
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary, bonded with a

1.0-l..Im layer of phase G16
Temperatures

Injection port: 250°
Detector: 250°
Column: See Table 1.

Table 1

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
(") ("1m in) (") (min)

50 20 180 -
180 9 240 12

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 I..IL
Injection type: Split ratio, 4:1

System suitability
Samples: Standard solution 1 and Standard solution 2

[NOTE-Therelative retention times for methyl
myristate, methyl stearate, and methyl oleate are
about 0.70, 1.00, and 1.01, respectively.]

Suitability requirements
Resolution: NLT 1.5.between methyl stearate and

methyl oleate, Standardsolution 1
Signal-to-noise ratio: NLT 5 for methyl myristate,

Standard solution 2 I

Analysis
Samples: Standard solution3 and Sample solution

Measure the areas for the peaks of the methyl esters of the
fatty acids. Disregard any peak with an area less than
0.05% of the total area and any peak due to the solvent.
[NoTE-Relative retention times for several methyl esters
are summarized in Table 2.]

Table 2

Carbon-Chain Number of Relative
Length Double Bonds Retention Times

12 0 0.58

14 " 0 0.70

16 0 0.83

18 0 1.00

18 1 1.01

20 0 1.14

Take the main component of Standard solution 3 as a
reference component, and calculate the calibration
factor, FFAt for each fatty acid methyl ester:

Result= (FMC x PFA1 X A MC)/(P MC x Aw)

FMC = factor for.the main component, 1 ,
P FA1 = percentage by weight of the fatty acid methyl

ester in.Standard solution 3
A MC . =peak area of the main component in Standard

solution 3
PMC = percentage by weight of the main component of

Standard solution 3 '
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A w =peak area of the fatty acid methyl ester in
Standard solution 3

Calculate the percentage of the fatty acid methyl ester by
weight in the portion of Glyceryl Tristearate taken:

Result= [(A FA2 x FFA)/ A T] x 100

A FAl =peak area of thefatty acid methyl ester in the
Sample solution

FFA =calibration factor
A T =sum of the peak areas of the fatty acid methyl

esters in the Sample solution

Acceptance criteria: Glyceryl Tristearate exhibits the
composition profile of fatty acids shown in Table 3.

Table 3
Carbon-Chain Number of Percentage

Length Double Bonds (w/w)

6,8,10 0 0.0-0.3

12 0 0.0-0.5

14 0 0.0-0.5

16 0 0.0-2.0

16 1 0.0-0.1

18 0 ?97

18 1 0.0-0.5

18 2 0.0-0.5

20 0 0.0-1.0

ASSAY
• CONTENT OFTRIGLYCERIDES

Mobile phase: Tetrahydrofuran
System suitability solution: 40 mg/mL of USP Glyceryl

Distearate RS in Mobilephase
Sample solution: 8 mg/mL of Glyceryl Tristearate in Mobile

phase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm x 60-cm; 3-l..Im or 5-l..Im 100-A packing

L21
Temperatures

Column: 40°
Detector: 40°
[NOTE-Two or three 7.5-mm x 30-cm L21 columns

may be used in place of the one 60-cm column,
provided that system suitability requirements are
met. The column temperature may be lowered to
ambient temperature, although working at 40°
provides stable separation conditions and ensures
better sample solubility.]

Flow rate: 1 mL/min
Injection volume: 40 J.IL

System suitability
Sample: System sUitability solution

[NoTE-The relative retention times for triglycerides,
diglycerides, monoglycerides, and glycerin are 0.78,
0.81, 0.86, and 1.00, respectively.]

Suitability requirements
Resolution: NLT 1.0 between the diglycerides and the

monoglycerides
Relative standard deviation: NMT2.0%, determined
for the monoglycerides peak
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Analysis
Samples: System suitabilitysolutionand Sample solution
Calculate the percentage of triglycerides in the portion of

Glyceryl Tristearate taken:

Result= (rv/rr) x 100

= peak response of the triglycerides from the
Sample solution

=sum of all the glyceride peak responsesfrom the
Sample solution

Acceptance criteria: NlT 90.0% of triglycerides

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• ALKALINE IMPURITIES

Analysis: Prepare a mixture of 2.0 g of Glyceryl Tristearate,
15 ml of alcohol, and 30 ml of ether. Dissolve by gentle
heating. Add 0.05 ml of bromophenol blue TS, and titrate
with 0.01 N hydrochloric acid VS until the mixture turns
yellow.

Acceptance criteria: NMT 0.4 ml of 0.01 N hydrochloric
acid is required.

• LIMIT OF NICKEL
[CAUTION-When using closed high-pressure digestion

vessels and laboratory microwave equipment, be
familiar with the safety and operating instructions given
by the manufacturer.]

Magnesium nitrate solution: 10 mg/ml of magnesium
nitrate in water

Ammonium dihydrogen phosphate solution: 100 mg/ml
of ammonium dihydrogen phosphate in water

Standard stock solution: Transfer 5.0 ml of nickel standard
solution TS to a 1O-ml volumetric flask, and dilute with
water to make a solution containing 5 IJg/ml of nickel.

Standard solutions: To four identical 25-ml volumetric
flasks, each containing 6 ml of nitric acid, transfer 25, 50,
75, and 100 IJl, respectively, of the Standard stock·
solution.To each flask add 0.5 ml of Magnesium nitrate
solution and 0.5 ml of Ammonium dihydrogen phosphate
solution, and dilute with water to volume. These solutions
contain 0.005, 0.01, 0.015, and 0.02 IJg/ml, respectively,
of nickel. .

Sample solution: Transfer 0.25 g of Glyceryl Tristearate to a
suitable high-pressure-resistant digestion vessel
(fluoropolymer orquartz), and add 6.0 ml of nitric acid and
2.0 ml of 30% hydroqen peroxide. Placethe closed vessel
in a laboratory microwave oven, and digest using an
appropriate program (e.g., 1000 W for 40 min). Allow the
digestion vessel to cool before opening. Add 2.0 ml of 30%
hydrogen peroxide, and repeat the digestion step. Allow
the digestion vessel to cool before opening e . Quantitatively
transfer the contents to a 25-ml volumetric flask, add
0.5 ml of Magnesium nitrate solutionand 0.5 ml of
Ammonium dihydrogen phosphate solution, dilute with water
to volume, and mix.

Blank solution: Add 6.0 ml of nitric acid and 2.0 ml of 30%
hydrogen peroxide to a high-pressure-resistant digestion
vessel, and proceed as directed for the Sample solution.

Zero solution: Into a 50.0-ml volumetric flask, introduce
1.0 ml of Magnesium nitrate solution, 1.0 ml of Ammonium
dihydrogen phosphate solution, and 12.0 ml of nitric acid.
Dilute with water to volume, and mix.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Maximum absorbance at

232.0 nm
Detection: Graphite furnace

NF 38

Lamp: Nickel hollow-cathode
Tube: Pyrolytically coated
Other: Background compensation system
Furnace program: See Table 4. .

[NOTE-The temperature program may be modified to
obtain optimum furnace temperatures.]

Table 4

Step Dry Ash Cool Atomize

Temperature
CO) 120 1100 800 2600

Ramptime -(s) 5 30 5

Holdtime 5
(s) 35 10 (decrease) 7

Analysis
Samples: Standard solutions, Sample solution, and Blank

solution
Use the Zerosolutionto set the instrument to zero.

Concomitantly determine the absorbances of the Samples
at least three times each. Recordthe average of the steady
readings for each of the solutions. If necessary, dilute the
Sample solutionwith the Zerosolutionto obtain a reading
within the calibrated absorbance range.

Plot the absorbancesversusthe concentrations of nickel, in
IJg/ml, in the Standard solutions. On the basis of the
calibration curve, determine the concentrations of nickel,
in IJg/ml, in the Sample solutionand the Blank solution
from the corresponding absorptions. Obtain the correct
concentration of nickel, Coin IJg/mL, in the Sample
solution.

Calculate the content of nickel, in IJg/g (ppm), in the
portion of Glyceryl Tristearate taken:

[NOTE-If the Sample solution is diluted with the Zero
solution, apply an appropriate correction factor for
dilution.]

Result= (C c x \I)/W

C c =concentration of nickel in the Sample solution(lJg/
mL) .

V =volume of the Sample solution, 25 mL
W =weight of Glyceryl Tristearate taken to prepare the

Sample solution(g)

Acceptance criteria: NMT 1 IJg/g (ppm)

SPECIFICTESTS
• MELTING RANGE OR TEMPERATURE (741), Procedures,

Procedure for Class 1/: 690-730

• FATS AND FIXED OILS (401), AcidValue: NMT 1.0
• FATS AND FIXED OILS (401), Hydroxyl Value: NMT 5.0
• FATS AND FIXED OILS (401), Saponification Value: 186-192
• FATS AND FIXED OILS (401), Peroxide Value: NMT 3
• FATS AND FIXED OILS (401), Unsaponifiable Matter: NMT

0.5%
• WATER DETERMINATION (921), Method I, Method la: NMT

0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, and

store at room temperature. Protect from moisture.
• USP REFERENCE STANDARDS (11)

USP Glyceryl Distearate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Stearate RS
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Glycine- see Glycine General Monographs

[9000-30-0].

DEFINITION
Guar Gum is the flour obtained by grinding the endosperms

of seeds of Cyamopsis tetragonolobus (L.) Taub. (Fam.
Leguminosae). It consists chiefly of high molecular weight
hydrocolloidal polysaccharides composed of
galactomannan. The content of galactomannan is NLT
66.0%. Galactomannan consists of a linearmain chain of
P-(1-44)-glycosidically linked mannopyranosesand single
a-(1-46)oiglycosidically linked galactopyranoses, and the
ratio of the mannose and galactose isfrom 1.4:1 to 2.2:1.

IDENTIFICATION
• A. INDICATION FOR A POLYMERIC COMPOUND AND

DISTINCTION FROM LOCUST BEAN GUM
Sample: 2 g
Analysis1: Place the Sample in a 400-mL beaker, and

moisten it with 4 mL of isopropyl alcohol. Add 200 mL of
col~ water with vigorous stirring, and continue stirring
until the Sample is completelyand unlforrnlydlspersed.

Acceptance criteria 1: An opalescent, viscous dispersion
results. .

Analysis 2: Transfer100 mL of the sample dispersion
prepared above to a 400-mL beaker, heat ina boiling water
bath forabout 10 min, and then cool to room temperature.

Acceptance criteria 2: No appreciable increase in viscosity
is produced (distinction from locust bean gum: see
Reagents, Indicators, and Solutions-Reagent Specifications).

• B. IDENTIFICATION OF CONSTITUTING MANNOSE AND
GALACTOSE BY THfN-LAYER CHROMATOGRAPHY

Mobile phase: Acetonitrile and water (85:15)
Standard solution: Dissolve 10 mg of USP Galactose RS

and 10 mg of USP Mannose RS in 2 mL ofwater, and dilute
with methanol to 20 mL.

Sample solution: Transfer 20 mg of Guar Gum to a test
tube, add 4 mL of a 100 mg/mL solutionof trifluoroacetic
acid, and shake vigorously to dissolve the forming gel.
Stopper the tube, and heat the mixture at 115° for 1 h
20 min in a dry bath (heating block) or oil bath. Cool,
transfer the hydrolysate to a centrifuge tube, and
centrifuge. Some suspended particles/gel are formed. Pass
the supernatant solution through a 0.45-~m disc filter.
Wash the test tube and the centrifuge tube with two 5-mL
portions of water, and filter. Combine the washing filtrate
with the filtered supernatant of the hydrolysate. Transfer
the combined clearfiltrate to a 50-mLflask, and evaporate
the solution to dryness under reduced pressure. To the
resulting residueadd 0.2 mL of water and 1.8 mL of
methanol.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode:TLC .
Absorbent layer: 0.25-mm silica gel 60 F254

Application volume: 5 ~L, as 9-mm bands, using an
automated apparatus

Spray reagent: Dissolve 3 g of phthalic acid and 0.3 g of
aminohippuricacid in ethylalcohol, and dilute with ethyl
alcohol to 100 mL.

Analysis
Samples: Standardsolutionand Sample solution
Develop over a path of 15 crri. Spraywith Sprayreagent,

and dry at 120° for 5 min.
Acceptance criteria: The chromatogram from the

Standardsolution, shows, in the lower region, two clearly
separated brownishoryellowish zonesdue to galactoseand
mannose in order of increasing R Fvalue.The
chromatogram from the Sample solutionshows two zones
due to galactose and mannose.

ASSAY
• CONTENT OF GALACTOMANNAN AND RATIO OF

CONSTITUTING MANNOSE AND GALACTOSE
Mobile phase: Water
System suitability solution: 5 mg/mLof USP GalactoseRS

5 mg/mL of USP Mannose RS, 5 mg/mL of USP Xylose RS;
and 5 mg/mL of USP Dextrose RS in Mobilephase

Standard solution: 10 mg/mLof USP Galactose RS and
10 mg/mL of USP Mannose RS in Mobilephase

Sample solution A: Transfer 100 mg ofGuarGumto a glass
. test tube. Add 2.0 mL of water and 2.0 mL of 1 M

trifluoroacetic acid to the tube, and mix on a vortex mixer
for 30 s. Incubate the solutionat 105° inan oil-bathheating
module for 6 h. After the first 15 min of incubation mix
on a vortex mixerfor 30 s. After the 30 min of incuhation
mix on a vortex mixerfor 30 s. [NOTE-This ensures that '
Guar Gum does not stickto the bottom of the test tube
and burn.] Before HPLC analysis, mixon a vortex mixerfor
30 s, and pass the solution through a 0.45-~m PES
(polyethersulfone) membrane syringe filter.

Sample solution B: 5 mg/mLof Guar Gum in Mobile phase
.Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 8.0-mm x 30-cm; 7-~m packing L22
Temperatures

Detector: 55°
Column: 80°

Flow rate: 0.75 mL/min
Injection volume: 10 ~L .
Detector purge time: 1 min
Run time: 17 min

System suitability
Samples: System suitability solutionand Standardsolution

[NOTE-The relative retention timesfor glucose,xylose,
galactose, and mannose are 0.88, 0.94, 1.00, and
1.10, respectively.]

Suitability requirements
Resolution: NLT 0.9 between dextrose and xylose; NLT

1.0 between xylose and galactose; NLT 1.5 between
galactose and mannose, System SUitability solution

Tailing factor: 0.8-1.8 for the galactose and mannose
peaks, Standardsolution

Relative standard deviation: NMT 2.0% for the
galactose and mannose peaks, Standardsolution

Analysis
Sampl.es: Standardsolution, Sample solutionA, and Sample

solution 8
Inthe chromatogram of Sample solution8, no galactoseand

mannose peaks are observed.
~alculate t.he percentage ofgalactose(Cc) or mannose (CM)
Inthe portionofGuarGumtaken:

OH

OH

HO).-{OH

HO~

"L
.-Oll"").-t0ll"..

HO OH HO

Guar Gum
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[107-41-5].

CH, OH

AkCH'
HO . CH,

• STARCH
Analysis: To a dispersion (1 in 10) of Guar Gum add a few

drops of iodineTS.
Acceptance criteria: No blue color is produced.

• Loss ON DRYING (731)
Analysis: Dryat 105° for 5 h.
Acceptance criteria: NMT 15.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Dextrose RS
USP Galactose RS
USP Mannose RS
USP Xylose RS

Sample: Undried specimen
Acceptance criteria: Meets the requirements

Hexylene .Glycol

DEFINITION

IDENTIFICATION

Calculate the content of galactomannans in the portion of
Guar Gum taken:

Result (CGor CM) = (r vir s) x (C siC v) x 100

r u = peak responseofgalactose or mannose in Sample
solution A

r s = peak responseof galactose or mannose in the
Standard solution

Cs = concentration of USP GalactoseRS or USP
Mannose RS in the Standardsolution(mg/mL)

C u = concentration of Guar Gum in Sample solutionA
(mg/mL)

Result = CM + CG

Calculate the ratio of constituting mannose and galactose
in the portion of GuarGum taken:

Result =CMIC G

Acceptance criteria
Content of galactomannan: NLT 66.0%
Ratio of constituting mannose and galactose: 1.4-2.2

IMPURITIES
• ARSENIC, Method" (211): NMT 3 J..Ig/g
• LEAD (251)
Analysis: Preparea Test Preparation as directed in the

chapter, and use 10 mL of DilutedStandard Lead Solution
(1 0 J..Ig of Pb)for the test.

Acceptance criteria: NMT 10 J..Ig/g

SPECIFIC TESTS
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

1.5%
• ACID-INSOLUBLE MATTER

Sample: 1.5 g
Analysis: Transfer the Sample to a 250-mL beaker

containing 150 mL of water and 1.5 mL of sulfuric acid.
Coverthe beakerwith a watch glass, and heat the mixture
on a steam bath for 6 h, rubbing down the wall of the
beaker frequentlywith a rubber-tipped stirring rod and
replacing any water lost by evaporation. Atthe end of the
6 h heating period, add 500 mg, accuratelyweighed, of a
filteraid, and pass through a tared, ashless filter. Wash the
residueseveral times with hot water, dry the filterand its
contents at 105° for 3 h, cool in a desiccator, and weigh.
Determinethe amount of acid-insoluble matter by
subtracting the weight of the filteraid from that of the
residue.

Acceptance criteria: NMT 7.0%
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 104 cfu/g, and the total
combined moldsand yeastscount does not exceed 102 cful
g. It meets the requirements of the tests for absence of
Salmonella species and Escherichia coli. It is recommended
that the enrichment broth contain a 1% cellulase solution
additive to optimizethe recovery of Salmonella from this
material.

• PROTEIN
Sample: 1.0g
Analysis: Transfer the Sample to a 500-mLKjeldahl flask, and

proceed as directed in Nitrogen Determination (461),
MetflOd I. Determinethe percentage of nitrogen. Calculate
the amount of protein by multiplying the percentage of
nitrogen by 6.25.

Acceptance criteria: NMT 10.0%
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SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total bacterial
count does not exceed 103 cfu/g. The total combined
molds and yeasts count does not exceed 100 cfu/g.

• SPECIFIC GRAVITY (841): 1.400-1.435 at 20°
• REFRACTIVE INDEX (831): 1.4900-1.4992 at 20°
• WATER DETERMINATION, MethodI (921): 15.0%-18.6%
• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED
. MICROORGANISMS (2022): Where it is intended for use in

preparations for infants under one year of age, it meets the
requirements of the Test for Absence of Clostridium Species.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: Label it to indicate that it is not intended for use

in preparations for infants under one year of age, unless it
meets the requirements of the Test forAbsence of Clostridium
Species.

• USP REFERENCE STANDARDS (11)
USP L-Proline RS

• USP REFERENCE STANDARDS (11)
.... USP Acetone RS .... -(NF~1.M.~~.20?.Q)
USP Hex lene GI col RS
AUS
U ..

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.917-0.923
• REFRACTIVE INDEX (831): 1.424-1.430
• ACIDITY

Sample: 10 mL
Analysis: Mix 1 mL of phenolphthalein TS with 50 mL of

water, and add 0.1 N sodium hydroxide until the solution
remains pink for 30 s. Add the Sample, and titrate with
0.10 N sodium hydroxide until the original pink color
returns and remains for 30 s.

Acceptance criteria: NMT 0.20 mL of 0.10 N sodium
hydroxide is required.

• WATER DETERMINATION (921), MethodI: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Hydrochloric Acid

Purified Honey

DEFINITION
Purified Honey is obtained by purification of honey from the

comb of the bee, Apis mellifera L. and all subspecies of Apis
mellifera. The honey is extracted by centrifugation, pressure,
or other suitable procedures.

IDENTIFICATION

• A.
Sample solution: 1 in 20 solution
Standard solution: A 7.5 fJg/mL solution of USP L-ProlineRS
Analysis

Samples: Standard solutionand Sample solution .
Place 0.5 mL of the Sample solutionand the Standard

solution in separate reaction vials, and add 0.25 mL of
formic acid and 1.0 mL of freshly prepared 3% solution
of ninhydrin in peroxide-free ethylene glycol
monomethyl ether to each vial. Cap the reaction vials
tightly, shakewell, and place in boiling water for 15 min.
Cool for 5 min in a-22°water bath, remove the caps,and
add 5.0 mL of 5% aqueous isopropanol solution.

Acceptance criteria: The Sample solutionshows a purple
color similar to, or more intense than that of the Standard
solution. If necessary, scan the solutions being compared
using a suitable spectrophotometer against a water blank.
The two solutions each exhibit a maximum at the same
wavelength, at about 520 nm. The absorbance of the
Sample solution should be at least ashigh as that of the
Standard solution.

IMPURITIES
• CHLORIDE AND SULFATE, Chloride(221): A 1-g portion shows

no more chloride than corresponds to 0.5 mL of 0.020 N
hydrochloric acid (0.035%).

• CHLORIDE AND SULFATE, Sulfate (221): A 2-g portion shows
no more sulfate than corresponds to 0.5 mL of 0.020 N
sulfuric acid (0.024%).

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT
0.3%

HCI 36.46
Hydrochloric acid [7647-01-0].

DEFINITION
Hydrochloric Acid contains NLT 36.5% and NMT 38.0%, by

weight, of HCI.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Chloride (191)

ASSAY
• PROCEDURE

Sample: 3 mL
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 1 N sodium hydroxide VS
Blank: 45 mL of water
Endpoint detection: Visual

Analysis: Place the Sample in a glass-stoppered flask,
previously tared while containing about 20 mL of water,
and weigh again to obtain the weight of the substance
under assay. Dilute with 25 mL of water, and add methyl
red TS. Titrate with 1 N sodium hydroxide VS.
Calculate the percentage of hydrochloric acid (He!) in the

Sample taken:

Result=[(V s - V8) x N x Fj/W x 100

Vs =volume of Titrant consumed by the Sample (mL)
V 8 =volume of Titrant consumed by the Blank(mL)
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 36.46 mg/mEq
W = weight of the Sample (mg)

Acceptance criteria: 36.5%-38.0%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 20 mL
Analysis: To the Sample, add 2 drops of sulfuric acid,

evaporate to dryness, and ignite.
Acceptance criteria: NMT 2 mg of residue remains (about

0.008%).
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Diluted Hydrochloric Acid
DEFINITION
Diluted Hydrochloric Acid contains, in each 100 mL, NLT 9.5 g

and NMT 10.5 g of hydrochloric acid (HCI).
Diluted Hydrochloric Acid may be prepared asfollows.

OfficialMonographs / Hydroxyethyl 5817

F = equivalency factor, 3.646 x 10-2 g/mEq

Acceptance criteria: 9.5-10.5 g of HCI in each 100 mL

IMPURITIES
• R~SIDUE ON IGNITION (281)

Sample: 20 mL
Analysis: To the Sample add 2 drops of sulfuric acid,

evaporate to dryness, and ignite.
Acceptance criteria: NMT 2 mg

• FREE BROMINE OR CHLORINE
Sample: 10 mL
Analysis: To the Sample add 1 mL of potassium iodide T5

and 1 mL of chloroform, and agitate the mixture.
Acceptance criteria: The chloroform remains free from any

violet coloration for at least 1 min. .
• SULFATE

Sample solution: Mix 3 mL of Diluted Hydrochloric Acid
and 5 mL of water.

Analysis: To the Sample solutionadd 5 drops of barium
chloride TS. '

Acceptance criteria: Neither turbidity nor precipitate
appears within 1 h.

• SULFITE
Analysis: Complete the test for Sulfate then add to the

liquid 2 drops of 0.1 N iodine. '
.Acceptance criteria: Neither turbidity nor decolorization of

the iodine occurs.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Hydroxyethyl Cellulose

Cellulose, 2-hydroxyethyl ether [9004-62-0].

DEFINITION
Hydroxyethyl Cellulose is a partially substituted

poly(hydroxyethyl) ether of cellulose. It is available in several
grades, varying in viscosity and degree of substitution, and
some grades are modified to improve their dispersion in
water. It may contain suitable anticaking agents.

IDENTIFICATION
• A.

Sample solution: 1 g in 100 mL of water
Analysis: Stir the Sample solution.
Accep~ance cri~eria: It dissolves completely to produce a

colloidal solution that remains clear when heated to 60°
• B. .

Sample: 1 mL of the solution from Identification test A
Analysis: Place the Sample on a glassplate, and allow to

evaporate.
Accceptance criteria: A thin, self-sustaining film is formed.. .
Sample solution: 1 in 2000
Analy~is: To 1 mL of the Sample solutionadd 1 mL of phenol

solution (50 mg/mL), then add 5 mL of sulfuric acid, shake,
and allow to cool.

Acceptance criteria: The color of the solution becomes
orange.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 5.0%
• LEAD (251): NMT 10 IJg/g

SPECIFICTESTS
.pH (791)

Sample solution: 10 mg/mL

226 mL

1000 mLPurified Water, a sufficient. quantity to make

Hydrochloric Acid

SPECIFIC TESTS
• BROMIDE OR IODIDE

Sample solution: 1 part Hydrochloric Acid to 2 parts water
Analy~is: Add 1 mL of chloroform to 10 mL of the Sample

solution. Cautiously add, dropwise, with constant agitation
chlorine TS that has been diluted with an equal volume of
water.

Acceptance criteria: The chloroform remains free from
even a transient yellow, orange, or violet color.

• FREE BROMINE OR CHLORINE
Sample solution: 1 part Hydrochloric Acid to 2 parts water
Analysis: Add 1 mL of potassium iodide TSand 1 mL of

ch.loroform to 10 mL of the Sample solution, and agitate the
mixture.

Acceptance criteria: The chloroform remains free from any
violet color for at least 1 min.

• SULFATE
Sampl~ solution: 1 part Hydrochloric Acid to 2 parts water
Analysis: To a mixture of 3 mL of the Sample solution and

5 mL of water, add 5 drops of barium chloride TS.
Acceptance criteria: Neither turbidity norpreclpltate

appears within 1 h.
• SULFITE

Sample solution: 1 part Hydrochloric Acid to 2 parts water
Analysis: Complete the test for Sulfate, then add to the

liquid 2 drops of 0.1 N iodine.
Acceptance criteria: Neither turbidity nor decolorization of

the iodine occurs.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Mix the ingredients. "

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Chloride (191)

ASSAY
• PROCEDURE

Sample: 10.0 mL
Blank: 20 mL of water
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a conical flask, and add
a~out 20.mL?f water. Add 3 drops of methyl red TS.
Titrate with Titrant. Perform a blank determination.
Calculate the amount of hydrochloric acid (HCI) in the

portion of sample taken:

Result= (Vs - V8) x N x F

Vs = Titrant volume consumed by the Sample (mL)
V8 = Titrant volume consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
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Acceptance criteria: 6.0-8.5
• Loss ON DRYING (731)

Analysis: Dryat 105° for 3 h.
Acceptance criteria: NMT 10.0% .

• VISCOSITY-CAPILLARY METHODS (911) or VISCOSITY
ROTATIONAL METHODS (912): When determined at the
concentration and under the conditions specified in the
labeling, its viscosity is NLT 50% and NMT 150% of the
labeled viscosity, where stated as a singlevalue, or it is
between the maximum and minimumvalues,where stated
as a range of viscosities.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: The labeling indicates its viscosity, under

specified conditions, in aqueous solution.The indicated
viscosity may be in the form of a range encompassing 50%
150% of the average value.

HydroxypropylBetadex

R· ,.rvotH or·H

l !H. n

C42H7003S(C3H60) X where x = 7 x MS, MS being molar
substitution

Beta cyclodextrin, 2-hydroxypropylether [94035-02-6].

DEfiNITION
Hydroxypropyl Betadex is a partially substituted

polythydroxypropyl) ether of Betadex. The number of
hydroxypropylqroups per anhydroglucose unit expressed as
molar substitution (MS) is NLT 0.40 and NMT 1.50 and is
within 10% of the value stated on the label.

IDENTifiCATION

• A·'~i~~
.sp~qt~ .
Betadex RS

• B. Itmeets the requirements of the test for Clarityof Solution.

ASSAY
• MOLAR SUBSTITUTION

(See NuclearMagneticResonance Spectroscopy(761).)
The molar substitution (MS) is calculatedfrom the ratio

between the signal from the three protons of the methyl
group, contained in the hydroxypropyl functional group,
arid the signal from the proton attached to the carbon C,
(glycosidic proton) of the anhydroglucose units. .

Usea Fourier-transform nuclear magnetic resonance (NMR)
spectrometer having a magnetic field strength of at least
6 Teslaand that is capable of performing quantitative

NF 38

analysis using proton NMR spectroscopy at a temperature
of at least 25°.

Sample solution: Mix NLT the equivalent of 10.0 mg of.
dried Hydroxypropyl Betadexwith 0.75 mLof deuterium
oxide thoroughly in an NMR tube. Place the tube into an
NMR probe.

Analysis: Adjustthe spectrometer settings so that a
high-resolutionproton NMR spectrum can be acquired that
will provide quantitative data. Acquirea free induction
decay (FID) with at least 8 transients using a spectral
window from at least 0-6.2 ppm, with the solvent peak
located at 4.8 ppm at 25°. Zero fill the spectrum at least
three times, and Fourier transform the FID with no Gaussian
line broadening and no more than 0.2 Hzof Lorenzian line
broadening.
Determine the peak areas of the doublet from the methyl

protons of the hydroxypropylfunctional group at
1.2 ppm (A 7) and the peak areas from the glycosidic
protons, which are located between 5 and 5.4 ppm (A2)'

Calculate the MS:

Result =A ,/(3A 2)

A 7 =area of the methyl group of hydroxypropyl
A 2 = area of the glycosidic proton

The degree of substitution is the number of hydroxypropyl
groups per molecule of betadex and is obtained by
multiplying the MS by 7. .

Acceptance criteria: 0.40-1.50 and within 10% of the
value stated on the label

IMPURITIES
• LIMIT OF BETADEX, PROPYLENE GLYCOL, AND OTHER

RELATED SUBSTANCES
Mobile phase: Water
Standard solution A: 15 mg/mL of USP Beta

Cyclodextrin RS and 25 mg/mL of USP PropyleneGlycol RS
Standard solution B: 1.0 mLof Standard solution A diluted

with water to 10.0 mL
Sample solution: Dissolve 2.50 g of Hydroxypropyl

Betadex, accurately weighed and calculated on the dried
basis, in water with the aid of heat. Cool, and dilute with
water to 25.0 mL. The resulting solution is 100 mg/mL of
Hydroxypropyl Betadex, calculated on the dried basis, in
water.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns

Guard: Packing L11
Analytical: 3.9-mm x 30-cm; packing L11

Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 IJL

System suitability
Samples: Standard solution A and Standard solution B

[NoTE-The retention time of propylene glycolis about
2.5 min, and the relative retention times with
reference to that of propylene glycolfor betadex and
hydroxypropyl betadex are about 4.2 and about 6,
respectively; Hydroxypropyl Betadex elutes as a very
wide peak or several peaks.]

Suitability requirements
Resolution: NLT 4 between betadex and propylene

glycol, Standard solution A
Relative standard deviation: NMT2.0%, Standard

solution B
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Analysis
Samples: Standard solution 8 and Sample solution

Acceptance criteria: Disregard any peakseluting before
propylene glycol and after the hydroxypropyl
betadex peak.
Betadex: NMT 1.5%; the area of the betadex peak in the

Sample solution isNMT the area of the corresponding peak
from Standard solution 8.

Propylene glycol: NMT 2.5%; the area of the propylene
glycol peak in the Sample solution is NMT the area of the
corresponding peakfrom Standard solution 8.

Any other single impurity: NMT 0.25%; the area from
any other single impurity peak is NMT 0.1 times the area
of propylene glycol in the chromatogram of Standard
solution 8.

Total impurities excluding betadex and propylene
glycol: NMTl %; the total area from all .impurity pe~ks,
excluding betadex and propyleneglycol, IS NMT 0.4 times
the area of propylene glycol from Standard solution 8.

Disregard limit: 0.1%; disregard any peaks that are less
than 0.04 times the area of propylene glycol from
Standard solution 8.

• LIMIT OF PROPYLENE OXIDE
Ether stock solution: Add 75 ~L of ether to 30 mL of

dlrnethylacetarnlde in a 50-mL volumetric flask, dilutewith
dimethylacetamideto volume, and mix. This solution
contains 1.0 mg/mL of ether.

Internal standard solution: Add 30 ~L of Ether stock
solution to 70 mL of dimethylacetamide in a 100-mL
volumetric flask, dilutewith dimethylacetamide to volume,
and mix.

Propylene oxide stock solution
[CAUTIoN-Propylene oxide is toxic and flammable. Prepare

this solution in a well-ventilated fume hood.]
Add 30 mL of dimethylacetamide into a 50-mL volumetric

flask. Weigh the flask and contents accurately, add 60 ~L of
propylene oxide (coole~ in a r7frigerat~r) into ~he flask
with a 1OO-~L cooled rrucrosynnqe, weigh aqarn,and
calculatethe weight of propylene oxide added, by
difference. Dilute with dimethylacetamide to volume, and
mix.This solutioncontains 1.0 mg/mLof propyleneoxide.

[Nort--Propylene oxide isa gas at room temperature. It
is usually stored in a lecture-typegas cylinderor small
metal pressurebomb. Chill the cylinder in a refrigerator
before use. Transfer 5 mL of the liquid propyleneoxide
to a 1OO-mL beaker chilled in wet ice. Use a gas-tight
syringethat has been chilled in a refrigerator.]

System suitability solution: Add 30 ~L of Ether stock
solution and 20 ~L of Propylene oxide stock solution to 70 mL
of dimethylacetamidein a 1OO-mL volumetric flask, dilute
with dimethylacetamide to volume, and .mix. .

Standard stock solutions: Add 7 mL of dlmethylacetamlde
into each of four 1O-mL volumetric flasks. Transfer the
following amounts of Propylene oxide stock solution into
each of the four flasks using a microsyringe, with one
amount per flask: 40, 100, 200, and 400 ~L. Dilute with
dimethylacetamideto volume,and mix. The Standard stock
solutions contain about 4, 10, 20, and 40 ~g/mL of
propylene oxide, respectively.

Standard solutions: Into each of four 1O-mL headspace
vials, transfer 200 ± 5 mg of Hydroxypropyl Betadex,
calculatedon the dried basis. Pipet 1.0 mL of the Internal
standard solution into each vial, and closethe vial with
septum and cap. Into each of the vials add 10 ~L of each
of the Standard stock solutions using a 1O-~L syringe,
respectively. Allow each vial to stand, and g~ntly shak7 until
the sample isdissolved. The Standard solutions contain,
respectively, about 0.04, 0.1, 0.2, and 0.4 ~g/mL of
propylene oxide.
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Sample solution: Transfer 200 ± 5 mg of Hydroxypropyl
Betadex, calculated on the dried basis, into a 10-mL
headspace autosampler vial. Pipet1.0 mL of the Internal
standard solution into the vial, and close the vial with a
septum and cap. Add 10 ~L of dimethylacetamide using a
1O-~L syringe.Allow the vial to stand, and gentlyshakeuntil
the sample isdissolved.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GCwith a balanced pressure automatic headspace
sampler

Detector: Flame ionization
Column: 0.32-mm x 10-m fused-silica capillary; coated

with a 1O-~m layerof stationaryphase S3
Temperatures

Injection port: 120°
Detector: 250°
Column: See Table 7.

Table 1

Hold Time at FI-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
(") (O/min) (") (min)

50 - 50 10

50 10 100 10

100 20 220 4

Transfer line: 120°
Carrier gas: Helium
Flow rate: 2 mL/min, correspondingto the linearvelocity

of 44 cm/s
Injection volume: 1.0 mL
Injection type: Splitinjection; the split ratio is 1:1.

System suitability
Sample: System suitability solution

[NOTE-The relative retention timesfor propyleneoxide
and ether are about 1.0 and 1.3, respectively.]

Suitability requirements .
Resolution: NLT 2.0 between ether and propyleneoxide

Analysis
Samples: Standard solutions and Sample solution

Separatelyplace the vials containing the Standard
solutions and the Sample solution in the automated
sampler, and start the sequenceso that the vial isheated
at a temperature of 100° for 30 min before a suitable
portion of its headspace is injected into the
chromatograph.

Using a 2-mLgas syringe preheated in an oven at 110°,
separately inject the headspace from each vial into the
chromatograph. Chromatograph the Standard solutions
and the Sample solution, recordthe chromatograms, and
measure the area ratiosof the peak responses of
propylene oxide and ether.

Determine, based on a retention time comparison,
whether propylene oxide isdetected in the Sample
solution. Plot the area ratiosof the peak responses of
propyleneoxideand ether ofthe Sample solution and the
Standard solutions versusthe content, in ~g, of
propylene oxide in each vial, as furnished by the
Standard stock solutions, draw the straight line best
fitting the five points, and calculate the correlation
coefficient for the line. [NOTE-The Sample solution
should be plotted as if it had a content of added
propylene oxide equivalent to 0 ~g.]

Asuitable system isone that yields a line havinga
correlation coefficient of NLT 0.99. Extrapolate the line
until it meets the content axis on the negativeside. The
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distance between this point and the intersection of the
axesrepresentsthe total amount, TVI in~g, of propylene
oxide in the Sample solution.

Calculate the percentage of propylene oxide in the
portion of sample taken:

Result =(T u/W) x 100

T u = total amount of propylene oxidefrom the graph
in the Sample solution (~g)

W = weight of Hydroxypropyl Betadex taken to
prepare the Sample solution (~g)

Acceptance criteria: NMT 0.0001 %

SPECifiC TESTS
• MICROBIAL ENUMEIRATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined moldsand yeastscount does not exceed 102 cfu/
g.

• Loss ON DRYING(731)
Sample: 1 g
Analysis: Dry the Sample at 120° for 2 h.
Acceptance criteria: NMT 10.0%

• CLARITY OF SOLUTION
Sample: 1.0 g
Analysis: Dissolve the Sample in 2.0 mL of water, and heat.
Acceptance criteria: The resulting solution isclearand

remainstransparent after cooling to roomtemperature.
• BACTERIAL ENDOTOXINS TEST (85): The level of bacterial

endotoxins issuch that the requirement under the relevant
dosage form monograph(s) in which Hydroxypropyl
Betadex is used can be met. Where the label states that
Hydroxypropyl Betadexmust be subjected to further
processing during the preparation of injectable dosage
forms, the level of bacterialendotoxins lssuch that the
requirementunder the relevantdosage formmonograph(s)
in which Hydroxypropyl Betadexis used can be met.

• STERILITY TESTS (71): Where the labelstates that
Hydroxypropyl Betadexis sterile, it meets the
requirementsfor Sterility Tests (71) in the relevant dosage
form monograph(s) in which Hydroxypropyl Betadex
is used.

• CONDUCTIVITY
Sample solution: 1,00mg/mL of Hydroxypropyl Betadex,

calculated on the dried basis in previously boiledand
cooled to room temperature water

Apparatus: Use a conductivitymeter or resistivity meter that
measuresthe resistance of the column of liquid between
the electrodes of the immersed measuring device. The
apparatus is supplied with alternating current to avoid the
effects of electrode polarization. It is equipped with a
temperature compensation device or a precision
thermometer.

Standard solutions: Prepare three standard solutions of
potassiumchloride containing 0.7455, 0.0746, and
0.0149 g, respectively, of potassiumchloride per 1000.0 g
of solution.These solutionsshould be prepared using
water, which has been previously boiledand cooled to
room temperature and has conductivity that does not
exceed 2 ~S . crrr'. The conductivityand resistivity of these
three Standard solutions at 20° are given in Table 2.

Table 2
Concentration

of Solution Conductivity , Resistivity
(g/1000.0 g) (J.IS .. cm-1) (0 . cm)

0.7455 1330 752

NF 38

Table 2 (continued)

Concentration
of Solution Conductivity Resistivity

(g/1000.0 g) (J.IS . em") (0 . cm)

0.0746 133.0 7519

0.0149 26.6 37,594

Calibration
Samples: Standard solutions
Choose a conductivity cell that is appropriate for the

conductivityof the solutionto be examined. The higher
the expected conductivity, the higher the cell constant
that must be chosen. Commonly used conductivity cells
have cell constants on the order of 0.1, 1, and 10 crrr",

Usea Standard solution of potassium chloridethat is
appropriate for the measurement.The conductivity value
of the Standard solution of potassium chlorideshould be
near the expected conductivity valueof the Sample
solution.

Rinse the cell several times with water, which has been
previously boiledand cooled to room temperature, and
at least twice with the Standard solution (potassium
chloridesolution) used for the determination of the cell
constant of the conductivity cell.

Measurethe resistance of the conductivity cell using the
Standard solution (potassium chloridesolution)at 20
± 0.1°.

Calculatethe constant of the conductivity cell, C
(in crrr '):

c= RKC/xKKC/

RKCI = measured resistance, expressed in mega-ohms
KKCI = conductivity oftheStandard solution ofpotassium

chloride used, expressed in ~S . crrr"

Calibration acceptance criteria: The measured constant,
C,of the conductivity cell must be within5% of the given
value.

Analysis ,
Sample: Sample solution
Rinse the conductivity cell several times with water, which

has been previously boiledand cooled to room
temperature, and at least twicewith the Sample solution.
Measurethe conductivity of the Sample solution, while
gently stirring with a magnetic stirrer.

Acceptance criteria: NMT 200 ~S· crrr"

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
• LABELING: Label it to indicatethe molarsubstitution (MS).

Where Hydroxypropyl Betadex is intended for use in the
manufacture of injectable dosage forms, it isso labeled.
WhereHydroxypropyl Betadex must be subjectedto further
processing during the preparationof injectable dosage
forms to ensure acceptable levels of bacterial endotoxins, it
isso labeled. Where Hydroxypropyl Betadex issterile, ,it is
so labeled.

~ USP REFERENCE STANDARDS (11)
USP Beta Cyclodextrin RS
USP Hydroxypropyl Betadex RS
USP Propylene Glycol RS
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Table 1

=peak area of the internal standard from the
Standard solution

= weight of isopropyl iodide in the Standard
solution (mg)

= content of isopropyl iodide (%)
=peak area of isopropyl iodidefrom the Standard

solution

=peak area of isopropyl iodidefrom the Sample
solution

=response factor calculated from above
= molar mass of hydroxypropoxygroup, 75.1
=correction factor to correlate results to previous

assay method replaced by this method
=peak area of the internal standard from the

Sample solution
=weight of the sample (dried substance) in the

Sample solution (mg)
=molar mass of isopropyl iodide, 170.0

A,

W,

F
M,
1.15

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp Temperature Temperature
(") ("/min) (") (min)

. 40 0 40 3

40 10 100 -
100 50 250 3

Calculate the percentage content (m/m) of the
hydroxypropoxy group:

Result = (A 4 x F x M I x 1.15 x 100)/(A 3 x W 2 X M 2)

Carrier gas: Helium
linear velocity: 52 cm/s
Injection volume: 2 ~L

Injection type: Split; split ratio, 50:1
Run time: 15 min

System suitability
Sample: Standard solution
[NoTE-The relativeretention time for isopropyliodide is

about 0.8 with reference to methylcyclohexane
(retention time about 8 min).]

Suitability requirements
Resolution: NLT 2 between isopropyl iodide and

methylcyclohexane
Relative standard deviation: NMT 2.0%, using the

response factor calculation (F) for six injections
Analysis .

Samples: Standard solution and Sample solution
Calculate the response factor (F):

F= (A I x W I x C)/(A 2 x 100)

Acceptance criteria: 53.4%-80.5% of hydroxypropoxy
groups

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: '1.0 g .
Analysis: Proceed as directed in the chapter, using a

platinum crucible.
Acceptance criteria: NMT 0.8%

• ·SILICA
[CAUTIoN-Perform the mixing and heating of the mixtures

containing hydrofluoric acid in a well-ventilated hood.] .
Analysis: Ifthe addition of silica isstated on the label, and If

more than 0.2% residue isfound from the Residue on

Hydroxypropyl Cellulose
Portionsof this monograph that are national USP text, and are
not part ofthe harmonized text, are markedwithsymbols
(+ .) to specify this fact.
Cellulose, 2-hydroxypropyl ether [9004-64-2].

DEFINITION
Hydroxypropyl Cellulose is partly O-(2-hydroxypropylated)

cellulose. It contains NLT 53.4% and NMT 80.5% of
hydroxypropoxygroups, calculated on the dried basis.Itmay
contain suitable anti-caking agents, such as silica.

• A~}~~~
$pgcJr9$<ro_.><. ..-..

peak at about 1719 cm-1.]

• B.
Sample: 1 g of Hydroxypropyl Cellulose
Analysis: Dissolve the Sample in 100 mLof water. Transfer

1 mLof this solution to a glass plate, and allowthe water
to evaporate.

Acceptance criteria: Athin film isformed.

ASSAY
• HVDROXVPROPOXV GROUPS

Internal standard solution: Methylcyclohexane in o-xylene
(1 in 50) . .. .

Standard solution: Weigh accurately 60 mg of adipic acid
in a reaction vial, add 2.00 mLof Internal standard
solution, and 1.0 mLof hydriodicacid. Stopper the vial
tightly, and weigh accurately. Inject 25 ~~ of isopropyl
iodide through the septum, and again weigh accurately.
Mix well. Afterphase separation, pierce throug~ the
septum of the vial with a cooled syringe, and withdraw a
sufficient volume of the upper phase as the Standard
solution. ,

Sample solution: Weigh accurately 30 mg of
hydroxypropylcellulose (dried substance), and transfer to a
reaction vial. Add 60 mg of adipic acid, 2.00 mLof Internal
standard solution, and 1.0 mLof hydriodicacid. Stopper ~he
vial tightlywith the valve, and weigh accuratelythe reaction
vial (total mass before heating). Placethe vial in an oven or
heat in a suitable heater with continuous stirring,
maintaining an internal temperature of 115 ±20 for ~O mi.n.
Allow the vial to coot-and weigh accuratelythe reaction Vial
(total mass after heating). Ifthe difference?f t~e total mass
before heating to the total mass after heating IS more than
10 mg, prepare a new Sample solution. After p~ase .
separation, pierce through the septum of the Vial With a
cooled syringe, and withdraw a sufficientvolume of the
upper phase as the Sample solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m fused silica capillary, coated

with a 3-~m layer of phase G1
Temperatures

Detector: 2800

Injection port: 1800

Column: See Table 7.
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• B.
Sample: 0.1 g
Analysis: ~hake the Sample thoroughly with 10 mL of water.

'A'A (Npi~May-20195
Acceptance criteria: Alt do~s_,notdlssolv:e~~;(~j;~;"'jy~br~)

• .AHYD~()XYP~o.P:OXY:(jROtJPcS~<~if~M~~~i~l~S
[CAUTloN-Hydriodic acid and its reaction byproducts are

highly toxic. Perform all steps of the Standard solutionand
the Sample solutionin a properly functioning hood. Specific
safety practices to be followed are to be identified to the
analyst performing this test.]

Apparatus: For the reaction vial, use a 5-mL pressure-tight
serum vial, 50 mm in height, 20 mm in outside diameter,
and 13 mm in inside diameter at the mouth. The vial is
equipped with a pressure-tight septum with a
polytetrafluoroethylene-faced butyl rubber and an air-tight
seal using an aluminum crimp or any sealing system that
provides sufficient air-tightness. Usea heater with a heating
module that hasa square-shapealuminum block with holes
20 mm in diameter and 32 mm in depth, into which the
reaction vial fits. The heating module is also equipped
with a magnetic stirrer capable of mixing the contents of
the vial, or use a reciprocal shaker that performs a
reciprocating motion of approximately 100 times/min.

Hydriodic acid: Use a reagent with a typical concentration
of hydrogen iodide (HI) of about 57%.

Internal standard solution: 30 mg/mL of n-octane in .
o-xylene

Standard solution: Into a suitable serum vial, weigh
between 60 and 100 mg of adipic acid, and add 2.0 mL of
Hydriodic acid and 2.0 mL of Internalstandardsolution into
the vial. Close the vial securely with a suitable septum
stopper. Weigh the vial and contents, add 15-22 IJLof
isopropyl iodide through the septum with a syringe, weigh
again, and calcul~~~the ~~i~~!.()fi~()pr()f?yl iodide added,
by differe~ce:,~$I"la;~e)l1e'rceac~iprirjiial[~eU!;
and-useA(NFiM~Y~2dr9) the upper layer-astne Standard
solution.

• C.
Sample solution:

Identification aa . !:liil
it becom'

, Analysis: 'I1toacsultable

contain 10 mL of a mixture of acetone
and methanol (4:1), . -aKe~~(i\l#i:M~~:20N)

Acceptance criteria: A white, flocculent precipitate is
formed.

ASSAY

Ignition test, moisten the residue with water, and add 5 mL
of hydrofluoric acid in small portions. Evaporateon a steam
bath to dryness, and cool. Add 5 mL of hydrofluoric acid
and 0.5 mL of sulfuric acid, and evaporate to dryness.
Slowly increase the temperature until all of the acids have
been volatilized, and ignite at 1000 ± 25°. Cool in a
desiccator, and weigh. The difference between the final
weight and the weight of the initially ignited portion
represents the weight of silica.

Acceptance criteria: The weight of silica is NMT 0.6%.
• • LEAD (251): NMT 10 ppm.

SPECIFICTESTS
• pH (791): 5.0-8.0, in a solution (1 in 100), prepared by

evenly distributing the powder into boiling carbon
dioxide-free water and stirring the mixturewith a
magnetic stirrer

• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 5.0%

• • VISCOSITy-RoTATIONAL METHODS (912): Determine the
apparent viscosity at the concentration and temperature
specified on the label with a suitable rotational viscometer
(see Labeling).•

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Store in well-closed

containers .•
• ·LABELlNG: Label it to indicate the viscosity in an aqueous

solution of stated concentration and temperature. The
indicated viscosity may be in the form of a range
encompassing 50%-150% of the average value. Suitable
anti-caking agents, such assilica, should be stated on the
label.,

• USP REFERENCE STANDARDS (11)
USP Hydroxypropyl Cellulose RS

Add the following:

APortions
are not p
symbols

Low-Substituted Hydroxypropyl
Cellulose

Delefe tite fO"~;MlJ'1iJ .

A·A~

Sample: 20rtt9

Change ,to read

DEFINITION
Low-Substituted Hydroxypropyl Cellulose is a low-substituted

AO-(2-hydroxyprofJ~lc:lted)A (NF 1.May~2019j cellulose.
AltA (NF l-MaY-2019) contains NLT 5.0% and NMT16.0% of
hydroxypropoxygroups (-OCHzCHOHCH3) , ~cakur~t~(ron.

the' dried basis.A(NP1~May2201§)
IDENTIFICATION
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nil of
with a

plmolar
Mayo2019)

:··10 mg/mL suspension, prep
ingl.0 g of the powder with

ide-free water and stirring the rili.
tirrer

ce criteria: S.0-l.5", (NF l-May-2019)

= ratio of the peak area of isopropyl iodide to
n-octane in the Standard solution

= weight of isopropyl iodide in the Standard
solution (mg) .

= weight of Low-Substituted Hydroxypropyl
Cellulose calculated on the dried basis, taken

.. .. _ for the Sample solution (mg) .

.0\44.1 7 =molar massof hydroxypropox
O'1ass of isopropyl iodide xl 00

Adtithe following:

Acceptance criteria: 5.00/0-16.0% on the dried basis

IMPURITIES

Change to read:

• RESIDUE ON IGNITION (281>
'" -:l.(fg
A nce criteria: NMT 0.8%. (NF1-May.2019)

Change to read:

• I... ",(NF f-May-2019) CHLORIDE AND SULFATE (221 >, Chloride
Sample solution: Shake 0.50 g of Low-Substituted

Hydroxypropyl Cellulose thoroughly with 30 mL of boiling
water, heat on a water bath for 10 min, and filter the

. supernatant by decantation while hot. Wash the residue
thoroughly with 50 mL of boiling water, combine the
washings with the filtrate, and add water to make 100 mL
after cooling.

Control solution: 0.25 mL of 0.02 N hydrochloric acid
Analysis: Using 10 mL of the Sample solution and the

Control solution, proceed as directed in the chapter, starting
with the addition of the nitric acid.

Acceptance criteria: NMT 0.36%; the Sample solution
shows no more chloride than the Control
solution."'•• (NF l-May-2019)

SPECIFIC TESTS

OfficialMonographs / Hydroxypropyl 5823

Hydroxypropyl MethylceliulOSe-see
Hypromellose General Monographs

• L()ss ON DRYING (731 >
"'Sample: 1 g. (NF1~MaY.2Q19)
Analysis: Dry the Sample at 105° for 1 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

A'ddth~ followillg
"::>~ """::' \'~;':.c":' e,','-"i.Zt;); :' -;':; /'f',-',::, <:_~ >~~:"',,,_ ','~

1.·-U CE'STANDARDS
US ~ ustitutedHydroxyprop}"

Cellulose RS", (NF1.May.2019)

50°
ble:r.

Sample solution: Transfer 0.065 g of~i (N£·1~~aY.2Q19)
Low-Substituted Hydroxypropyl Cellulose to a 5-mL,
thick-walled reaction vial equipped with a pressure-tight
septum-type closure, add between 60 and 100 mg of
adipic acid, and pipet 2.0 mL of Internal standard solution
into the vial. Cautiously pipet 2.0 mL of Hydriodic acid into
the mixture, immediately cap the vial tightly, and weigh.
Using the magnetic stirrer equipped in the heating module,
or using a reciprocal shaker, mix the contents of the vial
continuously, heating and maintaining the temperature of
the contents at 130 ± 2° for 60 min. Ifa reciprocal shaker
or magnetic stirrer cannot be used, shake the vial well by
hand at 5-min intervals during the initial 30 min of the
heating time. Allow the vial to cool, and wei h.
weight loss is:less n
leak, em .. ur
solu ).-. --

Chromatographic system
(See Chromatography (621 >, System Suitability.)
Mode: GC
Detector: Thermal conductivity or hydrogen flame

ionization
Column:·0.53-mmx 3

with a 3-J.lm layer of phase
necessary.

Temperatures
Detector:· 280°
Injection p
ColummSe

Carrier gas: Helium"'", (NF1-May-2019) .

Flow rate: With the Standard solution, adjust the flow rate
so that the retention time of the internal standard is about
10 min "'(abou 1m'
retention time op ·0tne
n-odane) is abo .8.]", (NF 1

Injection volume:1-2~L

• . ction - . Split; split ratio,40:1
in

Result =(QTbIQsb) x (WsbIWu) x 44.17

= ratio of the peak area of isopropyl Iodide to
n-octane in the Sample solution

Table 1

. tandard solution
Suitability r ire nts

Resolutio 'LT n isopropyl ioaide-ahd
n-octane

Relative st eak
area ratio
standard

Analysis
Samples: Upper layer of the Standard solution and the

Sample solution
Calculate the percentage of hydroxypropoxy

"'", (NF l-MlIy-2(19) in the sample taken:

NF 38

Initial Temperature
H~ldTimeat

Final Final
Temperature Ramp Temperature I~td~tqre(0) e/min) (0) ,t

50 a 50 3

50 ,TO 100 -
100 34.9 25(j 8i(N~1:MllY~2019j
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Hymetellose

• CLARITY OF SOLUTION
Hydrazine sulfate solution: 10 mg/mL of hydrazine sulfate.

Allow to stand for 4-6 h before use.
[CAUTloN-Hydrazine sulfate is highly toxic. Avoid skin

contact.] .
Methenamine solution: Transfer2.5 g of methenamine

to a 1OO-mL glass-stoppered flask, add 25.0 mL of water,
insert the glassstopper, and mix to dissolve.

• CHLORIDE AND SULFATE, Chloride (221)
Sample solution: Dilute 1.0 mL of the Sample solutionfrom

the test for Coloroi Solution with water to 20 mL, and add
1 mL of nitric acid and 1 mL of silver nitrate TS. Mix, and
allow to stand for 5 min, protected from direct sunlight.

Control solution: Dilute 0.71 mL of 0.020 N hydrochloric
acid to 100 rnl., Mix 10 mL of this solution with water to
20 and add 1 mL of nitric acid and 1 mL of silver nitrate
is. and allow to stand for 5 min, protected from direct

(See11~~fllla~I~a;lggfj~~m~II~111~1~1~~!11~ir~1')
Compare and Control

solution, if any.
Acceptance criteria: 0.5%. Any turbidity produced by the _

Sample solutiondoes not exceedthat of the Controlsolution.

SPECIFICTESTS
• pH (791)

Sample solution: Use the Sample solution from the test for
Colorof Solution.

Acceptance criteria: 5.5-8.0
• Loss ON DRYING (731)

Sample: 1.0 g
. Analysis: Dry the Sample at 105° to constant weight.

Acceptance criteria: NMT 10.0%
• VISCOSITy-RoTATIONAL METHODS (912)

Sample: An amount equivalent to 6.0 g of dried
Hymetellose

Analysis: While stirring, add the Sample to 150 g of carbon
dioxide-free water heated to 90°. Stir with a propeller-type
stirrer for 10 min, place the flask in a bath of ice water,
continue the stirring, and allow to remain in the bath of ice
water for 40 min to ensure that dissolution is complete.
Adjust the massof the solution to 300 g, and centrifuge the
solution to expel any entrapped air. Adjust the temperature
of the solution to 20 ±0.1°, and determine the viscosity
using a rotational viscometer with a shear rate of 10/s.

Acceptance criteria: The apparent viscosity is 750/0..:..140%
of the value stated on the label.

• COLOR OF SOLUTION
Diluent: 27.5 mL of hydrochloric acid in 1000 mL of water
Standard solution: Prepare immediately before use. Mix

2.4 mL of ferric chloride CS and 0.6 mL of cobaltous
chloride CSwith Diluentto make 10 mL, and dilute 5 mL of
this solution with Diluent to make 100 mL.

Sample solution: While stirring, add a portion equivalent to
1.0 g of dried Hymetellose to 50 g of carbon dioxide-free
water heated to 90°. Allow to cool, adjust the weight of the
solution to 100 g with carbon dioxide-free water, and stir
until dissolution is complete.

Analysis: Make the comparison by viewing the substance
and the solution downward in matched color-comparison
tubes against a white surface (see Colorand Achromicity
(631».

Acceptance criteria: The Sample solution is not more
intensely colored than the Standard solution.

Methylhydroxyethylcellulose;
Cellulose 2-hydroxyethyl methyl ether [9032-42-2].

DEFINITION
Hymetellose is a partly O-(methylated) and

O-(2-hydroxyethylated) cellulose.

IDENTIFICATION
• A.

Sample solution: Usethe Sample solutionprepared in the
test for Colorof Solution.

Analysis: Heat the Sample solution in a water bath while
stirring.

Acceptance criteria: At a temperature above 50°, the
solution becomes cloudy or a flocculent precipitate is
formed. The solution becomes clear again on cooling.

• B.
Sample solution: 1 mL of the solution from Identification

test A
Analysis: Transfer the Sample solution to a glassplate, and

allow the water to evaporate.
Acceptance criteria: A thin film is formed.

• C.
Sample solution: 10 mL of the solution from Identification

test A
Analysis: To the Sample solutionadd 0.3 mL of 2 N acetic

acid and 2.5 mL of tannic acid TS.
Acceptance criteria: A yellowish-white, flocculent

precipitate is formed that dissolves in ammonia TS.
• D.

Sample: 1 g
Diethanolamine-sodium nitroprusside solution:

50 mg/mL of sodium nitroprusside solution adjustedwith
1 N hydrochloric acid to a pH of 9.8. Mix 11 mL of this
solution with 1 mL of a diethanolamine solution
(200 mg/mL) in water.

Analysis: In a test jube about 160 mm long, thoroughly
mix the Sample with 2 g of finely powdered manganese
sulfate. Introduce, to a depth of 2 em into the upper part
of the tube, a strip of filter paper impregnated with a
freshly prepared Diethanolamine-sodium nitroprusside
solution. Insert the tube 8 em into a silicone-oil bath at
190°-200°. Perform a blank test without the addition of
Hymetellose. -

Acceptance criteria: The filter paper becomes blue within
10 min.

• E.
Sample: 0.2 g
Analysis: Dissolve the Sample completely, without heating,

in 15 mL of 70% sulfuric acid. Pour the solution while
stirring into 100 mL of ice water, and dilute with ice water
to 250 mL. Transfer 1 mL of this solution to a test tube, and
while cooling in ice water, add dropwise 8 mL of sulfuric
acid, and mix thoroughly. Heat in a water bath for exactly
3 min, and immediately cool in icewater. While the mixture
is cold, carefully add 0.6 mL of ninhydrin TS, and mix well.
Allow to stand at 25°.

Acceptance criteria: A pink color is produced immediately
and does not become violet within 100 mln..

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 1.0%
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Primary opalescent mixture: To the flask containing
Methenamine solution add 25.0 mL of Hydrazine sulfate
solution, mix, and allowto stand for 24 h. Thissuspension
isstable for 2 months. Mix before use, and do not use if it
adheres to the container.

Opalescence standard: Dilute 15.0 mLof Primary
opalescent mixture with water to 1000.0 mL. Usethis
suspension within 24 h after preparation.

Reference suspension: Transfer30.0 mLof Opalescence
standard to a 1OO-mL volumetricflask, and dilute with
water to volume.

Sample solution: Use the solution from the test for Color
of Solution.

Analysis: Transfera sufficient portion of the Sample solution
to a test tube of colorless, transparent, neutral glass with a
flat base and an internal diameter of 15-25 mm to obtain a
depth of40 mm. Similarly transfera portion of the Reference
suspension to a separate matching test tube. Compare the
Sample solution and the Reference suspension in diffused
Qayligb~'cyi~~in~~~rtic~II~~~~/i~~~.i~.<~/I,~ck background (see
~\y'i~J.1J;t]~Q1JJP(Jri~Q/)r<9.~.9)(#;j«(;t){Ctiri1~;'::f'Q,2») 5 min after
preparation of the Reference suspension.

Acceptance criteria: The Sample solution is not more
.opalescent than the Reference suspension.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.
• LABELING: Label it to indicate the viscosity of the solution

(1 in 50) at 20°.

Hypophosphorous Acid
H3POZ 66.00
Phosphinicacid; .
Hypophosphorous acid [6303-21-5].

DEFINITION
Hypophosphorous Acid contains NLT 30.0% and NMT 32.0%

of H3POZ'

IDENTIFICATION
• A. Hypophosphorous Acid yields a white precipitate with

mercuric chloride TS. This precipitate becomes gray when
an excess of hypophosphite is present.

• B. Hypophosphorous Acid acidified with sulfuric acid and
warmed with cupric sulfate TS yieldsa red precipitate.

ASSAY
• PROCEDURE

Sample solution: Pour 7 mLof Hypophosphorous Acid
into a tared, glass-stoppered flask, and weigh. Dilutewith
about 25 mLof water, and add phenolphthalein TS.

Analysis: Titrate with 1 N sodium hydroxideVS. Each mLof
1 N sodium hydroxide isequivalent to 66.00 mg of H3POZ'

Acceptance criteria: 30.00/0-32.0%

SPECIFIC TESTS
• LIMIT OF BARIUM AND OXALATE

Sample solution: Hypophosphorous Acid and water (1 :3)
Analysis1: Neutralize30 mLof the Sample solutionwith 6 N

ammonium hydroxide: the mixture exhibits littleor no
precipitation. Filter, acidify 10 mL of the filtrate with
hydrochloricacid, and add 2 mLof potassium sulfateTS.

Acceptance criteria 1: No turbidity is produced (barium).
Analysis 2: To a 1O-mL portion of the filtrate obtained in

Analysis 1, add 1 mLof calcium chloride TS.
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Acceptance criteria 2: The filtrate shows no turbidity upon
the addition of the calcium chloride TS (oxalate).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Hypromellose Acetate Succinate

Hydroxypropyl methylcellulose acetate succinate;
Cellulose, 2-hydroxypropyl methyl ether, acetate hydrogen

butanedioate;
Cellulose, 2-hydroxypropyl methyl ether, acetate succinate

[71138-97-1].

DEFINITION
Hypromellose Acetate Succinate isa mixtureofacetic acid and

monosuccinicacid esters of hydroxypropyl methylcellulose.
It contains NLT 12.0% and NMT 28.0% of methoxy groups
(-OCH3) , NLT 4.0% and NMT 23.0% of hydroxypropoxy
groups (-OCHzCHOHCH3) , NLT 2.0% and NMT 16.0% of
acetyl groups (-COCH3) , and NLT 4.0% and NMT 28.0% of
succinoyl groups (-COCZH 4COOH), calculated on the dried
basis.

IDENTIFICATION

• A.:·~
~p .

Sample: Neat. Do not
Analysis: Use a Fourieri"1":::I,nci"r"l"rn IR spectrophotometer

fitted with a suitable accessoryforsinglebounce attenuated
total reflectance(see Mid-InfraredSpectroscopy(854» with a
diamond or germanium crystal. Acquire a background
single-beamspectrum with a clean diamond or germanium
crystal sampling plate in place. Place the sample on the
diamond or germanium crystalsampling surfacewith a
microspatulaor equivalent. Forbest results, the sample
should cover the crystal surface under the pressure point
tip. Using the pressuredevice, apply pressureto the sample,
making sure the sample remains centered under the
pressuretip. Acquirea single-beamspectrum ofthe sample,
and make the necessary correctionsfor the background.
Release the pressure device, and clear it from the sample
area. Wipe the sample off the crystal and pressure device
tip, and rinse both with acetone.

Acceptance criteria: The IR spectrum of the Sample exhibits
maxima only at the same wavelengths as a similarly
obtained spectrum of USP Hypromellose Acetate
Succinate RS.

ASSAY
• ACETYL AND SUCCINOYL GROUPS

Phosphoric acid solution: 1.25 M phosphoric acid and
water (2:98)

Buffer: 2.72 giL of monobasic potassium phosphate
Diluent: Adjustthe Bufferwith 1 N sodium hydroxide to a

pH of 7.5.
Acetic acid stock solution: Add approximately 20 mLof

water to a stoppered, 1OO-mL volumetricflask, place the
flask on a balance, and tare. Transfer 2.0 mLofglacial acetic
acid to the flask, and record the weight of the acid added.
Fill the flask with water to volume. Transfer6 mL of the
resultingsolution into a 1OO-mL volumetricflask, and dilute
with water to volume.

Succinic acid stock solution: 1.3 mg/mL of succinic acid
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Mobile phase: Adjust the Bufferto a pH of 2.8 by the
dropwise addition of 6 M phosphoric acid. Pass through a
0.22-lJm nylon filter.

Standard solution 1: Transfer4.0 mL of the Acetic acidstock
solution and 4.0 mL of the Succinic acidstock solution to a
25-mL volumetric flask. Dilute with Mobilephaseto volume,
and mix.

Standard solution 2: Prepare as directed for Standard
solution 7. This solution is prepared asa duplicate.

Sample solution: Weigh 12.4 mg of Hypromellose Acetate
Succinate into a glassvial. Transfer4.0 mL of 1.0 N sodium
hydroxide to the vial, and stir the solution for 4 h. Then,
add 4.0 mL of 1.25 M phosphoric acid to the same vial to
bring the pH of the solution to 3 or less. Invert the test
Sample solution vial several times to ensure complete
mixing, and passthrough a filter of 0.22-lJm pore size.Use
the clear filtrate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Column temperature: 20°-30°
Flow rate: 1 mL/min
Run time: 15 min
Injection volume: 10 IJL

System suitability
Samples: Standardsolution 7 and Standardsolution2
Suitability requirements

Column efficiency: NLT 8000 theoretical plates,
determined from the succinic acid peak, Standard
solution 1

Tailing factor: 0.9-1.5 for the succinic acid peak,
Standardsolution 1 I

Relative standard deviation: NMT 2.0% for each peak
from six replicate injections, Standard solution 1

Peak difference: The difference in peak areasbetween
Standardsolution 1 and Standardsolution2 for both
acetic and succinlc acids peaksdoes not exceed 2%.
[NOTE-After each run sequence, the column should

be flushed first by 50% water and 50% acetonitrile
for 60 min and then by 100% methanol for 60 min.
The column should be stored in 100% methanol.]

Analysis -
Samples: Standardsolution 1 and Sample solution
Calculate the percentage of acetic acid, A, in the portion of

Hypromellose Acetate Succinate taken:

A =(r uir SA) x (C AICu) x 100

r UA = peak response for acetic acid from the Sample
solution

r SA = peak response for acetic acid from Standard
solution 1

C A = concentration of acetic acid in Standardsolution
1 (mg/mL)

C u = concentration of Hypromellose Acetate Succinate
in the Sample sotution(mg/mL)

Calculate the percentage of acetyl groups (-COCH 3) in the
portion of Hypromellose Acetate Succinate taken:

Result=(A - A free) X (M rllM r2)

A = defined above
A free' =percentage of free acetic acid, as determined in

the test for Limit of Free Acetic and Succinic Acids
M rl = molecular weight of the acetyl group, 43.04
M r2 =molecular weight of acetic acid, 60.05
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Calculate the percentage of succinic acid, 5, in the portion
of Hypromellose Acetate Succinate taken:

5 = (r uslr ss) x (C slC u) x 100

r us = peak responsefor succinic acid from the Sample
solution

r ss =peak responsefor succinic acid from Standard
solution 1

C s =concentration of succinic acid in Standardsolution
1 (mg/mL)

C u =concentration of Hypromellose Acetate Succinate
in the Sample solution (mg/mL)

Calculate the percentage of succinoyl groups
(-COC2H4COOH) in the portion of Hypromellose Acetate
Succinate taken:

Result= (5 - S free) X (M rdM r2)

S =defined above
S free = percentage of free succinic acid, asdetermined in

the test for Limit of Free Aceticand Succinic Acids
M rl =molecular weight of the succinoylgroup, 101.08
M r2 = molecular weight of succinic acid, 118.09

Acceptance criteria
Acetyl groups (-COCH3) : 2.00/0-16.0% on the dried basis
Succinoyl groups (~COC2H4COOH): 4.0%-28.0% on the

dried basis
• CONTENT OF METHOXV AND 2-HvDROXVPROPOXY GROUPS

[CAuTloN-Hydriodic acid and its reaction byproducts are
highly toxic. Perform all steps in the preparation of the
Sample solution and the Standardsolution in a properly
functioning hood. Specific safety practices to be followed
are to be identified to the analyst performing this test.]

Hydriodic acid: Usea reagent having a specific gravity of at
least 1.69, equivalent to 55% hydrogen iodide. -

Solution A: Methanol and water (10:90)
Solution B: Methanol and water (85:15)
Mobile phase: See Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 70 30

8 40 60

10 15 85

17 15 85

[NOTE-Thesegradient elution times are established on
an HPLC system with a dwell volume of approximately
2.0 mL. The injection time can be adjusted relative to
the start of a run to accommodate the change in dwell
volume from one HPLC system to another to achieve
the separation described.]

Standard stock solution: Transfer 2 mL of o-xylene into a
stoppered, 1O-mLvolumetric flask, place the flask on a
balance, and tare. Add 200 IJL of methyl iodide, insert the
stopper into the flask, and accurately weigh: the weight of
methyl iodide is about 350 mg. Tare the flask again, add 34
IJL of isopropyl iodide, and weigh the flask: the recorded
weight of isopropyl iodide is 50 mg. Dilute with o-xylene
to volume, -and mix.

Standard solution: Transfer 85 mg of adipic acid into an
8-mL vial (or other suitable container), add 2 mL of
Hydriodic acid, and add 2.0 mL of the Standardstock
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Calculate the percentage of 2-hydroxypropoxy groups
(-OCH2CHOHCH 3) in the portion of Hypromellose
Acetate Succinate taken:

Result = (r utlr s/) x (C siC u) x (M rdM r2)

= peak response for isopropyl iodide from the
Sample solution

= peak response for isopropyl iodide from the
Standard solution

= concentration of isopropyl iodide in the Standard
solution(mg/mL)

solution. Shakeand allow the phases to separate. Carefully
transfer approximately 1.5 mL of the o-xylene (top) layer
to a small vial, making sure that the bottom aqueous layer
is not disturbed. Transfer 1.0 mL of the resulting solution
to a 1O-mL volumetric flask, and dilute with methanol to
volume. [NOTE-This solution is stable for 8 h at 5°.]

Sample solution: [CAUTION-USe a cap that hasa top safety
relief valve, such as a Minniert valve, to prevent accidental
explosion of the vial under high pressure when heated.]
Weigh 65 mg of Hypromellose Acetate Succinate into a
5-mL reaction vial, and add 2.0 mL of o-xylene arid about
100 mg of adipic acid. Add 2.0 mL of Hydriodic acid, and
close the vial tightly with a cap.
Weigh the vial before heating, and place the vial into a

heating block at 150°. Shakethe vial after 5 min and after
30 min of heating. Removethe vial from the heating block
after 1 h of heating, and cool. Weigh the vial. If the weight
loss is greater than 10 mg, discard the mixture, and
prepare another reaction solution. Carefully transfer
approximately 1.5 mL of the top o-xylene layer into a
small glass vial, making sure that the bottom aqueous
layer is not disturbed. Transfer 1.0 mL of this solution
into a 1O-mLvolumetric flask, and dilute with methanol
to volume. [NOTE-This solution is stable for 8 h at 5°.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-l.Jm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 l.JL

System suitability
Sample: Standard solutiori
Suitability requirements

Column efficiency: NLT 10,000 theoretical plates,
determined from the methyl iodide peak

Tailing factor: 0.9-1.5 for the methyl iodide peak
Relative standarddevlatlon: NMT 2.0% for each peak

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of methoxy groups (-OCH3) in

the portion of Hypromellose Acetate Succinate taken:

Result=(r ufvtlr SM) x (C siC u) x (M rdM r2)

=concentration of Hypromellose Acetate Succinate
in the Sample solution(mg/mL)

=molecular weight of the 2-hydroxypropoxy
group, 75.09 .

=molecular weight of isopropyl iodide, 169.99M r2

M rl

Acceptance criteria
Methoxy groups (-OCH3) : 12.0%-28.0% on the dried

basis
Hydroxypropoxy groups (-OCH2CHOHCH3) : 4.0%

23.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Analysis: Determine at 600 ± 50°.
Acceptance criteria: NMT 0.20%

• LIMIT OF FREE ACETIC AND SUCCINIC ACIDS
Phosphoric acid solution, Buffer, Diluent, Acetic acid

stock solution, Succinic acid stock solution, Mobile
phase, Standard solution, and Chromatographic
system: Proceed as directed in the Assay for Acetyl and
Succinoyl Groups.

Sample solution: Weigh 102 mg of Hypromellose Acetate
Succinate into a glassvial. Transfer4.0 mL of Diluent to the
vial, and stirthe content for 2 h. Then, transfer 4.0 mL of
the Phosphoric acidsolutionto the same vial to bring the pH

.of the Sample solution to 3 or less. Invert the vial several
times to ensure complete mixing, centrifuge, and use the
clear supernatant.

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of free acetic acid, A free' in the

portion of Hypromellose Acetate Succinate taken:

A free=(r UAIr sJ x (C AI C u) x 100

r UA =peak response for acetic acid from the Sample
solution

r SA =peak response for acetic acid from the Standard
solution

CA ,;" concentration of acetic acid in the Standard
solution(mg/mL)

C U =concentration of Hypromellose Acetate Succinate
in the Sample solution(mg/mL)

Calculate the percentage of free succinic acid, S free' in the
portion of Hypromellose Acetate Succinate taken:

S free= (r uslr SS) x (C slC u) x 100

r us =peak response for succinic acid from the Sample
solution

r ss = peak responsefor succinic acid from the Standard
solution

C s = concentration of succinic acid in the Standard
solution(mg/mL)

C u =concentration of Hypromellose Acetate Succinate
in the Sample solution(mg/mL)

Acceptance criteria: The sum of free acetic acid and free
succinic acid is NMT 1.0%.

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry at 105° for 1 h.
Acceptance criteria: NMT 5.0%

• VISCOSITY-CAPILLARY METHODS (911)
Sodium hydroxide solution: Immediately before use,

prepare 4.3 mg/mL of sodium hydroxide in carbon
dioxide-free water.

= peak response for methyl iodide from the
Sample solution

= peak response for methyl iodide from the
Standard solution

= concentration of methyl iodide in the Standard
solution(mg/mL) .

= concentration of Hypromellose Acetate Succinate
in the Sample soiution (mg/mL)

= molecular weight of the methoxy group, 31;03
=molecular weight of methyl iodide, 141.94

M rl

Mr2
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IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.20%

• CHLORIDE AND SULFATE (221), Chloride
Sample solution: Dissolve 1.0 g in 40 mL of 0.2 N sodium

hydroxide, add 1 drop of phenolphthalein TS, and add 2 N
nitric acid dropwise, with stirring, until the red color is
discharged. Add an additional 20 mLof 2 N nitric acid with
stirring. Heat on a water bath, with stirring, until the gel-like
precipitate formed becomes granular. Cool the mixture,
and centrifuge. Separate the liquid phase, and wash the
residue with three successive 20-mL portions of water,
separating the washings by centrifuging. Dilute the
combined liquids with water to 200 mL, mix, and filter.

Standard solution: Treat 0.50 mL of 0.01 N
hydrochloric acid with 10 mL of 0.2 N sodium hydroxide,
add 7 mL of 2 N nitric acid, and dilute with water to 50 mL.

A.

~)

Acceptance criteria: A50-mL portion of the Sample solution
shows no more chloride than the Standard solution
(0.07%).

• LIMIT OF FREE PHTHALIC ACID

Mobil~.. ~.~.. ~~'t'~ill;y9'f;f?~l~~iill~~i~~j~:~~I~~!~~i)'tfiir~
.(~Qi·1D~)~?(

Standard s
t~~l't 12.5 mg of pht alic acid to a 250-mL
volumetric flask, and add 125 mLof acetonitrile. Add 25 mL
of water, and dilute with acetonitrile to volume.

S~~.el~?~.~..I.~.!~en: .;:::I~~~·[~t~rli~+~<:1
f~fjl,~~~i':(tSi~jl' 200 mg of Hypromellose Phthalate
to a 1OO-mL volumetric flask.Add 50 mLof acetonitrile, and
sonicate to dissolve partially. Add 10 mL of water, and
sonicate to dissolve. Cool to room temperature, and
dilute with acetonitrile to volume.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm x 25-cm; packing L1 with a high

carbon load
Flow rate: 2 mL/min
Injection volume: 10 IJL

System suitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 1.0% for replicate
injections

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of phthalic acid in the portion of

Hypromellose Phthalate taken:

Result =(rufrs) x (CslCu) x 100

to =peak response of phthalic acid from the Sample
solution

rs =peak response of phthalic acid from the Standard
solutiontheAcceptance criteria: 21.00/0-35.0% ""~'{NFFMay.2()i9)

anhydrous basis

Hypromellose Phthalate

Analysis: To 2.00 g of Hypromellose Acetate Succinate,
previously dried, add Sodium hydroxide solution to make
100.0 g, insert a stopper into the vessel, and dissolve by
constant shaking for 30 min. Adjust the temperature of the
solution to 20 ± 0.1°, and determine the viscosity in a
suitable viscometer.
Acceptance criteria: 80%-1 20% of that stated on the

label

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: Label it to indicate its nominal viscosity type.
• USP REFERENCE STANDARDS (11)

USP Hypromellose Acetate Succinate RS

DEFINITION
Hypromellose Phthalate is a monophthalic acid ester of

hydroxypropyl methylcellulose. It contains methoxy
(-OCH 3) , hydroxypropoxy (-OCH2CHOHCH3) , and phthalyl
(o-carboxybenzoyl; CaHs0 3) groups. It contains NLT21.0%
and NMT 35.0% of phthalyl groups, calculated on the
anhydrous basis. I

IDENTIFICATION

ASSAY

• PHTHALYL CONTENT
Sample: 1 g
Analysis: Transfer the Sample to a conical flask, dissolve in

50 mL of a mixture of alcohol, acetone, and water (2:2:1),
add phenolphthalein TS, and titrate with 0.1 N sodium
hydroxide VS. Perform a blank determination (see Titrimetry
(541».
C~ISlJl~~~~~~p~~s~n!~~eof hthal I
()~~IfI¥.~r()r-m~II~§tBl;l?:m~./f!;~t~~~.~~I~~I~~~

Result =[0.01 x Mr1 x (V/W)] - [2 x (MrdMr2) x P]

Mr1 = molecular weight of the phthalyl group, 149.1
V =volume of 0.1 N sodium hydroxide consumed

after correction for the blank (mL)
W = weight of Hypromellose Phthalate taken,

calculated on the anhydrous basis (g)
Mr2 = molecular weight of phthalic acid, 166.1
P. =percentage of free phthalic acid found as directed

in the test for Limit of Free Phthalic Acid

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38 OfficialMonographs / Inositol 5829

peak of the Sample
Standard solution, as

Inositol

the boiling point until frothing hasceased. Increase the heat
until the acid boils briskly, and continue the heating until
the solution has become clear green in color or practically
colorlessfor :30 min. Allow to cool, cautiously add 225 mL
of water, mix the contents of the flask, and again cool. Add
cautiously 1.0 g of zinc metal dust, 2.0 g of sodium
thiosulfate, and 18.0 9 of sodium hydroxide pellets, and
without delay connect the flask to a Kjeldahl connecting
bulb (trap), previously attached to a condenser, the delivery
tube of which dips beneath the surfaceof 50 mL of boric
acid solution (40 mg/mL) in a 300-mL conical flask. Mix the
contents of the Kjeldahl flask by gentle rotation, and distill
125 mL into the receiver. Add NLT 3 drops of methyl red
methylene.blue TSto the contents of the receiving vessel,
and determine the ammonia by titration with Titrant.
Perform a blank determination, and make any necessary
correction.
Calculate the percentage of nitrogen in the portion of

Imidurea taken. Each mL of 0.1 N hydrochloric acid is
equivalent to 1.401 mg of nitrogen.

Acceptance criteria: 26.0%-28.0% of nitrogen (N) on the
dried basis

IMPURITIES .
• RESIDUE ON IGNITION (281): NMT 3.0%

SPECIFIC TESTS
~ pH (791)

Sample solution: 10 mg/mL
Acceptance criteria: 6.0-7.5

• Loss ON DRYING (731)
Analysis: Dry under vacuum over phosphorus pentoxide for

48 h.
Acceptance criteria: NMT 3.0%

• COLOR AND CLARITY OF SOLUTION
Sample: 3.0 g
Analysis: Dissolvethe Sample in 7.0 mL of water in a

test tube.
Acceptance criteria: The solution is clear and colorless.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Imidurea RS

• B. The retention of
solution corresponds to that of
obtained in the Assay.

C6H120 6 180.16
cis-l,2,3,5:.trans-4,6-Cyclohexanehexol;
myo-Inositol [87-89-8].

DEFINITION
Inositol contains NLT 97.0% and NMT 102.0% of Inositol

(C6H120 6), calculated on the anhydrous basis.

IDENTIFICATION

"'Ma'V-.lUlllIJ USP REFERENCE STANDARDS (11)
H\llnrnlY'll'l,lIn':l:> Phthalate RS

Cs =concentration of phthalic acid in the Standard
solution (mg/mL)

Cu = concentration of Hypromellose Phthalate in the
Sample solution (mg/mL)

Acceptance criteria: NMT 1.0%

SPECIFIC TESTS
• WATER DETERMINATION (921), Method I: NMT 5.0%
• VISCOSITY-CAPILLARY METHODS (911)

Sample solution: Dissolve 109, previously dried at 105 0 for
1 h, in 90 g of a mixture of methanol and methylene
chloride (1:1 w/w) by mixing and shaking.

Analysis: Determine the viscosity at 20 ± 0.10
•

Acceptance criteria: 80%-120% of that indicated by the
label

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Imidurea

CllH16NsOs 388.29
N,Nil-Methylenebis[N'-[3-(hyd roxymethyl)-2,5-dioxo-4-

imidazolidinyl]urea]; . .
1,1'-Methylenebis[3-[3-(hydroxymethyl)-2,5-dioxo-4

imidazolidinyl]ureaL [39236-46-9].

DEFINITION
Imidurea contains NLT 26.0% and NMi 28.0% of nitrogen

(N), calculated on the dried basis.

IDENTIFICATION

OTHER COMPONENTS
• NITROGEN CONTENT

Sample: 150 mg
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N hydrochloric acid VS
Endpoint detection: Visual

Analysis: Placethe Sample in a 500-mL Kjeldahl flask, and
add 8.0 g of anhydrous sodium sulfate, 0.5 g of anhydrous
cupric sulfate, 0.1 g of yellow mercuric oxide, and 11 mL
of sulfuric acid. Incline the flask at an angle of 45°, and
gently heat the mixture, keeping the temperature below
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ASSAY
• PROCEDURE

Mobile phase: Water
System suitability solution: 0.05 mg/mL of USP Inositol RS

and 0.05 mg/mL of USP Mannitol RS
Standard solution: 50 mg/mL of USP Inositol RS
Sample solution: 50 mg/mL of Inositol
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractiveindex
Column: 7.8-mm x 30-cm or equivalent; packing L19
Temperature

Column: 85°
Detector: Constant temperature of 30°-35°

Flow rate: 0.5 mL/min
Injection volume: 10 IJL

System suitability
Samples: System suitabilitysolutionand Standard solution

[NoTE-The relative retention times for inositol and
mannitol are 1.0 and 1.3, respectively.]

Suitability requirements
Resolution: NLT 4.0 between inositol and mannitol,

System suitabilitysolution
Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution

[Nora-Record the chromatograms over a period of
two times the retention time of inositol, and measure
the peak responses.]

Calculate the percentage of Inositol (C6H120 6) in the
portion of sample taken:

I

Result=(r vir s) x (C siCv) x 100

r u =peak response of inositol from the Sample solution
r s = peak response of inositol from the Standard

solution'
C s =concentration of USP Inositol RS in the Standard

solution(mg/mL) .
Cv = concentration of Inositol in the Sample solution

(mg/mL)

Acceptance criteria: 97.00/0-102.0% on the anhydrous
basis .

IMPURITIES

• BARIUM
Sample solution: Use the Sample solutionprepared in the

test for Clarityof Solution. To 10 mL of the Sample solution
add 1 mL of diluted sulfuric acid.

Acceptance criteria: When examined immediately and
after 1 h, any opalescence in the solution is not more
intense than that in a mixture of 1 mL of water and 10 mL
of the Sample solutionfrom the test for Clarityof Solution.

• LIMIT OF LEAD
lead nitrate stock solution: Dissolve159.8 mg of lead

nitrate in 100 mL of water to which has been added 1 mL
of nitric acid, then dilute with water to 1000 mL. Prepare
and store this solution in glass containers free from soluble
lead salts.

Standard lead solution: On the day of use, dilute 1O~O mL
of the Lead nitrate stock solution with water to 100.0 mL.
Each mL of the Standard the
equivalent of 10 IJgof lead.II~7(t~~;!t~I~~Jfj

NF 38

Sample solution: Dissolve20.0 g of Inositol in diluted acetic
acid, and dilute with diluted acetic acid to 100 mL. Add
2.0 mL of a saturated ammonium
pyrrolidinedithiocarbamate solution (containing about
109 of ammonium pyrrolidinedithiocarbamate per L) and
10.0 mL of methyl isobutyl ketone, and shake for 30 s.
Protect from bright light. Allow the two layers to separate,
and use the methyl isobutyl ketone layer.

Blank solution: Prepare as directed for the Sample solution,
except omit the use of Inositol.

Standard solutions: Prepare as directed for the Sample
solution,except prepare three Standard solutions by adding
0.5, 1.0, and 1.5 mL, respectively, of the Standard lead
solution in addition to the 20.0 g of Inositol to be examined.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption
Analytical wavelength: 283.3 nm
lamp: Lead hollow-cathode
Flame: Air-acetylene

Analysis: Set the atomic absorption spectrometer to zero,
using the Blank solution. Introduce the Sample solutionand
each of the three Standard solutions into the instrument,
and record the steady absorbance reading. Plot the
absorbance readings against the known concentrations of
added lead (in IJg),and draw a straight line. Extrapolate the
line until it meets the concentration axis to obtain the
concentration, in mg/kg, of lead in the sample.

Acceptance criteria: NMT 0.5 mg/kg
• ORGANIC IMPURITIES

Mobile phase, System suitability solution, and Sample
solution: Proceed as directed in the Assay.

Standard solution: Transfer 2.0 mLof the Standardsolution,
prepared as directed in the Assay, to a 1OO-mL volumetric
flask, and dilute with water to volume.
[NOTE-This solution contains 1 mg/mL of inositol.]

Chromatographic system: Proceed as directed in the
Assay, except use an injection volume of 20 IJL.

Analysis
Samples: Standardsolutionand Sample solution

Calculate the percentage of each impurity in the portion
of Inositol taken:

Result = (r vir s) x (C siCv) x 100

r u =peak response of any impurity from the Sample
solution

r s = peak response of inositol from the Standard
solution

Cs =concentration of USP Inositol RS in the Standard
solution(mg/mL)

C u = concentration of Inositol in the Sample solution
(mg/mL)

Acceptance criteria
Individual impurities: NMT0.3%
Total impurities: NMT 1.0%. [NOTE-Disregard any

impurity peak that is less than 0.05%.]

SPECIFIC TESTS

• CLARITY OF SOLUTION
[NOTE-The Sample solution is to be compared to

Reference suspension A in diffused daylight 5 min after
preparation of Reference suspension A.]

Solution A: 10 mg/mL of hydrazine sulfate. Allowto stand
for 4-6 h before use. '
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Concentration of
Solution Conductivity Resistivity

(g/1000.0 g) (~S/cm) (,n-cm)

0.7455 1330 752

0.0746 133.0 7519

0.0149 26.6 37,594

Table 1

Calibration: Choose a conductivity cell that isappropriate
for the conductivity of the solution to be examined.The
higher the expected conductivity, the higher the cell
constant that must be chosen. Commonly used
conductivity cells have cell constants of the order 0.1, 1,
and 10 cm-1• Use a standard solutionof potassium chloride
that is appropriate for the measurement. The conductivity
valueof the standard solutionof potassiumchlorideshould
be near the expected conductivity value of the Sample
solution. Rinse the cell several times with water that has
been previously boiled and cooled to room temperature,
and rinse at leasttwicewith the potassiumchloridesolution
used for the determination of the cell constant of the
conductivity cell. Measure the resistance ofthe conductivity
cell, using the potassium chloridesolution at 20 ± 0.1°.
Calculate the constant, in cm-1, of the conductivity cell:

Result =RKCf X K KCf

RKCf = measured resistance, expressed in mega-ohms
K KCf = conductivity of the standard solutionof

potassium chloride used, expressed in ~S/cm.

The measured constant of the conductivity cell
must be within 5% of the given value.

Analysis: Rinse the conductivity cell several timeswithwater
that has been previously boiled and cooled to room
temperature, and rinseat least twice with the Sample
solution. Measure the conductivity of the Sample solution,
whilegently stirring with a magnetic stirrer.

Acceptance criteria: NMT 20 ~S/cm

• WATER DETERMINATION, Method 1(921): NMT 0.5%
determined on a 1.O-g sample

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.

Acceptance criteria: The Sample solution is not more
intensely colored than StandardsolutionA, Standard
solution 8, Standardsolution C, or water.

• CONDUCTIVITY
Sample solution: 0.2 g/mL of Inositol in water (previously

boiled and cooled to room temperature).
Apparatus: Use a conductivity meter or a resistivity meter

that measures the resistance of the column of liquid
between the electrodesofthe immersed measuring device.
The apparatus issupplied with alternating current to avoid
the effects of electrode polarization. It is equipped with a
temperature compensation device or a precision
thermometer.

Reagents: Preparethree Standardsolutionsof potassium
chloridecontaining 0.7455, 0.0746, and 0.0149 g,
respectively, of potassium chlorideper 1000.0 g ofsolution.
Thesesolutions should be prepared with water that has
been previously boiled and cooled to room temperature
and whose conductivitydoes not exceed 2 ~S/cm. The
conductivity and resistivity of these three solutions at 20°
are provided in Table 7.

Solution B: 100 mg/mL of methenamine prepared in a
glass-stopperedflask.

Primary opalescent suspension: [NOTE-This suspensionis
stable for 2 months, providedit isstored ina glasscontainer
free from surface defects. The suspension must not adhere
to the glassand must be well mixed beforeuse.]Solution A
and Solution 8 (1:1). Allow to stand for 24 h.

Opalescence standard: Transfer 15.0 mL of the Primary
opalescent suspension to a 1OOO-mL volumetric flask, dilute
with water to volume, [NOTE-This suspension should not
be used beyond 24 h after preparation.]

Reference suspensions
Reference suspension A: Transfer 5.0 mL of the

Opalescence standard to a 1OO-mL volumetric flask, and
dilute with water to volume.

Reference suspension B: Transfer 10.0 mL of the
Opalescence standard to a 1OO-mL volumetric flask, and
dilute with water to volume.

Sample solution: 100 mg/mLof Inositol
Analysis: Transfer a sufficient portion of the Sample solution

to a sample tube of colorless, transparent, neutral glass,
with a flat base and an internaldiameter of 15-25 mm, to
obtain a depth of 40 mm. Similarly transfer portions of
Reference suspension A, Reference suspension 8, and water to
separate matching sample tubes. Compare the Sample
sotution,Reference suspension A, Reference suspension 8, and
water in diffused d~Xli~~~t~i;~iQg)~.;.~i5~1I~~H~i)~~~i~bl~ck
background (see~lf.'i~I.I(Z11;<+'QlJjpgri$R!J,~9~.Q>..&(CNT~M..aY~2oJ9»'
[NOTE-The diffusion of light must be such that Reference
suspension A can readily be distinguished from water, and
that Reference suspension 8 can readily be
distinguishedfrom Reference suspension A.]

Acceptance criteria: The Sample solutionshows the same
clarityas that of water.

• COLOR OF SOLUTION
Standard stock solutions: Prepare three solutions, A, 8, and

C, containing, respectively, the following parts of ferric
chloride CS, cobaltous chlorideCS, cupricsulfateCS, and
diluted hydrochloric acid.

Standard stock solution A: 2.4:0.6:0:7.0
Standard stock solution B: 2.4:1.0:0.4:6.2
Standard stock solution C: 9.6:0.2:0.2:0
Standard solutions; [NOTE-Prepare the Standardsolutions

immediatelybefore use.]
Standard solution A: Transfer 2.5 mL of Standardstock

solutionA to a 1OO-mL volumetric flask, dilutewith diluted
hydrochloric acid to volume, and mix.

Standard solution B: Transfer 2.5 mL of Standardstock
solution8 to a 1OO-mL volumetric flask, dilutewith diluted
hydrochloric acid to volume, and mix.

Standard solution C: Transfer 0.75 mL of Standardstock
solution Cto a 1OO-mL volumetric flask, dilutewith diluted
hydrochloric acid to volume, and mix.

Sample solution: Use the Sample solutionprepared in Clarity
of Solution.

Analysis: Transfer a sufficient portion of the Sample solution
to a sample tube of colorless, transparent, neutral glass,
with a flat base and an internal diameter of 15-25 mm, to
obtain a depth of 40 mm. Similarly transfer portions of
StandardsolutionA, Standardsolution8, Standardsolution
C,and water to separate matching sampletubes. Compare
the Sample solution, StandardsolutionA, Standardsolution

Standardsolution and water in diffused n:H,linlnt

background
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• USP REFERENCE STANDARDS (11)
USP Inositol RS
USP Mannitol RS

Invert Sugar
InvertSugarSyrup [8013-17-0].

DEFINITION
InvertSugar isan aqueous solutionof inverted or partly

inverted, refined or partly refined sucrosecontaining
dextrose (glucose), fructose, and sucrose. It is produced by
the hydrolysis or partial hydrolysis of sucrosewith suitable
acids or enzymes.Total Invert Sugar contains NLT 90.0% of
dextrose and fructose, and medium Invert Sugarcontains
NLT 45.0% and NMT 55.0% of dextrose and fructose, both
calculatedon the total solids basis.

IDENTIFICATION
• A.

Mobile phase: Acetonitrile and water (80:20, v/v)
Standard solution: 10 mg/mLeach of USP Fructose RS, USP

Dextrose RS, and USP Sucrose RS
Sample solution: 50 mg/mL of InvertSugar
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm x 15-cm; 5-J..lm packing L8
Temperatures

Column: 45°
Detector: 40°

Flowrate: 2.0 mL/min
Injection volume: 15 J..lL
~~ili .

Samples: Standardsolutionand Sample solution
[NoTE-The relative retention times for fructose,

dextrose, and sucrose are about 0.5, 0.6, and 1.0,
respectively.] .

Compare the retention times for frucose, dextrose, and
sucrosegiven in the two chromatograms. .

Acceptance criteria: The retention times of the fructose,
dextrose, and sucrose peaksof the Sample solution
correspond to those of the Standard solution.

ASSAY
• PROCEDURE
Apparatus: Mount a ring support on a ringstand 1-2 in

above a gas burner and mount a second ring 6-7 in above
the first. Place a 6-in open-wiregauze on the lowerring to
support a 400-mLconical flask, and placea 4-inwatch glass
with a center hole on the upper ring to deflectheat.
Attacha 50-mLburet to the ring stand so that the tip just
passesthrough the watch glasscentered above the flask.
Place an indirectly lighted white surfacebehind the
assemblyfor observing the endpoint.

Sample solution: 2.5-4.0 mg/mL of Invert Sugar
Analysis: Conduct a preliminary test to ascertain the volume

of water to be added to the 20.0 mL ofstandardizedcupric
tartrate, alkaline, solution VS to obtain a final total volume
of 75.0 mL when the endpoint of the titration is reached.
The invertsugar content of the Sample solution should be
between 250 and 400 mg per 100.0 mL so that a titer
between 25 and 40 mL is needed to achieve the endpoint.
Calculate the amount of water to be added to the cupric

tartrate, alkaline, solution VS as the difference:

NF 38

Result = 75.0 - (20.0 mL ofcuprictartrate, alkaline, solution
VS + number of mL of preliminary titer)

Transfer 20.0 mL ofcuprictartrate, alkaline, solutionVS to a
400-mLflask containingafewglass beadsor boiling chips.
Rapidly add the Sample solutionto within0.5 mL of the
endpoint, and mix by swirling at ambient temperature.
Immediately place the flask on the wiregauze of the
Apparatus, and adjust the burnerflameso that the boiling
point of the solutionisreached inabout 2 min. Boil gently
but steadilyfor2 min.As boiling continues,add 3-4 drops
of methylene blue solution (1 in 100). Complete the
titration within 1 min by adding the Sample solution
dropwise until the blue colordisappears. Allow a 5-s
reaction time between drops at the end of titration.

Calculatethe percentage of invertsugar in the sample
taken:

P 1 =[W/ (Cs x Vs)] x 100

W =amount of invertsugar equivalent to 20.0 mL of
cupric tartrate, alkaline, solution VS, 100 mg

C s =concentration of the Sample solution(mg/mL)
Vs =volumeof the Sample solution used inthe titration

(mL)

Calculate the percentage of invertsugar on the total solids
basis:

P2 = (P dO) x 100

D = percentage of total solids corrected for the
percentage of invertsugar and temperature as
obtained in TotalSolids

Acceptance criteria
Total Invert Sugar: NLT 90.0% of dextrose and fructose

on the total solids basis
Medium Invert Sugar: 45.00/0-55.0% of dextrose and
fructose on the total solids basis

IMPURITIES
• RESIDUE ON IGNITION (281)
Analysis: Weigh a portion of Invert Sugarina platinumdish.

Heat gently until the sample ignites, then allow the sample
to burn untilit self-extinguishes. Cool, then wet the residue
with 2 mL of concentrated sulfuric acid, and heat the
sample overa lowflame untildry. Igniteto constant weight
in a muffle furnace at 800 ± 25° for 30 min, or longer if
necessary for complete ignition; cool in a desiccator; and
weigh.

Acceptance criteria: NMT 0.2%

SPECIFIC TESTS
• pH (791): 3.0-5.5
• TOTAL SOLIDS

Instrumental conditions
(See Refractive Index(831 ).)
Mode: Refractometer, operating at 589 nm, equipped

with a jacketfor water circulation or some other
mechanismfor maintaining the sample at 20 ± 0.1 ° or
some other fixed temperature. Before proceeding with
measurements,ensure that the sampleand the prism have
reached the equilibrium temperature arid that the .
instrument has been properlychecked and calibrated
against a standard providedby the manufacturer.

Analysis: Measure the refractive index of Invert Sugar, and
convert the value to the approximate percentage of solids
(uncorrected for invertsugar) by using Table 7. Correctfor
invert sugar and temperature:
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0= (S + 7) + (P 1 X F)

S = approximate percent solids determined from the
refractive index table (see Table 1)

T = temperature correction derived from the
temperature correction table (see Table 2) if the
refractometer was operated at other than 20 0

P 1 =percentage of invert sugardetermined asdirected
inthe Assay

F =deWhalley factor, 0.022

Acceptance criteria
Total Invert Sugar: 71.7%-77.3%
Medium Invert Sugar: 76.2%-77.2%

ADDITIONAL REQUIREMENTS
• LABELING: Label to indicate the percentage of total solids

and Invert Sugar.
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Dextrose RS
USP Fructose RS
USP Sucrose RS

Isobutane

58.12

DEFINITION
Isobutane contains NLT 95.0% of isobutane (C4HlO) .

[CAUTION-Isobutane is highly flammable and explosive.]

IDENTIFICATION
• A. IR ABSORPTION: Exhibits maxima, among others, at

about the following wavelengths (urn): 3.4 (vs), 6.8 (s), 7.2
(m), 8.5 (m), and 10.9 (m).

• B. The vapor pressure of a test specimen obtained as
directed for Propellants (602), and determined at 210 by
means of a suitable pressure gauge, is between 303 and
331 kPa absolute (44'and 48 psia).

ASSAY
• PROCEDURE

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 3-mm x 6-m aluminum; packed with 10 weight

percent of liquid phase G30 on support S1 D
Column temperature: 330

Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 2 ~L

System suitability
Sample: Isobutane
Suitability requirements

Sample response comparison: Peak responses for
isobutane from duplicate injections agree within 1%.

Analysis,
Sample: Isobutane
Connect one Isobutane cylinder to the chromatograph

through a suitable sampling valve and a flow control valve
downstream from the sampling valve. Flush the liquid

OfficialMonographs / Isobutyl 5833

specimen through the sampling valve, taking care to
avoid entrapment of gas or air in the sampling valve.

Calculate the percentage purity of Isobutane:

Result= (ru/rr) x 100

tu = peak responseof isobutane
rr =sum of all the peak responses

Acceptance criteria: NLT 95.0%

SPECIFICTESTS
• WATER: NMT 0.001%, determined as directed in

Propellants (602)
- HIGH-BOILING RESIDUES: NMT 5 ~g/mL, determined as

directed in Propellants (602)
-ACIDITY OF RESIDUE

Sample: Residue from the test for High-Boiling Residues
Analysis: Add 10 mL of water to the Sample, mix by swirling

for about 30 s, add 2 drops of methyl orange TS, insert the
stopper in the tube, and shake vigorously.

Acceptance criteria: No pink or red color appears in the
aqueous layer.

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in tight cylinders, and

prevent exposure to excessive heat.

Isobutyl Alcohol
CH,

~OH
H,C

CH3CH(CH3)CH20H 74.12
2-Methyl-1-propanol;
2-Methylpropyl alcohol;
1-lsobutanol [78-83-1 ].

DEFINITION
Isobutyl Alcohol contains NLT 98.0% of 2-methyl-1-propanol

(C4H100).

IDENTIFICATION

• B. The retention time of the major peak of the Sample
solution corresponds to that of the 2-methyl-1-propanol
peak of the System SUitability solution, as obtained in the
Assay.

ASSAY
- PROCEDURE

System suitability solution: USP 1-Butanol RS and USP
2-Methyl-1-Propanol RS (1:1)

Reference solution: 0.1% of Isobutyl Alcohol in water'
Sample solution: Isobutyl Alcohol (neat)
Chromatographic system

(See Chromatography(621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m; coated with a 3.0-~m layer of

thickness phase G43
Temperatures

Detector: 250 0

Injection port: 140 0

Column: See Table 1.
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Table 1a (Invert Suqar)
Sucrose

(g/100 g)b 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

56 1.4329 4332 4334 4336 4338 4340 4343 4345 4347 4349

57 1.4352 4354 4356 4358 4360 4363 4365 4367 4369 4372

58 1.4374 4376 4378 4380 4383 4385 4387 4389 4392 4394

59 1.4396 4398 4401 4403 4405 4407 4410 4412 4414 4417

60 1.4419 4421 4423 4426 4428 4430 4432 4435 4437 4439

61 1.4442 4444 4446 4448 4451 4453 4455 4458 4460 4462

62 1.4464 4467 4469 4471 4474 4476 4478 4481 4483 4485

63 1.4488 4490 4492 4495 4497 4499 4502 4504 4506 4509

64 1.4511 4513 4516 4518 4520 4523 4525 4527 4530 4532

65 1.4534 4537 4539 4541 4544 4546 4548 4551 4553 4556

66 1.4558 4560 4563 4565 4567 4570 4572 4575 4577 4579

67 1.4582 4584 4586 4589 4591 4594 4596 4598 4601 4603

68 1.4606 4608 4610 4613 4615 4618 4620 4623 4625 4627

69 1.4630 4632 4635 4637 4639 4642 4644 4647 4649 4652

70 1.4654 4657 4659 4661 4664 4666 4669 4671 4674 4676

71 1.4679 4681 4683 4686 4688 4691 4693 4696 4698 4701

72 1.4703 4706 4708 4711 4713 4716 4718 4721 4723 4726

73 1.4728 4730 4733 4735 4738 4740 4743 4745 4748 4750

74 1.4753 4756 4758 4761 4763 4766 4768 4771 4773 4776

75 1.4778 4781 4783 4786 4788 4791 4793 4796 4798 4801

76 1.4804 14806 4809 4811 4814 4816 4819 4821 4824 4826

77 1.4829 4832 4834 4837 4839 4842 4844 4847 4850 4852

78 1.4855 4857 4860 4862 4865 4868 4870 4873 4875 4878

79 1.4881 4883 4886 4888 4891 4894 4896 4899 4901 4904

80 1.4907 4909 4912 4914 4917 4920 4922 4925 4928 4930

81 1.4933 4935 4938 4941 4943 4946 4949 4951 4954 4957

82 1.4959 4962 4964 4967 4970 4972 4975 4978 4980 4983

83 1.4986 4988 4991 4994 4996 4999 5002 5004 5007 5010

84 1.5012 5015 5018 5020 5023 5026 5029 5031 5034 5037

85 1.5039 - - - - - - - - -

a SOURCE: "International Refractive Index Scale of ICUMSA (1974) for Pure Sucrose Solutions at 20°C and 589 nm." Adapted from "Refractometryand Tables
Official" (ICUMSA SPS-3 1994), International Commission for UniformMethods of Sugar Analysis (ICUMSA), c/o British Sugar TechnicalCentre, Colney, Norwich
NR47UB,England. No rounding has been carried out; therefore, values given may be too low by a maximum of 1 x 10--'.
b The refractive index of sugar solutions is used as a rapid method for the approximate determination of dry substance content. For the determination of dry
substance content in aqueous solutions of mixtures of sucrose and invert sugar the Refractive IndexScale for Pure Sucrose Solutions is typicallyused. The sucrose
content is considered to be an equivalent to the approximate dry substance content. .

Table 1
Hold Time at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

(') (o/min) (') (min)

40 - 40 20

40 10 240 20

Carrier gas: Helium
Flow rate: 4.8.,..4.9 mL/min
Injection volume: 1 IJL

Injection type: Split injection. The split ratio is 30:1.
[NOTE-A needle wash with the Sample solution is
recommended to minimize the carry over.]

System suitability
Sample: System suitability solution

[NoTE-The 2-methyl-l-propanol peak typically elutes
at about 11 min, and l-butanol at about 15 min. The
relative retention times for 2-methyl-l-propanol and
l-butanol are 0.7 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between 2-methyl-l-propanol and

l-butanol
Relative standard deviation: NMT2.0%
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Table 28 (Invert Suqar)
Measured Sucrose (% solids)

Temperature (") 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Subtract from the measured value

15 0.29 0.30 0.32 0.33 0.34 0.35 0.36 0.37 0.37 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.37 0.37

16 0.24 0.25 0.26 0.27 0.28 0.28 0.29 0.30 0.30 0.30 0.31 0.31 0.31 0.31 0.31 0.30 0.30 0.30

17 0.18 0.19 0.20 0.20 0.21 0.21 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.22

18 0.12 0.13 0.13 0.14 0.14 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

19 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0._08 0.08 0.07

Add to the measured value

21 0.06 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07

22 0.13 0.14 0.14 0.14 0.15 0.15 0.15 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.15 0.15 0.15 0.15

23 0.20 0.21 0.21 0.22 0.22 0.23 0.23 0.23 0.23 0.24 0.24 0.24 0.24 0.23 0.23 0.23 0.23 0.22

24 0.27 0.28 0.29 0.29 0.30 0.30 0.31 0.31 0.31 0.32 0.32 0.32 0.32 0.31 0.31 0.31 0.30 0.30

25 0.34 0.35 0.36 0.37 0.38 0.38 0.39 0.39 0.40 0.40 0.40 0.40 0.40 0.39 0.39 0.38 0.38 0.37

26 0.42 0.43 0.44 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.48 0.48 0.48 0.47 0.47 0.46 0.46 0.45

27 0.50 0.51 0.52 0.53 0.54 0.55 0.55 0.56 0.56 0.56 0.56 0.56 0.56 0.55 0.55 0.54 0.53 0.52

28 0.58 0.59 0.60 0.61 0.62 0.63 0.64 0.64 0.64 0.65 0.65 0.64 0.64 0.63 0.63 0.62 0.61 0.60

29 0.66 0.67 0.68 0.70 0.71 0.71 0.72 0.73 0.73 0.73 0.73 0.73 0.72 0.72 0.71 0.70 0.69 0.67

30 0.74 0.76 0.77 0.78 0.79 0.80 0.81 0.81 '0.82 0.82 0.81 0.81 0.80 0.80 0.79 0.78 0.76 0.75

31 0.83 0.84 0.85 0.87 0.88 0.89 0.89 0.90 0.90 0.90 0.90 0.89 0.89 0.88 0.87 0.86 0.84 0.82

32 0.92 0.93 0.94 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.98 0.97 0.96 0.95 0.93 0.92 0.90

33 1.01 1.02 1.03 1.05 1.06 1.07 1.07 1.08 1.08 1.08 1.07 1.07 1.06 1.04 1.03 1.01 1.00 0.98

34 1.10 1.11 1.13 1.14 1.15 1.16 1.16 1.17 1.17 1.16 1.16 1.15 1.14 1.13 1.11 1.09 1.07 1.05

35 1.19 1.21 1.22 1.23 1.24 1.25 1.25 1.26 1.26 1.25 1.25 1.24 1.23 1.21 1.19 1.17 1.15 1.13

36 1.29 1.30 1.31 1.33 1.34 1.34 1.35 1.35 1.35 1.34 1.34 1.33 1.31 1.29 1.28 1.25 1.23 1.20

37 1.39 1.40 1.41 1.42 1.43 1.44 1.44 1.44 1.44 1,43 1.43 1.41 1,40 1.38 1.36 1.33 1.31 1.28

38 1.49 1.50 1.51 1.52 1.53 1.53 1.54 1.54 1.53 1.53 1.52 1.50 1.48 1.46 1,44 1.42 1.39 1.36

39 1.59 1.60 1.61 1.62 1.63 1.63 1.63 1.63 1.63 1.62 1.61 1.59 1.57 1.55 1.52 1.50 1.47 1.43

40 1.69 1.70 1.71 1.72 1.73 1.73 1.73 1.73 1.72 1.71 1.70 1.68 1.66 1.63 1.61 1.58 1.54 1.51

a SOURCE: Adapted from "Refractometry and Tables-Official" (ICUMSA SPS-31994), International Commissionfor Uniform Methods of Sugar Analysis (ICUMSA),
c/o British Sugar Technical 'Centre, Colney, Norwich NR4 7UB, England.

Analysis
Samples: Reference solution and Sample solution
Calculate the percentage of 2-methyl-1-propanol (C4HlOO)

in the portion of Isobutyl Alcohol taken:

Result =(ru/rr) x 100

= peak response of isobutyl alcohol
=sum of all the peaks except those each of which

with an area less than 0.1 times the area of the
major peak from the Reference solution

Acceptance criteria: NLT 98.0%

IMPURITIES
• LIMIT OF ISOBUTYRALDEHYDE, BUTYRALDEHYDE,

2-BUTANOL, l-BuTANOL, AND OTHER VOLATILE IMPURITIES
Sample solution and Chromatographic system: Proceed

as directed in the Assay.
Reference solution: 0.1 % of Isobutyl Alcohol in water

Standard solution: 0.2% of USP Isobutyraldehyde RS,
0.2% of USP Butyraldehyde RS, 0.1% of USP 1-Butanol RS,
and 0.1 % of USP 2-Butanol RS in the Sample solution

System suitability
Sample: Standard solution

[NoTE-See Table 2 for relative retention times.]

Table 2

Relative
Retention

Component Time

Isobutyraldehyde 0.4

Butyraldehyde 0.5

2-Butanol 0.6

2-Methyl-1-propanol 0.8

1-Butanol 1.0

Suitability requirements
Resolution: NLT 1.5 between all adjacent peaks
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• 2H,O

344.31

380.32

Isomalt

SPECIFIC TESTS
• ACIDITY

Sample: 74 mL (60 g)
Analysis: Titratethe Sample with 0.020 N alcoholic

potassium hydroxide, using phenolphthaleinTS as the
indicator, until a pinkcolor persists for NLT 15 s.

Acceptance criteria: NMT 2.5 mL isconsumed.
• WATER DETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, and

prevent exposure to excessive heat.
• USP REFERENCE STANDARDS (11)

USP l-Butanol RS
USP 2-Butanol RS
USP Butyraldehyde RS
USP Isobutyraldehyde RS
USP 2-Methyl-l-Propanol RS

~
OH O ' OH QH

HO""" ..•,"o~
" ~ ~ OH

HO OH OH OH

Portions of this monograph that are nationalUSPtext,and are
not part ofthe harmonizedtext, are markedwithsymbols
(+ t) to specify thisfact.

C12H24011
C12H24011 . 2H20
6-0-a-Glucopyranosyl-D-sorbitol and 1-0-a-D-

glucopyranosyl-D-mannitol dihydrate;
6-0-a-D-Glucopyranosyl-D-glucitol and 1-0-a-D

glucopyranosyl-D-mannitol dihydrate [64519-82-0].

DEFINITION
Isomaltcontains NLT 98.0% and NMT 102.0% of a mixture

of 6-0-a-D-glucopyranosyl-D-sorbitol (1 ,6-GPS) and
1-0-a-D-glucopyranosyl-D-mannitol (1,l-GPM), and neither
of the two components is less than 3.0% of the mixture,
calculated on the anhydrous basis.

IDENTIFICATION
• tA. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 5 mg/mL of USP Isomalt RS
Sample solution: 5 mg/mL
Chromatographic system

Adsorbent: 0.25-mm layerof chromatographicsilica gel
mixturecontaining a fluorescent indicatorhavingoptimal
intensityat 254 nm

Application volume: 1 f.JL
Developing solvent system: Ethyl acetate, pyridine,
water, acetic acid, and propionic acid (10:10:2:1:1)

Analysis .
Samples: Standardsolution and Sample solution
Proceed as directed in the chapter. Thoroughly dry the
starting points inwarm air. Develop over 10 cm usingthe
Developing solventsystem, drythe plate ina current of hot
air, and dip for 3 s in a l-mg/mL solutionof sodium
periodate. Dipthe platefor 3 s ina mixtureofdehydrated

=peak response of each impurity other than
isobutyraldehyde, butyraldehyde, 2-butanol,
and l-butanol from the Sample solution

=sum of all the peaksfrom the Sample solution,
except those each ofwhichwith an area less than
0.1 times the area of the major peakfrom the
Reference solution)

Acceptance criteria: See, Table 3. Disregard any peak with
an area lessthan.Ol times the area of the major peak
from the Reference solution, correspondingto 0.01%.

Result (L\r) = rs - ru

rs = peak response of each individual impurity
(isobutyraldehyde, butyraldehyde, 2-butanol, or
l-butanol) from the Standardsolution

tu =peak response of each individual impurity
(isobutyraldehyde, butyraldehyde, 2-butanol, or
l-butanol), ifpresent, from the Sample solution

Calculate the percentage of each impurity other than
isobutyraldehyde, butyraldehyde, 2-butanol, and
l-butanol in the portion of Isobutyl Alcohol taken:

Result = (ru/rr) x 100

Analysis
Samples: Sample solution, Reference solution,and Standard

solution
Ifany peaksof the Sample solutionhave the same retention

times as the peaksdue to isobutyraldehyde,
butyraldehyde, 2-butanol, and l-butanol, subtract the
areas of any such peaksfrom the peak areas of the
Standardsolutionat these retention times. The difference
iscalculated below:

Table 3

• LIMITOF NONVOLATILE RESIDUE
Sample: 100 mL
Analysis: Evaporate the Sample ina tared porcelain dishon a

steam bath, and dry at 105° for 30 min.
Acceptance criteria: The weight of the residuedoes not

exceed 4 mg, corresponding to NMT 0.004%.

Impurity Percentage (%)

The area of any peak of the Sample solution corre-
sponding to isobutyraldehyde, tt» isNMT halfof the
difference (Ar) between the area of the peak due to
isobutyraldehyde in the Standard solution and the

Isobutyraldehyde
area of the peakdue to isobutyraldehyde in the Sam-
plesolution, correspondingto NMT 0.1%.

The area of any peak of the Sample solution corte-
sponding to butyraldehyde,rv, is NMT halfof the
difference (Ar) between the area of the peak due to
butyraldehydein the Standard solution and the area

Butyraldehyde
of the peak due to butyraldehydein the Sample sol-
utlon, correspondingto NMT 0.1%.

The area of any peak of the Sample solution corre-
sponding to 2-butanol, rv, is NMT the difference '
(Ar) between the area of the peak due to 2-butanol
in the Standard solution and the area of the peakdue
to 2-butanol in the Sample solution, corresponding

2-Butanol to NMTO.1%.

The area of any peak of the Sample solution corre-
sponding to l-butanol, rVl is NMT the difference
(Ar) between the area of the peak due to l-butanol
in the Standard solution and the area of the peakdue

1-Butanol
to l-butanol in the Sample solution, corresponding
to NMTO.l%.

Total irnpuritles NMT2.0%
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alcohol, sulfuric acid, acetic acid, and anisaldehyde
(90:5:1:1). Dry the plate in a current of hot air until
colored spots become visible. The background color may
be brightened by exposure to warm steam. Examine in
daylight.

Acceptance criteria: The principal spots of the Sample
solution are similar in position and color to those of the
Standard solution.•

• B. The retention times of the two principal peaks of the
Sample solution correspond to those of the Standard
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

Mobile phase: Water
Standard solution: 20 mg/mL of USP Isomalt RS
Sample solution: 20 mg/mL of Isomalt
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index, maintained at a constant

temperature (40 0 for example)
Columns

Guard: 4.6-mm x 3-cm; packing L19
Analytical: 7.8-mm x 30-cm; packing L19

Column temperature: 80 ± 30

Flow rate: 0.5 mL/min
Injection volume: 20 I-IL

System suitability
Sample: Standard solution

[NOTE-The relative retention times for 1, l-GPM and
1,6-GPS are about 1.0 and 1.2, respectively.]

Suitability requirements
Resolution: NLT2.0 between 1, l-GPM and 1,6-GPS
Relative standard deviation: NMT 2.0% for the 1,6-GPS

and 1,1-GPM peaks
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of 1,6-GPS in the portion of

Isomalt taken:

Result =(r virs) x (C siCv) x "00

r u =peak response of 1,6-GPS from the Sample
solution

r s =peak response of 1,6-GPS from the Standard
solution

C s = concentration of 1,6-GPS in the Standard
solution, with calculation based on the declared
1,6-GPS content of USP Isomalt RS (mg/mL)

C u = concentration of Isomalt in the Sample solution
(mg/mL)

Calculate the percentage of 1, l-GPM in the portion of
Isomalt taken:

Result = (r vir s) x (C siCv) x 100

r u =peak response of 1, l-GPM from the Sample
solution

r s = peak response of 1, l-GPM from the Standard
solution

C s =concentration of 1, l-GPM in the Standard
solution, with calculation based on the declared
l,l-GPM content of USP Isomalt RS (mg/mL)

C u = concentration of Isomalt in the Sample solution
(mg/mL)

Acceptance criteria: 98.00/0-102.0% of a mixture of
6-0-a-o-glucopyranosyl-o-sorbitol (1,6-GPS) and
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1-0-a-o-glucopyranosyl-o-mannitol (1, l-GPM), and
neither of the two components is less than 3.0% of the
mixture, calculated on the anhydrous basis

IMPURITIES
• LIMIT OF NICKIEL

[NoTE-The purity of the reagents and the water used
must be suitable for trace analysis, and the reagents
and water must be free of nickel.]

Sample solution: Dissolve 10.0 g of Isomalt in 30 mL of
dilute acetic acid (115-125 giL), add water, and shake to
dissolve. Dilute with water to 100.0 mL. Add 2.0 mL of
saturated ammonium pyrrolidinedithiocarbamate TS and
10.0 mL of water-saturated methyl isobutyl ketone
(C6H120, 4-methyl-2-pentanone), and then shake for 30 s,
protected from bright light. Allowthe layers to separate and
use the methyl isobutyl ketone layer.

Standard solutions: Prepare three reference solutions in the
same manner as the Sample solution except add 0.5 mL,
1.0 mL, and 1.5 mL, respectively, of nickel standard
solution TS (10 ppm Ni) in addition to the 10.0 g of the
substance to be examined.

Blank solution: Treat water-saturated methyl isobutyl
ketone as described for preparation of the Sample solution
omitting the Isomalt.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode
Flame: Air-acetylene

Analysis
Samples: Sample solution, Standard solutions, and Blank

solution
Set the zero of the instrument using the Blank solution.

Record the average of the steady readings for each of the
Standard solutions and the Sample solution. Between each
measurement, rinse with water and ascertain that the
reading returns to zero with the Blank solution. Plot the
absorbances of the Standard solutions and the Sample
solution versus the added quantity of nickel. Extrapolate
the line joining the points on the graph until it meets the
concentration axis. The distance between this point and
the intersection of the axes represents the concentration
of nickel in the Sample solution.

Acceptance criteria: NMT 1 I-Ig/g, calculated on the
anhydrous basis

• ORGANIC IMPURITIES
Mobile phase, Sample solution, and Chromatographic

system: Proceed as directed in the Assay.
System suitability solution: 20 mg/mL of USP Isomalt RS

and 0.1 mg/mL each of USP Mannitol RS and USP
Sorbitol RS in water

Standard solution: 0.1 mg/mL each of USPSorbitol RS and
USP Mannitol RS

System suitability
Sample: System suitability solution

[NoTE-The relative retention times for 1, l-GPM,
1,6-GPS, mannitol, and sorbitol are about 1.0, 1.2,
1.6, and 2.0, respectively. The typical retention time
for 1, l-GPM is about 12.3 min.]

Suitability requirements
Resolution: NLT2.0 between 1, l-GPM and 1,6-GPS

Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of mannitol or sorbitol in the

portion of Isomalt taken:

Result = (rvir s) x (C siCv) x 100
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r u = peak response of mannitol or sorbitol from the
Sample solution

r 5 = peak response of mannitol or sorbitol from the
Standardsolution

C 5 = concentration of USP Mannitol RS or USP
Sorbitol RS in the Standardsolution (mg/mL)

Cu = concentration of Isomalt in the Sample solution
(mg/mL)

Calculate the percentage of any unknown impurity in the
portion of Isomalt taken:

Result =(r vir 5) x (C siC v) x 100

= peak response of each unknown impurityfrom
the Sample solution

= peak response of sorbitol from the Standard
solution

= concentration of USP Sorbitol RS in the Standard
solution (mg/mL)

= concentration of Isomalt in the Sample solution
(mg/mL)

Acceptance criteria': See Tabie 1. [NOTE-Disregard any
impurity peak that is less than 0.1%.]

Table 1
Acceptance

Criteria,
Name NMT (%)

Mannitol 0.5

Sorbitol 0.5

Any unknown impurity I 0.5

Total impurities 2.0

NF 38

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.•
• LABELING: Label it to indicate the percentage content of

l,6-GPS and l,l-GPM.
• USP REFERENCE STANDARDS (11)

USP Isomalt RS
USP Mannitol RS
USP Sorbitol RS

Isopropyl Alcohol-see Isopropyl AlcoholGeneral
Monographs

• REDUCING SUGARS ,.g~.N],,'f'~~~'Q.~
Sample solution: Dissolve 3.3 g in 10 mLof Purified Water

with the aid of gentle heat. Cool and add 20 mLof cupric
citrate TS and a few glass beads. Heatso that boilingbegins
after 4 min, and maintain boilingfor 3 min. Cool rapidly,
and add 100 mLof a 2.4% (v/v) solution of glacial acetic
acid and 20 mLof 0.025 M iodine VS. With continuous
shaking, add 25 mLof a mixture of hydrochloric acid and
water (6:94).

Analysis: After the precipitate has dissolved, titrate the
excess iodine with 0.05 N sodium thiosulfateVS, using
1 mL of starch TS, added toward the end of the titration as
an indicator.

Acceptance criteria: NLT 12.8 mLof 0.05 N sodium
thiosulfateVS is required, corresponding to NMT 0.3% of
reduclnq sugars, determined on the anhydrous basisas
glucose.

SPECIFIC TESTS
• WATER DETERMINATION (921), Method I

Sample: 0.3 g
Analysis: Add the Sample to a mixture of anhydrous

methanol and formamide (1:1) at 50 ± 5°.
Acceptance criteria: NMT 7.0%

• CONDUCTIVITV
Sample solution: Dissolve 20 g incarbon dioxide-free water

with gentle heating (40°_50°), cool, and dilute with the
same solvent tol 00 mL.

Analysis: Using an appropriate conductivity meter that has
been standardized with a potassium chloride conductivity
calibrationstandard, measure the conductivityof the
Sample solutionwhilegently stirringwith a magnetic stirrer.

Acceptance criteria: NMT 20 IJSlcm
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TiON(921),'Metl1odl: NMT 0.1%,
,g1: ,- .., .

TS
PreserVe in tight containers.

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 2.01..lL
Injection type: Split injection, split ratio 10:1
Run time: 22 min

Isopropyl Myristate

C17H340 2 270.45
Tetradecanoic acid, 1-methylethyl ester;
Isopropyl myristate [110-27-0].

DEFINITION
Isopropyl Myristate consists of esters of isopropyl alcohol and

saturated high molecular weight fatty acids, principally
myristic acid. It contains NLT 90.0% of isopropyl myristate
(C17H3402)'

IDENTIFICATION
• A. The retention times of the major peaks of the Sample

solution correspond to those of the System suitability
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: 5.0 mg/mL of USP Isopropyl
Myristate RS and 0.5 mg/mL of USP Isopropyl Palmitate RS
in n-hexane

Sample solution: 5.0 mg/mL of Isopropyl Myristate in
n-hexane

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 15-m fused silica coated with a

1.0-l..Im layer of stationary phase G27
Temperatures

Injection port: 240 0

Detector: 280 0

Column: See Table 7.

Table 1

o CH3

H3C~O~CH3

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) elmin) e) (min)

150 - 150 1

150 6 230 8

21Z3(}

15~

Final
Temperature

e)

~ ·",,.oced~respAclcjyaltle.~NMT;

, !,roci(1~fes, Hycfr()xyr'1alu~:

TabfeJ:

at<:area.s,E!xdludin£Jtbe solvenfpeak;
mple s9u on

Result::: (iulrrtx:lqO

r eachindividuattattyadejester

6

Ternperatur~
Ramp

e/min)

156

150

Initial
Teinperature

e)

ru
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System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention times for isopropyl
myristate and isopropyl palmitate are 1.0 and 1.3,
respectively.] .

Suitability requirements
Resolution: NLT 6.0 between the isopropyl myristate and

isopropyl palmitate peaks
Tailing factor: NMT 2 for the isopropyl myristate peak
Relative standard deviation: NMT 2.0%

Analysis
Sample: Sample solution
Calculate the percentage of isopropyl myristate (C17H3402)

in the portion of Isopropyl Myristate taken:

Result = (rUlrT) x 100

ru =peak area of isopropyl myristate
rr = sum of the peak areas of all the peaks, except the

solvent peak

Acceptance criteria: NLT 90.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.846-0.854
• REFRACTIVE INDEX (831): 1.432-1 .436 at 20 0

• FATS AND FIXED OILS, AcidValue (401): NMT 1
• FATS AND FIXED OILS, Iodine Value (401): NMT 1
• FATS AND FIXED OILS, Saponification Value (401): 202-212

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Isopropyl Myristate RS
USP Isopropyl Palmitate RS

Isopropyl Palmitate

C19H3S02 298.50
Hexadecanoic acid, 1-methylethyl ester;
Isopropyl palmitate [142-91-6].

DEFINITION
Isopropyl Palmitate consists of esters of isopropyl alcohol and

saturated high molecular weight fatty acids. It contains NLT
90.0% of isopropyl palmitate (C19H3S02)'

IDENTIFICATION
• A. The retention times of the major peaks of the Sample

solution correspond to those of the System sUitability
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: 5.0 mg/mL of USP Isopropyl
Palmitate RS and 0.5 mg/mL of USP Isopropyl Myristate RS
in n-hexane

Sample solution: 5.0 mg/mL of Isopropyl Palmitate in
n-hexane

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC

NF38

Detector: Flame ionization
Column: 0.32-mm x 15-m fused silica; coated with a

1.0-lJm layer of stationary phase G27
Temperatures

Injection port: 2400

Detector: 280 0

Column: See Table 7.

Table 1

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) (0) (min)

150 - 150 1

150 6 230 8

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 2.0 IJL
Injection type: Split injection, split ratio 10:1
Run time: 22 min

System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention times for isopropyl
myristate and isopropyl palmitate are 0.8 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT6.0 between the isopropyl myristate and

isopropyl palmitate peaks
Tailing.factor: NMT 2 for the isopropyl palmitate peak
Relative standard deviation: NMT 2.0%

Analysis
Sample: Sample solution
Calculate the percentage of isopropyl palmitate (C19H3S02)

in the portion of Isopropyl Palmitate taken:

Result = (rufrT) x 100

=peak area of isopropyl palmitate
=sum of the peak areas of all the peaks, except the

solvent peak

Acceptance criteria: NLT 90.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.850-0.855
• REFRACTIVE INDEX (831): 1.435-1 .438
• FATS AND FIXED OILS, AcidValue (401): NMT 1
• FATS AND FIXED OILS, Iodine Value (401): NMT 1
• FATSAND FIXED OILS, Saponification Value (401): 183-193

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Isopropyl Myristate RS
USP Isopropyl Palmitate RS

Isostearyl Isostearate
DEFINITION
Isostearyl.lsostearate is obtained by esterification of isostearic

acid which is a mixture mainly of saturated branched 18
carbon-chain (C18) fatty acids, linear hexadecanoic (C16:0)
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and octadecanoic acids (C18:0), with isostearyl alcohol. It
contains NLT 85.0% of isostearyl isostearate.

IDENTIFICATION
• A. ESTER
Analysis 1: Proceed as directed in Fats and Hxed Oils(401),

Procedures, Saponification Value. .
Sample: 3 g
Analysis: Proceed as directed in the chapter. Heat under

reflux for 1 h.
Acceptance criteria: 90-11 0

Analysis 2: Proceed as directed in Fats and Fixed Oils(401),
Procedures, Acid Value.
Sample: Sample amount (see Fats and Fixed Oils(401),

Table 7)
Acceptance criteria: NMT 6.0

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
Reference solution: 2 mg/mL of isostearic acid in Mobile
phase

Standard solution: 40 mg/mL of USP Isostearyl
Isostearate RS in Mobilephase

Sample solution: 40 mg/mL of Isostearyllsostearate in
Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC I

Detector: Differential refractive index
Column: Two 7.5-mm x 30-cm columns in tandem; 3-lJm .

packing L21
Temperatures

Column: 35°
Detector: 35°

Flow rate: 1.0 mL/min
Injection volume: 20 IJL
Run time: 30 min

System suitability .
Samples: Reference solution and Standard solution

[NoTE-Therelative retention times for isostearyl
isostearate, isostearic acid, and isostearyl alcohol are
1.00, 1.07, and 1.09, respectively.]

Suitability requirements
Resolution: NLT 1.3 between the isostearyl isostearate

peak and the adjacent peak at the retention time 1.09
relativeto isostearyl isostearate, Standard solution

Relative standard deviation: NMT 2.0%, determined
from the isostearyl isostearate peak, Standard solution

Analysis .
Samples: Standardsolution and Sample solution
Calculate the percentage of isostearyI isostearate in the

portion of Isostearyl Isostearate taken:

Result =(r vIr s) x (CsICv) x 100

= peak response of isostearyl isostearatefrom the
Sample solution . .

= peak response of isostearyl isostearatefrom the
Standardsolution

. =concentration of USP Isostearyllsostearate RS in
the Standardsolution

= concentration of lsostearyl Isostearatein the
Sample solution
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Acceptance criteria: NLT 85.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, Hydroxyl Value

Sample: 4 g
Analysis: Proceed as directed in the chapter. Asand bath

can be used.
Acceptance criteria: NMT 25.0

• FATS AND FIXED OILS (401), Procedures, Iodine Value
Sample: 3 g
Acceptance criteria: NMT 5.0

• FATS AND FIXED OILS (401), Procedures, Peroxide Value
Sample: 3 g
Acceptance criteria: NMT 5.0

• WATER DETERMINATION (921), Method I
Sample: 3 g
Acceptance criteria: NMT 0.5%

• REFRACTIVE INDEX (831): 1.454-1.464 at 25°

ADDITIONAL REQUIREMENTS
• PACKAGING AND.STORAGE: Preserve in tight containers,

protected from light and moisture. Store at room
temperature, and avoid exposure to excessive heat.

• USP REFERENCE STANDARDS (11)
USP Isostearyl Isostearate RS

Juniper Tar-see juniper TarGeneral Monographs

Kaolin-see Kaolin General Monographs

Alpha-Lactalbumin

C626H958N1620196S9 14178
[9051-29-0].

DEFINITION
Alpha-Lactalbumin isa lyophilized or spray-dried powder of

compact globular metalloprotein that may contain a single
bound calcium ion and is capable of binding zinc and other
metals. Alpha-Lactalbumin isisolatedeither from bovine milk
or from whey, both of which should be from edible sources
suitable for 'human use. All materials derived from bovine
sources must originate from countries free of bovine
sponqiforrn encephalopathy. It contains alpha-lactalbumin
at NLT 90.0% of the labeled total protein content. The
remainder consists mostlyof beta-lactoglobulin. It may
contain suitable stabilizers.

IDENTIFICATION
• A. SDS-POLVACRVLAMIDE GEL ELECTROPJiORESIS

Gel fixing solution: In a 1-L Pyrex bottle, thoroughly mix
500 mLof water, 400 mLof alcoholic TS, and 100 mLof
glacial acetic acid.

Gel stainlnq solution: Preparea solution of Coomassieblue
G-250 having a concentration of 0.25 gIL in a 10.0% (v/v)
acetic acid solution.' Store at room temperature .

1 Asuitable gel stainingsolutionisavailable from, e.g., Bio-Rad. Coomassie
brilliantblue G~250 is available from Bio-Rad, Cat. # 161-0406.
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completely cover the gel. Place the staining container on
an appropriate shaker, and stain the gel for 60-90 min
with gentle shaking. -

Destaining: Drain the Gelstainingsolution into an
appropriate waste container, and add 100 mL of
Destaining solutionto the container to cover the gel. Place
the container on an appropriate shaker, and shakewith
gentle agitation for 30 min. Discard the used Destaining
solution, and repeat destaining as necessary. Repeat
rinsing with Destaining solution three to four times at
30-min intervals or until the gel isdestained to the desired
clarity.

Acceptance criteria: The Alpha-Lactalbumin hasone major
band at 14 kDa, a minor band at 16 kDa, and a molecular
weight that is similar to that of USP Alpha-Lactalbumin RS.

• B•. The retention time of the major peak for
alpha-lactalbumin from the Sample solution corresponds to
that of the Standard solution, asobtained in the test for
Contentof Alpha-Lactalbumin in the Assay.

ASSAY
• CONTENT OF ALPHA-LACTALBUMIN

Mobile phase: Preparea solution of 0.02 M Tris-HCI, 0.5% .
SDS, and 0.1 N sodium chloride. Adjust the pH of the
solution to 5.95 ± 0.05. Pass this solution through a filter
having a 0.5-J.Jm or finer porosity, and degas.

. Standard solution: 1.0 mg/mL of USP
Alpha-Lactalbumin RS in Mobilephase. [NOTE-Prepare it
immediately before use.]

System suitability solutuion: 0.5 mg/mL of USP
Alpha-Lactalbumin RS and 0.5 mg/mL of
beta-lactoglobulin in Mobilephase

Sample solution: 1.0 mg/mL of Alpha-Lactalbumin in
Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 7.8-mm x 30-cm analytical column, packing L33
[NOTE-Equilibrate the column for approximately 90 min

at 0.6 mL/min of Mobilephase or until a stable baseline
. is achieved.]
Flow rate: 0.6 mL/min
Injection size: 20 J.JL

System suitability
Sample: System suitabilitysolution
[NOTE~The relative retention times for

beta-lactoglobulin and alpha-lactalbumin are
0.91 and 1.00, respectively.]

Suitability requirements
Resolution: NLT 1.65 between beta-lactoglobulin and

alpha-lactalbumin
Tailing factor: Not greater than 1.1 for the

alpha-lactalbumin peak
Analysis

Samples: Standard solutionand Sample solution
Calculate the purity of Alpha-Lactalbumin asa percentage

of total protein:

Result=(ru/rs) x [Cs/(Cu x P)] x 100

Destaining solution: 10.0% (v/v) acetic acid in water
[NOTE-This solution may be stored at room temperature
for up to 6 months from the date prepared.]

Sample buffer: Preparea solution containing 200 mM
tris(hyd roxymethyl)aminomethane hydrochloride
(Tris-HCI), 2% (w/v) sodium dodecyl sulfate (SDS),40% (vI
v) glycerol, and 0.04% (w/v) Coomassie blue G-250. If
necessary, adjust with hydrochloric acid or sodium
hydroxide to a pH of 6.8.2

Running buffer: Preparea solution containing 100 mM
tris(hydroxymethyl)aminomethane, 100 mM
N-tris(hydroxymethyl)methylglycine (tricine), and 0.1%
(w/v) SDS in water. If necessary, adjust with hydrochloric
acid or sodium hydroxide to a pH of 8.3. 3 In a 400-mL
beaker, thoroughly mix 35 mL of the solution so obtained
(or 10x Tris/Tricine/SDS buffer)" with 315 mL of water.

Molecular weight marker: Usea suitable molecular weight
marker containing protein bands between 3.5 and 27 kDa.

Molecular weight standard solution: Transfer 16 J.lL of the
Sample buffer into a 0.5-mL microcentrifuge tube. Pipet 4
J.JL of the Molecular weightmarker into the microcentrifuge
tube, and mix. Incubate the mixture in the closed
microcentrifuge tube for 5 min at 95°. After incubation,
allow the tube to stand for 5 min at room temperature.
Centrifuge at 5000 rpm for 1 min.

Alpha-Lactalbumin standard stock solution: 1.0% (w/v)
of USP Alpha-Lactalbumin RS in water in a 2-mL
centrifuge tube.

Alpha-Lactalbumin standard working solution: Pipet 21
J.JL of the Sample bufferand 3 J.JL of the Alpha-Lactalbumin
standardstock solution into a 0.5-mL microcentrifuge tube,
and mix. Proceed as directed for Molecular weightstandard
solution beginning with "Incubate the mixture".

Sample stock solution: 1'.0%(w/v) of Alpha-Lactalbumin in
water in a 2-mL centrifuge tube.

Sample solution: Pipet 21 J.JL of the Sample butterand 3 J.JL
of the Sample stock solution into a 0.5-mL microcentrifuge
tube, and mix. Proceed asdirected for Molecular weight
standardsolutionbeginning with "Incubate the mixture".

SDS-PAGE gel and apparatus set-up: Following the
manufacturer's instructions, assemble and-fill a 16.5%
Tris-Tricine ReadyGels in the Mini-Protean III .
Electrophoresis Module," or in an equivalent module. Add
Running bufferappropriately to this apparatus.

Analysis
Gel loading: Load 10 J.JL of the Molecular weightstandard

solution, 2.5 J.JL of the Alpha-Lactalbumin standard
workingsolution, and 2.5 J.JL of the Sample solution,
respectively, into the 16.5% Tris-Tricine SDS-PAGE gel.
[NoTE-The loaded samples contain approximately 3 J.Jg
of protein based on the sample weight.]

Running the gel: Set the voltage to 100 V, and run at a
constant voltage. Run the gel until the tracking dye front
is approximately 10 mm from the bottom of the gel
(approximately 80-90 min).

Gel fixing: Remove the gel, transfer to a plastic container,
and soak in the Gelfixingsolution for 30 min on a shaking
rack. Decant the Gelfixingsolution. Rinse with water, and
decant.

Gel staining: Pour approximately 100 mL of the Gel
stainingsolution into the staining container. Placethe gel
into the staining container, and allow the stain to

2 Asuitablesample bufferisavailable asTricinesample bufferfrom Bio-Rad,
Cat. # 1-61-0739.
3 An undiluted suitable running buffer is availableas 1OxTris/Tricine/SDS
bufferfrom Bio-Rad, Cat. # 161-0744.
4 Available as lOx Tris/Tricine/SDS bufferfrom Bio-Rad, Cat. # 161-0744.
5 Available from Bio-Rad, Cat. # 161-1107 or 161-1179.
6 Available from Bio-Rad, Cat. # 165-3302.

Cu

P

=peak response for alpha-lactalbumin from the
Sample solution

=peak responsefor alpha-lactalbumin from the
Standard solution

=concentration of USP Alpha-Lactalbumin RS in the
Standard solution(mg/mL)

=concentration of Alpha-Lactalbumin in the
Sample solution (mg/mL)

= percentage of total protein content
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Acceptance criteria: Content of alpha-lactalbumin is NLT
90.0% of the labeled total protein content.

o TOTAL PROTEIN CONTENT
Sample: 250 mg of Alpha-Lactalbumin
Analysis: Combust the Sample in the presence of pure

oxygen (99.9%) in an airtight oven at 950° with a suitable
nitrogen analyzer.The components such ascarbon dioxide,
sulfurdioxide, and moisture are absorbed byvarious in-line
chemical filters. All nitrogenous matter is converted into
nitrogen in the presence of catalyticconverters.The weight
percent of nitrogen is measured by a thermal conductivity
detector. Blank the system by analyzing a suitable nitrogen
blank material,such as powdered cellulose, and obtaining a
zero reading. Calibrate and qualify the system by using
EDTA. The relativestandard deviation for replicate runs is
NMT 0.5%. Calculate the weight percent of total protein
content in Alpha-Lactalbumin by multiplying the
percentage of nitrogen found by 6.23.

Acceptance criteria: Total protein content is NLT 90.0%.

OTHER COMPONENTS
• LIMIT OF IBETA-LACTOGLOBULIN

Mobile phase, System suitability solution, Sample
solution, Chromatographic system, and System
suitability: Prepare as directed in the test for Contentof
Alpha-Lactalbumin.

Standard solution: 1.0 mg/mL of beta lactoglobulin in
Mobile phase. [NoTE-Prepare it immediately before use.]

Analysis
Samples: Standardsolution and Sample solution

Calculate the percentage of beta-lactoglobulinas a
percentage of total protein:

Result =(ru/rs) x [Cs/(Cux P)] x 100

ru = peak response for beta-lactoglobulin from the
Sample solution .

rs =peak response for beta-lactoglobulinfrom the
Standardsolution

C, =concentration of beta-lactoglobulin in the
Standardsolution (mg/mL) .

Cu = concentration of Alpha-Lactalbumin in the
Sample solution (mg/mL)

P = percentage of total protein content

Acceptance criteria:. NMT 6.5%, calculated on the total
protein basis

• CONTENT OF CALCIUM
Standard stock solution: Dissolve 1.249 g of calcium

carbonate in 270 mLof 3 N hydrochloricacid (dilute
250 mLof hydrochloric acid with water to 1000 mL) in a
1OOO-mL volumetricflask. Dilute with water to volume, and
mix. Dilute50 mLof the solution so obtained to
1000 mL. The Standardstock solutioncontains 25 J,Jg/mL of
catdurn,?

Lanthanum chloride solution: Weigh 11.7 g (± 100 mg) of
lanthanum oxide, and transfer to a 1OOO-mL volumetric
flask. Add enough water to wet the powder, and then
slowlyadd 50 mLof hydrochloric acid.
[CAUTION-Exothermic reaction.] Let the test specimen
dissolve, dilutewith water to volume,and mix.Thissolution
contains 1% (w/v) of lanthanum and isstable for up to 6
months when stored at room temperature.

Blank solution: 1O-fold dilution of Lanthanum chloride
solution _

7 Acommercially prepared, certificated AA standard isavailableas Calcium
M, rcp standards, 1000 ppm Ca in dilute hydrochloricacid, Cat. #
ACA1KH, from RICCA. Make an appropriate dilution to obtain a final
concentration of 25 1l9/mLof calcium.
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Working standard solutions: To five identical 25-mL
volumetricflasks add 0, 5, 10, 15, and 20 mL,
respectively, of Standardstock solution.Add 2.5 mL of
Lanthanum chloride solution, and dilute with water to
volume. The Working standardsolutions contain 0, 5, 10,
15, and 20 J,Jg/mL of calcium, each containing 0.1% (w/v)
of lanthanum.

Sample solution: Transfer1.0 g of Alpha-Lactalbumin to a
1OO-mL volumetricflask, add 10 mL of Lanthanum chloride
solution, and dilute with water to volume.

Spectrometric conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 422.7 nm
Lamp: Calcium hollow-cathode lamp
Flame: Reduced air-acetylene

Analysis
Samples: Working standard solutions and Sample solution
Concomitantlydetermine the absorbances of the Samples

using the Blank solution. [NOTE-Optimize flame
parameters in accordance with the instrument
manufacturer's instructions.]

Plot the absorbances of the Working standardsolutions
versusthe concentration, in IJg/mL, of calcium,and draw
the straight line best fitting the five plotted points. From
the graph so obtained, determine the concentration, C,
in J,Jg/mL, of calcium in the Sample solution.

Calculatethe quantity of calcium (Ca), in mg, in each g of
Alpha-Lactalbumin taken:

Result = 01 x C)/W x F x 100

V = volume of the Sample solution, 100 mL
C = as determined above
W = weight ofAlpha-Lactalbumin taken to prepare the

Sample solution (g)
F = conversion factor for IJg to mg (1 0-3 mg/lJg)

Acceptance criteria: NMT 1 mg/g of calcium

IMPURITIES
INORGANIC IMPURITIES
• Ash: Ignite1 g ofAlpha-Lactalbumin at NMT 550° untilfree

from carbon. Cool in a desiccator, and weigh: NMT 3.5% is
found.

• LIMIT OF PHOSPHORUS
Hydrochloric acid solution: Pipet 250 mLof hydrochloric

acid into a 1OOO-mL volumetric flask, dilute with water to
volume, and mix.

Molybdovanadate reagent: Dissolve 20 g of ammonium
molybdate in 200 mLof water with the aid of heat, and
then allowthe molybdate solution to cool. Dissolve 1.0 g
of ammonium vanadate in 125 mL of water with the aid of
heat, cool, and add 160 mLof hydrochloric acid. Gradually
add, with stirring, the molybdate solution to the vanadate
solution, and dilute with water to 1000 mL.

Phosphorus standard stock solution I: Transfer8.8 g of
monobasic potassium phosphate (KH2P04) , previously
dried for 2 h at 105°, to a 1OOO-mL volumetricflask, and
add 750 mL of water to dissolve. Dilute with water to
volume. This solution contains 2 mg/mL of phosphorus.
[NOTE-Store the solution in a refrigerator.]

Phosphorus standard stock solution II: Immediately
before use, dilute 50 mLof Phosphorus standardstock
solution I with water to 1000 mL. [NOTE-Store in a
refrigerator.]

Standard solutions: Transfer0.0 mL, 5.0 mL, 8.0 mL,
10.0 mL, and 15.0 mLof Phosphorus standardstock
solution II, respectively, to five identical 1OO-mL volumetric
flasks. Proceed as directed in the Analysis: after treatment
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with the Molybdovanadate reagent, the resulting final
phosphorus concentrations for the Standard solutions are
0.0, 5.0, 8.0, 10.0, and 15.0 ~g/mL, respectively.

Sample solution: Transfer 4.0 g of Alpha-Lactalbumin to an
ashing dish. Dry the test specimen on a hot plate or steam
bath. Ignite in a muffle furnace at a maximum temperature
of 600° until free of carbon. Cool, add 40 mL of Hydrochloric
acidsolution and several drops of nitric acid, and bring to
boil on a hot plate. Cool, transfer to a 1OO-mL volumetric
flask by rinsing the ashing dish with water, dilute with water
to volume, and mix. Pipet 20.0 mL of the Sample solution
into a 1OO-mL volumetric flask.

Spectrometric conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical Wavelength: 400 nm

Analysis
Samples: Standard solutions and the Sample solution
To each of the flasks containing the Samples, add 20.0 mL

of Molybdovanadate reagent, dilute with water to volume,
mix, and allow to stand for exactly 10 min for maximum
color development. The Standard solutions and the Sample
solution are treated identically. Concomitantly determine
the absorbances of each of the Samples in 1-cm cells using
the Spectrometric conditions described above. Use one of
the Standard solutions with phosphorus concentration at
0.0 ~g/mL to zero the spectrophotometer. Plot the
absorbances of the Standard solutions versus
concentration, in ~g/mL, of phosphorus, and draw the
straight line best fitting the four plotted points. From the
graph so obtained, determine the concentration, C, in ~g/

mL, of phosphorus in the Sample solution.
Calculate the quantity, in ~g, of phosphorus in each g of

Alpha-Lactalbumin taken:

Result = (V x C)/W x D

V =volume of the Sample solution, 100 mL
C =as determined above
W = weight of Alpha-Lactalbumin taken to prepare the

Sample solution (g)
D =dilution factor,S

Acceptance criteria: NMT 700 ~g/g of phosphorus
ORGANIC IMPURITIES
• Procedure 1: Limit of Lipid (Fat)
Weighing dish preparation: Pre-dry the clean dishes under

the same conditions that will be used for final drying after fat
extraction. Ensurethat all surfaceswhere weighing dishes will
be placed (Le., hot plate, desiccator, etc.) are clean and free
of particulates. At the end of oven drying, place the weighing
dishes in a desiccator, and cool to room temperature.
Immediately before use, weigh the dishes to the nearest
0.1 mg, and record the weights. Check the balance zero after
weighing each dish. Protect the weighed dishes from
contamination with extraneous matter.

Analysis
Transfer 0.5 g of Alpha-Lactalbumin to a Mojonnier-style

ether extraction flask that hasthe capacity to hold a volume
of 21-23 mL in the lower bulb plus neck at the bottom of
the flask. The flask has a smooth, round opening at the top
that can be sealed when closed with cork. Add 10 mL of
water at a temperature of 40°, and mix. Add 1.5 mL of
ammonium hydroxide to the Alpha-Lactalbumin, and mix
thorouqhly, Add 3 drops of phenolphthalein TS to help
sharpen the visual appearance of the interface between the
ether and the aqueous layers during extraction. Add 10 mL
of alcohol, close with the cork stopper that has been water
soaked, and shake the flask for 15 s.
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For the first extraction, add 25 mL of ether, replace the cork
stopper, and shake the flask very vigorously for
approximately 1 min, releasing built-up pressure by
loosening the stopper as necessary.Add 25 mL of
petroleum ether, replace the cork stopper, and repeat
vigorous shaking for about 1 min. Centrifuge the flask at
about 600 rpm for NLT 30 s to obtain a clean separation of
the aqueous (bright pink) and the ether phases. Decant the
ether solution into a suitable weighing dish prepared as
directed for Weighing dish preparation. When the ether
solution is decanted into the dish, be careful not to pour
any suspended solids or aqueous phase into the weighing
dish. Ether can be evaporated at NMT 100° from the dish
while conducting the second extraction.

For the second extraction, add 5 mL of alcohol to the original
flask, close with the cork stopper, and shake vigorously for
15 s. Add 15 mL of ether, replace the cork, and shake the
flask vigorously for about 1 min. Add 15 mL of petroleum
ether, replace the cork stopper, and repeat vigorous
shaking for about 1 min. Centrifuge the flask at about
600 rpm for NLT 30 s to obtain a clean separation of the
aqueous (bright pink) and the ether phases. If the interface
is below the neck of the flask, add water to bring the level
about halfway up to the neck. Add water slowly down the
inside surface of the flask so that there is minimum
disturbance of the interface. Decant the ether solution for
the second extraction into the same weighing dish used for
the first extraction.

For the third extraction, omit addition of the alcohol and
repeat the procedure used for the second extraction.
Completely evaporate the solvents in a hood on a hot plate
at NMT 100°, and avoid spattering. Dry the extracted fat
and the weighing dish to constant weight in a forced air
oven at 100° ± 1° for NLT 30 min or in a vacuum oven at
70° to 75° at more than 50.8 cm (20 inches) of vacuum for
NLT 7 min. Remove the weighing dish from the oven, and
place in a desiccator to cool to room temperature. Record
the weight of the weighing dish containing the fat.

Run a blank determination using water, and record the
weight of any dry residue collected. The reagent blank
should be lessthan 2.0 mg of residue. [NOTE-A negative
number is not acceptable.]

Calculate the weight percent of lipid (fat) in the portion of
Alpha-Lactalbumin taken:

Result =[(W 2 - W1) - W3]/W x 100

W1 =weight of empty weighing dish (g)
W2 =weight of the weighing dish containing fat (g)
W3 =weight of the reagent blank residue (g)
W =weight of the Alpha-Lactalbumin taken for the fat

extraction (g)

Acceptance criteria: NMT 1.0% is found. The difference
between duplicate runs is NMT 0.03% fat.

• Procedure 2: Limit of lactose
Carrez I solution: Transfer 3.60 g of potassium ferrocyanide

[K4Fe(CN)6' 3H20] to a 1OO-mL volumetric flask, dissolve in
and dilute with water to volume, and mix.

Carrez II solution: Transfer 7.20 g of zinc sulfate
heptahydrate (ZnS04 . 7H20) to a 1OO-mL volumetric flask,
dissolve in and dilute with water to volume, and mix.

[NoTE-The following four test reagents are included in a
test kit. 8 ]

8 Available from Boehringer-Mannheim (R-Biopharm, Inc., 7950 Old
US27S, Marshall, MI 49068 USA;Tel: +1-877-789-3033 or +1-269
789-3033; Fax: +'-269-789-3070; www.r-biopharm.com).
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Test reagent 1: About 600 mg of Iyophilisate consisting 'of a
mixture of citrate buffer (pH 6.6), nicotinamide adenine
dinucleotide (NAD) (35 mg), anhydrous magnesium sulfate,
and stabilizers (added if necessary). Dissolve Iyophilisate in
7.0 mL of water before use.

Test reagent 2: About 1.7 mL of an enzyme suspension of
~-galactosidase (approximately 100 Units).

Test reagent 3: 34 mL of a solution consisting of 0.51 M
potassium diphosphate buffer (pH 8.6), and stabilizers
(added if necessary).

Test reagent 4: About 1.7 mL of an enzyme suspension of
galactose dehydrogenase (about 40 Units).

Sample solution: Transfer 1.0 g of Alpha-Lactalbumin to a
1OO-mL volumetric flask, add about 60 mL of water, and mix.
Add 5 mL of Carrez Jsolution, and mix. Add 5 mL of Carrez
II solution, and mix. Add 10 mL of 0.1 N sodium hydroxide
solution, and mix vigorously. Dilute with water to volume,
and mix. Pass through afilter paper, and usethe clear filtrate.
[NOTE-This procedure breaks emulsions, absorbs some
colors, and precipitates proteins.]

Analysis
Label one glassor disposable plastic cuvetas "blank" and the

second glass or disposable plasticcuvet as "test".
[NoTE-These two cuvets should be equivalent.] To each
cuvet, pipet 0.20 mL of Test reagent 7 and 0.05 mL of Test
reagent2. Pipet 0.10 mL of the Sample solution into the
cuvet that is labeled "test". Mix both cuvets with their
stirrers, and incubate at 20°_25° for 20 min. Pipet
1.00 mL of Test reagent 3 into each cuvet. Pipet 2.00 mL of
water into the cuvet that is labeled "blank" and 1.90 mL of
water into the cuvet containing the Sample solution. Mix,
and incubate at 20°-25° for about 2 min.

Determine the absorbances, AS1and AB1,at 340 nm, for the
Sample solution and the 6lank, respectively. Add 0.05 mL of
Test reagent 4 to each cuvet. Mix and incubate at 20°-25°
until the reaction has stopped (about 10-15 min).
Determine the absorbances AS2and AB2, at 340 nm, again
for the Sample solution and the blank, respectively. If the
reaction has not stopped after 15 min, continue to read the
absorbances at 2-min intervals until the absorbance for the
Sample solution remains constant for two successive
measurements.

Calculate the percentage of lactose in the portion of
Alpha-Lactalbumin taken:

Result=V1 x V2 X M, x [(As2- AS1)- (AB2- AB1)]/(e x L x V3 X

W) x 100

V1 = volume of the Sample solution, 0.1 L
V2 =volume of the final sample solution in the cuvet,

3.30 mL
M, = molecular weight of lactose monohydrate,

360.32 g/mol
e = absorption coefficient of nicotinamide adenine

dinucleotide reduced form (NADH) at 340 nm,
6300 L· mol-1. crrr''

L =light path of the cuvet, 1.0 cm
V3 = volume of the Sample solution taken into the

cuvet, 0.1 mL
W =weight of Alpha-Lactalbumin taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 1.0% of lactose

SPECifiC TESTS
• MICROBIAL ENUMERATION TESTS (61) 'and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
bacterial count does not exceed 1000 cfu/g. The total
combined molds and yeasts count does not exceed
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100 cfu/g. It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

• DENATURATION TEMPERATURE
Sample solution: Prepare a protein dough by mixing 3 g of

Alpha-Lactalbumin powder with 2 g of water. Placethe
dough into a well-sealed sample container.

Analysis: Perform two measurements on the dough sample
using a differential scanning calorimeter. Heat to 140°, and
scan. Cool rapidly to below room temperature, and rescan.
Apply a scan rate of 10°Imin. Weigh pans before and after
scanning to verify that no moisture loss occurs during the
scanning process. Measure and record the denaturation
temperatures as peak temperatures. The formation of two
peaks indicates the presence of both the apo form and the
holo form of Alpha-Lactalbumin.

Acceptance criteria: The denaturation temperature for
Alpha-Lactalbumin in the apo form is between 50° and 52°;
the denaturation temperature for Alpha-Lactalbumin in the
holo form is between 58° and 61°.

• pH (791): NMT 7.5, in a solution (1 in 10)
• Loss ON DRYING (731): Dry 1.0-1.5 g in a vacuum oven at

100°, at a pressure of 660 mm of mercury, and with
continuous dry air feed for 5 h: it loses NMT 6.5% of its
weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at the temperature indicated on the label.
• LABELING: Label it to state the protein content, expressed

as a total protein percentage. Indicate the type of source
material, expressed as bovine milk, whey, or both, used to
manufacture the final product. Label it to indicate the
storage conditions, the expiration date, and the name and
concentration of any added stabilizers.

• USP REFERENCE STANDARDS (11)
USP Alpha-Lactalbumin RS

Lactic Acid-see Lactic Acid General Monographs

Lactitol

HO. HO).t \.OH-"

.: X X ~OH

HO~H'0 H 'OH

HO 0
OH

OH

C12H24011

C12H24011 . H20

C12H24011 ·2H20
4-0-~-D-Galactopyranosyl-D-glucitol [585-86-4].
Monohydrate [81025-04-9].
Dihydrate [81025-03-8].

DEFINITION
Lactitol contains NLT 98.0% and NMT 101.0% of C12H24011,

calculated on the anhydrous basis.
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IDENTIFICATION

ASSAY
• PROCEDURE

Mobile phase: Water
Standard solution: 10.0 mg/mL of USP Lactitol RS
Sample solution: 10.0 mg/mL of Lactitol
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 30-cm; packing L34
Column temperature: 85°
Flow rate: 0.7 mL/min
Injection size: 25 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 1.0% for lactitol
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of lactitol (C12H240 11) in the

portion of Lactitol taken:

Result =(r vir s) x (C siC v) x 100

Acceptance criteria: The total of the percentages of all
related compounds is NMT 1.5%.

• REDUCING SUGARS
Standard solution: Pipet 2 mL of a dextrose solution

containing 0.5 mg/mL into a 1O-mL conical flask.
Sample solution: Disolve 500 mg in 2.0 mL of water in a

1O-mL conical flask.
Analysis: Concomitantly add 1 mLof alkaline cupric tartrate

TS to each solution, heat to boiling, and cool. .
Acceptance criteria: NMT 0.2%, calculated as dextrose.

The Sample solution shows no more turbidity than that
produced in the Standardsolution, in which a reddish
brown precipitate forms.

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): For the

monohydrate form, 4.5%-5.5%; for the dihydrate form,
9.5%-10.5%; and for the anhydrous form, NMT 0.5%.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate whether it is the

monohydrate, the dihydrate, or the anhydrous form.
• USP REFERENCE STANDARDS (11)

USP Lactitol RS

Lactobionic Acid

358.30

OH {HO0
HO

~-Q' --:
HO OH

H

~-b-b=,
HO OH HO OH

C'2H22012 (acid form)
[96-82-2].

C'2H200" (o-Iactone) 340.28
[5965-65-1 ].
4-0-~-Galactopyranosyl-D-gluconic acid.

DEFINITION
Lactobionic Acid is a mixture in variable proportions of
4-0-~-D-galactopyranosyl-D-gluconic acid and
4-0-~-D-galactopyranosyl-D-glucono-l ,5-lactone. It
contains NLT 98.0% and NMT 102.0%, on the anhydrous
basis.

IDENTIFICATION

obtafne differences, dissolve the test and
USP Lactobionic Acid RS separately in water,dry at 105°,
and record new spectra using the residues.]

• B. THIN-LAYER CHROMATOGRAPHY (621)
Standard solution: 10 mg/mL of USP Lactobionic Acid RS
Sample solution: 10 mg/mL of Lactobionic Acid

=peak response from the Sample solution
=peak response from the Standardsolution
= concentration of USP Lactitol RS in the Standard

solution (mg/mL)
=concentration of Lactitol in the Sample solution

(mg/mL) .

Acceptance criteria: 98.00/0-101.0% on the anhydrous
basis

Result = (r vir s) x (C siC v) x 100

=peak response of the relevant related compound,
if observed, from the Sample solution

= peak response of lactitol from the Standard
solution

=concentration of USP Lactitol RS in the Standard
solution (mg/mL) .

=concentration of Lactitol in the Sample solution
(mg/mL)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%
• RELATED COMPOUNDS

Standard solution: 0.3 mg/mL of USP Lactitol RS
Sample solution: Prepare as directed in the Assay.
Chromatographic system: Proceed as directed in the

Assay.
System suitability

Sample: Standardsolution
[NoTE-The relative retention times for lactose,

glucose, galactose, lactulitol, lactitol, galactitol, and
sorbitol are about 0.53, 0.58, 0.67, 0.72, 1.0, 1.55,
and 1.68, respectively.]

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentages of galactitol, sorbitol, lactulitol,

lactose, glucose, and galactose in the portion of Lactitol
taken:
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Adsorbent: Chromatographic silica gel mixture with an
averag~ particle size of 10-15 J..Im (TLC plates)

Developing solvent: Methanol, ethyl acetate, ammonium
hydroxide, and water (2:1:1:1)

Application volume: 5 J..IL
Spray reagent: Slowly add 10 mL of sulfuric acid to about

40 mL of water. Mix, and allow to cool. Dilute with water
to 100 mL, and mix. Add 2.5 g of ammonium molybdate
and 1 g of ceric sulfate, and shake for 15 min to dissolve.

Analysis: Develop the chromatograms until the solvent
front hasmoved about three-fourths the length of the plate,
and allow to dry. Spray the plate with Spray reagent, and
allow to dry. Repeat two more times, heat at 110° for
15 min, and examine.

Accep~an.ce .cri.ter~a: Th~principal spot from the Sample
soiution IS similar In position and color to the principal spot
from the Standardsolution.

ASSAY
• PROCEDURE

Sample: 0.350 g of Lactobionic Acid
An~ly~is: Dissolve the Sample in 50 mL of carbon
~Ioxlde-~ree water, pr~viously heated to 30°. Immediately
titrate with 0.1 N sodium hydroxide, and determine the
two equivalence points potentiometrically. (See Titrimetry
(541 ).)
Each mL of 0.1 N sodium hydroxide consumed to the first

equivalency point is equivalent to 35.83 mg of C12H220 12
(corresponds to the acid form), and each mL of 0.1 N
sodium hydroxide consumed between the first and
second equivalency points is equivalent to 34.03 mg
of C12H2oOll (corresponds to the a-lactone form).

Calcula~e t~e c?ntent, expressedas a percentage, of the
lactoblonlc acid as the sum of both results.

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

SPECIFIC TESTS
• WATER DETERMINAJION, Method la (921)

Sample solution: 0.50 g in a mixture of methanol and
formamide (2:1)

Acceptance criteria: NMT 5.0%
• ApPEARANCE OF SOLUTION

Sample solution: 120 mg/mL of Lactobionic Acid'
Standard stock solution: Pipet 24.0 mL offerric chloride CS

and 6.0 mL of cobaltous chloride CS into a 100-mL
volumetric flask. Dilute with 1% (w/v) hydrochloric acid to
volume.

Reference solution: Pipet 12.5 mL of the Standard stock
solution into a 1OO-mL volumetric flask. Dilute with 1% (wi
v) hydrochloric acid to volume.

Acceptance criteria: The Sample solution is clear and not
more intensely colored than the Reference solution.

• OPTICAL ROTATION, Specific Rotation (781S)
Sample solution: 10 mg/mL of Lactobionic Acid. Allow to

stand for 24 h.
Acceptance criteria: +23.0° to +29.0° (anhydrous

substance)
• REDUCING SUGARS

Sample solution: Dissolve 5.0 g of Lactobionic Acid in
25 mL of water with the aid of gentle heat, and cool.

Analysis: To the Sample solutionadd 20 mL of cupric citrate
TS and a few glass beads. Heat so that boiling begins after
4 min, and maintain boiling for 3 min. Cool rapidly, and
add ~ 00 mL of a 2.4% solution of glacial acetic acid and
20.0 mL of 0.025 M iodine VS. With continuous shaking,
add 25 mL of a mixture of 6 mL of hydrochloric acid and
94 mL of water. When the precipitate has dissolved, titrate
the excess iodine with 0.05 M sodium thiosulfate VS using
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1 mL of starch TS,added toward the end of the titration as
an indicator.

Acceptance criteria: NLT 12.8 mL of 0.05 M sodium
thiosulfate VS is required, corresponding to NMT 0.2% of
reduclnq sugars, as glucose.

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Lactobionic Acid RS

Anhydrous Lactose

Portions of the monograph text that are national USPtext and
are not part of the harmonized text, are marked with '
symbols (+ .) to specify this fact.

.., "'1°,
~
~H

HO 0 OH
OH

(a/pha-Lactose)

OH

DEFINITION
Anhydrous Lactose is

O-p-o-galactopyranosyl-(l--t4)-P-o-glucopyranose
(p-Iactose), or a mixture of
O-p-o-galactopyranosyl-(l--t4)-P-o-glucopyranose and
O-p-o-galactopyranosyl-(l--t4)-a-o-gl ucopyranose
(a-lactose).

IDENTIFICATION

• ·B. THIN-LAYER IDENTIFICATION TEST
(201)

Adsorbent: 0.25-mm layer of chromatographic silica gel
Diluent: Methanol and water (3:2)
Standard solution A: 0.5 mg/mL of USP Anhydrous

Lactose RS in Diluent
Standard solution B: Contains 0.5 mg/mL of USP

Dextrose RS, 0.5 mg/mL of USP Anhydrous Lactose RS
0.5 mg/mL of USP Fructose RS, and 0.5 mg/mL of USP
Sucrose RS in Diluent

Sample solution: 0.5 mg/mL of Anhydrous Lactose in
Diluent

Application volume: 2 J..IL
Developing solvent system: Ethylene dichloride glacial

acetic acid, methanol, and water (10:5:3:2) ,
Spray reagent: 5 mg/mL of thymol in a mixture of alcohol

and sulfuric acid (19:1)
Analysis

Samples: StandardsolutionA, Standardsolution Band
Sample solution '

Allow th~ spots to dry, and develop the plate in a
paper-lined .chromatographic chamber equilibrated with
the Developmg solvent system for about 1 h prior to use.
Allow the chromatogram to develop until the solvent front
hasmoved about three-quarters of the length of the plate.
Remove the plate from the chamber, dry in a current of
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warm air, and redevelop the plate in fresh Developing
solvent system. Remove the plate from the chamber, mark
the solvent front, and dry the plate in a current of warm
air. Spray the plate evenly with Spray reagent. Heat the
plate at 1300 for 10 min.

System suitability: The test is not valid unless Standard
solutionBshows four clearly discernible spots, disregarding
any spots at the origin.

Acceptance criteria: The principal spot from the Sample
solution corresponds in appearance and RF value to that
from StandardsolutionA..

OTHER COMPONENTS
• ·CONTENT OF ALPHA AND BETA ANOMERS

Silylation reagent: Dimethyl sulfoxide, pyridine, and
trimethylsilylimidazole (19.5: 58.5: 22)

Standard solution: Prepare a mixture of alpha-lactose
monohydrate and beta-lactose having an anomeric ratio of
about 1:1 based on the labeled anomeric contents of the
alpha-lactose monohydrate and the beta-lactose. Introduce
10 mg of this mixture into a vial with a screw cap. Add
4 mL of Silylation reagent. Sonicate for 20 min at room
temperature. Transfer 400 ~L to an injection vial.Add 1 mL
of pyridine. Close the vial, and mix well.

Sample solution: Introduce 10 mg of Anhydrous Lactose
into a vial with a screw cap. Add 4 mL of Silylation reagent.
Sonicate for 20 min at room temperature. Transfer 400 ~L

to an injection vial. Add 1 mL of pyridine. Close the vial,
and mix well.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Columns I

Precolumn:1 0.53-mm x 2-m intermediate polarity
deactivated fused silica

Analytical:2 0.25-mm x 15-m G27 on fused silica;film
thickness 0.25 urn

Temperatures '
Detector: 325 0

Injection port: 275 0 or use cold on-column injection
Column: See Table 7.

Table 1
Hold Time at Fi·

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

e) e/min) e) (min)

80 - 80 1

80 35 150 -
150 12 300 2

Carrier gas: Helium
Flow rate: 2.8 mL/min
Injection volume: 0.5 ~L

Injection type: Splitless or by cold on-column injection
System suitability

Sample: Standardsolution
Suitability requirements

Resolution: NLT 3.0 between the peaks due to
alpha-lactose and beta-lactose

Analysis
Sample: Sample solution

1 Restek Guard column issuitable.
2 Varian CP·SiI 8 CB is suitable.
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[NOTE-The relative retention time with reference to
beta-lactose is about 0.9 for alpha-lactose (retention
time =about 12 min).]

Calculate the percentage content of alpha-lactose:

Result =S al(S a+ S b) x 100

Sa =area of the peak due to alpha-lactose
S b = area of the peak due to beta-lactose

Calculate the percentage content of beta-lactose:

Result=S bl(S a + S b) X 100

S a = area of the peak due to alpha-lactose
S b = area of the peak due to beta-lactose

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• CLARITY AND COLOR OF SOLUTION

Hydrazine sulfate solution: Dissolve 1.0 g of hydrazine
sulfate in water, and dilute to 100.0 mL. Allowto stand for
4-6 h.

Hexamethylenetetramine solution: In a 100-mL
ground-glass stoppered flask dissolve 2.5 g of
hexamethylenetetramine in 25.0 mL of water.

Primary opalescent suspension: To the
Hexamethylenetetramine solution in the flaskadd 25.0 mLof
the Hydrazine sulfatesolution. Mix and allow to stand for
24 h. This suspension is stable for 2 months, provided it is
stored in a glass container free from surface defects. The
suspension must not adhere to the glass and must be well
mixed before use.

Standard opalescence: Dilute 15.0 mL of the Primary
opalescent suspension to 1000.0 mL with water. This .
suspension is freshly prepared and may be stored for up to
24 h.

Reference suspension: To 5.0 mL of the Standard
opalescence add 95.0 mL of water. Mix and shake
before use.

Reference solution: To 6.0 mL of ferric chloride CS, 2.5 mL
of cobaltous chloride CS, and 1.0 mL of cupric sulfate CS
add hydrochloric acid (10 giL HCI) to make 1000 mL.

Sample solution: 1 g in 10 mL of boiling water. Allow
to cool.

Instrumental conditions
Mode: Vis
Analytical wavelength: 400 nm

Acceptance criteria: NMT 0.04 for the absorbance divided
by the path length in centimeters; and the clarity of the
Sample solution is the same as that of water or its
opalescence is not more pronounced than that of the
Reference suspension, and it is not more colored than the
Reference solution.

• Loss ON DRYING (731)
Analysis: Dry a sample at 80 0 for 2 h.
Acceptance criteria: NMT 0.5%

• WATER DETERMINATION, Method I (921)
Sample solution: Anhydrous Lactose in a mixture of

methanol and formamide (2:1)
Acceptance criteria: NMT 1.0%

-. MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count is NMT 102 cfu/g and ·the total combined
molds and yeasts count is NMT 50 du/g•. It meets the
requirements of the test for absence of Escherichia coli.
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• PROTEIN AND LIGHT-ABSORBING IMPURITIES
(See Ultraviolet-Visible Spectroscopy (857).)
Sample solution: 1% solution (w/v)
Instrumental conditions

Mode: UV
Wavelength range: 210-300 nm

Acceptance criteria: NMT 0.25 for the absorbance divided
by the path length in centimeters at 210-220 nm; NMT
0.07 for the absorbance divided by the path length in
centimeters at 270-300 nm

• ACIDITY OR ALKALINITY
Sample solution: Dissolve6 g by heating in 25 mL of carbon

dioxide-free water, cool, and add 0.3 mL of
phenolphthalein TS.

Acceptance criteria: The solution is colorless, and NMT
0.4 mL of 0.1 N sodium hydroxide is required to produce a
pink or red color.

• OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: Dissolve109 by heating in 80 mL of water

to 50°. Allow to cool, and add 0.2 mL of 6 N ammonium
hydroxide. Allow to stand for 30 min, and dilute with water
to 100 mL.

Acceptance criteria: +54.4° to +55.9°, calculated on the
anhydrous basis, at 20°

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Where the labeling indicates the relative

quantities of alpha- and beta-lactose, determine
compliance using Contentof Alpha and Beta Anomers.
Where the labeling states the particle size distribution, it
also indicates the d 10, d 50' and d 90 values and the range
for each.

• USP REFERENCE STANDARDS (11)
USP Dextrose RS
USP Fructose RS
USP Anhydrous Lactose RS
USP Sucrose RS

lactose Monohydrate

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols (••) to specify this fact.

DEFINITION
Lactose Monohydrate is the monohydrate of
O-~-D-galactopyranosyl-(1-+4)-a-D-glucopyranose.

[NOTE-Lactose Monohydrate may be modified as to its
physical characteristics. It may contain varying proportions
of amorphous lactose.]

IDENTIFICATION

• A •...•~.~.~~.~~~~.~
Spgqt[()§gopy: __

• ·8. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201 )

Diluent: Methanol and water (3:2)
Standard solution A: 0.5 mg/mL of USP Lactose

Monohydrate RS in Diluent
Standard solution B: 0.5 mg/mL each of USP Dextrose RS,

USP Lactose Monohydrate RS, USP Fructose RS, and USP
Sucrose RS in Diluent
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Sample solution: 0.5 mg/mL of Lactose Monohydrate in
Diluent

Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 IJL
Developing solvent system: Ethylene dichloride, glacial

acetic acid, methanol, and water (10:5:3:2)
Spray reagent: 5 mg/mL of thymol in a mixture of alcohol

and sulfuric acid (19: 1) .
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution

Allow the spots to dry, and develop the plate in a
paper-lined chromatographic chamber equilibrated with
Developing solventsystem for about 1 h prior to use.Allow
the chromatogram to develop until the solvent front has
moved about three-quarters of the length of the plate.
Remove the plate from the chamber, dry in a current of
warm air, and redevelop the plate in fresh Developing
solventsystem. Remove the plate from the chamber, mark
the solvent front, and dry the plate in a current of warm
air. Spray the plate evenly with Sprayreagent. Heat the
plate at 130° for 10 min.

System suitability: The test is not valid unless the
chromatogram of StandardsolutionBshows four clearly
discernible spots, disregarding any spots at the origin.

Acceptance criteria: The principal spot from the Sample
solution corresponds in appearance and R Fvalue to that
from Standardsolution A..

IMPURITIES
• RESIDUE ON IGNITION (281)

Analysis: A sample ignited at a temperature of 600 ± 50°
Acceptance criteria: NMT 0.1%

SPECIFIC TESTS
• CLARITY AND COLOR OF SOLUTION

Sample solution: 1 g in 10 mL of boiling water
Analysis: The Sample solution is clear and nearly colorless.

Determine the absorbance of this solution at a wavelength
of 400 nm.

Acceptance criteria: The absorbance divided by the path
length, in cm, is NMT 0.04.

• • MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1 x 102 du/g, the total
combined molds and yeasts count does not exceed 5 x
101 du/g, and it meets the requirements of the test for
absence of Escherichia coli.•

• OPTICAL ROTATION, Specific Rotation(781 S)
Sample solution: Dissolve 109 by heating in 80 mL of water

to 50°. Allow to cool, and add 0.2 mL of 6 N ammonium
hydroxide. Allow to stand for 30 min, and dilute with water
to 100 mL.

Acceptance criteria: +54.4° to +55.9°, calculated on the
anhydrous basis, determined at 20°

• ACIDITY OR ALKALINITY
Sample solution: Dissolve6 g by heating in 25 mL of carbon

dioxide-free water, cool, and add 0.3 mL of
phenolphthalein TS.

Acceptance criteria: The solution is colorless, and NMT
0.4 mLof 0.1 N sodium hydroxide VS is required to
produce a pink or red color.

• • Loss ON DRYING (731)
Analysis: Dry a sample at 80° for 2 h.
Acceptance criteria

Monohydrate: NMT 0.5%
Monohydrate, modified: NMT 1.0%.
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It WATER DETERMINATION, Method I (921)
Sample solution: Prepare a preparation containing Lactose

Monohydrate in a mixture of methanol and formam ide
(2:1).

Acceptance criteria: 4.50/0-5.5%
• PROTEIN AND LIGHT-ABSORBING IMPURITIES

(See Ultraviolet-Visible Spectroscopy (857).)
Sample solution: 1% (w/v)
Analysis: Measure the light absorption of the Sample

solution in the range of 210-300 nm.
Acceptance criteria: The absorbance divided by the path

length, in em, is NMT0.25 in the range of 210-220 nm and
is NMT 0.07 in the range of 270-300 nm.

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Where the labeling states the particle size'

distribution, it also indicates the d,o, dso,and d90 values and
the range for each. Formodified Lactose Monohydrate, also
label it to indicate the method of modification.

• USP REFERENCE STANDARDS (11)
USP Dextrose RS
USP Fructose RS
USP Lactose Monohydrate RS
USP Sucrose RS

Lanolin, Anhydrous
-see Lanolin General Monographs

Lanolin, Modified-see Modified Lanolin General
Monographs '

Lanolin Alcohols
[8027-33-6].

DEFINITION
Lanolin Alcohols is a mixture of aliphatic alcohols, triterpenoid

alcohols, and sterols, obtained by the hydrolysis of Lanolin.
It may contain NMT 0.1% of a suitable antioxidant.

IDENTIFICATION
It A.

Sample: 0.5 g
Analysis: Dissolvethe Sample in 5 mL of chloroform, and

add 1 mL of acetic anhydride and 2 drops of sulfuric acid.
Acceptance criteria: A green color is produced.

ASSAY
It CONTENT OF STEROLS (as cholesterol)

Sample: 20 g
Analysis: Melt the Sample on a water bath, mix, and allow

to cool. Dissolve 100 mg in 12 mL of warm (60°) 90%
alcohol. Allowto stand for 18 h, pass through a
medium-porosity, sintered-glass filter, and wash the residue
with two 15-mL portions of 90% alcohol. Combine the
filtrate and washings, add 20 mL of a freshly prepared l-in
100 solution of digitonin in 90% alcohol, and warm to 60°.
Allow to cool, pass through a medium-porosity,
sintered-glass filter with the aid of gentle vacuum, wash the
residue with 10 mL of 90% alcohol, and dry at 105° to
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constant weight. Each g of residue is equivalent to 0.239 g
of cholesterol.

Acceptance criteria: NLT 30.0% of sterols, calculated as
cholesterol

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.15%
• COPPER

Solution A: 1 mg/mL of sodium diethyldithiocarbamate
Sample: 5.0 g
Control: Add 1 mL of Solution A and a few drops of 6 N

ammonium hydroxide to 2.5 mLof a 39.3-ppm solution of
cupric sulfate. Dilute with water to 50 mL.

Analysis: Heat the Sample over a small flame until charred,
ignite the residue at 550°, and dissolve the ash in 5 mL of
hydrochloric acid, with the aid of heat. Cool, dilute with
water, render alkaline with ammonium hydroxide, boil to
remove the excess ammonia, add a few drops of bromine
TS, boil again, and filter. To the filtrate add 1 mLof Solution
A, a few drops of 6 N ammonium hydroxide, and sufficient
water to bring the volume to 50 mL.

Acceptance criteria: The Sample is not darker than the
Control (5 ppm).

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class 1/ (741): NLT 56°
• ACIDITY AND ALKALINITY
'Analysis: Boil 109 with 100 mL of water for 5 min, with

frequent stirring. Remove the source of heat, add 0.5 mLof
phenolphthalein TS, and stir.

Acceptance criteria: No pink color is produced. Add 0.5 mL
of methyl orange TS, and stir: no red color is produced.

• Loss ON DRYING (731)
Analysis: Dry at 105° for 1 h.
Acceptance criteria: NMT 0.5%

• FATS AND FIXED OILS, Acid Value (401): NMT 2.0.
• FATS AND FIXED OILS, Hydroxyl Value (401): 120-180
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: Take wedge-shaped pieces with bases that contain
part of the surface.

Analysis: Melt the pieces before carrying out the
determination. Before adding the 0.5 mL of saturated
potassium iodide solution, cool the solution obtained to
room temperature.

Acceptance criteria: NMT 15
• FATS AND FIXED OILS, Saponification Value (401)

Sample: 5 g of molten Lanolin Alcohols
Analysis: Reflux the Sample with the alcoholic potassium

hydroxide for 4 h.
Acceptance criteria: NMT 12

ADDITIONAL REQUIREMENTS .
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers, and store at controlled room
temperature.

• LABELING: Label it to indicate the name and quantity of any
antioxidant added.

Hydrogenated Lanolin
[8031-44-5].

DEFINITION
A mixture of higher aliphatic alcohols, hydrocarbons, and

sterols is obtained from the direct high-pressure,
high-temperature hydrogenation of lanolin. During the
hydrogenation process, the esters and acids present are
reduced to the corresponding alcohols. Alcoholic derivatives
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Table 2 (continued)

System suitability requirements
Resolution: NLT 30 between cetyl alcohol and stearyl

alcohol, Standard solution A
Analysis

Samples: StandardsolutionA, StandardsolutionB,Standard
solution C, Standardsolution 0, and Sample solution

Identify the peaks from Standardsolution A, Standard
solution B, Standard solution C, and Standard solution O.

Calculate the percentage of cetyl alcohol (stearyl alcohol,
cholestane, cholestanol, or 24,25-dihydrolanosterol) in
the portion of Hydrogenated Lanolin taken:

Result =(ru/rs) x (CslCu) x 100

to =peak response of cetyl alcohol (stearyl alcohol,
cholestane, cholestanol, or
24,25-dihydrolanosterol) from the Sample
solution

rs =peak response of cetyl alcohol (stearyl alcohol,
cholestane, cholestanol, or
24,25-dihydrolanosterol) from Standard solution
C, Standard solution 0, or Standardsolution B

Cs = concentration of USP Cetyl Alcohol RS (USP
Stearyl Alcohol RS, cholestane, cholestanol, or
24,25-dihydrolanosterol) in Standard solution C,
Standardsolution 0, or Standardsolution B
(mg/mL)

Cu =concentration of Hydrogenated Lanolin in the
Sample solution (mg/mL)

Acceptance criteria
Sample solution: Chromatogram exhibits a profile similar

to that in the chromatogram of Standard solution A.
Cetyl alcohol, stearyl alcohol, cholestane, cholestanol

and 24,25-dihydrolanosterol: See Table 3. '

c
Relative

Retention
Component Time

Stearyl alcohol 1.15

Cholestane 1.63

Cholestanol 1.77

24,25-Dihydrolanosterol 1.85

may be further reduced to hydrocarbons. It may contain
antioxidants.

IDENTIFICATION

• A.
Sample: 50 mg
Analysis: Dissolveth.e Samplein 5 mLof methylene chloride,

and add 1 mL of acetic anhydride and 0.1 mL of
sulfuric acid.

Acceptance criteria: A green color is produced.
• B. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the test for Chromatographic
Profile of FattyAlcohols, Hydrocarbons, and Sterols in the
Assay.

Acceptance criteria: The retention times of the cetyl
alcohol, stearyl alcohol, cholestane, cholestanol, and
24,25-dihydrolanosterol peaks of the Sample solution
correspond to those of Standard solution A, as obtained in
the Assay.

ASSAY
• CHROMATOGRAPHIC, PROFILE OF FATTY ALCOHOLS,

HVDROCARBONS, AND STEROLS
Standard solution A: 2.5 mg/mL of USP Hydrogenated

Lanolin RS in dehydrated alcohol
Standard solution B: 0.5 mg/mL of cholestane, 0.5 mg/mL

of cholestanol, and 0.25 mg/mL of 24,25-dihydrolanosterol
in dehydrated alcohol

Standard solution C: 0.5 mg/mL of USP Cetyl Alcohol RS in
dehydrated alcohol. [NOTE-Vortexor sonification helps
standard preparation.]

S~andard solution D: 0.5 mg/mL of USP Stearyl Alcohol RS
In dehydrated alcohol. [NOTE-Vortexor sonification helps
standard preparation.]

Sample solution: 2.5 mg/mL of Hydrogenated Lanolin in
dehydrated alcohol

Chromatographic system. .
(See Chromatography (621), System Suitability.) .
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused-silica capillary; 0.25-lJm

layer of phase G2 .
Temperatures

Detector: 350°
Injection port: 325°
Column: See Table 1.

Table 1
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

e) ("/min) (") (min)

100 -- 100 5

100 5 300 15

Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 IJL

System suitability
Samples: StandardsolutionA, StandardsolutionB,Standard

solution C, and Standard solution 0
[NOTE-See Table 2 for relative retention times.]

Table 2
Relative

Retention
Component TIme

Cetyl alcohol 1.00

Table 3

Name
Acceptance
Criteria (%)

Cetyl alcohol 2-15

Stearyl alcohol 0.5-10

Cholestane 2-13

Cholestanol 3-11

24,25-Dihydrolanosterol 3-15

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on

5.0 9 .

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 45°-55°.Allowto

stand at 20° for 16 h.
• FATS AND FIXED OILS, Acid Value (401): NMT 1.0

determined on 5.0 9 ,
• FATS AND FIXED OILS, Hydroxyl Value (401): 140-180
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Cu

Lauroyl Polyoxylglycerides

Result =(rufrs) x (CslCu) x 100

=peak response of lauric acid from the Sample
solution

=peak response of lauric acid from the Standard
solution

=concentration of USP LauricAcid RS in the
Standardsolution (mg/mL)

= concentration of LauricAcid in the Sample
solution (mg/mL)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 10 g
Acceptance criteria: NMT 0.1 %

SPECIFIC TESTS
• FATS AND FIXED OILS, Iodine Value (401): NMT 3.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• WATER DETERMINATION, Method la (921): NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
• USP REFERENCE STANDARDS (11)

USP lauric Acid RS

DEFINITION
LauroylPolyoxylglycerides isa mixture of monoesters, diesters,

and triesters of glycerol and monoesters and diesters of
polyethylene glycols. The polyethylene glycols used have a
mean molecular weight between 300 and 1500. The article
is produced by partial alcoholysis of saturated oils, mainly
containing triglycerides of lauric acid with polyethylene
glycols, by esterification of glycerol and polyethylene glycols
with fatty acids, or as a mixture of glycerol esters and
ethylene oxide condensate with the fatty acids of the
hydrogenated oils. It may contain free polyethylene glycols.

IDENTIFICATION

• B. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST
(201)

Standard solution: 50 mg/mL of USP Lauroyl
Polyoxylglycerides RS in methylene chloride

Sample solution: 50 mg/mL of Lauroyl Polyoxylglycerides
in methylene chloride

Application volume: 10 ~L

Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/ml of rhodamine Bin alcohol
Analysis

Samples: Standardsolution and Sample solution
Proceed as directed in the chapter. Then spray the plate

with Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The R F values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

C1ZHZ40Z 200.32
Dodecanoic acid;
1':'Dodecanoic acid;
1-Undecanecarboxylic acid;
n-Dodecanoic acid [143-07-7].

DEFINITION
Lauric Acid contains NLT 98.0% and NMT 102.0% of

dodecanoic acid (C12H z40z), calculated on the anhydrous
basis. I

• FATS AND FIXED OILS, Saponification Value (401): NMT 8.0.
Heat under reflux for 4 h.

• Loss ON DRYING (731)
Sample: 2.0 g
Analysis: Dry the Sample in an oven at 105° for 1 h.
Acceptance criteria: NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light. Do not store above 45°.
• LABELING: Label it to indicate the name and amount of the

antioxidant added.
• USP REFERENCE STANDARDS (11)

USPCetyl Alcohol RS
USP Hydrogenated Lanolin RS
USP Stearyl Alcohol RS

IDENTIFICATION

•A·.·~~~~~I·~e~~~p
Spg(trQS(QPm/l~ .

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Solvent A: 0.1 % (v/v) trifluoroacetic acid in water
Mobile phase: Acetonitrile and Solvent A (85:15, v/v)
Standard solution: 15 mg/mL of USP LauricAcid RS in

Mobilephase
Sample solution: 15 mg/mL of Lauric Acid in.Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 4.6-mm x 15-cm analytical; s-prn packing L1
Column temperature: Ambient
Flow rate: 1.0 mL/min
Injection volume: 10 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 3.0%, Standard
solution

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of lauric acid (C12H z40z) in the

portion of Lauric Acid taken:

o

H3C~OH

Lauric Acid

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

• C. It meets the requirements in Specific Tests (see Table 7)
for Fats and Fixed Oils, FattyAcidComposition (401).

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

0.1%
• ALKALINE IMPURITIES

Sample: 5.0 g
Analysis: Heat the Sample slightly until the test substance

melts, add 10 mL of alcohol and 0.05 mLof bromophenol
blue TS,and mix well. Whilethe solution isstillwarm, titrate
with 0.01 N hydrochloric acid VS to change the color to
yellow.

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric
acid is required.

• LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE
Analysis: Proceed as directed in Ethylene Oxide and Dioxane

(228), Method I.
Acceptance criteria

Ethylene oxide: NMT 1 IJg/g
Dioxane: NMT 10 IJg/g

• LIMIT OF FREE GLYCEROL
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium

periodate in 2.5 mL of a 25% (v/v) solution of sulfuric acid,
diluting to 100.0 mL with glacial acetic acid.

Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system

(See Titrimetry (541 ).)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 25 mL of methylene
chloride, heating if necessary. Cool, and add 100 mL of
water and 25.0 mL of Periodic aceticacidsolution. Shake,
and allow to stand for 30 min. Add 40 mL of Potassium
iodidesolution, and allow to stand for 1 min. Add 1 mL of
starch TS, and titrate the liberated iodine with 0.1 M
sodium thiosulfate VS. Perform a blank determination, and
make any necessary correction.
Calculate the percentage of glycerol in the sample taken:

Result = {[(V 8 - Vs) x N x F]/W} x 100 .

V8 =Titrant volume consumed by the Blank (mL)
V s = Titrant volume consumed by the Sample (mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 23.0 mg/mEq
W = Sample weight (mg)

Acceptance criteria: NMT 5.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401)

Sample: 2.0 g
Acceptance criteria: NMT 2.0

• FATS AND FIXED OILS, FattyAcidComposition (401): Lauroyl
Polyoxylglycerides exhibits the composition profile of fatty
acids shown in Table 7.

Table 1

Carbon-Chain Number of Percentage
Length Double Bonds (%)

8 0 ~15.0

10 0 ::;12.0

12 0 30.0-50.0

14 0 5.0-25.0
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Table 1 (continued)
Carbon-Chain Number of Percentage

Length Double Bonds (%)

16 0 4.0-25.0

18 0 5.0-35.0

• FATS AND FIXED OILS, Hydroxyl Value (401)
Sample: 1.0 g
Acceptance criteria: Within the range specified in Table 2

for the labeled type

Table 2

Type of Hydroxyl
Polyethylene Glycols Value

300 65-85

400 60-80

600 50-70

1500 36-56

• FATS AND FIXED OILS, Iodine Value (401): NMT 2.0
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 2.0 g
.Acceptance criteria: NMT 6.0

• FATS AND FIXED OILS, Saponification Value (401)
Sample: 2.0 g
Acceptance criteria: Within the range specified in Table 3

for the labeled type

Table 3
Type of Saponification

Polyethylene Glycols Value

300 190-204

400 170-190

600 150-170

1500 79-93

• WATER DETERMINATION, Method I (921)
Sample: 1.0 g
Analysis: Instead of using methanol as the solvent, one of

two solvent systems can be used: a mixture of methylene
chloride and anhydrous methanol (70: 30 vIv), or
anhydrous pyridine.

Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at controlled room
temperature. ,

• LABELING: Label it to indicate the type and the average
nominal molecular weight of polyethylene glycols used as
part of the official title.

• USP REFERENCE STANDARDS (11)
USP Lauroyl Polyoxylglycerides RS

lecithin

[8002-43-5].

DEFINITION
Lecithin is a complex mixture of acetone-insoluble

phosphatides, which consist chiefly of phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, and
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phosphatidic acid, present in conjunction with various
amounts of other substances such as triglycerides, fatty acids,
and carbohydrates, as separated from the crude vegetable
oil source. The content of each of the phospholipids
(phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, and phosphatidic acid) is indicated on
the certificate of analysis.

IDENTIFICATION
• A. IDENTIFICATION Of PHOSPHOLIPIDS BY THIN-LAYER

CHROMATOGRAPHY
Mobile phase: Chloroform, methanol, water (65:25:4, vtv!

v)
Standard solution A: 10 mg/mL of USP Phosphatidic Acid

(Soy) Monosodium RS and 10 mg/mL of USP
Phosphatidylcholine (Soy) RS in Mobilephase

Standard solution B: 7 mg/mL of USP
Phosphatidylethanolamine (Soy) RS and 7 mg/mL of USP
Lysophosphatidylcholine (Soy) RS in Mobilephase

Sample solution: 20 mg/mL of Lecithin in Mobilephase
Chromatographic system

(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Plate: 20-cm x 20-cm, silica gel 60 on aluminum foil,

0.2-mm layer
Application volume: 20 IJL
Spray reagent: Dilute 80 mL of phosphoric acid (85%)

with 600 mLof water in a 1-Lvolumetric flask. [NOTE-~Add
water to the flask first.] While stirring, add 100 g of
anhydrous cupric sulfate. After stirring for 10 min, most of
the cupric sulfate is dissolved. Add water to volume and
continue stirring until the solid completely dissolves.

Analysis
Samples: Standard solutktr: A, Standard solution B, and

Sample solution
Fill the chromatography chamber with the Mobilephase

to a height of about 0.5 ern. Place a fat-free, U-shaped
filter paper in the glass trough and press it against the wall.
Sufficient saturation is reached once the Mobilephasehas
permeated to the upper rim of the filter paper. Apply the
Samples in different bands to the previously marked
starting point on a TLC plate. Place the TLC plate in the
saturated chromatography chamber. When the
Mobilephasefront has reached the mark (12 cm 'above
the starting point), remove the TLC plate, and dry it
using a dryer. Spray or immerse the TLC plate in the Spray
reagent, and dry it again with a dryer (a current of hot air).
Heat the plate to 1700 for 10 min. Develop all lipids by
charring as dark brown spots.

Acceptance criteria: The R F values of the spots for
phosphatidylcholine, phosphatidylethanolamine,
phosphatidic acid, and Iysophosphatidylcholine from the
Sample solutioncorrespond to those from Standard solution
A and Standardsolution B. [NOTE-Depending on the
sample tested, if a phospholipid component presents in a
low amount in the sample, the corresponding spot in the
Sample solution on the TLC may not be visualized.]

ASSAY
• CONTENT OF PHOSPHOLIPIDS

[NOTE-Perform the test for Iysophosphatidylcholine
for Lecithin intended for use in the manufacture of
injectable dosage forms.]

Solution A: Mix 1342 g (2.0 L) of n-hexane, 334.1 g
(425,mL) of isopropanol (2-propanol), 39.4 g (38 mL) of
glacial acetic acid, and 2.0 mL of triethylamine.

Solution B: Mix 663.5 g (850 mL) of isopropanol, 15.8 9
(15 mL) of glacial acetic acid, 140 g (140 mL) of water, and
0.8 mL of triethylamine.
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Solvent: n-Hexane, isopropanol, and water (46:46:8, v/v/
v), [NOTE-To avoid the formation of two phases, mix the
isopropanol and water first, and then add the n-hexane.]

Mobile phase: See Table 7.

Table 1
Program Time Flow Rate Solution A Solution B

Step (min) (ml/min) (%) (%)

1 0 1.0 95 5

2 5.0 1.0 80 20

3 8.5 1.0 60 40

4 14.0 1.0 55 45

5 15.0 1.0 0 100

6 17.5 1.0 0 100

7 17.6 1.0 95 5

8 21.0 1.0 95 5

9 22.0 2.0 95 5

10 27.0 2.0 95 5

11 29.0 1.0 95 5

Phospholipids standard stock solution (2X): 0.8 mg/mL
of USP Phosphatidylcholine (Soy) RS, 0.4 mg/mL of USP
Phosphatidylethanolamine (Soy) RS, 0.4 mg/mL of
phosphatidylinositol prepared from USP
Phosphatidylinositol (Soy) Sodium RS, and 0.2 mg/mL of
phosphatidic acid prepared from USP Phosphatidic Acid
(Soy) Monosodium RS in Solvent. [NOTE-Due to the highly
hydroscopic nature of phospholipids, take special
precaution in the Standard preparation.]

Phospholipids standard solutions: Prepare as directed in
Table 2.

Table 2
Phospholipids

Standard Stock Solution (2X): Sol-
vent

Concentration (v/v)

0.6X 3:7

0.8X 4:6

1.0X 5:5

1.2X 6:4

lAX 7:3

System suitability solution: Phospholipids standardsolution
1.OX

Lysophosphatidylcholine standard stock solution (2X):
60 IJg/mL of USP Lysophosphatidylcholine (Soy) RS in
Solvent

Resolution solution: Phospholipids standardstock solution
(2X) and Lysophosphatidylcholine standardstock solution
(2X) (1:1)

Lysophosphatidylcholine standard solution: 30 IJg/mL of
USP Lysophosphatidylcholine (Soy) RS in Solvent

Sample solution: 1 mg/mL of Lecithin in Solvent. [NOTE-If
necessary, adjust the concentration of the Sample solution
to obtain the concentration of each of the phospholipids
within the calibration range.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering
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Acceptance criteria: NMT 36

• HEXANE-INSOLUBLE MAlTER
Sample: Ifthe substance under test is plastic or semisolid,

soften the Lecithin by warming it at a temperature not
exceeding 60°, and then mix.Weigh 10.0 g into a 250-mL
conical flask.

Analysis: To the Sample add 100 mL of hexane. Shakeuntil
solution isapparently complete or until no more residue
seems to be dissolving. Pass through a coarse-porosity
filteringfunnel that previously has been heated at 105° for
1 h, cooled, and weighed. Wash the flask with two 25-mL
portions of hexane, and pour both washings through the
funnel. Drythe funnel at 105° for 1 h. [CAUTIoN-Hexane is
flammable.] Cool to room temperature, and determine the
gain in weight.

Acceptance criteria: NMT 0.3%
For Sunflower Lecithin: NMT 1.0%

SPECIFIC TESTS
• CONTENT OF ACETONE-INSOLUBLE MAlTER

Sample: Ifthe substance under test is plastic or semisolid,
soften the Lecithin by warming it briefly at a temperature
not exceeding 60°, and then mix.Transfer2 g to a 40-mL
centrifuge tube that previously has been tared along with a
stirring rod, cool, and weigh.

Analysis: To the Sample add 15.0 mL of acetone, and warm
carefully in a water bath to melt the test specimen without
evaporating the acetone. Stirto help dissolve completely,
and place in an ice-water bath for 5 min. De-oiled lecithin
and fractions are suspended in acetone by stirring.Add
acetone that has been previously chilled to 0°_5° to the
~O-mL mark on the tube, stirringduring the addition. Cool
In an ice:wa~er bath for 15 min, stir, remove the rod, clarify
by centrifuging at about 2000 rpm for 5 min, and decant.
Break up the residue with the stirring rod, and refill the
centrifuge tube to the 40-mL markwith chilled acetone
while stirring. Cool in an ice-water bath for 15 min, stir,'
remove the rod, centrifuge, and decant. Break up the
residue with the stirring rod. Place the tube in a horizontal
position until most of the acetone has evaporated. Mix
again, and heat the tube containing the acetone-insoluble
residue and the stirring rod at 105° to constant weight.
[CAUTIoN-Acetone isflammable.]
Determine the weight of the residue, and calculate the

percentage of acetone-insoluble matter.
Acceptance criteria: NLT 50.0%

For Lecithin intended for use in the manufacture of
injectable dosage forms: NLT 80.0%

• FATS AND FIXED OILS (401), Acid Value
Sample: Ifthe substance under test is plastic or semisolid,

soften the Lecithin by warming it briefly at a temperature
not exceeding 60°, and then mix.Transfer2 g to a 250-mL
conical flask.

Analysis: Dissolve the Sample in 50 mL of petroleum ether
with 100°-120° boiling range. To this solution add 50 mL
of alcohol, previously neutralized to phenolphthalein with
0:1 Nso~ium hydroxide,and mix.Addphenolphthalein TS.
Titrate with 0.1 N sodium hydroxideVS to a pinkendpoint
that persistsfor 5 s.
Calcul~te the amount, in mg, of potassium hydroxide

required to neutralizethe free acids in 1.0 g of Lecithin:

Result = (M,x N x \lJIW

Column: 4-mm x 12.5-cm; 5-lJm packing L20
Temperatures

Detector: 50°
Column: 55°

Flow rate: 1.0 mL/min with step gradient at 2.0 mL/min
(see Table 7)

Injection volume: 20 IJL
[NoTE-Depending on the different settings of the

Detector, the Detector temperature and Flow ratecan
be adjusted as long as system suitability requirements
are met.]

System suitability
Samples: System suitability solution and Resolution solution

[NOTE-The relative retention times for phosphatidic
acid, phosphatidylethanolamine,
phosphatidylcholine, phosphatidylinositol, and
Iysophosphatidylcholine are 0.4, 0.9, 1.0, 1.2, and
1.3, respectively, for the Resolution solution.]

Suitability requirements
Resolution: NLT 2.0, System suitability solution
Relative standard deviation": NMT 5.0%, System

suitability solution
Analysis

Samples: Phospholipids standard solutions,
Lysophosphatidylcholine standard solution, and Sample
solution

Identify the peaks of the relevant phospholipidsfrom the
Sample solution by comparison with the Phospholipids
standard solutions. Measure the areas of the phospholipid
peaks. Plotthe logarithms of the relevant responsesversus
the logarithms of the concentrations, in mg/mL, of each
of the phospholipids from the Standard solutions, and
determine the linear regression line using a least-squares
analysis. The correlation coefficientfor the linear
regression line is NLT 0.995.

From the graphs, determine the concentration (Q, in mgl
mL, of the relevant phospholipid in the Sample solution.

Calculatethe percentage of each of the phospholipids
(phosphatidic acid, phosphatidylethanolamine,
phosphatidylcholine, and phosphatidylinositol) in the
portion of Lecithin taken: .

Result = (C ulC s) x 100

= concentration of each of the phospholipidsin the
Sample solution (mg/mL)

= concentration of Lecithin (mg/mL)

Based on the Lysophosphatidylcholine standard solution,
identifythe peak of lysophosphatidylcholine. Compare
the peak area of Iysophosphatidylcholine from the
Lysophosphatidylcholine standard solution and the Sample
solution, respectively.

Acceptance criteria
Content of each of the phospholipids

(phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, and phosphatidic acid): Within the
respective ranges stated on the label

For Lecithin intended for use in the manufacture of
injectable dosage forms
Content of Iysophosphatidylcholine: The peak area of

lysophosphatidylcholine in the Sample solution is NMT
the peak area of lysophosphatidylcholine in the
Lysophosphatidylcholine standard solution,
corresponding to NMT 3.0% of Iysophosphatidylcholine
in Lecithin.

Content of phosphatidylcholine: NLT 70.0%

IMPURITIES
• LEAD (251): NMT 10 ppm

M,
N
V

W

= molecularweight of potassium hydroxide, 56.11
=normalityof the sodium hydroxide VS
=volume of the sodium hydroxideVS consumed in

the titration (mL)
=weight of Lecithin taken (g)
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• PEROXIDE VALUE
Sample: 5 g of Lecithin
Analysis: Transfer the Sample into a 250-mL Erlenmeyer

flask with a ground-glass stopper, add 35 mL of a mixture
of chloroform and glacial acetic acid (2:1), and mix.
Completely dissolve the test specimen while shaking
gently. The solution becomes transparent. Completely
replace the air in the flaskwith nitrogen. While purging with
nitrogen, add 1 mL of potassium iodide solution (165 mg/
mL of potassium iodide), then stop the flow of the nitrogen,
and immediately place a stopper in the flask. Shakefor
1 min, and allowto stand in a dark place for 5 min. Add
75 mL of water, replace the stopper again, and shake
vigorously. Titrate with 0.01 N sodium thiosulfate VS,
adding starch TS as the endpoint is approached, and
continue the titration until the blue starch color has just
disappeared. Perform a blank determination (see Titrimetry
(541», and make any necessary correction.
Calculate the peroxide value, as mEq of peroxide per

1000 g of Lecithin:

Result=(S x N/W) x 1000

S = net volume of sodium thiosulfate solution
required for titration (mL)

N = normality of the sodium thiosulfate solution
W =weight of Lecithin taken (g)

Acceptance criteria: NMT 10
For lecithin intended for use in the manufacture of

injectable dosage forms: NMT 3
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeastscount does not exceed 102 cfu/
g. It meets the requirements of the tests for absence of
Salmonella speciesand Escherichia coli. '

• WATER DETERMINATION (921), Method I: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers. Store at the temperature
indicated on the label. Protect from excess heat and'
moisture.

• LABELING: Label to indicate the content of each of the
phospholipids (phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, and
phosphatidic acid). The labeling also indicates the natural
source of lecithin. Where Lecithin is intended for use in the
manufacture of injectable dosage forms, it is so labeled.
Label it to indicate the storage conditions.

• USP REFERENCE STANDARDS (11)
USP Lysophosphatidylcholine (Soy) RS
USP Phosphatidic Acid (Soy) Monosodium RS
USP Phosphatidylcholine (Soy) RS
USP Phosphatidylethanolamine (Soy) RS
USP Phosphatidylinositol (Soy) Sodium RS

Lemon Oil

DEFINITION
Lemon Oil is the volatile oil obtained by expression, without

the aid of heat, from the fresh peel of the fruit of Citrus x limon
(L.) Osbeck (Fam. Rutaceae), with or without the previous
separation of the pulp and the peel. The total aldehyde
content, calculated ascitral (C1'oH 160 ), is NLT 2.2% and NMT
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3.8% for California-type Lemon Oil, and NLT 3.0% and NMT
5.5% for Italian-type Lemon Oil.
[NOTE-Do not use Lemon Oil that has a

terebinthine odor.]

ASSAY
• TOTAL ALDEHYDE CONTENT

Reagent solution: Dissolve 4.,5 g of hydroxylamine
hydrochloride in 13 mL of water. Add 85 mL of tertiary butyl
alcohol, mix, and adjust with 0.5 N potassium hydroxide
to a pH of 3.4.

Sample: 5 mL
Anatysls: Pipet 50 mL of the Reagent solution into a conical

flask containing the Sample. Insert the stopper in the flask,
and allow to stand at room temperature for 30 min, with
occasional shaking. Titrate the liberated hydrochloric acid
with 0.5 N alcoholic potassium hydroxide VSto a pH of 3.4.
EachmL of 0.5 N alcoholic potassium hydroxide consumed
in the titration isequivalent to 76.12 mg of total aldehydes,
calculated ascitral (C10H160 ).

Acceptance criteria: The total aldehyde content, calculated
ascitra I (C10H160 ), is2.2%-3.8% for California-type Lemon
Oil or 3.0%-5.5% for Italian-type Lemon Oil.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.849-0.855
,. OPTICAL ROTATION, AngularRotation (781 A): +57° to

+65.6°
• REFRACTIVE INDEX (831): 1.473-1.476 at 20°
• ULTRAVIOLET ABSORBANCE

Sample solution: Dilute 250 mg of Oil to 100 mL with
alcohol

Blank: Alcohol
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Spectral range: 260-400 nm

Analysis
Samples: Sample solutionand Blank

Record the spectrum in a 1-cm cell, and determine the
absorbance at the wavelength of maximum absorbance
at about 315 nm using the line drawn tangent to the
curves appearing as minima in the spectrum in
wavelength regions above and below the maximum
wavelength as the baseline.

Acceptance criteria: The absorbance, calculated on the
basisof a 250-mg specimen, is NLT 0.20 for California-type
Lemon Oil or NLT 0.49 for Italian-type Lemon Oil.

• FOREIGN OILS: Place50 mL of Oil in a four-bulb Ladenburg
flask having the following dimensions: the lower or main
bulb isabout 6 cm in diameter, and the smaller condensing
bulbs are about 3.5, 3.0, and 2.5 cm in diameter; the
distance from the bottom of the flask to the side-arm is
about 20 cm. Distill Oil at a rate of 1 drop/s until the
distillate measures 5 mL: the angular rotation of the first
5 mL is NMT 6° less than that of the original Oil. The
refractive index at 20° of this same portion is 0.001-0.003
lower than that of the original Oil.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve iii well-filled, tight

containers, and avoid exposure to excessive heat.
• LABELING: The label states the Latin binomial and, following

the official name, the part of the plant source from which
the article was derived. Label it to also indicate whether it
is California-type or Italian-type Lemon Oil. The label
indicates that Oil is not to be used if it has a
terebinthine odor.
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lemon Tincture

DEfINITION
Lemon Tincture is prepared from lemon peel, which is the

outer yellow rind of the fresh, ripe fruit of Citrus x Limon
Osbeck (Fam. Rutaceae).

Prepare Lemon Tincture asfollows.

Lemon Peel 500 9

Alcohol 900 mL

Alcohol, a sufficient quantity to make 1000 mL

Macerate the Lemon Peel in 900 mL of Alcoholin a closed
container, and store in a warm place. Agitate the container
frequently for 3 days or until the soluble matter is dissolved.
Transfer the mixture to a filter, using talc as the filtering
medium, and when most of the liquid has drained away,
wash the residue on the filter with a sufficient amount of
Alcohol, and combine the filtrates so that the preparation is
brought to a final volume of 1000 mL.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 62%-72% of

the labeled amount

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers, and avoid exposure to direct sunlight and to
excessive heat. Store at controlled room temperature.

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant source from which
the article was derived.

licorice Fluidextract

DEFINITION
Prepare Licorice Fluidextract asfollows (see Pharmaceutical

Compounding-Nonsterile Preparations (795». To 1000 g of
coarsely ground Licorice, add about 3000 mL of boillnq
Purified Water, mix, and allow to macerate in a suitable,
covered percolator for 2 h. Allow the percolation to proceed
at a rate of 1-3 mL/min, gradually adding boiling Purified
Water until the Licorice is exhausted. Add enough diluted
ammonia solution to the percolate to impart a distinctly
ammoniacal odor, and boil the liquid actively under normal
atmospheric pressure until it is reduced in volume to about
1500 mL. Filter the liquid, evaporate the filtrate on a steam
bath until the residue measures750 mL, cool, gradually add
250 mL of Alcohol and enough Purified Water to make the
product measure 1000 mL, and mix.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 20.00/0-24.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and avoid exposure to direct sunlight and to '
excessive heat.

• LABELING: The label statesthe Latin binomial and, following
the official name, the part of the plant source from which
the article was derived.
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linoleoyl Polyoxylglycerides

DEFINITION
Linoleoyl Polyoxylglycerides is a mixture of monoesters,
, diesters, and triesters of glycerol and monoesters and diesters
of polyethylene glycols. The polyethylene glycols used have a
mean molecular weight between 300 and 400. The article is
produced by partial alcoholysis of unsaturated oils, mainly
containing triglycerides of linoleic acid with polyethylene
glycol, by esterification of glycerol and polyethylene glycol
with fatty acids, or as a mixture of glycerol estersand
ethylene oxide condensate with the fatty acids of the
unsaturated oils. It may contain free polyethylene glycols.

IDENTIfICATION

• A.
~R', .....~Nij~~~

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201)

Standard solution: 50 mg/mL of USP Linoleoyl
Polyoxylglycerides RS in methylene chloride

Sample solution: 50 mg/mL of Linoleoyl Polyoxylglycerides
in methylene chloride

Application volume: 10 IJL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis

Samples: Standardsolutionand Sample solution
Proceed asdirected in the chapter. Then spray the plate

with Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The R F values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

• C. It meets the requirements in Specific Tests (see Table 7)
for Fats and Fixed Oils, FattyAcidComposition (401).

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

0.1%
• ALKALINE IMPURITIES

Sample: 5.0 g
Analysis: To the Sample add 10 mL of alcohol and 0.05 mL

of bromophenol blue TS,and mix well. Titrate with 0.01 N
hydrochloric acid VSto change the color to yellow.

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric
acid is required.

• LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE
Analysis: Proceed as directed in Ethylene Oxide and Dioxane

(228), Method I.
Acceptance criteria

Ethylene oxide: NMT 1 IJg/g
Dioxane: NMT 10 IJg/g

• LIMITOF FREE GLYCEROL
Sample: 1.2 g
Periodic acetic acid, solution: Dissolve 0.446 g of sodium

periodate in 2.5 mL of a 25% (v/v) solution of sulfuric acid.
Dilute with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system

(See Titrimetry(541 ).)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 25 mL of methylene
chloride, heating if necessary. Cool, and add 100 mL of
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Magnesium Aluminometasilicate

Sample solution: Transfer 1.25 g of Magnesium
Aluminometasilicate to a conical flask, add 10 mL of 3 N
hydrochloric acid and 50 mL of water, and heat on a water
ba.th for 15 min. To this solution add 8 mL of hydrochloric
acid, and heat on a water bath for 10 min. After cooling,
transfer the solution to a 250-mL volumetric flask, rinse the

DEFINITION
Ma~ne~iumAluminometasilicate is a synthetic material that

exists In two forms, Type I-A and Type I-B, havinq different
pH requirements. The required contents for both forms are
the same: NLT 29.1 % and NMT 35.5% of aluminum oxide
(Alz0 3) , NLT 11.4% and NMT 14.0% of magnesium oxide
(MgO), and NLT 29.2% and NMT 35.6% of silicon dioxide
(SiOz), calculated on the dried basis.

IDENTIFICATION
• A. IDENTIFICATIONTESTS-GENERAL, Aluminum(191)

Sample solution: Transfer 0.5 g of Magnesium
Aluminometasilicate to a suitable container, add 5 mL of a
sulfuric acid solution (1 in 3), and heat until white fumes
are observed. Cool, add 20 mL of water, and filter.
Neutralize the filtrate with ammonia TS, and retain for use
in Identification test B. Collect the precipitate, and dissolve
in 3 N hydrochloric acid.

Acceptance criteria: The Sample solution meets the
requirements.-

• B. IDENTIFICATION TESTS-GENERAL, Magnesium (191)
Sample solution: Usethe filtrate retained from Identification

test A.
Acceptance criteria: The Sample solution meets the

requirements.
• C.

Analysis: Prepare a bead by fusing a few crystals of sodium
ammonium phosphate on a platinum loop in the flame of a
Bunsen burner. Place the hot, transparent bead in contact
with Magnesium Aluminometasilicate, and again fuse.

Acceptance criteria: Silica floats about in the bead
producing, upon cooling, an opaque bead with a web-like
structure.

ASSAY
• ALUMINUM OXIDE

Edetate disodium titrant: Prepare a solution with a 
concentration of 18.6 giL of edetate disodium in water and
standardize as follows. Weigh 2 g of aluminum wire,
transfer to a 1OOO-mL volumetric flask, and add 50 mL of a
mixture of hydrochloric acid and water (1 :1). Swirl the flask
to ensure contact of the aluminum and the acid and allow
the reaction to proceed until all of the aluminu~ has
disso.lve~. Dilute with water to volume. Pipet 10 mL of this
solution Into a 250-mL beaker and add, in the order named
and with continuous stirring, 25.0 mL of Edetate disodium
titrant and 20 mL of acetic acid-ammonium acetate buffer
TS, and boil gently for 5 min. Cool, and add 50 mL of
alcohol and 2 mL of dithizone TS. Titrate with 0.05 M zinc
sulfate VS to a bright rose-pink color. Perform a blank
determination, substituting 10 mL of water for the
aluminum solution, and make any necessary correction.
Calculate the molarity of the solution taken:

Result = WI(A r x V)

=weight of aluminum in the portion of solution
taken (mg)

=atomic weight of aluminum, 26.98
=volume of Edetate disodium titrant consumed

(mL)

W

A r

V

Carbon-Chain Number of Percentage
length Double Bonds (%)

16 0 4.0-20.0

18 0 ::;6.0

18 1 20.0-35.0

18 2 50.0-65.0

18 3 ::;2.0

20 0 ::;1.0

20 1 ::;1.0

Table 1

water and 25.0 mL of Periodic acetic acidsolution. Shake,
and allow to stand for 30 min. Add 40 mL of Potassium
iodidesolution, and allow to stand for 1 min. Add 1 mL of
starch TS, and titrate the liberated iodine with 0.1 M
sodium thiosulfate VS. Perform a blank determination, and
make any necessarycorrection.
Calculate the percentage of glycerol in the sample taken:

Result={[(V8 - V s) x N x F]IW} x 100

V 8 =Titrant volume consumed by the Blank (mL)
Vs =Titrant volume consumed by the Sample (mL)
N =actual normality of the Titrant (mEq/mL)
F = equivalency factor, 23.0 mg/mEq
W =Sample weight (mg)

Acceptance criteria: NMT5.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401)

Sample: 2.0 g
Acceptance criteria: NMT 2.0

• FATS AND FIXED OILS, FattyAcidComposition (401):
Linoleoyl Polyoxylglycerides exhibits the composition
profile of fatty acids shown in Table 7.

• FATS AND FIXED OILS, Hydroxyl Value (401)
Sample: 1.0 g
Acceptance criteria: 45-65

• FATS AND FIXED OILS, Iodine Value (401): 90-110
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 2.0 g
Acceptance criteria: NMT 12.0

• FATS AND FIXED OILS, Saponification Value (401)
Sample: 2.0 g
Acceptance criteria: 150-1 70

• WATER DETERMINATION, MethodI (921)
Sample: 1.0 g
Analysis: Instead of using methanol as the solvent, one of

two solvent systems can be used: a mixture of methylene
chloride and anhydrous methanol (70:30 v/v), or
anhydrous pyridine.

Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at controlled room
temperature.

• LABELING: Label it to indicate the type and the average
nominal molecular weight of polyethylene glycol used as
part of the official title.

• USP REFERENCE STANDARDS (11)
USP Linoleoyl Polyoxylglycerides RS
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conical flask with water, and add the washings to the
volumetric flask. Dilute with water to volume. Centrifuge,
and use the supernatant as the Sample solution. Retain a
portion for use in the Assay for Magnesium Oxide.

Analysis: Transfer20.0 mL of the Sample solutionto a beaker
and add 20.0 mL of Edetate disodium titrant. To this solution
add 15 mL of acetic acid-ammonium acetate buffer TSand
20 mL of water, and boil for 5 min. After cooling, add 50 mL
of alcohol and 2 mL of dithizone TS,and titrate with 0.05 M
zinc sulfate VSuntil the color of the solution changes from
green-violet to rose-pink. Perform a blank determination.
Each mL of 0.05 M Edetate disodium titrant is equivalent to
2.5490 mg of Alz03•

Acceptance criteria: 29.1%-35.5% of aluminum oxide
(Alz03) on the dried basis

• MAGNESIUM OXIDE
Sample solution: Use the Sample solution prepared for use

in the Assay for AluminumOxide.
Analysis: Transfer 50.0 mL of the Sample solution to a

suitable container, add 50 mL of water and 25 mL of a
trolamine solution (1 in 2), and shake well. Add 25 mL of
ammonia-ammonium chloride buffer TS and 0.04 g of
eriochrome black T trituration as the indicator. Titrate with
0.05 M edetate disodium VS until the red-purple color
changes to blue and persistsfor 30 s. Each mL of 0.05 M
edetate disodium VS is equivalent to 2.0152 mg of MgO.

Acceptance criteria: 11.4%-14.0% of magnesium oxide
(MgO) on the dried basis

• SILICON DIOXIDE
Sample: 1 g . .
Analysis: To the Sample add 30 mL of 3 N hydrochloric acid,

and evaporate on a water bath to dryness. Moiste~ the
residue with hydrochloric acid, and evaporate again on a
water bath to dryness. To the residue add 8 mL o.f
hydrochloric acid and 25 mL of hot water, and stir. Allow
to stand, and then decant the supernatant through an
ashless filter paper. To the residue in the container add
10 mL of hot water, stir, and decant the supernatant
through the filter paper. Wash the residue in the co~tainer
with three additional 1O-mLportions of hot water, stir, and
decant asdescribed above. Treat the residue in the
container with 50 mL of water, and heat on a water bath
for 15 min. Filter, and rinse the residue on the filter paper
with hot water until no precipitate is obtained when 1 mL
of silver nitrate TSis added to 5 mL of the washing. Transfer
the filter paper and its contents to a tared platinum crucible,
heat to dryness, incinerate, and co~tinue to he~t at 8~0
± 250 for 1 h. Cool, and weigh. MOisten the residue ':Vlt~
6 mL of hydrofluoric acid, evaporate to dryness, and Ignite
for 5 min. Cool, and weigh. The loss in weight represents
the weight of silicon dioxide (SiOz) .

Acceptance criteria: 29.2%-35.6% of silicon dioxide (Si02)

on the dried basis

IMPURITIES
• CHLORIDE AND SULFATE, Chloride (221)

Sample: A 20-mL portion of the diluted filtrate retained
from the test for Soluble Salts

Control: 0.75 mL of 0.020 N hydrochloric acid
Acceptance criteria: NMT 0.053%; the Sample shows no

more chloride than corresponds to the Control.
• CHLORIDE AND SULFATE, Sulfate (221)

Sample: A 2-mL portion of the diluted filtrate retained from
the test for Soluble Salts

Control: 0.5 mL of 0.020 N sulfuric acid
Acceptance criteria: NMT 0.480%; the Sample shows no

more sulfate than corresponds to the Control.
• ARSENIC, Method I (211): NMT 3 IJg/g
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• IRON (241)
Sample solution: To 0.11 g of Magnesium

Aluminometasilicate add 8 mL of 2 N nitric acid, boil for
1 min, and cool. Dilute with water to 100 mL, and
centrifuge. Dilute 30 mL of the supernatant with water to
45 mL.

Acceptance criteria: NMT 0.03%

SPECIFIC TESTS
• ACID-CONSUMING CAPACITY

Sample solution: Transfer 0.2 g of Magnesium
Aluminometasilicate to a glass-stoppered flask, and add
100.0 mL of 0.1 N hydrochloric acid VS. Stopper the flask
tightly, shake at 37 ± 20 for 1 h, and filter. Us~ the filtrate.

Analysis: Transfer 50.0 mL of the Sample solutionto a
beaker, and while stirring, titrate the excess hydrochloric
acid with 0.1 N sodium hydroxide VSto attain a pH of 3.5.
Perform a blank determination.

Acceptance criteria: NLT 210 mL of 0.1 N hydrochloric acid
is consumed per g of Magnesium Aluminometasilicate,
calculated on the dried basis.

• pH (791)
Sample: 2 g
Analysis: Add 50 mL of water to the Sample. While stirring,

immerse the pH electrodes in the suspension, and after
2 min, record the pH.

'Acceptance criteria
Type I-A: 6.5-8.5
Type 1-8: 8.5-10.5

• Loss ON DRYING (731)
Analysis: Dry at 110 0 for 7 h.
Acceptance criteria: NMT 20.0%

• SOLUBLE SALTS
Sample: 10.0 g
Analysis: Transfer the Sample to a suitable container, add

150 mL of water, and boil gently for 15 min, with shaking.
After cooling, dilute with water to 150 mL, and centrifuge.
Dilute 75 mL of the clear filtrate with water to 100 mL, and
retain the diluted filtrate for use in the tests for Alkalinity,
Chloride, and Sulfate. Evaporate25 mL of the diluted filtrate
on a water bath, and heat at 7000 for 2 h.

Acceptance criteria: NMT 0.020 g (NMT 1.6%)
• ALKALINITY

Sample: A 20-mL portion of the diluted filtrate retained
from the test for Soluble Salts

Analysis: Add 2 drops of phenolphthalein TSto the Sample.
Acceptance criteria: If a pink color is produced, NMT

0.50 mL of 0.1 N hydrochloric acid is required to
discharge it.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

prevent exposure to excessive heat.
• LABELING: Label it to indicate whether it is Type I-A or Type

I-B.

Magnesium Aluminosilicate
DEFINITION
Magnesium Aluminosilicate is a synthesized material that

contains NLT 20.5% and NMT 27.7% of magnesium oxide
(MgO), NLT 27.0% and NMT 34.3% of aluminum oxide
(AI203) , and NLT 14.4% and NMT 21.7% of silicon dioxide
(Si0 2) , calculated on the dried basis.

IDENTIFICATION
• A.IDENTIFICATION TESTS-GENERAL, Aluminum (191)

Sample: 0.5 g
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Analysis: Transfer the Sample to a suitable container, add
5 mL of a sulfuric acid solution (1 in 3), and heat until white
fumes are observed. Cool, add 20 mL of water, and filter.
Neutralize the filtrate with ammonia TS, and retain for use
in Identification test B. Collect the precipitate, and dissolve
in 3 N hydrochloric acid.

Acceptance criteria: Meets the requirements
• B. IDENTIFICATION TESTs-GENERAL, Magnesium (191)

Sample solution: The filtrate retained from Identification
test A

Acceptance criteria: Meets the requirements
• C.

Analysis: Prepare a bead by fusing a few crystals of sodium
ammonium phosphate on a platinum loop in the flame of a
Bunsen burner. Place the hot, transparent bead in contact
with Magnesium Aluminosilicate, and again fuse.

Acceptance criteria: The silica floats about in the bead,
producing, upon cooling, an opaque bead with a weblike
structure.

ASSAY
• ALUMINUM OXIDE

Edetate disodium titrant: Preparea solution with a
concentration of 18.6 giL of edetate disodium in water, and
standardize asfollows. Weigh 2 g of aluminum wire,
transfer to a 1OOO-mL volumetric flask, and add 50 mL of a
mixture of hydrochloric acid and water (1:1). Swirl the flask
to ensure contact of the aluminum and the acid, and allow
the reaction to proceed until all the aluminum has .
dissolved. Dilute with water to volume. Pipet 10 mL of this
solution into a 250-mL beaker,and add, in the order named
and with continuous stirring, 25.0 mL of Edetate disodium
titrant and 20 mL of acetic acid-ammonium acetate buffer
TS. Boil gently for 5 min. Cool, and add 50 mL of alcohol
and 2 mL of dithizone TS.Titrate with 0.05 M zinc sulfate
VSto a bright rose-pink color. Perform a blank
determination, substituting 10 mL of waterfor the
aluminum solution, and make any necessary correction.
Calculate the molarity of the solution taken:

Result= WI(A r x V) .

W = weight of aluminum in the portion of solution
taken (g)

A r = atomic weight of aluminum, 26.98 g/mol
V = volume of Edetate disodium titrant consumed

(mL)

Sample solution: Transfer 1.25 g of Magnesium
Aluminosilicate to a conical flask, add 10 mL of 3 N
hydrochloric acid and 50 mL of water, and heat on a wat~r

bath for 15 min. To this solution add 8 mL of hydrochloric
acid and heat on a water bath for 10 min. After cooling,
tran;fer the solution to a 250-mL volumetric flask, rinse the
conical flask with water, and add the washings to the
volumetric flask. Dilute with water to volume. Centrifuge,
and use the supernatant as the Sample solution.
[NoTE-Retain a portion of the Sample solution for use in

. the Assay for Magnesium Oxide.]
Blank: 10 mL of 3 N hydrochloric acid and 50 mL of water
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
Titrant: Edetate disodium titrant
Back-titrant: 0.05 M zinc sulfate VS
Endpoint detection: Visual .

Analysis: Transfer 20.0 mL of t~e Sample s?'utlon.to a
beaker, and add 20.0 mL of"TItrant. To this solution add
15 mL of acetic acid-ammonium acetate buffer TS and
20 mL of water, and boil for 5 min. After cooling, add 50 mL
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of alcohol and 2 mL of dithizone TS, and titrate with the
Back-titrantuntil the color of the solution changes from
green-violet to rose-pink. Perform a blank determination,
and make the necessary correction. Each mL of 0.05 M
Edetate disodium titrant is equivalent to 2.5490 mg of
aluminum oxide (AI203) .

Acceptance criteria: 27.0%-34.3% on the dried basis
• MAGNESIUM OXIDE .

Sample solution: Usethe portion retained from the Sample
solution prepared in the Assay for Aluminum Oxide.

Titrimetric system
(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual

Analysis: Transfer 50.0 mL of the Sample solutionto a
suitable container, add 50 mL of water and 25 mL of a
trolamine solution (500 mg/mL), and shakewell. Add
25 mL of ammonia-ammonium chloride buffer TS and
0.04 g of eriochrome black TS trituration as the indicator.
Titrate with Titrant until the red-purple color changes to
blue and persists for 30 s. Each mL of 0.05 M edetate
disodium VSis equivalent to 2.0152 mg of magnesium
oxide (MgO).

Acceptance criteria: 20.50/0-27.7% on the dried basis
.• SILICON DIOXIDE

Sample: 1 g
Analysis: To the Sample add 30 mL of 3 N hydrochloric acid,

and evaporate on a water bath to dryness. Moisten the
residue with hydrochloric acid, and again evaporate on a
water bath to dryness. To the residue add 8 mL of
hydrochloric acid and 25 mL of hot water, and stir. Allow
to stand, then decant the supernatant through an ashless
filter paper. To the residue in the container add 10 mL of
hot water, stir, and decant the supernatant through the
filter paper. Wash the residue in the container with three
additional 1O-mLportions of hot water, stir, and decant as
described above. Treat the residue in the container with
50 mL of water, and heat on a water bath for 15 min. Filter,
and rinse the residue on the filter paper with hot water until
no precipitate is obtained when 1 mL of silver nitrate TS is
added to 5 mL of the washing. Transferthe filter paper and
its contents to a tared platinum crucible, heat to dryness,
incinerate, and continue to heat at 800 ± 25° for 1 h. Cool,
and weigh. Moisten the residue with 6 mL of hydrofluoric
acid, evaporate to dryness, and ignite for 5 min. Cool,and
weigh. The loss in weight representsthe weight of Si0 2•

Acceptance criteria: 14.40/0-21.7% on the dried basis

IMPURITIES
• CHLORIDE AND SULFATE, Chloride (221)
Analysis: A 20-mL portion of the diluted filtrate retained

from the test for Soluble Salts shows no more chloride than
corresponds to 0.75 mL of 0.020 N hydrochloric acid.

Acceptance criteria: NMT 0.053% .
• CHLORIDE AND SULFATE, Sulfate (221)

Analysis: A 2-mL portion of the diluted filtrate retained from
the test for Soluble Salts shows no more sulfate than
corresponds to 0.5 mL of 0.020 N sulfuric acid.

Acceptance criteria: NMT 0.480%
• ARSENIC, Method1(211): NMT 3 ~g/g

• IRON (241)
Sample: 0.11 g
Analysis: To the Sample add 8 mL of 2 N nitric acid, boil for

1 min, and cool. Dilute with water to 100 mL, and
centrifuge. Dilute 30 mL of the supernatant with water to
45 mL.

Acceptance criteria: NMT 0.03%
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SPECIFIC TESTS
• ACID-CONSUMING CAPACITY

Sample solution: Transfer 0.2 g of Magnesium
Aluminosilicate to a glass-stoppered flask, and add
100.0 mL of 0.1 N hydrochloric acid VS. Stopper the flask
tightly, shakeat 37 ± 2° for 1 h, and filter. Use the filtrate.

Analysis: Transfer 50.0 mL of the filtrate from the Sample
solution to a beaker, and while stirring, titrate the excess
hydrochloric acid with 0.1 N sodium hydroxide VSto a pH
of 3.5. Perform a blank determination, and make any
necessary corrections.

Acceptance criteria: NLT 250 mL of 0.1 N hydrochloric acid
is consumed per g of Magnesium Aluminosilicate,
calculated on the dried basis.

• pH (791)
Sample: 2 g
Analysis: Add 50 mL of water to the Sample. While stirring,

immerse the pH electrodes in the suspension, and after
2 min, record the pH.

Acceptance criteria: 8.5-10.5
• loss ON DRYING (731)

Analysis: Dry at 110° for 7 h.
Acceptance criteria: NMT 20.0%

• SOLUBLE SALTS
Sample: 10.0 g
Analysis: Transfer the Sample to a suitable container, add

150 mL of water, and boil gently for 15 min, with shaking.
After cooling, dilute with water to 150 mL, and centrifuge.
Dilute 75 mL of the clear filtrate with water to 100 mL, and
retain the diluted filtrate for use in the tests for Chloride,
Sulfate, and Alkalinity. Evaporate 25 mL of the diluted
filtrate on a water bath, and heat at 700° for 2 h.

Acceptance criteria: NMT 1.6%; the residue weighs NMT
0.020 g. I

• ALKALINITY
Sample: 20 mL of diluted filtrate retained from the test for

Soluble Salts
Analysis: Add 2 drops of phenolphthalein TSto the Sample,

containing 1 g of Magnesium Aluminosilicate.
Acceptance criteria: If a pink color is produced, NMT

0.50 mL of 0.1 N hydrochloric acid is required to
dlscharqe it.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

prevent exposure to excessive heat.

Magnesium Aluminum Silicate

DEFINITION
Magnesium Aluminum Silicate is a blend of colloidal '

montmorillonite and saponite that has been processed to
remove grit and nonswellable ore components.

The requirements for viscosity and ratio of aluminum content
to magnesium content differ for the several types of
Magnesium Aluminum Silicate, as set forth in the table
below.

Viscosity AIContent!
Type (mPa· s) Mg Content Appearance

Min. Max. Min. Max.

Fine
granulesor

IA 225 600 0.5 1.2 flakes

Microfine
IB 150 450 0.5 1.2 powder
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Viscosity AI Content!
Type (mPa. s) Mg Content Appearance

Min. Max. Min. Max.

Fine
granulesor

Ie 800 2200 0.5 1.2 flakes

Fine
granulesor

IIA 100 300 1.4 2.8 flakes

IDENTIFICATION
• A.

Sample: 2 g
Analysis 1: Add the Sample in small portions to 100 mL of

water with intense agitation. Allow to stand for 12 h to
ensure complete hydration. Place 2 mL of the resulting
mixture on a suitable glassslide, and allow to air-dry at
room temperature to produce an oriented film. Place the
slide in a vacuum desiccator over a free surface of ethylene
glycol. Evacuate the desiccator, and close the stopcock so
that the ethylene glycol saturates the desiccator chamber.
Allow to stand for 12 h. Recordthe X-ray diffraction pattern
(see X-Ray Diffraction (941», and calculate the d values.

Acceptance criteria 1: The largest peak corresponds to a d
value between 15.0 and 17.2 A.

'Analysis 2: Prepare a random powder specimen of
Magnesium Aluminum Silicate, record the X-ray diffraction
pattern, and determine the d values in the region between
1.48 and 1.54 A.

Acceptance criteria 2: Peaks are found at 1.492-1.504 A
and at 1.510-1.540 A.

• B. It meets the requirements of the test for Viscosity in
Specific Tests.

• C. It meets the requirements for Ratio of aluminum content
to magnesium content in the test for AluminumContentand
Magnesium Content.

• D. Its appearance corresponds to the description in the table
in the Definition.

ASSAY
• ALUMINUM CONTENT AND MAGNESIUM CONTENT
Aluminum content

Aluminum standard stock solution: Dissolve 1.000 g of
aluminum in a mixture of 10 mL of hydrochloric acid and
10 mL of water by gentle heating. Transfer the solution
to a 1OOO-mL volumetric flask, dilute with water to
volume, and mix. This solution contains the equivalent of
1 mg/mL of aluminum.

Aluminum standard solutions: Transfer 2-, 5-, and 10-mL
aliquots of the Aluminum standardstocksolution to
separate 1OO-mL volumetric flasks containing 200 mg of
sodium chloride, dilute each with water to volume,
and mix.

Sample stock solution: Transfer 0.200 g of Magnesium
Aluminum Silicate to a 25-mL platinum crucible
containing 1.0 g of lithium metaborate, and mix. Using a
muffle furnace or a suitable burner, heat slowly at first, and
ignite at 1000°-1200° for 15 min. Cool, place the crucible
in a 1OO-mL beaker containing 25 mL of dilute nitric acid
(50 mg/mL), and add an additional 50 mL of the dilute
acid, filling and submerging the upright crucible. Place a
polyfluorocarbon-coated magnetic stirring bar into the
crucible, and stir gently with a magnetic stirrer to dissolve.
Pour the contents into a 250-mL beaker, and remove the
crucible. Warm the solution, transfer through a rapid-flow
filter paper with the aid of water into a 200-mL volumetric
flask, dilute with water to volume, and mix.

Sample solution: Pipet 20 mL of the Sample stock solution
into a 1OO-mL volumetric flask. Add 20 mL of a solution
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of sodium chloride (10 mg/mL), dilutewith water to
volume,and mix.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped
with a single-slot burner

Analytical wavelength: 309 nm
Lamp: Aluminum hollow-cathode
Flame: Oxidizing acetylene-air-nitrousoxide

Analysis
Samples: Aluminumstandardsolutions and Sample

solution
Determine the absorbances of the Aluminumstandard
solutions and the Sample solution. From a linear
regression equation calculatedfrom the absorbances
and concentrations of the Aluminumstandardsolutions,
determine the aluminum content in the magnesium
aluminum silicate.

Magnesium content
lanthanum solution: Stir88.30 g of lanthanum chloride

(LaCI3) with 500 mL of 6 N hydrochloric acid to dissolve,
transferwith the aid of water to a 1OOO-mL volumetric
flask, dilute with water to volume, and mix.

Magnesium standard stock solution: Place 1.000 g of
magnesium in a 250-mL beaker containing 20 mL of
water, and carefully add 20 mL of hydrochloric acid,
warming, if necessary, to complete the reaction. Transfer
the solution to a 1OOO-mL volumetric flask, dilute with
water to volume, and mix.This solutioncontains the
equivalentof 1 mg/mL of magnesium. Transfer 10.0 mL
of this solution to a 1OOO-mL volumetric flask, dilute with
water to volume, and mix.

Magnesium standard solutions: Transfer 5-, 10-, 15-,and
20-mL aliquotsof the Magnesium standardstock solution
to separate 1OO-mL volumetric flasks. To each flask add
20.0 mL of Lanthanumsolution, dilute with water to
volume, and mix.

Sample stock solution: Use the Sample stock solution
prepared as directed for Aluminum content.

Sample solution: Transfer 25 mL of the Sample stock
solution to a 50-mLvolumetric flask, dilutewith water to
volume, and mix. Transfer 5.0 mL of this solutionto a
1OO-mL volumetric flask, add 20.0 mLof Lanthanum
solution, dilute with water to volume, and mix.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption
Analyticalwavelength: 285 nm
Lamp: Magnesium hollow-cathode
Flame: Reducing flame of acetylene-air

Analysis
Samples: Magnesium standardsolutions and Sample

solution
Determinethe absorbances of the Sample solutionand the

Magnesium standard solutions. From a linearregression
equation calculatedfrom the absorbancesand
concentrations of the Magnesium standardsolutions,
determine the magnesium content in the magnesium
aluminum silicate.

Ratio of aluminum content to magnesium content
Analysis: Using the results from the Aluminum contentand

the Magnesium content, determine the ratioof aluminum
content to magnesium content.

Acceptance criteria
Type IA: 0.5-1.2
Type 18: 0.5-1.2
Type Ie: 0.5-1.2
Type IIA: 1.4-2.8
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IMPURITIES
• ARSENIC (211), Method I

Standard preparation: Transfer 5.0 mL (5 J,Jg of arsenic) of
the StandardArsenic Solution to a 25-mL volumetric flask,
and add dilute hydrochloric acid (1 :25) to volume.

Test preparation: Transfer 13.3 g of Magnesium Aluminum
Silicate to a 250-mL beakercontaining 100 mL of dilute
hydrochloric acid(1 :25), mix, coverwith a watch glass, and
boilgently with occasional stirring for 15 min without
allowing excessive foaming.Allow the insoluble material to
settle, and decant the hot supernatant through a rapid-flow
filter paper into a 200-mL volumetric flask, retaining as
much sediment as possible in the beaker.Add 25 mL of
hot dilute hydrochloric acid (1 :25) to the residue in the
beaker, stir, and heat to boiling. Allow the insoluble
material to settle, and decant the supernatant through the
filter into the 200-mL volumetric flask. Repeatthe
extractionwithfour additional 25-mL portionsof hot dilute
hydrochloric acid (1 :25), decanting each hot supernatant
through the filter into the volumetric flask. Atthe last
extraction, transferas much of the insoluble material as
possible onto the filter. Coolthe combinedfiltrates to room
temperature, add dilute hydrochloric acid (1 :25) to
volume, and mix. Use 25 mL for the test.

Acceptance criteria: NMT 3 J,Jg/g; the absorbance due to
any red colorfrom the Test preparation does not exceed
that produced by the Standard preparation.

• LEAD
Standard preparation: On the day of use, dilute 3.0 mL of

lead nitrate stocksolutionTS with water to 100 mL. Each
mL contains the equivalentof 3 J,Jg of lead.

Sample: 10.0 g
Test preparation: Transfer the Sample to a 250-mL beaker

containing 100 mL of dilute hydrochloric acid (1 :25), stir,
coverwith a watch glass, and boil for 15 min.Coolto room
temperature, and allow the insoluble matter to settle.
Decant the supernatant through a rapid-flow filter paper
into a 400-mL beaker.Add 25 mL of hot water to the·
insoluble matter in the 250-mL beaker, and stir.Allow the
insoluble matter to settle, and decant the supernatant
through the filter into the 400-mL beaker. Repeatthe
extraction with two additional 25-mL portions of water,
decanting each supernatant portion through the filter into
the 400-mLbeaker.Wash the filter with 25 mL of hot water,
collectingthis filtrate in the 400-mL beaker. Concentrate
the combined extracts by gentle boiling to approximately
20 mL. If a precipitateappears, add 2-3 drops of
nitricacid, heat to boiling, and cool to room temperature.
Filter the concentrated extracts through a rapid-flow filter
paper into a 50-mL volumetric flask. Transfer the remaining
contents of the 400-mL beakerthrough the filter paper and
into the flask with water. Dilute with water to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped
with a deuterium arc backgroundcorrection and a
single-slot burner

Analyticalwavelength: 284 nm
Lamp: Lead hollow-cathode
Flame: Oxidizing flame of air and acetylene

Acceptance criteria: Theabsorbanceof the Test preparation
is NMT that of the Standardpreparation (15 J,Jg/g).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): Itstotal aerobic
microbial count does not exceed 103 cfu/g, and it meets
the requirements of the test for absence of Escherichia coli.

• pH (791)
Sample suspension: 50 mg/mL
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Acceptance criteria: 9.0-10.0
• Loss ON DRYING (731)

Analysis: Dry at 110° to constant weight.
Acceptance criteria: NMT 8.0%

• VISCOSITY
Sample: After determining the Loss on Drying, weigh a

quantity of Magnesium Aluminum Silicate, equivalent to
25.0 g on the dried basis. Over a period of a few seconds,
transfer the undried test specimen to a suitable l-l blender
jar containing an amount of water, maintained at a
temperature of 25 ± 2°, that is sufficient to produce a
mixture weighing 500 g. Blend for 3 min, accurately timed,
at 14,000-15,000 rpm (high speed).'
[Nors-Heat generated during blending causes a

temperature rise to above 30°.]
Analysis: Transfer the contents of the blender to a 600-ml

beaker, and allow to stand for 5 min. The sample
temperature should be 33 ± 3°. Using a suitable rotational
viscometer- equipped with a spindle as specified below,
operate the viscometer at 60 rpm for 6 min, accurately
timed, and record the scale reading.
For Type lA, use a spindle with a cylinder 1.87 cm in

diameter and 0.69 cm high attached to a shaft 0.32 cm
in diameter, the distance from the top of the cylinder to
the lower tip of the shaft being 2.54 cm, and the
Immersion depth being 5.00 cm (No.2 spindle). If the
scale reading is greater than 90% of full scale, repeat the
measurement, using a spindle similar to the No.2 spindle
but with the cylinder 1.27 cm in diameter and 0.16 cm
high instead (No.3 spindle).

For Type Ie, use a No.3 spindle. If the scale reading is
greater than 90% of full scale, repeat the measurement
using a spindle consisting of a cylindrical shaft 0.32 cm in
diameter and with an immersion depth of 4.05 cm (No.
4 spindle).

For Types IB and itA, use a No.2 spindle.
Acceptance criteria

Type IA: 225-600 mPa . s
Type IB: 150-450' mPa . s
Type IC: 800-2200 mPa· s
Type IIA: 100-300 mPa . s

• ACID DEMAND
Sample: After determining the Loss on Drying, weigh a

quantity of Magnesium Aluminum Silicate equivalent to
5.00 g.

Analysis: Disperse the Sample in 500 ml of water with the
aid of a suitable blender fitted with a l-l jar. Using a
stopwatch, designate zero time. With constant mixing, add
3.0-ml portions of 0.100 N hydrochloric acid at 5,65, 125,
185, 245, 305, 365, 425, 485, 545, 605, 665, and 725 s,
and add a 1.0-ml portion at 785 s. Determine the pH
potentiometrically at 840 s.

Acceptance criteria: NMT 4.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicate its type.

, Asuitableblenderisavailable from WaringasWaringCommercial Blender
Model 7009Gor equivalentwith l-L qlass jar and tachometeradapter,
Model CAC24 or equivalent.
2 A suitableviscometer is available from BrookfieldasViscometer Model
LVF or LVT, or equivalent.
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Magnesium Silicate
DEfiNITION
Magnesium Silicate is a compound of magnesium oxide and

silicon dioxide. It contains NlT 15.0% of magnesium oxide
(MgO) and NlT 67.0% of silicon dioxide (SiOz), calculated
on the ignited basis.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Magnesium (191 )

Sample: 500 mg
Analysis: Mix the Sample with 10 ml of 3 N hydrochloric

acid. Filter, and neutralize the filtrate to litmus paper with
6 N ammonium hydroxide.

Acceptance criteria: The neutralized filtrate meets the
requirements.

• B.
Analysis: Prepare a bead by fusing a few crystals of sodium

ammonium phosphate on a platinum loop in the flame of a
Bunsen burner. Place the hot, transparent bead in contact
with Magnesium Silicate, and again fuse.

Acceptance criteria: Silicafloats about in the bead,
producing, upon cooling, an opaque bead with a web-like
structure.

ASSAY
.. MAGNESIUM OXIDE

Sample: 1.5 g
Titrimetric system

Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 50.0 ml of 1 N sulfuric acid
VS. Digest on a steam bath for 1 h, cool to room
temperature, and add methyl orange TS. Titrate the excess
acid in the sample with Titrant. Each ml of 1 N sulfuric acid
is equivalent to 20.15 mg of MgO.

Acceptance criteria: NlT 15.0% on the ignited basis
• SILICON DIOXIDE

Sample: 700 mg
Analysis: Transfer the Sample to a small platinum dish. Add

10 ml of 1 N sulfuric acid, and heat on a steam bath to
dryness, leaving the dish uncovered. Treat the residue with
25 ml of water, and digest on a steam bath for 15 min.
Decant the supernatant through an ashless filter paper,
with the aid of suction, and wash the residue, by
decantation, three times with hot water, passing the
washings through the filter paper. Finally, transfer the
residue to the filter, and wash thoroughly with hot water.
Transfer the filter paper and its contents to the platinum
dish previously used. Heat to dryness, incinerate, ignite
strongly for 30 min, cool, and weigh. Moisten the residue
with water, and add 6 ml of hydrofluoric acid and 3 drops
of sulfuric acid. Evaporate to dryness, ignite for 5 min, cool,
and weigh. The loss in weight represents the weight of SiOz'

Acceptance criteria: NlT 67.0% on the ignited basis

IMPURITIES
• FLUORIDE

Indicator solution: 100 mg/ml of lanthanum alizarin
complexan mixture in 60% isopropyl alcohol. Filter the
solution if it is not clear.

Standard solution: 2.21 ~g/ml of sodium fluoride in 0.1 N
hydrochloric acid

Sample solution: Prepare a slurry consisting of 5.0 g of
Magnesium Silicate and 45 ml of 0.1 N hydrochloric acid.
Stir at room temperature for 15 min, and pass through a
filter of 0.45-~m pore size into a 50-ml volumetric flask.
Wash the filter with five l-ml portions of 0.1 N hydrochloric
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acid, collecting the washings in the flask. Dilute with 0.1 N
hydrochloric acid to volume.

Instrumental conditions
Mode: Vis
Analytical wavelength: About 620 nm
Cell: 1 cm
Blank: 0.1 N hydrochloric acid, Indicatorsolution, and
water (5:5:15)

Analysis: Transfer 5.0 mL of the Standardsolutionand
Sample solution to separate 25-mL volumetric flasks, add
5.0 mL of Indicatorsolution, dilute with water to volume,
and allow to stand for 1 h in diffuse light at ambient
temperature. Determine the absorbance of the solutions
against the Blank.

Acceptance criteria: 10 IJg/9i the absorbance ofthe Sample
solution is NMT than that of the Standard solution.

• SOLUBLE SALTS
Sample: 10.0 g
Analysis: Boil the Sample with 150 mL of water for 15 min.

Coolto room temperature, and allowthe mixtureto stand
for 15 min. Filter with the aid ofsuction, transferthe filtrate
to a 200-mL volumetricflask, and dilute with water to
volume. Evaporate 50.0 mL of this solution, representing
2.5 g of the Silicate, in a tared platinum dish to dryness.
Ignitegently to constant weight. Retain the remaining
diluted solutionfor the test for Free Alkali.

Acceptance criteria: 3.0%; NMT 75.0 mg
• FREE ALKALI

Sample: 20 mL of the retained diluted filtrate prepared in
the test.for Soluble Salts

Analysis: Add2 drops of phenolphthaleinTS to the Sample,
representing 1 g of Magnesium Silicate.

Acceptance criteria: Ifa pinkcolor is produced, NMT
2.5 mL of0.1 N hydrochloric acid isrequired to dischargeit.

• LEAD (251)
Test preparation: Dissolve 1.0 g of Magnesium Silicate in

20 mL of 3 N hydrochloric acid, evaporate on a steam bath
to 10 mL, dilute with.water to 20 mL, and cool.

Acceptance criteria: NMT 10 IJg/g

SPECIFIC TESTS
• RATIO OF SIOz TO MGO
Analysis: Divide the percentage of Si02 obtained in the

AssayforSilicon Dioxidebythe percentage ofMgOobtained
in the Assay for Magnesium Oxide.

Acceptance criteria: 2.50-4.50
• Loss ON DRYING (731)

[NOTE-Retain the dried specimenfor the test for Loss on
Ignition.]

Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 15.0%

• Loss ON IGNITION (733)
Sample: The specimen retained from the test for Loss on

Drying
Analysis: Ignitethe Sample at 900°-1000° for 20 min.
Acceptance criteria: NMT 15%, previously dried

• pH (791)
Sample solution: Awell-mixed aqueous suspension (1 in

10)
Acceptance criteria: 7.0-10.8

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
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Magnesium Stearate
Portions of the monograph text that are national USP text, and

are not part of the harmonized text, are markedwith
symbols(+.) to specify this fact.

Octadecanoic acid, magnesiumsalt;
Magnesium stearate [557-04-0].

DEFINITION
Magnesium Stearate isa compound of magnesium wltha

mixtureof solid organicacids, and consists chiefly ofvariable
proportions of'magnesium stearate and magnesium
palmitate. The fatty acids are derived from edible sources. It
contains NLT 4.0% and NMT 5.0% of magnesium (Mg),
calculated on the dried basis.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL (191), Magnesium

Sample solution: Mix 5.0 g with 50 mL of peroxide-free
ether, 20 mL of diluted nitric acid, and 20 mL of water in a
round-bottom flask. Connect the flask to a reflux
condenser, and reflux untit dissolution iscomplete. Allow
to cool, and transferthe contents of the flask to a separator.
Shake, allowthe layers to separate, and transfer the
aqueous layerto a flask. Extract the ether layerwith two
4-mLportions of water, and add these aqueous extracts to
the main aqueous extract. Wash the aqueous extract with
15 mL of peroxide-free ether, transferthe aqueous extract
to a 50-mLvolumetric flask, and dilute with water to
volume. Retain the unused portion of this solutionfor the
chlorideand sulfate impurity tests.

Acceptance criteria: The Sample solution meets the
requirements.

• B. The retention timesof the peaks correspondingto stearic
acid and palmitic acid of the Sample solutioncorrespond to
those of the System suitabilitysolution, as obtained in the
test for Relative Content of Stearic Acidand Palmitic Acid.

ASSAY
• PROCEDURE

Buffer: Dissolve 5.4 g of ammonium chloride in water, add
20 mL of ammonium hydroxide, and dilute with water to
100 mL.

Sample: 500 mg
Analysis: To the Sample add 50 mL of a mixtureof butyl

alcoholand dehydrated alcohol (1 :1),5 mL of ammonium
hydroxide, 3 mL of Buffer, 30.0 mL of 0.1 M edetate
disodiumVS, and 1 or 2 drops oferiochromeblack TS. Heat
at 45°_50° until the solution isclear.Cool, and titrate the
excessedetate disodiumwith 0.1 MzincsulfateVS untilthe
solution color changes from blue to violet(see Titrimetry
(541»). Perform a blankdetermination, and make any
necessary correction. Each mL of 0.1 M edetate disodium
is equivalent to 2.431 mg of magnesium (Mg).

Acceptance criteria: 4.0%-5.0% on the dried basis

IMPURITIES
• CHLORIDE AND SULFATE (221), Chloride: A1O.O-mL portion

ofthe Sample solutionprepared in Identification test A shows
no more chloridethan corresponds to 1.4 mL of 0.020 N
hydrochloric acid (0.1 %).

• CHLORIDE AND SULFATE (221), Sulfate: .A 6.0-mL portion of
the Sample solutionprepared in Identification test A shows
no more sulfatethan corresponds to 3.0 mL of 0.020 M
sulfuric acid (1.0%).

• LIMIT OF CADMIUM
[NOTE-For the preparationofall aqueous solutions and

for the rinsing of glassware beforeuse, usewater that
has been passed through a strong-acid, strong-base,
mixed-bed ion-exchange resin. Selectall reagents to
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have as Iowa content of cadmium, lead, and nickel
as practicable, and store all reagent solutionsin
containers of borosilicate glass. Cleanse glassware
before use by soaking in warm 8 N nitric acid for
30 min, and rinsewith deionizedwater.]

Matrix modifier solution: Prepare a solutioncontaining
200 mg/mL of monobasicammonium phosphate and
10 mg/mL of magnesium nitrate. Alternatively, use an
appropriate matrix modifier as recommended by the
manufacturer of the graphite furnace atomic absorption
(GFAA) spectrophotometer.

Blank: Nitric acid in water (1 in 4)
Standard solution: 0.00825 J..Ig/mL of cadmium nitrate

tetrahydrate in Blank, corresponding to a known
concentration of 0.0030 J..Ig/mL of cadmium

Sample stock solution: Transfer 0.100 g of Magnesium
Stearate to a suitable polytetrafluoroethylene (PTFE)-Iined
acid-digestion bomb, and add 2.5 mL of nitricacid. Close
and seal the bomb according to the manufacturer's
operating instructions. [CAUTIoN-When using an
acid-digestionbomb, be thoroughlyfamiliar with the safety
and operating instructions. Carefully follow the bomb
manufacturer's instructions regarding care and
maintenance of these acid-digestion bombs. Do not use
metal-jacketed bombs or liners that have been used with
hydrochloric acid becauseofcontaminationfrom corrosion
of the metal jacketby hydrochloric acid.]Heat the bomb in
an oven at 170° for 3 h. Air cool the bomb slowly to room
temperature as per the bomb manufacturer's instructions.
Placethe bomb in a hood, and open carefully because
corrosive gases may be expelled. Dilute the residuewith
water to 10.0 mL in a volumetric flask.

Sample solutions: Dilute the Sample stock solutionwith
Blank (1 in 10). Prepare mixtures of this solution, the
Standardsolution, and the Blank with the following
proportional compositions, by volume (mL): 1.0/0/1.0,
1.0/0.5/0.5, and 1.0/1.0/0. Add 50 J..IL of Matrix modifier
solution to each mixture. These Sample solutions contain,
respectively, 0, 0.00075, and 0.0015 J..Ig/mL of cadmium
from the Standardsolution. [NoTE-Retain the remaining
Sample stocksolutionfor use inthe tests for Limitof Leadand
Limit of Nickel.]

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).) .
Mode: Atomic absorption spectrophotometry (using a

suitable GFAA spectrophotometer equipped with a
pyrolytic tube with platform)

Analytical wavelength: Cadmium emission lineat
228.8 nm

lamp: Cadmium hollow-cathode
Temperature: Use the temperature programming

recommended for cadmium by the GFAA manufacturer
(for examples of temperature parameters for GFAA
analysis of cadmium, see Table 7).

Table 1

Atomization
Drying Stage Ashing Stage Stage

Temperature 110° 600° 1800°

Ramp time 105 105 Os

Hold time 205 305 55

Analysis: Use the Blank to set the instrument to zero. Plot
the absorbances of the Sample solutions versus their
contents of cadmium, in J..Ig/mL, as furnished by the
Standardsolution, draw the straight line best fitting the
three points, usinga linearleast-squares fit, and extrapolate
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the line until it intercepts the concentration axison the
negative side. From the intercept determine the
concentration, C, in J..Ig/mL, of cadmium in the Sample
solutioncontaining 0 mL of the Standard solution.
Calculatethe content, in ppm, ofcadmiuminthe specimen

taken:

Result =(C/W) x F

W =weight of Magnesium Stearate taken to prepare
the Sample stock solution(g)

F =dilution factor for the sample, 200

Alternatively, the GFAA softwarecan be used to calculate
the cadmium content of thesample. Foreither
calculation, the correlation coefficient (r) of the standard
additions plot must be at least 0.99.

Acceptance criteria: NMT 3 ppm
• LIMIT OF LEAD

[NOTE-For the preparationofall aqueoussolutionsand
for the rinsing of glassware beforeuse, use water that
has been passed through a strong-acid, strong-base,
mixed-bed ion-exchange resin. Selectall reagents to
have as Iowa content of cadmium, lead, and nickel
as practicable, and store all reagent solutions in
containers of borosilicate glass. Cleanseglassware
before use by soaking in warm 8 N nitric acid for
30 min, and rinsewith deionizedwater.]

Matrix modifier solution: Prepare as directed for Matrix
modifiersolution in Limit of Cadmium.

Blank: Prepareas directed for Blank in Limit of Cadmium.
Standard solution: 0.1598 J..Ig/mL of lead nitrate in Blank

corresponding to a knownconcentration of 0.100 J..Ig/mL
of lead. Prepareand store any solutions of lead nitrate in
glasscontainers free from soluble lead salts.

Samp~e stock solution: Usea portion of the Sample stock
solution retained from the test for Limit of Cadmium.

Sample solutions: Prepare mixtures of the Sample stock
solution, the Standard solution, and the Blank with the
following proportionalcompositions, by volume (mL):
1.0/0/1.0, 1.0/0.5/0.5, and 1.0/1.0/0. Add 50 J..IL of the
Matrix modifiersolution to each mixture. These Sample
solutions contain, respectively, 0, 0.025, and 0.05 J..Ig/mL of
lead from the Standard solution.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry (using a

suitable GFAA spectrophotometer equipped with a
pyrolytic tube with platform)

Analyticalwavelength: Lead emission lineat 283.3 nm
lamp: Lead hollow-cathode
Temperature: Use the temperature programming

recommended for lead by the GFAA manufacturer (for
examplesof temperature parametersfor GFAA analysis of
lead, see Table 7).

Analysis: Use the Blank to set the instrument to zero. Plot
the absorbances of the Sample solutions versus their
contents of lead, in J..Ig/mL, as furnished by the Standard
solution, draw the straight linebest fitting the three points,
usinga linearleast-squares fit, and extrapolate the lineuntil
it intercepts the concentration axison the negative side.
From the intercept determine the concentration, C, in
J..Ig/mL, of lead in the Sample solutioncontaining 0 mL of
the Standardsolution.
Calculatethe content, in ppm, of lead in the specimen

taken: .

Result = (C/W) x F
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W =weight of Magnesium Stearate taken to prepare
the Sample stock solution (g)

F =dilution factor for the sample, 20

Alternatively, the GFM softwarecan be used to calculate
the lead content of the sample. Foreither calculation, the
correlation coefficient (r) of the standard additions plot
must be at least 0.99.

Acceptance criteria: NMT 10 ppm
• LIMIT OF NICKEL

[NOTE-For the preparationofall aqueoussolutions and
for the rinsing of glassware before use, usewater that
has been passed through a strong-acid,strong-base,
mixed-bed ion-exchange resin. Selectall reagents to
have as Iowa content of cadmium, lead, and nickel
as practicable, and store all reagent solutions in
containers of borosilicate glass. Cleanseglassware
before use by soaking in warm 8 N nitric acid for
30 min, and rinse with deionizedwater.]

Matrix modifier solution: Prepareas directed for Matrix
modifiersolution in Limit of Cadmium.

Blank: Prepareas directed for Blankin Limit of Cadmium.
Standard solution: 0.2477 IJg/mL of nickel nitrate

hexahydrate in Blank, corresponding to a known
concentration of 0.050 IJg/mL of nickel

Sample stock solution: Use a portion of the Sample stock
solution retained from the test for Limit of Cadmium.

Sample solutions: Prepare mixtures of the Sample stock
solution, the Standardsolution, and the Blank with the
following proportional compositions, by volume(mL):
1.0/0/1.0, 1.0/0.5/0.5, and 1.0/1.0/0. Add50 IJL of the
Matrix modifiersolution to each mixture. TheseSample
solutions contain, respectively, 0, 0.0125, and 0.025 IJg/mL
of nickel from the Standardsolution.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry (using a

suitable GFM spectrophotometer equipped with a
pyrolytic tube with platform)

Analytical wavelength: Nickel emission lineat 232.0 nm
lamp: Nickel hollow-cathode
Temperature: Use the temperature programming

recommended for nickel by the GFM manufacturer(for
examplesof temperature parametersfor GFM analysis of
nickel, see Table 1).

Analysis: Use the Blankto set the instrument to zero. Plot
the absorbances of the Sample solutions versus their
contents of nickel, in IJg/mL, as furnished by the Standard
solution, draw the straight line best fitting the three points,
usinga linearleast-squares fit, and extrapolate the lineuntil
it intercepts the concentration axison the negativeside.
From the intercept determine the concentration, C, in
IJg/mL, of nickel in the Sample solution containing 0 mL of
the Standardsolution.
Calculate the content, in ppm, of nickel in the specimen

taken:

Result =(C/W) x F

W =weight of Magnesium Stearate taken to prepare
the Sample stock solution (g)

F = dilution factor for the sample, 20

Alternatively, the GFM softwarecan be used to calculate
the,nickel content of the sample. Foreither calculation,
the correlation coefficient (r) of the standard additions
plot must be at least 0.99.

Acceptance criteria: NMT 5 ppm

NF 38

SPECIFIC TESTS
• • MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, the total
combined molds and yeasts count does not exceed 5 x
102 cfu/g. Itmeets the requirements ofthe tests for absence
of Salmonella speciesand Escherichia coli.•

• ACIDITY OR ALKALINITY
Sample solution: To1.0 g add 20 mL ofcarbon dioxide-free

water, boilon a steam bath for 1 min with continuous
shaking, cool, and filter. Add0.05 mL of bromothymol
blue TS to 10 mL of the filtrate.

Acceptance criteria: NMT 0.05 mL of 0.1 N
hydrochloric acid or 0.1 Nsodium hydroxide is required to
change the color of the indicator.

• • SPECIFIC SURFACE AREA (846)
[NOTE-In cases where there are no
functionality-related concerns regarding the specific
surface area ofthis article, this test may be omitted.]

Wherethe labeling states the specific surfacearea, determine
the specificsurfacearea valueas directed in the chapter
in the P/Po range of 0.05-0.15, and using outgassing
conditions of 2 h at 400

• If the plot deviatesfrom
linearity for P/Povalues of0.05-0.15, then a suitableranqe
of P/Povaluesshould be validated for linearity. Inthis case,
it is necessaryto state the range of validated P/Povalues,
the increment of the P/Povalues, and the outgassing
conditions used.. .

• Loss ON DRYING (731)
Analysis: Dryat 1050 to constant weight.
Acceptance criteria: NMT 6.0%

• RELATIVE CONTENT OF STEARIC ACID AND PALMITIC ACID
System suitability solution: Transfer 50 mg each of USP

StearicAcid RS and USP Palmitic Acid RS to a small conical
flask fitted with a suitablereflux condenser.Add5.0 mL ofa
solution prepared by dissolving 14 g of boron trifluoride in
methanol to make 100 mL, swirl to mix, and reflux for
10 min until the solids have dissolved. Add 4 mL of
chromatographic n-heptane through the condenser, and
reflux for 10 min. Cool, add 20 mL of saturated sodium
chloridesolution, shake, and allow the layers to separate.
Pass the n-heptane layer through 0.1 g of anhydrous
sodium sulfate (previously washed with chromatographic
n-heptane) into a suitableflask. Transfer 1.0 mL of this
solution to a 1O-mL volumetric flask, and dilute with
chromatographic n-heptane to volume.

Sample solution: Transfer 100 mg ofMagnesium Stearate
to a smallconicalflask fitted with a suitable reflux
condenser, and proceed as directed for System suitability
solution, beginning with "Add 5.0 mL of a solution
prepared by dissolving". .

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica capillary, bonded

with a 0.5-lJm layerof phase G16
Temperatures

Injector: 2200

Detectors. 2600

Column: See Table 2.

Table 2

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
CO) (o/min) CO) (min)

70 - 70 2
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¢o OH

OH

o

Maleic AcidTable 2 (continued)

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

70 5 240 5

Carrier gas: Helium
Flow rate: 2.4 mL/min
Injection volume: 1 ~L

Injection type: Splitless injection system
System suitability

Sample: System suitability solution
[NOTE-The relative retention times for methyl

palmitate and methyl stearate are about 0.9 and 1.0,
respectively.]

Suitability requirements
Resolution: NLT5.0 between methyl palmitate and

methyl stearate
Relative standard deviation: NMT 3.0% for the

palmitate and stearate peak areas from six replicate
injections; NMT 1.0% for the peak area ratio of palmitate
to stearate from six replicate injections

Analysis
Sample: Sample solution
Measure-the peak areas for all the fatty acid esters in the

chromatogram.
Calculate the percentage of stearic acid in the fatty acid

fraction of the portion of Magnesium Stearate taken:

Result = (rulrr) x 100

=peak area of methyl stearate from the Sample
solution I

=sum of the peak areas of all the fatty acid esters
from the Sample solution

Similarly, calculate the percentage of palmitic acid in the
portion of Magnesium Stearate taken.

C4H 404
(Z)-Butenedioic acid;
cis-Butenedioic acid [110-16-7].

DEfiNITION

IDENTifiCATION

ASSAY

116.07

Result = (rplrr) x 100

rp =peak area of methyl palmitate from the Sample
solution

rr = sum of the peak areas of all the fatty acid esters
from the Sample solution

Acceptance criteria: NLT 40% for the stearate peak. The
sum of the stearate and palmitate peaks is NLT 90% of the
total peak areas of all the fatty acids.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• ·LABELlNG: Where the labeling states the specific surface

area, it also indicates which method specified in Specific
Surface Area(846) is used. Label to indicate that the fatty
acids are derived from edible sources .•

• USP REFERENCE STANDARDS (11)
USP Palmitic Acid RS
USP Stearic Acid RS
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• WATER DETERMINATION, Method I(921): NMT
,~O.5%·~ (NF1.J\ug:2019)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight glass

containers, protected from light. Store at room
temperature.

4dd the following:

:.. .tABELING:\Nhere MaleiC Acid is'lntendedfor use~lrtl:he
manufacture'of injectab.le dosage forms, it {s so lal:>eled~

Acceptance criteria: on the
anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on a

1.O-g portion
• LIMIT OF IRON

Solution A: Dissolve 9.7 g of potassium thiocyanate in
100 ml of water.

Diluted standard iron solution: Immediatelybefore use,
dilute 1 volume of Standard Iron Solution, prepared as
directed in Iron (241), with 9 volumesof water. [NOTE-This
solution contains the equivalent of 1 IJg/ml of iron.]

Standard solution: Add 6 ml of water to 5 ml of Diluted
standard iron solution. Add1 ml ofdiluted hydrochloric acid
and 0.05 ml of bromine TS. After5 min, removethe excess
of bromine with the aid of a current of air, add 3 ml of
Solution A, and shake wel/.

Sample solution: Dissolve 1 g of Maleic Acid in 10 ml of
water. Add 2 ml of diluted hydrochloricacid and 0.05 ml
of bromine TS. After5 min, remove the excess of bromine
with the aid of a current of air, add 3 ml of Solution A, and
shake well.

Analysis: AI/ow the Standard solution and Sample solution to
stand for 5 min.

Acceptance criteria: Anyred color in the Sample solution is
not more intense than that in the Standard solution (NMT
5 ppm).
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OH =F
HO

.s.: oK ····OH
HO "OH

OH

Standard solution: 5.0 IJg/mL of USP Fumaric Acid RS and
2.0 IJg/mL of USP Maleic Acid RS in Mobilephase

Sample solution: 1.0 mg/mL of Malic Acid in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 6.5-mm x 30-cm; packing L17
Column temperature: 37 ± 10

Flow rate: 0.6 mL/min
Injection size: 20 IJL

System suitability
Sample: System suitabilitysolution

[NoTE-The relative retention times for maleic acid,
malic acid, and fumaric acid are 0.6, 1.0, and 1.5,
respectively.]

Suitability requirements
Resolution: NLT 2.5 for the maleic acid and malic acid

peaks; NLT 7.0 for the malic acid and fumaric acid peaks
Relative standard deviation: NMT 2.0% for the maleic

acid peak
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of maleic acid and of fumaric acid

in the portion of Malic Acid taken:

Result=(r vir s) x (C siC v) x 100
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r u =peak responseof maleic acid or fumaric acid
from the Sample solution

r 5 =peak response of maleic acid or fumaric acid
from the Standard solution

C s =concentration of USP Maleic Acid RS or USP
Fumaric Acid RS in the Standardsolution
(mg/mL)

C u =concentration of Malic Acid in the Sample
solution(mg/mL)

Acceptance criteria
Fumaric acid: NMT 1.0%
Maleic acid: NMT 0.05%

• WATER-INSOLUBLE SUBSTANCES
Sample: 25 9
Analysis: Dissolve the Sample in 100 mL of water, filter the

solution through a tared filtering crucible, wash the filter
with hot water, and dry at 100 0 to constant weight.

Acceptance criteria: The increase in weight is NMT 25 mg
(0.1%).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Fumaric Acid RS
USP Maleic Acid RS
USP Malic Acid RS

Maltitol

• USP REFERENCE STANDARDS (11)

HO~ »<; 1If I' 'OH

o OH
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Malic Acid

C4H60S 134.09
Hydroxybutanedioic acid, (±)-;
(±)-Malic acid;
(±)-Hydroxysuccinic acid [617-48-1].

DEFINITION
Malic Acid contains NLT 99.0% and NMT 100.5% of C4H60S'

IDENTIFICATION

ASSAY
• PROCEDURE

Sample: 2 9
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 40 mL of recently boiled
and cooled water. Add phenolphthalein TS,and titrate to
the first appearance of afaint pink color that persists for NLT
30 s. Perform a blank determination.
Calculate the percentage of malic acid (C4H60S) in the

Sample taken:

Result= [(V - B) x N x Fx 100]IW

V =volume of Titrant consumed by the Sample (mL)
B = volume of Titrant consumed by the Blank (mL)
N =actual normality of the Titrant (mEq/mL)
F = equivalency factor, 67.04 mg/mEq
W = weight of the Sample (mg)

Acceptance criteria: 99.0%-100.5%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• FUMARIC AND MALEIC ACIDS

Mobile phase: 0.01 N sulfuric acid
System suitability solution: 1 mg/mL of Malic Acid, 10 IJgI

mL of USP Fumaric Acid RS, and 4 IJg/mL of USP Maleic
Acid RS in Mobilephase C12H24011
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D-Glucopyranosyl-D-glucitol [585-88-6].

DEfiNITION
Maltitol contains NLT 92.0% and NMT 100.5% of D-maltitol

(C12H 24011), calculated on the anhydrous basis. The amounts
of total sugars, other polyhydric alcohols, and any polyol
anhydrides, ifdetected, are not included in the requirements
or in the calculated amount in General Notices and
Requirements, 5.60.10 Other Impuritiesin USP and NFArticles.

IDENTifiCATION

• A·..i~i~~~~!~I~
Spectr9~·Clj)PY;f;L ...•..."-: ay., .

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

ASSAV
• PROCEDURE

Mobile phase: Water. [NoTE-Degas the Mobilephase
before use.]

System suitability solution: 4.8 mg/g of USP Maltitol RS
and 4.8 mg/g of sorbitol

Standard solution: 10 mg/g of USPMaltitol RS and 1.6 mg/
9 of sorbitol

Sample solution: Dissolve 0.20 9 of Maltitol in water, and
dilute with water to 20 g. Record the final solution weight,
and mix thoroughly. The solution is 10 mg/g of Maltitol.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: lC
Detector: Refractive index
Column: 7.8-mm x 10-cm; packing l34
Temperatures

Column: 60 ± 2°
Detector: 35°

Flow rate: 0.5 rnk/rnln
Injection volume: 10 J.lL

System suitability .
Samples: System suitability solution and Standardsolution

[NOTE-The relative retention times for maltitol and
sorbitol are 0.48 and 1.0, respectively.]

Suitability requirements
Resolution: NlT 2.0 between maltitol and sorbitol,

System sUitabilitysolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis .

Samples: Standardsolution and Sample solution
Calculate the percentage of D-maltitol (C12H24011) in the

portion of Maltitol taken:

Result = (rvirs) x (Cs/Cv) x [100/(100 - W)] x 100

ru =peak response from the Sample solution
rs = peak response from the Standardsolution
Cs = concentration of USP Maltitol RS in the Standard

solution (mg/g)
Cu =concentration of Maltitol in the Sample solution

(mg/g)
W = percentage obtained in the test for Water

Determination

Acceptance criteria: 92.00/0-100.5% on the anhydrous
basis
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IMPURITIES
• LIMIT OF NICKEL

Sample solution: Dissolve20.0 9 of Maltitol in diluted
acetic acid, and dilute with diluted acetic acid to 150 ml.

Blank solution: 150 ml of diluted acetic acid
Standard solutions: Prepare three solutions by adding 0.5,

1.0, and 1.5 ml of nickel standard solution TS to 20.0 g of
Maltitol dissolved in diluted acetic acid, and dilute with the
same solvent to 150 ml.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Maxima at about 232.0 nm
lamp: Nickel hollow-cathode
Flame: Air-acetylene

Analysis
Samples: Standardsolutionsand Sample solution

To each sample, add 2.0 mL of a saturated ammonium
pyrrolidinedithiocarbamate solution (containing 10 gil
of ammonium pyrrolidinedithiocarbamate) and 10.0 ml
of methyl isobutyl ketone, and shake for 30 s. Protect
from bright light. Allowthe two layers to separate, and
use the methyl isobutyl ketone layer. Set the instrument
to zero using the organic layer from the Blank solution.
Concomitantly determine the absorbances of the
organic layer from the Samples at least three times each.
Record the average of the steady readings for each of the
Standardsolutionsand the Sample solution. Between
each measurement, aspirate the organic layer from the
Blanksolution, and ascertain that the reading returns to
zero. Plot the absorbances of the Standardsolutions and
the Sample solution versus the added quantity of nickel.
Extrapolate the line joining the points on the graph until
it meets the concentration axis. The distance between
this point and the intersection of the axes represents the
concentration of nickel in the Sample solution.

Acceptance criteria: NMT 1 J.lg/g
• REDUCING SUGARS

Sample: 3.3 g
Titrimetric system

Mode: Residual titration
Titrant: 0.05 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 3 ml of water with the aid
of gentle heat. Cool, and add 20.0 mL of cupric citrate TS
and a few glass beads. Heat so that boiling begins after
4 min, and maintain boiling for 3 min. Cool rapidly, and
add 40 ml of diluted acetic acid, 60 ml of water, and
20.0 ml of 0.05 N iodine VS. With continuous shaking, add
25 mL of hydrochloric acid in water solution (6:94). When
the precipitate has dissolved, titrate the excess of iodine .
with Titrant using 2 ml of starch TS,added towards the end
of the titration, as an indicator.

Acceptance criteria: NlT 12.8 ml of Titrant is required,
corresponding to NMT 0.3% of reducing sugars, as
glucose. [NOTE-The amount determined in this test is not
included in the calculated amount in General Notices and
Requirements, 5.60.10 Other Impurities in USP and NF
Articles.]

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count using the Plate Method does not exceed
103 cfu/g, and the total combined molds and yeasts count
does not exceed 102 cfu/g. .

• CONDUCTIVITY .
Sample solution: 200 mg/ml .. .'.
Analysis: Using an appropriate c~nductlvltymeter, choose a

conductivity cell that is appropriate for the properties and
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conductivity of the solution to be examined. Usea certified
reference material, for example a solution of potassium
chloride, that is appropriate for the measurement.'
The conductivity value of the certified reference material

should be near the expected conductivity value of the
solution to be examined. After calibrating the apparatus
with a certified reference material solution, rinse the
conductivity cell several times with water and at least
twice with the aqueous solution to be examined. Measure
the conductivity of the Sample solution at a temperature
of 20°, while gently stirring with a magnetic stirrer.

Acceptance criteria: NMT 20 ~S/cm

• WATER DETERMINATION, Method I (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.
• USP REFERENCE STANDARDS (11)

USP Maltitol RS

Maltitol Solution
DEFINITION
Maltitol Sqlution is a water solution containing, on the

anhydrolls basis, NLT 50.0% of o-rnaltltol (C12H24011) (w/w)
and NMT 8.0% of o-sorbitol (C6H140 6) (w/w). The amounts
of total sugars, other polyhydric alcohols, and any polyol
anhydrides, if detected, are not included in the requirements
nor in the calculated amount under Other Impurities.

IDENTIFICATION
• A. PROCEDURE I

Sample: 1.4 g of Maltitol Solution
Analysis: Dissolve the Sample in 75 mL of water. Transfer

3 mL of this solution to a 15-cm test tube, add 3 mL of
freshly prepared catechol (1 in 10), and mix. Add 6 mL of
sulfuric acid, and mix. Gently heat the tube in a flame for
about 30 s.

Acceptance criteria: A deep pink or wine-red color appears.
• B. The retention time of the major peak of the Sample

solution corresponds to that of the Standardsolution, as
obtained in the Assay. .

• C. LIMIT OF DIETHYLENE GLYCOL AND ETHYLENE GLYCOL
Diluent: Acetone and water (96:4)
Standard stock solution: 0.5 mg/mL of USP Diethylene

Glycol RS and 0.5 mg/mL of USP Ethylene Glycol RS in
Diluent

Internal standard stock solution: 0.5 mg/mL of
1,3-butanediol (internal standard) in Diluent

Standard solution: 0.04 mg/mL of USP Diethylene
Glycol RS, 0.04 mg/mL of USP Ethylene Glycol RS,and
0.04 mg/mL of 1,3-butanediol, in Diluent, prepared from
the Standardstock solution and Internal standardstock
solution

Sample solution: Transfer 1.0 g of Maltitol Solution to a
25-mL volumetric flask. Add 1.0 mL of water to the flask,
and mix on a vortex mixer for 3 min. Add 2.0 mL of the
Internalstandardstocksolutionand 5 mL of Diluent,and mix
on a vortex mixer for 3 min. Add the remaining Diluent to
the flask to volume in two equal portions. Mix the contents
for about 3 min after each addition of Diluent.Pass a portion

1 Commercially availableconductivitycalibrationsolutionsforconductivity
meter standardization, standardized by methods traceable to the National
Institute of Standards and Technology(NIST), may be used. Solutions
prepared according to the instructionsgiven in ASTM Standard
D1125 may be used, provided the conductivityof the resultant solution is
the same as that of the solution prepared from the NIST-certified material.
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of the supernatant layer through a nylon filter of 0.45-~m
pore size. Discard the first 2 mL of the filtrate, and collect
the rest of the filtrate for analysis. [Nota-Acetone is used
to precipitate maltitol.]

Chromatographic system
(SeeChromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 15-m fused-silica capillary column;
0.25-~m layer of phase G46

Temperature
Detector: 300°
Injection port: 240 0

Column: See temperature program table below.

HoldTime
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") (o/min) (") (min)

70 - 70 2

70 50 300 5

Carrier gas: Helium
Flow rate: 3.0 mL/min
Injection size: 1.0 ~L

Injection type: Split injection. The split ratio is about 10:1.
[NOTE-A general purpose split/splitless, taper, glasswool,
and deactivated liner is used.]

System suitability
Sample: Standardsolution

[NoTE-See the relative retention time table below.
Relative retention times are provided for information
only, and the standards should be used to ensure
appropriate peak identification.]

Relative
Retention

Name Time

Ethylene glycol 1.0

1,3-Butanediol (internal standard) 2.2

Diethylene glycol 2.8

Suitability requirements
Resolution: NLT 15 between ethylene glycol and

1,3-butanediol
Analysis

Samples: Standardsolution and Sample solution
Based on the Standardsolution, identify the peaks of

ethylene glycol, 1,3-butanediol (internal standard), and
diethylene glycol. Compare peak area ratios of ethylene
glycol to the internal standard and of diethylene glycol
to the internal standard in the Standardsolution and
Sample solution, respectively.

Acceptance criteria
Diethylene glycol: The peakarearatio of diethylene glycol

to the internal standard in the Sample solution is NMT the
peak area ratio of diethylene glycol to the internal
standard in the Standardsolution, corresponding to NMT
0.10% of diethylene glycol in Maltitol Solution.

Ethylene glycol: The peak area ratio of ethylene glycol to
the internal standard in the Sample solution is NMT the
peak area ratio of ethylene glycol to the internal standard
in the Standardsolution, corresponding to NMT 0.10% of
ethylene glycol in Maltitol Solution.
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ASSAY
e·PROCEDURE

Mobile phase: Water
Standard solution: 10 mg/g of USP MaltitolRS and 1.6 mg/

g of USP Sorbitol RS
Sample solution: 20 mg/g of Maltitol Solution in water
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 10-cm; packing L34
Temperature

Column: 60 ±20

Detector: 350

Flow rate: 0.5 mL/min
Injection size: 10 IJL

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for maltotriitol,
maltitol, and sorbitol are 0.38, 0.48, and 1.0,
respectively.]

Suitability requirements
Tailing factor: NMT 1.2 for maltitol and sorbitol
Relative standard deviation: NMT2.0%

Analysis'
Samples: Standardsolutionand Sample solution

Calculate the percentage, on the anhydrous basis,
of C12H24011 and C6H1406 in the portion taken:

Result =(ru/rs) x (Cs/Cu) x [100/(100 - W)] x 100

ru =peak response of D-maltitol or D-sorbitol from the
Sample solution

rs =peak response of D-maltitol or D-sorbitol from the
Standardsolution

C, =concentration of the appropriate USP Reference
Standard in the Standardsolution (mg/g)

Cu =concentration of Maltitol Solution in the Sample
solution (mg/g)

W =percentage in the test for Water Determination

Acceptance criteria: NLT 50.0% of n-rnaltltol (w/w) and
NMT 8.0% of n-sorbltol (w/w), on the anhydrous basis

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1%, calculated on the

anhydrous basis, determined on a 2-g portion
• LIMIT OF NICKEL

Solution A: 10 mg/mL of ammonium pyrrolidine
dithiocarbamate

Sample solution: Dissolve and dilute 20.0 g of Maltitol
Solutionwith diluted acetic acid to 100 mL. Add 2.0 mLof
Solution A and 10.0 mLof methylisobutyl ketone, and shake
for 30 s. Protect from bright light. Allow the two layers to
separate, and use the methyl isobutyl ketone layer.

Standard solutions: Prepare as directed for the Sample
solution, except to prepare three solutions by adding 0.5,
1.0, and 1.5 mLof nickel standard solution TS.

Blank solution: Prepare as directed for the Sample solution,
except to omit the use of the Maltitol Solution.

Spectrometric conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomicabsorption spectrophotometry
Analytical wavelength: 232.0 nm (maximum

absorbance)
Lamp: Nickel hollow-cathode
Flame: Air-acetylene
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Analysis
Samples: Sample solution, Standard solutions, and Blank

solution
Set the instrument to zero using the Blank solution.

Concomitantly determine the absorbances of the
Standardsolutionsand the Sample solutionat least three
times each. Record the average of the steady readings
for each of the Standardsolutions and the Sample
solution. Between each measurement, aspirate the Blank
solution, and ascertain that the reading returns to zero.
Plot the absorbances of the Standardsolutions and the
Sample solution versus the added quantity of nickel.
Extrapolatethe line joiningthe points on the graph until
it meets the concentration axis. The distance between
this point and the intersectionof the axes represents the
concentration of nickel in the Sample solution.

Acceptance criteria: NMT 1 ppm, calculated on the
anhydrous basis

ORGANIC IMPURITIES
• Procedure: Reducing Sugars
Sample: An amount of Maltitol Solution equivalent to 3.3 g

on the anhydrous basis
Analysis: To the Sample add 3 mLof water, 20.0 mL of cupric

citrate TS, and a few glass beads. Heatso that boilingbegins
after4 min, and maintain boilingfor 3 min. Cool rapidly, and
add 40 mLof diluted acetic acid,,60 mLof water, and
.20.0 mLof 0.05 N iodine VS. With continuous shaking, add
25 mLof a mixture of 6 mL of hydrochloric acid and 94 mL
of water. When the precipitate has dissolved, titrate the
excess of iodine with 0.05 N sodium thiosulfateVS using
2 mLof starch TS, added toward the end of the titration, as
an indicator.

[NoTE-The amount determined in this test is not included
in the calculated amount under Other Impurities.]

Acceptance criteria: NLT 12.8 mLof 0.05 N sodium
thiosulfateVS is required, corresponding to NMT 0.3% of
reducinq sugars, on the anhydrous basis, as glucose.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIC MICROORGANISMS (62): The total aerobic
microbial count using the Plate Method is NMT
1000 cfu/mL, and the total combined molds and yeasts
count is NMT 100 cfu/mL. .

• pH (791): 5.0-7.5, in a 14% (w/w) solution of Maltitol
Solution in carbon dioxide-freewater

• WATER DETERMINATION, Method I (921): NMT 31.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.
• USP REFERENCE STANDARDS (11) .

USP Diethylene Glycol RS
USP Ethylene Glycol RS
USP Maltitol RS
USP Sorbitol RS

Maltodextrin
DEFINITION " ....•. .
Maltodextrin is a nonsweet, nutritive saccharidemixture of

polymers that consists of D-glucose units, with a Dextrose
Equivalent lessthan 20. It isprepared bythe parti~lhydrolysis
of a food grade starch with suitable acidsancVor,e'9zymes. It
may be physically modified to improve its pt:ty~ical and '
functional characteristics.
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ASSAY
• DEXTROSE EQUIVALENT

Standard solution: 10 mg/mL of USP Dextrose RS
Sample solution: Transfer 5 g of Maltodextrin with the aid

of hot water to a 1OO-mL volumetric flask, cool, add water
to volume, and mix.

Analysis: Transfer 25.0-mL portions of alkaline cupric
tartrate TS to each of two boiling flasks. Bring the contents
of one flask to boiling within 2 min while titrating with the
Standard solution to within 0.5 mL of the anticipated
endpoint. Boil gently for 2 min. Continue to boil gently, add
2 drops of methylene blue solution (1 in 100), and
complete the titration within 1 min by adding the Standard
solutiondropwise or in small increments until the blue color
disappears, determined by viewing against a white
background in daylight or under equivalent illumination. If
more than 0.5 mL of the titrant was required after the
addition of the indicator, repeat the titration, adding the
necessary volume of titrant before adding the indicator.
Bring the contents of the second flask to boiling, and
similarly titrate with the Sample solution.
Calculate the Dextrose Equivalent, on the dried basis, in the

portion of Maltodextrin taken:

Result= [100/(1 - 0.01 x A)] x (C siC u) x (V slV u)

A =percentage Loss on Drying of the Maltodextrin
taken

C s = concentration of USP Dextrose RS in the Standard
solution (mg/mL)

C u = concentration of Maltodextrin in the Sample
solution (mg/mL)

V s = titrated volume of the Standardsolution(mL)
V u =titrated volume of the Sample solution (mL) ,

Acceptance criteria: Less than 20
[NOTE-This is a limit test. For Maltodextrins with lower

reducing values, other procedures may give other
results.]

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%
• LIMIT OF PROTEIN

Sample: 109 .
Analysis: Transfer the Sample to an 800-mL Kjeldahl flask,

and add 109 of anhydrous potassium sulfate or sodium
sulfate, 300 mg of copper selenite or mercuric oxide, and
60 mL of sulfuric acid. Gently heat the mixture, keeping the
flask inclined at about a 45° angle, and after frothing has
ceased,boil briskly until the solution has remained clear for
about 1 h. Cool, and very cautiously add about 50 mL of
water while swirling to dissipate the resulting heat. Add an
additional 150-250 mL of water, mix, and cool again.
Cautiously pour 75 mL (or enough to make the mixture
strongly alkaline) of sodium hydroxide solution (2 in 5)
down the inside of the flask so that it forms a layer under
the acid solution, and then add a few pieces of granular
zinc. Immediately connect the flask to a distillation
apparatus consisting of a Kjeldahl connecting bulb and a
condenser, the delivery tube of which extends well beneath
the surface of an accurately measured excess of 0.1 N
sulfuric acid contained in a 500-mL flask. Gently rotate the
contents of the Kjeldahl flask to mix} and distill until all
ammonia has passed into the absorbing acid solution
(about 250 mL of distillate). To the receiving flask add
0.25·mL of methyl red-methylene blue TS, and titrate the
excess acid with 0.1 N sodium hydroxide. Perform a blank
determination, substituting pure sucroseor dextrose for the
test specimen, and make any necessarycorrection. Each mL
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of 0.1 N sulfuric acid consumed is equivalent to 1.401 mg
of nitrogen (N).
Calculate the percentage of N in the specimen taken, and

then calculate the percentage of protein by multiplying
the percentage of N by 6.25.

Acceptance criteria: NMT 0.1%
• LIMIT OF SULFUR DIOXIDE

Hydrogen peroxide solution: Dilute 30% hydrogen
peroxide with water to obtain a 3% solution. Just before
use,add 3 drops of methyl red TS,and neutralize to ayellow
endpoint with 0.01 N sodium hydroxide. Do not exceed
the endpoint.

Nitrogen: Use high-purity nitrogen, with a flow regulator
that will maintain a flow of 200 ± 10 ml/min. Guard against
the presence of oxygen by passing the nitrogen through a
scrubber, such as alkaline pyrogallol, prepared as follows.
Add 4.5 g of pyrogallol to a gas-washing bottle, purge the
bottle with nitrogen for 3 min, and add a solution
containing 85 mL of water and 65 g of potassium
hydroxide, while maintaining an atmosphere of nitrogen in
the bottle.

Apparatus: The apparatus (seeFigure 7) isdesigned to effect
the selective transfer of sulfur dioxide from the specimen in
boiling aqueous hydrochloric acid to the Hydrogen
peroxide solution.The backpressure is limited to the
unavoidable pressuredue to the height of the Hydrogen
peroxide solutionabove the tip of the bubbler, F. Keeping
the backpressure as low as possible reduces the likelihood
that sulfur dioxide will be lost through leaks. Preboil vinyl
and silicone tubing. Apply a thin film of stopcock greaseto
the sealing surfaces of all of the joints except the joint
between the separatory funnel and the flask, and clamp the
joints to ensure tightness. The separatory funnel, S, has a
capacity of 100 mL or greater. The inlet adapter, A, with a
hose connector provides a meansof applying headpressure
over the solution. [NOTE-A pressure-equalizing dropping
funnel is not recommended because condensate, which
may contain sulfur dioxide, is deposited in the funnel and
the side arm.]
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1"24/40

I
185 mm

1
Figure 2. Bubbler (F) for the Sulfur Dioxide Apparatus.

Analysis: Position the Apparatus in a heating mantle
. controlled by a power-regulating device. Add 400 mL of

water to the flask. Close the stopcock of the separatory
funnel, and add 90 mL of 4 N hydrochloric acid to the
separatory funnel. Begin the flow of Nitrogen at a rate of
200 ± 10 mL/min. Start the condenser coolant flow. Add
30 mL of the Hydrogen peroxide solution to vessel G. After
15 min, remove the separatory funnel, and transfer a
mixture of 50.0 g of Maltodextrin and 100 mL of alcohol
solution (5 in 100). Apply stopcock greaseto the outer joint
of the separatory funnel, return the separatory funnel to the
tapered joint flask, and concomitantly resume the nitrogen
flow. Apply headpressure above the hydrochloric acid
solution in the separatory funnel with a rubber bulb
equipped with a valve.Open the stopcock of the separatory
funnel to permit the hydrochloric acid solution to flow into
the flask. Continue to maintain sufficient pressureabove the
hydrochloric acid solution to force it into the flask.
[NoTE-The stopcock may be temporarily closed, if
necessary, to pump up the pressure.]
To guard against escapeof sulfur dioxide (S02) into the

separatory funnel, close the stopcock before the last few
mL of hydrochloric acid drain out. Apply power to the
heating mantle sufficient to causeabout 85 drops of
reflux/min. After refluxing for 1.75 h, remove vessel G,
add 3 drops of methyl red TS,and titrate the contents with
0.01 N sodium hydroxide VS, using a 1O-mL buret with
an overflow tube and a hose connection to a carbon
dioxide-absorbing tube, to ayellow endpoint that persists
for at least 20 s. Perform a blank determination, and make
any necessary correction (see Titrimetry(541»).

Calculate the quantity, in IJg/g, of S02 in the portion of
Maltodextrin taken:

Figure 1. Apparatus for the Sulfur Dioxide Test.

The round-bottomed flask, C, is a 1OOO-mL flask with three
24/40 tapered joints. The gas inlet tube, 0, is long enough
to permit introduction of the nitrogen within 2.5 cm of
the bottom of the flask. The Allihn condenser, E, has a
jacket length of 300 mm. The bubbler, F, is fabricated
from glass according to the dimensions given in Figure
2. The Hydrogen peroxide solution is contained in a vessel,
G, having an inside diameter of about 2.5 cm and a depth
of about 18 cm. Circulate coolant, such as a mixture of
water and methanol (4:1) maintained at 5°, to chill the
condenser.

Result= 1000 x Fx Vx N/W .

F = milliequivalent weight of sulfur dioxide, 32.03
V = titrant volume consumed (mL)
N = actual normality of the titrant
W = weight of Maltodextrin taken (g)

Acceptance criteria: NMT 40 IJg/g (ppm)
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SPECIFICTESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

• pH (791): 4.0-7.0, in a 0.2-g/mL solution in carbon
dioxide-free water.

• Loss ON DRYING (731): Dry a sample at 105° for 2 h in a
forced-air oven: it losesNMT 6.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, or

in well-closed containers, at a temperature not exceeding
30° and a relative humidity notexceeding 50%.

• USP REFERENCE STANDARDS (11)
USP Dextrose RS

Maltol

C6H60 3 126.11
3-Hydroxy-2-methyl-4-pyrone [118-71-8].

DEFINITION
Maltol contains NLT 99.0% of maltol (C6H60 3) , calculated on

the anhydrous basis.

IDENTIFICATION

• B.
"I;.!

Sample solution: 0.01 mg/mL in 0.1 N hydrochloric acid
Blank: 0.1 N hydrochloric acid

ASSAY
• PROCEDURE

Standard solution: 0.01 mg/mL of USP Maltol RS in 0.1 N
hydrochloric acid

Sample solution: 0.01 mg/mL of Maltol in 0.1 N
hydrochloric acid

Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 274 nm
Blank: 0.1 N hydrochloric acid

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of maltol (C6H603) in the portion

of Maltol taken:

Result = (A viA 5) x (C siC v) x 100

A u = absorbance of the Sample solution
A s = absorbance of the Standardsolution
C s = concentration of USP Maltol RS in the Standard

solution (mg/mL)
C u = concentration of the Sample solution (mg/mL)
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Acceptance criteria: NLT 99.0% on the anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%, determined on

1.0 9
• LEAD (251): NMT 10 ppm

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class la (741): 160°-

164°
• WATERDETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. No storage requirements are
specified.

• USP REFERENCE STANDARDS (11)
USP Maltol RS

Maltose

"b--o-b-
HO OH HO OH

C12H220 " . H20 360.31

C12H220 11 342.30
4-0-a.-D-Glucopyranosyl-~-D-glucopyranose [69-79-4].
4-0-a.-D-Glucopyranosyl-~-D-glucopyranosemonohydrate

[6363-53-7].

DEFINITION
Maltose is a sugar. It contains one molecule of water of

hydration or is anhydrous. It contains NLT 92.0% of maltose,
calculated on the anhydrous basis. The amounts of other
sugars, if detected, are not included in the requirements or
the calculated amount in General Notices, 5.60.10 Other
Impurities in USP and NFArticles.

IDENTIFICATION
• A. Perform this test for Anhydrous Maltose only.

Sample solution: 50 mg/mL
Analysis: Add 2-3 drops of the Sample solution to 5 mLof

hot alkaline cupric tartrate TS.
Acceptance criteria: A red precipitate is formed.

• B. The retention time of the major peak of the Sample
solution corresponds to that of the Standardsolution, as
obtained in the Assay.

• C•.~~~~~~~~~$()~I(I~~~TI~I~~~19NTESIS<1 •.97)/If1fr(J,.gd
~,q~9tC()~€()py:1971(.'''(CNlctv1aY.2020): USP Maltose
Monohydrate RS

ASSAY
• PROCEDURE

Mobile phase: Water
System suitability solution: 10 mg/g each of rnaltotriose,

maltose, and glucose
Standard solution: Dissolve USP Maltose Monohydrate RS

in water to obtain a solution having a concentration of
about 10 mg/g. Calculate the exact concentration on the
anhydrous basis.

Sample solution: Dissolve 0.10 9 of Maltose in water, and
dilute with water tol 0 g. Record the final solution weight,
and mix thoroughly.
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Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 30-cm; packing L58
Temperatures

Column: 80 ± 2°
Detector: 40°

Flow rate: 0.35 mL/min; adjust so that the resolution
between maltotriose and maltose is NLT 1.6.

Injection volume: 20 J..IL
System suitability

Samples: System suitabilitysolutionand Standardsolution
[NOTE-The relative retention times for maltotriose,

maltose, and glucose are about 0.9, 1.0, and 1.2,
respectively.]

Suitability requirements
Resolution: NLT 1.6 between maltotriose and maltose,

System suitability solution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolutionand Sample solution
Calculate, on the anhydrous basis, the percentage of

Maltose taken:

Acceptance criteria: NLT 92.0% on the anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 2 9
Acceptance criteria: NMT 0.05%

SPECIFIC TESTS
• DEXTRIN, STARCH, AND SULFITE

Sample solution: 1.0 9 of Maltose in 10 mLof water
Analysis: Add 1 drop of iodine TS to the Sample solution.
Acceptance criteria: Ayellowcolor develops. Then add

1 drop of starch TS; a blue color develops.
• pH (791)

Sample solution: 100 mg/mL in carbon dioxide-freewater
Acceptance criteria

Anhydrous form: 3.7-4.7
Monohydrate form: 4.0-5.5

• WATER DETERMINATION, Method I (921)
Anhydrous: NMT1.5%
Monohydrate: 4.5%-6.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Maltose Monohydrate RS

Mandelic Acid

CSHS0 3 152.15
Benzeneaceticadd,a.-hydroxy-;
(R5)-2-Hydroxy-2-phenylacetic acid;
(±)-a.-Hydroxyphenylacetic add;
2-Hydroxy-2-phenylacetic acid [90-64-2].

DEFINITION
MandelicAdd contains NLT 98.0% and NMT 102.0% of

c-hydroxyphenylacetlcacid (CSHS03) , calculated on the
anhydrous basis.

IDENTIFICATION

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solutioncorresponds to that of the Standard
solution, as obtained in the Assay.

ASSAY
• PROCEDURE

Solvent A: 0.01 M phosphoric acid
Mobile phase: Acetonitrile, methanol, and Solvent A

(17:3:80)
Standard stock solution A: Prepare a solution having

known concentrations of 0.2 mg/mL of acetophenone,
0.5 mg/mL of benzoylformicadd, and 0.25 mg/mL of USP

. Benzaldehyde RS, respectively, in Mobilephase.
Standard stock solution B: Transfer25 mg of USP Benzoic

Acid RS to a 250-mLvolumetric flask, add 5.0 mLof
Standardstock solutionA, dilute with Mobilephaseto
volume, and mix.

Standard stock solution C: Use USP MandelicAdd RS to
prepare a solution havinqa known concentration of 5 mgl
mLin Mobilephase.

System suitability solution: Transfer5.0 mL of Standard
stock solutionBand 20.0 mLof Standardstock solutionCto a
1OO-mL volumetric flask, dilute with Mobilephaseto
volume, and mix. The solution contains 1mg/mL of USP
MandelicAcid RS, 0.2 J..Ig/mL of acetophenone, 0.5 J..Ig/mL
of benzoylformic acid, 0.25 I-lg/mL of USP .
Benzaldehyde RS, and 5 J..Ig/mL of USP Benzoic Acid RS.

Standard solution: 1 mg/mL of USP MandelicAcid RS in
Mobilephaseprepared from Standard stock solution.C

Sample solution: 1 mg/mL of MandelicAdd in Mobilephase
Chromatographic system . . .. .

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: .4.6-mm x 25-cm; 5-J..Im packing L1
Column temperature: Ambient .
Flow rate: 0.8 mL/min
Injection volume: 20 J..IL

System suitability.
Sample: System suitability solution

[NoTE-See Table 1for relative retention times.]

=peak response from the Sample solution
= peak response from the Standardsolution
=concentration of USP MaltoseMonohydrate RS in

the Standardsolution, on the anhydrous basis
(mg/g)

.=concentration of MaltoseIn the Sample solution
(mg/g)

= percentage of water from the test for Water
Determination

Result = [(r vir s) x (CsiCv)]/[(l 00 - W)/100] x 100

W
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Mannitol-see Mannitol General Monographs

Menthol-see Menthol General Monographs

=concentration of the relevant related compound
(benzoylformic acid, USP Benzaldehyde RS, USP
Benzoic Acid RS, or acetophenone) in the
Standard solution(mg/mL)

=concentration of Mandelic Acid in the Sample
solution(mg/mL)

Cv

Acceptance criteria
Benzoylformic acid: NMT 0.1%
Benzoic acid: NMT 1.0%
Benzaldehyde: NMT 0.05%
Acetophenone: NMT 0.01 %

• LIMIT OF CHLORIDE
Sample: 1 9
Analysis: Proceed as directed for Chloride and Sulfate (221),

Chloride.
Acceptance criteria: 0.01%; a l-g portion shows no more

than corresponds to 0.15 mL of 0.020 N hydrochloric acid.

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 1180-121 0

• WATER DETERMINATION, Method la (921): NMT 0.5%

Reserve a portion of the water used to prepare the
Sample solution.

Fixed reproducible standards: See Determination of
Turbidity in Elastomeric Closures for Injections (381).

Analysis: Measure th~i!.~,~~i~.i~~!!!(~,;,~~l17e!~i'~~!'~~!~'~ and
~/f1~(~'.i~;,~i~;~~;g"i(.!l~l'jJ.gp1tJ.~l()l'f!g~r;yi(;l1]q.llt.lI;l:?ltflilJJg~f¥f:
(~~§).·(CN1~MaY'20fi) against the Fixed reproducible standards.

Acceptance criteria: The turbidity is the difference between
the values obtained for the Blank and the Sample solution,
expressed in Nephelos units. The Sample solutionshows no
more turbidity than the 10 Nephelos units standard.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store in a dry and well-ventilated place. Protect
from light.

• USP REFERENCE STANDARDS (11)
USP Benzaldehyde RS
USP Benzoic Acid RS
USP Mandelic Acid RS

Meglumine-see Meglumine General Monographs

Relative
Retention

Component Time

Benzoylformic acid 0.9

Mandelic acid 1.0

Benzoic acid 3.2

Benzaldehyde 3.6

Acetophenone 4.8

Table 1

= peak response of the relevant related compound
(benzoylformic acid, benzaldehyde, benzoic
acid, or acetophenone) from the Sample solution

=peak response of the relevant related compound
(benzoylformic acid, benzaldehyde, benzoic
acid, or acetophenone) from the Standard
solution

Suitability requirements
Resolution: NLT3.0, between the benzoyltormlc acid

peak and the mandelic acid peak and between the
benzoic acid peak and the benzaldehyde peak

Relative standard deviation: NMT 1% for the mandelic
acid peak

Tailing factor: NMT 2.0 for each peak
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of mandelic acid (CaHa0 3) in the

portion of Mandelic Acid taken:

Result = (r ulr s) x (C siCu) x 100

r u = peak response of mandelic acid from the Sample
solution

r s =peak response of mandelic acid from the Standard
solution

Cs = concentration of USP Mandelic Acid RS in the
Standard solution(mg/mL)

C u = concentration of Mandelic Acid in the Sample
solution (mg/m'L)

Acceptance criteria: 98.0%-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF BENZOYLFORMIC ACID, BENZALDE~YDE,BENZOIC

ACID, AND ACETOPHENONE
Standard stock solution A, Standard stock solution B,

Chromatographic system, and System suitability:
Proceed as directed in the Assay.

Standard solution: Transfer 5.0 mL of Standard stock
solution B to a 1OO-mL volumetric flask, dilute with
Mobilephaseto volume, and mix. The Standard solution
contains 0.2 J,Jg/mL of acetophenone, 0.5 J,Jg/mL of
benzoylformic acid, 0.25 J,Jg/mL of USP Benzaldehyde RS,
and 5 J,Jg/mL of USP Benzoic Acid RS.

Sample solution: 2.5 mg/mL of Mandelic Acid in Mobile
phase

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of each related compound

(benzoylformic acid, benzaldehyde, benzoic acid, or
acetophenone) in the portion of Mandelic Acid taken:

Result =(r vir s) x (C siC u) x 100
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Methacrylic Acid and Ethyl Acrylate
Copolymer

~
CH. H

or H ' CzH.

Poly(methacrylic acid, ethyl acrylate);
Methacrylic acid-ethyl acrylate copolymer [25212-88-8].

DEFINITION
Methacrylic Acid and Ethyl Acrylate Copolymer consists of

rnethacrylic acid and ethyl acrylate monomersarranged in a
random distribution. Methacrylic acid units in Methacrylic
Acid and Ethyl Acrylate Copolymer, previously dried, are NLT
46.0% and NMT 50.6%. It may contain suitable
surface-active agents.

IDENTIFICATION

•.•.<' se USP Met acrylic
Acid and Ethyl Acrylate Copolymer (1 :1) RS for Methacrylic
Acid and Ethyl Acrylate Copolymer having a range of
46.00/0-50.6% for methacrylic acid units.

• B. It meets the requirements of the Assay.

ASSAY
• PROCEDURE

Sample: 1 g, previously <fried
Analysis: Dissolve the Sample in 100 mL of neutralized

acetone, and titrate with 0.1 N sodium hydroxide VS,
determining the endpoint potentiometrically (see Titrimetry
(541». Each mL of 0.1 Nsodium hydroxide isequivalentto
8.609 mg of methacrylic acid (C4H60 2) units.

Acceptance criteria: 46.00/0-50.6%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.4% .
• LIMIT OF METHACRYLIC ACID AND ETHYL ACRYLATE

Sodium perchlorate solution: 35 mg/mL of sodium
perchlorate. This solution has a concentration of 0.25 M.

Mobile phase: Add phosphoricacid dropwiseto water to
obtain a solutionwith a pHof 2.0. Preparea mixtureof this
acidified water and methanol (80:20), and degas.

Standard solution: Dissolve 0.01 g of methacrylic acid and
0.01 g of ethyl acrylate in 5 mL of butanol, and add '
methanol to exactly100 mL. Transfer 1.0 mL ofthissolution
to a 1OO-mL volumetric flask. Dilute with methanol to
volume. Mix 5.0 mL of this solutionwith 5.0 mL of Sodium
perchlorate solution. Thissolutioncontainsabout 0.5 IJg/mL
each of methacrylic acid and ethyl acrylate. '

Sample solution: Transfer about 3 g of Methacrylic Acid
and Ethyl Acrylate Copolymerto a 50-mL volumetric flask,
dilute with methanol to volume, and mix. Add 5.0 mL of
this solution dropwise, whilecontinuously stirring, to a
beaker that contains 5.0 mL of Sodium perchlorate solution.
Remove the precipitated polymerto obtain a clear
supernatant by centrifugation (e.g., NLT 5000 x gfor NLT
5 min). Use the clear supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV202 nm
Column: 4.0-mm x 12.5-cm; 7-lJm packing L1

NF 38

Flow rate: 2 mL/min
Injection volume: 20 IJL

System suitability
Sample: Standard solution

[NoTE-The relative retention times for methacrylic
acid and ethylacrylate are 1.0 and 2.6, respectively.]

Suitability requirements
Resolution: NLT 2.0 between methacrylic acid and ethyl

acrylate
Relativestandard deviation: NMT 5.0%

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of each monomer (methacrylic

acid or ethylacrylate) in the portion of Methacrylic Acid
and Ethyl Acrylate Copolymer taken:

Result =(rulr s) x (CIW) x V F X D x Fx 100

r u =peak responseof the monomer (methacrylic acid
or ethyl acrylate) from the Sample solution

r s = peakresponseof the monomer (methacrylic acid
or ethyl acrylate) from the Standardsolution

C = concentrationof the monomer (methacrylic acid
or ethyl acrylate) in the Standard solution
(lJg/mL)

W =weight of Methacrylic Acid and Ethyl Acrylate
Copolymer taken to prepare the Sample solution
(g)

VF =final volumeof the Sample solution, 10 mL
D = dilution factor for preparation of the Sample

solution, 10
F = conversion factor, 10-6 g/lJg

Acceptance criteria: NMT 0.01% for the total amount of
monomers

SPECIFIC TESTS
• VISCOSITY-RoTATIONAL METHODS (912)
Analysis: Place 254.6 9 of isopropyl alcoholand 7.9 9 of

water in a test flask. Adda quantityof Methacrylic Acid and
Ethyl Acrylate Copolymer, equivalentto 37.5 9 ofsolids on
the dried basis, while stirring bymeansofa magneticstirrer.
Closethe flask, and continue stirring until the polymerhas
dissolved completely. Adjust the temperature to 20 ± 0.10

•

Equip a rotational rheometer' following MethodII. The
shear rate under the test condition is NLT 1 S-1 and NMT
100 s-1. Validations demonstrate that equivalentviscosity
value is alsoobtained using a rotational viscometer with a
cylindrical spindle1.9 em in diameter and 6.5 em high,
attached to a shaft0.3 em in dlameter.! Thespindlerotates
at 30 rpm at an immersion depth of 8.15 em (see Method
I). Follow the instrument manufacturer'sdirections to
measure the apparent Viscosity.

Acceptance criteria: 100-200 mPa. s, for Methacrylic Acid
and Ethyl Acrylate Copolymerwith a range of 46.0%
50.6% for methacrylic acid units

• Loss ONDRYING (731 )
Analysis: Dryat 1100 for 6 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve intight containers, and

store at controlled room temperature. '

1 Asuitable rheometer is available from Physlca Me,SS1:ec~llik GmbH as the
Coaxial-Cylinder 27 or the Double-Gap-Cylinder 26;7" or any other
equivalent rheometer. . .,
2 Asuitablespindle is available from Brookfield as an LVl spindle, or the
equivalent.
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=peak responseof the monomer (methacrylic acid
or ethyl acrylate) from the Sample solution

=peak responseof the monomer (methacrylic acid
or ethyl acrylate) from the Standard solution

=concentration of the monomer (methacrylic acid
or ethyl acrylate) in the Standard solution
(lJg/mL)

=weight of the Dispersion taken to prepare the
Sample solution (g)

=final volume of the Sample solution, 15 mL
=dilution factor for preparation of the Sample

solution, 5
=conversion factor, 10-6 g/lJg

W

C

methanol to make exactly 100 mL. Transfer 1.0 mL of this
solution to a 1OO-mL volumetric flask, and dilute with
methanol to volume. Mix 10.0 mL ofthis solution with
5.0 mL of Sodium perchlorate solution, accurately measured.
This solution contains about 0.67 J,Jg/mL each of
methacrylic acid and ethyl acrylate.

Sample solution: Transfer a quantity of Dispersion,
equivalent to 3 g of solids on the dried basis, to a 50-mL
volumetric flask, dilute with methanol to volume, and mix.
Add 10.0 mL of this solution dropwise while continuously
stirring into a beaker that contains 5.0 mL of Sodium
perchlorate solution, accurately measured. Remove the
precipitated polymer by centrifugation (e.g., NLT 5000 x g
for NLT 5 min). Use the clear supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 202 nm
Column: 4.0-mm x 12.5-cm; 7-J,Jm packing L1
Flow rate: 2 mL/min
Injection volume: 20 lJL

System suitability
Sample: Standard solution

[NoTE-The relative retention times for methacrylic
acid and ethyl acrylate are 1.0 and 2.6, respectively.]

Suitability requirements
Resolution: NLT 2.0 between methacrylic acid and ethyl

acrylate
Relative standard deviation: NMT 5.0%, determined

for each analyte
Analysis

Samples: Standard solution and Sample solution
Calculate the percentage of each monomer in the weight

of the Dispersion taken:

Result=(r u/r s) x (C/W) x VF X D x F x 100

Acceptance criteria: NMT 0.01% of total monomers, based
on the weight of the Dispersion taken

SPECIFIC TESTS
• COAGULUM CONTENT

Analysis: Weigh a stainless steel sievehaving 90-lJm
openings or a suitable single-woven wire cloth with a mesh
width of 90 urn, and filter 100 g of the Dispersion through
it. [NOTE-Suitable single-woven wire cloth mesh meets the
requirements set in ISO 9044.] Wash the sieve orthe cloth
with distilled water until a clear filtrate is obtained, and dry
the sieve or the cloth to constant weight at 110°.

Acceptance criteria: The welqht of the residue does not
exceed 1000 mg (1%).

• Loss ON DRYING (731)
Analysis: Dry at 110° for 6 h.
Acceptance criteria: 68.50/0-71 .5%

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic

NF 38

Methacrylic Acid and Ethyl Acrylate
Copolymer Dispersion
DEfiNITION
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion is

an aqueous dispersion of Methacrylic Acid and Ethyl Acrylate
Copolymer. It contains, on the basisof the calculated
amount of dry substance in the Dispersion, NLT 46.0% and
NMT 50.6% of methacrylic acid units. It may contain suitable
surface-active agents.

IDENTifiCATION

• LABElliNG: Label it to indicate the range of methacrylic acid
units. The labeling also indicates the name and quantity of
any added surface-active agent.

• USP REFERENCE STANDARDS (11)
USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1)

RS (USP Methacrylic Acid Copolymer, Type C RS)

. .. . : Loss on Drying
• B. It meets the requirements in the Assay.

ASSAY
• PROCEDURE

Sample: 2.5 g of the Dispersion
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration )
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 100 mL of neutralized
acetone. Titrate the solution as directed in Titrimetric
system. Each mL of 0.1 N sodium hydroxide is equivalent
to 8.609 mg of methacrylic acid (C4H60 2) units.
Calculate, on the dried basis,the percentage of methacrylic

acid units in the portion of Dispersion taken:

Result= (V x N)/[W x (100 - L)] x 860.9·

V =volume of Titrant consumed (mL)
N = normality of the Titrant
W = weight of Dispersion taken (g)
L = percentage of the Loss on Drying value for the

Dispersion

Acceptance criteria: 46.0%-50.6% basedon the calculated
amount of dry substance in the Dispersion

IMPURITIES
• RESIDUE ON IGNITION (281)

Analysis: Using mild heating conditions (e.g., steam bath,
sand bath) to avoid lossof material, evaporate the
Dispersion to dryness prior to ignition.

Acceptance criteria: NMT 0.2% residue is obtained,
calculated on the undried Dispersion basis.

• LIMIT OF MONOMERS
Mobile phase: Add phosphoric acid dropwise to water to

obtain a solution with a pH of 2.0. Preparea mixture of this
acidified water and methanol (80:20), and degas.

Sodium perchlorate solution: Dissolve 3.5 g of sodium
perchlorate in 100 mL of water. This solution has a
concentration of 0.25 M.

Standard solution: Dissolve 0.01 g of methacrylic acid and
0.01 g of ethyl acrylate in 5 mL of butanol, and add
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R, = H or CH.

[

l OR, ]

O~'n

Methacrylic Acid and Methyl
Methacrylate Copolymer

Use USP Methacrylic Acid and Methyl Methacrylate
Copolymer (1 :2) RS for Methacrylic Acid and Methyl
Methacrylate Copolymer, with a range of 27.6%-30.7%
for methacrylic acid units.

• B. It meets the requirementsof the Assay.

ASSAY
• PROCEDURE

Sample: 1 g, previously dried
Analysis: Dissolve the Sample in 100 mL of neutralized

acetone, and titrate with 0.1 N sodium hydroxide VS,
determiningthe endpoint potentiometrically (see Titrimetry
(541». Each mL of 0.1 Nsodium hydroxideisequivalentto
8.609 mg of methacrylic acid (C4H60 2) units.

Acceptance criteria
Methacrylic acid and methyl methacrylate copolymer

(1:2): 27.60/0-30.7%
Methacrylic acid and methyl methacrylate copolymer

(1:1): 46.00/0-50.6%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• LIMIT OF METHACRYLIC ACID AND METHYL METHACRYLATE

Phosphate buffer: Preparean aqueous solutioncontaining
17.8 giL of anhydrousdibasicsodium phosphate and
17.0 giL of monobasic potassium phosphate. Adjust with
phosphoricacid to a pH of 2.0. This buffer has a
concentration of 0.125 M.

Mobile phase: Add phosphoric acid dropwise to water to
obtain a solutionwitha pHof 2.0. Preparea mixtureof this
acidified water and methanol (80:20), and degas.

Standard solution: Dissolve 0.05 g of methacrylic acid and
0.05 g of methylmethacrylatein 5 mL of butanol, and add
methanolto exactly100 mL. Transfer 1.0 mL ofthissolution
to a 1OO-mL volumetric flask. Dilute with methanol to
volume. Mix 3.0 mL of this solutionwith 10.0 mL of
Phosphate buffer.This solutioncontains 1.15 J.Jg/mL each of
methacrylic acid and methyl methacrylate. [NoTE-Due to
volatility of monomers, tightlyclosedvials should be used.]

Sample solution: Transfer 1 g of Methacrylic Acid and
Methyl Methacrylate Copolymerto a 50-mLvolumetric
flask, dilute with methanol to volume, and mix. Add 3 mL
of this solutiondropwise, whilecontinuously stirring, to a
beaker that contains 10.0 mL of Phosphate buffer. Remove
the precipitated polymerto obtain a clear supernatant by
centrifugation (e.g., NLT 5000 x gfor NLT 5 min). Use the
clear supernatant. [NoTE-Due to volatility of monomers,
tightly closedvials should be used.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 202 nm
Column: 4.0-mm x 12.5-cm; 7-J.Jm packing L1
Flow rate: 2 mL/min
Injection volume: 20 J.JL

System SUitability
Sample: Standardsolution

[NOTE-The relative retention timesfor methacrylic
acid and methyl methacrylateare 1.0 and 2.8,
respectively.]

Suitability requirements
Resolution: NLT 2.0 between methacrylicacid and

methyl methacrylate .. ' .
Relativestandard deviation: NMT 5.0%

Analysis ..;
Samples: Standardsolution and Samp(es()lution 
Calculate the percentage of each monomer (methacrylic

acid or methyl methacrylate) in the portion of Methacrylic
Acid and Methyl Methacrylate Copolymertaken:

microbial count does not exceed 103 cfu/g, and the total
combined moldsand yeastscount does not exceed 102 cfu/
g.

• pH (791): 2.0-3.0
• VISCOSITy-RoTATIONAL METHODS, Method /I (912)
Analysis: Equip a suitable rotational viscometer with an

adapter comprising a cylindrical spindle rotating within an
accuratelymachined chamber (or tube);' Mix the
Dispersion, pipet the volumeof test specimen
recommended by the instrument manufacturer into the
chamber (or tube), and ensure that the temperature of the
test specimen isat 20 ± 0.1".The shear rate under the test
condition is NLT 1 S-l and NMT 100 S-1.2 Measure the
apparent viscosity folloWing the instrumentmanufacturer's
directions.

Acceptance criteria: Theviscosity isbetween 2 and 15 mPa
. s.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Store at controlled room temperature. Protectfrom
freezing.

• LABELING: The label indicates the name and amount of any
substance added as a surface-active agent.

• USP REFERENCE STANDARDS (11)
USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1)

RS (USP Methacrylic Acid Copolymer, TypeC RS)

(Ratio of Hto CH3 iseither 1:1 or 1:2)
Poly(methacrylic acid, methyl methacrylate);
Methacrylic acid-methyl methacrylate copolymer [25086

15-1].

DEFINITION
Methacrylic Acid and Methyl Methacrylate Copolymer

consists of methacrylic acid and methyl methacrylate
monomers arranged in a random distribution. Methacrylic
acid units in Methacrylic Acid and Methyl Methacrylate
Copolymer, previously dried, are NLT 27.6% and NMT
50.6%. It may contain suitablesurface-active agents.

IDENTIFICATION

• A....
$'-

Use USP Methacry ic Acid and Methyl Methacrylate
Copolymer(1 :1) RS for Methacrylic Acid and Methyl
Methacrylate Copolymer, with a range of 46.0%-50.6%
for methacrylic acid units. .

1 Acommercial device isavailable fromBrookfield as an ultra-low (UL)
viscosity adapter. The adapter comprises a O.4-cm diameter shaft, an
accuratelymachined chamber (or tube) with an internal diameter of
2.8 cm and a depth of 13.5 cm, and a cylindrical spindle2.5 cm indiameter
and 9.1 cm in height. -
2The cylindrical spindle rotates at 30 rpm, which correspondsto a shear
rate of approximately37 S-1.
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Result = (r vir s) x (CIW) x VF X 0 x Fx 100

r u =peak response of the monomer (methacrylic acid
or methyl methacrylate)from the Sample solution

r s = peak response of the monomer (methacrylic acid
or methyl methacrylate) from the Standard
solution

C =concentration of the monomer (methacrylic acid
or methyl methacrylate) in the Standardsolution
(~g/mL)

W = weight of Methacrylic Acid and Methyl
Methacrylate Copolymer taken to prepare the
Sample solution (g)

VF = final volume of the Sample solution, 13 mL
o =dilution factor for preparation of the Sample

solution, 16.7 .
F =conversion factor, 10-6 g/~g

Acceptance criteria: NMT 0.05% for the total amount of
monomers

SPECIFIC TESTS
• VISCOSITY---,ROTATIONAL METHODS (912)
Analysis: Place254.6 g of isopropyl alcohol and 7.9 9 of

water in a test flask. Add a quantity of Methacrylic Acid and
Methyl Methacrylate Copolymer, equivalent to 37.5 9 of
solidsonthe dried basis,while stirring by means of a
magnetic stirrer. Close the flask, and continue stirring until
the polymer has dissolved completely. Adjustthe
temperature to 20 ± 0.1°. Equip a rotational rheometer'
following Method fl. The shear rate under the test condition
is NLT 1 s-, and NMT 100 S-1. Validations demonstrate that
an equivalent viscosity value isalso obtained using a
rotational viscometer with a cylindrical spindle 1.9 em in
diameter and 6.5 em high, attached to a shaft 0.3 em in
dlarneter.! The spindle rotates at 30 rpm at an immersion
depth of 8.15 em (see Method I). Follow the instrument
manufacturer's directions to measure the apparent
viscosity.

Acceptance criteria'
Methacrylic acid and methyl methacrylate copolymer,

with a range of 46.0%-50.6% for methacrylic acid
units: 60-120 mPa . s

Methacrylic acid and methyl methacrylate copolymer,
with a range of 27.6°/0-30.7% for methacrylic acid
units: 50-200 mPa· s

• Loss ON DRYING (731)
Analysis: Dryat 110° for 6 h.
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, and

store at controlled room temperature.
• LABELING: Label it to indicate the range of methacrylic acid

units. The labeling also indicates the name and quantity of
any added surface-active agent.

• USP REFERENCE STANDARDS (11)
USP Methacrylic Acid and Methyl MethacrylateCopolymer

(1:1) RS (USP Methacrylic Acid Copolymer, Type A RS)
USP Methacrylic Acid and Methyl MethacrylateCopolymer

(1:2) RS (USP Methacrylic Acid Copolymer, Type BRS)

1Asuitable rheometer isavailablefrom Physica Messtechnik GmbHas the
Coaxial-Cylinder 27 or the Double-Gap-Cylinder 26.7, or any other
equivalent rheometer.
2 Asuitable spindle is availablefrom Brookfield as an LVl spindle, or the
equivalent.
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Partially-Neutralized Methacrylic Acid
and Ethyl Acrylate Copolymer

Rj =CH3; R2 =H or

Rj = CH3; R2 = Naor

Rj =H; R2 =C2H 5

Partially-neutralized poly(methacrylic acid, ethyl acrylate);
Partially-neutralized methacrylic acid-ethyl acrylate

copolymer [25212-88-8].

DEFINITION
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate

Copolymerconsists of methacrylic acid and ethyl acrylate
monomers arranged in a random distribution, some units of
methacrylic acid in the copolymer are neutralized by sodium
hydroxide.The non-neutralized methacrylic acid units in the
partially-neutralized methacrylic acid and ethyl acrylate
copolymer are NLT 43.2% and NMT 47.6%, calculated on
the dried basis. It may contain suitable emulsifiers.

IDENTIFICATION
• A. INFRARED ABSORPTION

Sample: 100 mg of Partially-Neutralized Methacrylic Acid
and Ethyl Acrylate Copolymer

Analysis: Dissolve the Sample in 1 mL ofdehydrated alcohol,
and place 2 drops of the solution on a sodium chloride (or
potassium bromide) plate. Dryto evaporate the solventand
allowto form afilm and coverwith another sodium chloride
(or potassium bromide) plate.

Acceptance criteria: The IRabsorption spectrum of
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate
Copolymer exhibits maxima corresponding to the same
wavelengths as that of a similarpreparation of USP
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate
Copolymer (1:1) RS, treated in the same manner.

• B. It meets the requirements of the Assay.

ASSAY
• PROCEDURE

Sample: 1 g, calculated on the dried basis
Analysis: Dissolve the Samplein 40 mLof water and 60 mL

of 2-propanol, and titrate with 0.1 Nsodium hydroxideVS,
determining the endpoint potentiometrically(see Titrimetry
(541 ». Each mLof 0.1 N sodium hydroxide isequivalent to
8.609 mg of methacrylic acid (C4H60 Z) units.

Acceptance criteria: 43.2%-47.6%,for
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate
Copolymer

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): 2.0%-3.5%
ORGANIC IMPURITIES
• Procedure: limit of Methacrylic Acid and EthylAcrylate
Phosphoric acid solution: 0.1% phosphoric acid prepared
from phosphoric acid

Mobile phase: Methanol and Phosphoric acid solution (3:7)
Standard solution: 1.0 pq/rnl, each of methacrylic acid and

ethyl acrylate in methanol
Sample solution: Transfer0.5 9 of Partially-Neutralized

Methacrylic Acid and Ethyl Acrylate Copolymerto a 25-mL
volumetricflask, and dissolve in 20 mL of methanol. Add
Phosphoric acid solution dropwise to precipitate the polymer
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while continuously stirring until the volume of 25 mL is
reached. [NOTE-Stir with a magnetic stirrer for 10 min. Any
volume deviation caused by the precipitation is negligible for
contents in the ppm range. Usea magnetic stirrer of
appropriate size to avoid a large variance from the final
volume of the Sample solution.]As soon as the solid matter
has settled, passthe supernatant through a filter of 0.45-~m
pore size. [NOTE-Solution that cannot be filtered is
centrifuged at NLT 20,000 x gfor NLT 30 min.] Usethe clear
supernatant.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.0-mm x 12.5-cm analytical column, 5-~m

packing L1 or 4.6-mm x 15.0-cm analytical column, 5-~m
packing L1

Flow rate: 1.2 mL/min
Injection size: 20 ~L

[NoTE-Where appropriate, the volume must be adapted
to the sensitivity of the detector.]

[NOTE-Column switchlnq system may be used for
extension of column lifetime.]

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for methacrylic acid
and ethyl acrylate are 1.0 and 2.2, respectively.]

Suitability requirements
Resolution: NLT 5.0 between methacrylic acid and ethyl

acrylate
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of each monomer (methacrylic acid

or ethyl acrylate) in the portion of Methacrylic Acid and
Ethyl Acrylate Copolymer taken:

Result= (ru/rs) x (Cs/W) x VF X F x 100

ru = peak response from the Sample solution
rs =peak response from the Standardsolution
C, =concentration of the Standardsolution (~g/mL)

W =weight of Partially-Neutralized Methacrylic Acid
and Ethyl Acrylate Copolymer taken to prepare
the Sample solution(g)

VF = final volume of the Sample solution, 25 mL
F =conversion factor, 10-6 g/~g

Acceptance criteria: NMT 0.01% for the total amount of
monomers

SPECIFICTESTS
• Loss ONDRYING (731): Dry a sample at 110 0 for 6 h: it loses

NMT 5.0% of its weight.
• VISCOSITy-RoTATIONAL METHODS (912): Weigh 400 g of

water into a short form, 600-mL beaker (internal diameter
about 80 mm and height 120 mm). After determining the
Loss on Drying, weigh a quantity of undried
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate
Copolymer, equivalent to 100 g on the dried basis.Transfer
the sample to the beaker very slowly while effectively
stirring (avoid lumps). Ensure that the stirring is very
effective at the beginning and that the powder is immersed
very slowly at the same time. Once the powder is dispersed
and no lumps are visible, gentle stirring is then sufficient.
Ensurea colloidal dispersion (milky white liquid) by stirring
at room temperature for 3 h and taking care to avoid mixing
in excess air. Afterwards allow the container to stand for
1 h, control the temperature to 23 ± 0.1 0

, and let the
entrapped air dissipate. [NoTE-Ensure that the
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concentration of this solution is20% (w/w).] Determine the
viscosity of this solution at 23 ± 0.1 0 using a suitable
rotational viscometer with a cylindrical spindle 1.9 em in
diameter and 6.5 em high, attached to a shaft 0.3 em in
diameter.' The spindle rotates at 50 rpm at an immersion
depth of 8.1 em. Follow the instrument manufacturer's
directions to measure the apparent viscosity.

Acceptance criteria: 20-100 mPa. s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at controlled room temperature.
• LABELING: Label it to indicate the range of non-neutralized

methacrylic acid units. The labeling also indicates the name
and quantity of any emulsifier if the content is 0.10% or
greater.

• USP REFERENCE STANDARDS (11)
USP Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer (1:1) RS

Methyl Alcohol
,..OH

H3C

CH40 32.04
Methanol [67-56-1].

DEFINITION
Methyl Alcohol contains NLT 99.5% of CH30H.

[CAUTIoN-Methyl Alcohol is poisonous.]

IDENTIFICATION

• B.The retention time of the major peak of the Sample
solutioncorresponds to that of the Standardsolution, as .
obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: Dilute 1.0 mL of USP Methyl
Alcohol RS and 1.0 mL of USP Acetone RS with
tetrahydrofuran to 50 mL.

Internal standard solution: 2% (v/v) acetonitrile in
tetrahydrofuran

Standard solution: 15.8 mg/mL of USP Methyl Alcohol RS
in Internal standardsolution

Sample solution: 15.8 mg/mL of Methyl Alcohol in Internal
standardsolution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary column,

coated with a 1.8-~m layer of phase G43
Temperature

Injector: 200 0

Detector: 280 0

Column: See Table 7.

1 Asuitable spindle is available from Brookfield as an LVl spindle, or the
equivalent.
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Table 1
Hold Time at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

(") ("/min) (") (min)

40 - 40 5

40 20 240 -

Carrier gas: Helium
linear velocity: 35 cm/s
Injection type: Split ratio, 20:1
Injection size: 1 fJL

System suitability
Samples: System suitability solution and Standard solution

[NoTE-The relative retention times for methyl alcohol,
acetone, and acetonitrile are 1.0, about 1.6, and
about 1.8, respectively.]

Suitability requirements
Resolution: NLT 15 between methyl alcohol and

acetone, System suitability solution
Tailing factor: NMT 1.5 for methyl alcohol, System

suitability solution
Relative standard deviation: NMT 2.0% for the ratio of

the peak areaof methyl alcohol to acetonitrile, Standard
solution

Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of methyl alcohol (CH30H) in
the portion of Methyl Alcohol taken:

Result= (Ru/Rs) x (CslCu) x 100

=peak area ratio,from the Sample solution
=peak area ratio from the Standard solution
=concentration of USP Methyl Alcohol RS in the

Standard solution (mg/mL) .
=concentration of Methyl Alcohol in the Sample

solution (mg/mL)

Acceptance criteria: NLT 99.5%

IMPURITIES
• NONVOLATILE RESIDUE

Sample: 250 mL of Methyl Alcohol
Analysis: Evaporate the Sample in a 600-mL beaker on a

steam bath, in a well-ventilated hood, until the volume is
reduced to about 100 mL. Cool, transfer a portion of the
liquid to a suitable, tared 50-mL platinum dish on a .steam
bath, and evaporate. Repeatthe processuntil all of the
liquid hasbeen transferred, and then evaporate to dryness.
Dry at 105° for 30 min, cool, and weigh.

Acceptance criteria: The weight of the residue does not
exceed 2 mg, corresponding to NMT 0.001% (w/w).

• ACETONE AND ALDEHYDES (as acetone)
Standard solution: Dilute 1.9 mL (1.5 g) of acetone with

water tol 000 mL, then dilute 1.0 mL of this solution with
water to 100 mL. Dilute 2 mL of the resulting solution with
water to 5 mL. The Standard solution contains 30 fJg of
acetone and is freshly prepared.

Sample solution: Dilute 1.25 mL (1 g) of Methyl Alcohol
with water to 5 mL.

Analysis: Adjust to and maintain each solution at 20°. Add
5 mL of alkaline mercuric-potassium iodide TSto each of
the Standard solution and Sample solution.

Acceptance criteria: Any turbidity produced in the Sample
solution is not greater than that produced in the Standard
solution (NMT 0.003%).

• READILY CARBONIZABLE SUBSTANCES (271)
Sample: 5 mL

Official Monographs / Methyl 5883

Analysis: CoolS mL of sulfuric acid, contained in a small
conical flask, to 10°, and add the Sample dropwise with
constant mixing, maintaining the temperature below 20°
throughout the test.

Acceptance criteria: No discoloration develops.
• RIEADILY OXIDIZABLE SUBSTANCES

Sample: 20 mL of Methyl Alcohol
Analysis: Cool the Sample to 15°, add 0.1 mL of 0.1 N

potassium permanganate, and allow to stand at 15°.
Acceptance criteria: The pink color does not completely

disappear within 5 min.

SPECIFIC TESTS
• ACIDITY

Sample solution: Mix 25 mL of water with 10 mL of alcohol
and 0.5 mL of phenolphthalein TS, and add 0.02N sodium
hydroxide until a slight pink color persists after shaking for
30 s. Taking precautions to avoid absorption of carbon
dioxide, add 19 mL (15 g) of Methyl Alcohol.

Analysis: Titrate the Sample solution with 0.020 N sodium
hydroxide.

Acceptance criteria: NMT 0.45 mL of 0.020 N sodium
hydroxide is required to produce a pink color.

• ALKALINITY (as ammonia)
Sample: 28.6 mL (22.6 g) of Methyl Alcohol
Analysis: Mix the Sample with 25 mL of water, add 1 drop

of methyl red TS, and titrate with 0.020 N sulfuric acid.
. Acceptance criteria: NMT 0.20 mL of 0.020 N sulfuric acid

is required to produce a pink color (3 ppm).
• WATER DETERMINATION, Method I(921): NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

remote from heat, sparks, and open flames.
• USP REFERENCE STANDARDS (11)

USP Acetone RS
USP Methyl Alcohol RS

Methyl Isobutyl Ketone

UH,C CH,

C6H120 100.16
2-Pentanone, 4-methyl-;
4-Methyl-2-pentanone [108-10-1].

DEFINITION
Methyl Isobutyl Ketone contains NLT 99.0% of methyl isobutyl

ketone (C6H120). .

IDENTIFICATION
• A. The IRabsorption spectrum of a thin film of it between

sodium chloride crystalsexhibits maxima, among others, at
the following wavelengths, in IJm:5.81 (vs), 6.80 (m), 7.00
(m), 7.09 (m), 7.29 (vs), 7.72 (m), 8.06 (m), 8.31 (sh),8.53
(s), and 8.91 (m).

IMPURITIES
• LIMITOF NONVOLATILE RESIDUE

Sample: 50 mL
Analysis: Evaporatethe Sample in a tared porcelain dish on a

steam bath, and dry at 105° for 1 h. Weigh the residue.
Acceptance criteria: NMT 4 mg (0.008%)

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): NMT0.799, indicating NLT99.0%

of methyl isobutyl ketone (C6H120)
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Acceptance criteria
Salicylic acid: NMT 0.1%
Dimethyl 4-hydroxyisophthalate: NMT 0.5%

[NoTE-The relative retention times for methyl
salicylate and dimethyl4-hydroxyisophthalate are
1.0 and 1.2, respectively.]

Suitability requirements
Resolution: NLT 1.5 between methyl salicylate and

dimethyl 4-hydroxyisophthalate, System suitability
solution

Tailing factor: NMT 1.5 forthe methylsalicylate peak,
Standard solution"

Relativestandard deviation: NMT 0.5% for the methyl
salicylate peak, Standard solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylsalicylate in the portion

of Methyl Salicylate taken:

Result =(r virs) x (CsiCv) x 100

r u = peak responsefrom the Sample solution
r s = peak responsefrom the Standard solution
Cs =concentration of USP Methyl Salicylate. RS in the

Standard solution (~g/mL)

C u = concentration of Methyl Salicylate in the Sample
solution (~g/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• LIMIT OF SALICYLIC ACID AND DIMETHYL

4-HYDROXYISOPHTHALATE
Mobile phase, Diluent, Sample solution, and

Chromatographic system: Proceed as directed in the
Assay.

Standard solution: 0.15 ~g/mL of USP Salicylic Acid RS,
0.15 ~g/mL of USP Methyl Salicylate RS,and 0.75 ~g/mL

of USP Methyl Salicylate Related Compound ARS in Diluent
System suitability

Sample: Standard solution
[NoTE-The relative retention timesfor salicylic acid,

methyl salicylate, and dimethyl
4-hydroxyisophthalate are 0.6, 1.0, and 1.2,
respectively.]

Suitability requirements
Resolution: NLT 4 between salicylic acid and methyl

salicylate; NLT2 between methyl salicylate and dimethyl
4-hydroxyisophthalate

Relativestandard deviation: NMT 3%for all three peaks
Analysis

Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the

portion of Methyl Salicylate taken:

Result = (r vir s) x (C siCv) x 100

=peak response of salicylic acid or dimethyl
4-hydroxyisophthalate from the Sample solution

=peak response of salicylic acid or dimethyl
4-hydroxyisophthalate from the Standard
solution

=concentration of USP Salicylic Acid RS or USP
Methyl Salicylate Related Compound ARS in the
Standard solution (~g/mL)

=concentration of Methyl Salicylate in the Sample
solution (~g/mL)

C u

•A".I
§R~_

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceedas directed in the Assay. "
Acceptance criteria: The retention time of the major peak

of the Sample solution corresponds to that of the Standard
solution. "

• DISTILLING RANGE, Method I (721): Between 114°and
11Z", a correctionfactor of 0.046°/mm Hg being applied
as necessary

• ACIDITY
Sample: 15.0 mL
Analysis: Mix the Sample with 15 mL of neutralized alcohol,

add phenolphthalein TS, and titrate with 0.050 N sodium
hydroxide.

Acceptance criteria: NMT 0.40 mL is requiredfor
neutralization.

C8H80 3 152.15
Benzoic acid, 2-hydroxy-, methylester;
Methyl salicylate [119-36-8].

DEFINITION
Methyl Salicylate is produced synthetically or isobtained by

macerationand subsequent distillation withsteamfromthe
leaves of Gaultheria procumbens L. (Fam. Ericaceae) or from
the barkof Betula lentaL.(Fam. Betulaceae). ItcontainsNLT
98.0% and NMT 102.0% of methylsalicylate (C8H803) .

IDENTIFICATION

ASSAY
• PROCEDURE

Mobile phase: Methanol and 0.1% phosphoricacid
(55:45)

Diluent: Methanol
System suitability solution: 150 ~g/mL of USP Methyl

Salicylate RS and 3 ~g/mL of USP Methyl Salicylate Related
Compound A RS in Diluent

Standard solution: 150 ~g/mL of USP Methyl Salicylate RS
in Diluent

Sample solution: 150 ~g/mL of Methyl Salicylate in Diluent
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm x 7.5-cm; 3.5-~m packing L7
Column temperature: Ambient
Flowrate: 1.0 mL/min
Injection volume: 10 ~L

Run time: 7 min
System suitability

Samples: System sUi~ability solution and Standard solution

Methyl Salicylate

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
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SPECIFIC TESTS
• SOLUBILITY IN 70% ALCOHOL: One volume of synthetic

Methyl Salicylate dissolvesin seven volumes of 70%
alcohol. One volume of natural Methyl Salicylate dissolves
in sevenvolumes of 70% alcohol, the solution shows NMT a
slight cloudiness.

• SPECIFIC GRAVITY (841): 1.180-1.185 for the synthetic
variety; 1.176-1.182 for the natural variety

• OPTICAL ROTATION (781A), Procedures, AngularRotation:
Synthetic Methyl Salicylate and that from Betula lenta are
optically inactive. Methyl Salicylate from Gaultheria
procumbens isslightly levorotatory, the angular rotation not
exceeding -1.5° in a 100-mm tube.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicate whether it was made

synthetically or distilled from either of the plants of
Gaultheriaprocumbens or Betula lenta.

• USP REFERENCE STANDARDS (11)
USP Methyl Salicylate RS
USP Methyl Salicylate Related Compound A RS

Dimethyl 4-hydroxyisophthalate.
ClOH100 S 210.18

USP Salicylic Acid RS

Methylcellulose-see Methylce/lulose General
Monographs

Methylene Chloride
cu,o, 84.93
Methane, dichloro-;
Dichloromethane [75-09-2].

DEFINITION
Methylene Chloride containsNLT 99.0% of methylene

chloride (CHzClz). [CAUTION-Perform all steps involving
evaporation of methylene chloride in a well-ventilated
fume hood.]

IDENTIFICATION
• A.

Sample: 5 mL
Analysis: Placethe Sample into a glass-stoppered, 10-mL

conical flask, and shake for several min. Remove the
stopper, quickly withdraw a portion of the vapor into a
50-mL syringe that is not fitted with a needle, and inject the
vapor into a suitable evacuated gas cell.

Acceptance criteria: The IRabsorption spectrum of the
vapor shows strong doublet peaks at 7.8 and 7.9 IJm and
at 13.2 and 13.4 IJm, and relatively few minor peaks.

ASSAY
• PROCEDURE

System suitability solution: Methylene chloride and
chloroform (3:7)

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC ,
Detector: Thermal conductivity (under typical

conditions)
Column: 4-mm x 1.8-m; packed with 15% liquid phase

G18 on 30- to 60-mesh Sl C unsilanized support
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Temperatures
Injection port: 200°
Detector: 250°
Column: 60°

Carrier gas: Helium
Flow rate: 20 mL/min
Injection volume: 1 IJL

System suitability
Sample: System suitability solution
Suitability requirements

Resolution: NLT 4.0 between methylene chloride and
chloroform .

Tailing factor: NMT 1.4
Relative standard deviation: The peak response ratio

does not exceed 2% for five replicate injections.
Analysis

Sample: Methylene Chloride
Inject the Sample, and determine the peak responses by

any convenient means. [NoTE-The order of elution is
amylenes (5 or 6 peaks), if present, and then methylene
chloride.]

Calculate the percentage of methylene chloride (CHzClz)
in the portion of sample taken:

Result= (r vir T) x 100

. ru =peak response of methylene chloride
r T =sum of all the peak responses

Acceptance criteria: NLT 99.0%

IMPURITIES
• LIMIT OF NONVOLATILE RESIDUE

Sample: 50 g
Analysis: Evaporate the Sample in a platinum or porcelain

dish on a steam bath, and dry at 105° for 30 min.
Acceptance criteria: NMT 0.002%; NMT 1 mg of residue

SPECIFICTESTS
• LIMIT OF HYDROGEN CHLORIDE

Sample: 20.0 mL
Analysis: Into each of two glass-stoppered, 50-mL

color-comparison cylinders having an internal diameter of
20 mm, place 10 mL of water, 2 drops of phenolphthalein
TS, and sufficient 0.010 N sodium hydroxide to produce a
pink color that persists after vigorous shaking for 30 sand
is of equal intensity in each cylinder.
[NoTE-In the following step, take special care to avoid

contamination with carbon dioxide.]
Into one of the cylinders, place the Sample and 0.70 mL of

0.010 N sodium hydroxide, and shake again.
Acceptance criteria: NMT 0.001 %; the pink color in the

sample cylinder is at least as intense as that in the
comparison cylinder, and the color persistsfor NLT 15 min.

• SPECIFIC GRAVITV (841): 1.318-1 .322
• WATER DETERMINATION, Method I (921): NMT 0.02%
• FREE CHLORINE

Sample: 10 mL
Analysis: To the Sample add 10 mL of water and 0.1 mL of

potassium iodide TS, shake for 2 min, and allow the liquids
to separate.

Acceptance criteria: The lower layer does not show a
violet tint.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:' Preserve in tight containers.
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Methylparaben
o

~OCH3
HO~

CSHS0 3 152.15
Benzoic acid, 4-hydroxy-, methyl ester;
Methyl p-hydroxybenzoate [99-76-3].

DEFINITION
Methylparaben contains NLT 98.0% and NMT 102.0%

of CSHS03•

IDENTIFICATION

• A.
"£

• B. MELTING RANGE ORTEMPERATURE (741): 125°-128°

ASSAY
• PROCEDURE

Mobile phase, Sample solution, Standard solution B,and
Chromatographic system: Proceed as described in the
procedure for Related Substances.

System suitability
Sample: StandardsolutionB
Suitability requirements

Relative standard deviation: NMT 0.85% for 6
injections

Analysis
Samples: Sample solution and Standardsolution B
Calculate the percentage of Methylparaben in the Sample

solution:

Result = P x (ru x Cs)/(rs x Cu)

P = labeled purity of USP Methylparaben RS
expressed as a percentage

ru = peak area of methylparaben fromthe Sample
solution

C, = concentration of methylparaben in Standard
solutionB

rs =peak area of methylparaben from Standard
solutionB

Cu = concentration of Methylparaben in the Sample
solution

Acceptance criteria: 98.00/0-102.0%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1 %, determined on

LOg
ORGANIC IMPURITIES
• Procedure: Related Substances
Mobile phase: Methanol and a 6.8 giL solution of potassium

dihydrogen phosphate (65:35 v/v)
Sample solution: Dissolve 50.0 mg of Methylparaben in

2.5 mLof methanol, and dilute with Mobilephaseto 50.0 mL.
Dilute 10.0 mL of this solution with Mobllepnase to
100.0 mL.

Standard solution A: 5.0 IJg/mL each of p-hydroxy benzoic
acid and USP Methylparaben RS in Mobilephase

Standard solution B: Dissolve 50.0 mg of USP
Methylparaben RS in 2.5 mL of methanol, and dilute with
Mobilephase to 50.0 mL. Dilute 10.0 mLof this solution with
Mobilephase to 100.0 mL.
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Standard solution C: Dilute 1.0 mL of the Sample solution
with Mobilephaseto 20.0 mL. Dilute 1.0 mL of this solution
with Mobile phaseto 10.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.3 mL/min
Injection size: 10 IJL
Run time: About 5 times the retention time of

methylparaben
System suitability

Sample: Standardsolution A
[NoTE-The retention time of methylparaben is about

2.3 min; the relative retention time for p-hydroxy
benzoic acid is about 0.6.]

Suitability requirements
Resolution: NLT 2.0 between the p-hydroxybenzoic acid

and methylparaben peaks
Analysis

Samples: Sample solutionand Standardsolution C
[NOTE-Disregard any limit that is0.2 times the area of the

principal peak in the chromatogram obtained with
Standardsolution C (0.1%).]

Acceptance criteria
, p-Hydroxybenzoic acid: The peak area in the Sample

solution, multiplied by 1.4 to correct for the calculation of
content, is NMT the area of the principal peak in Standard
solution C (0.5%).

Unspecified impurities: The peak area of each impurity in
the Sample solution is NMTthe area of the principal peak in
Standardsolution C (0.5%).

Total impurities: The total peak area for all impurities in the
Sample solution is NMT twice the area of the principal peak
in Standardsolution C (1.0%).

SPECIFIC TESTS
• COLOR OF SOLUTION

Sample solution: 100 mg/mL in alcohol
Comparison solution: Mix 2.4 mL of ferric chloride CS,

1.0 mL of cobaltous chloride CS, and 0.4 mL of cupric
sulfate CS with 0.3 N hydrochloric acid to make 10 mL.
Dilute 5 mL of this solution with 0.3 N hydrochloric acid to
make 100 mL. [NOTE-Prepare and use this solution
immediately.]

Analysis
Samples: Alcohol, Sample solution, and Comparison

solution
Make the comparison by viewing the solutions downward in

matched color-comparison tubes against a white surface
(see Colorand Achromicity (631». .

Acceptance criteria: The Sample solution is clear and not
more intensely colored than alcohol or the Comparison
solution.

• ACI!)ITY
Sample solution: To 2 mL of the Sample solution prepared

in the test for Colorof Solution, add 3 mL of alcohol, 5 mL
of carbon dioxide-free water, and 0.1 mL of bromocresol .
green TS.

Analysis: Titrate with 0.10 N sodium hydroxide.
Acceptance criteria: NMT 0.1 mL is required to produce a

blue color.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers..
• USP REFERENCE STANDARDS (11)

USP Methylparaben RS

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

Methylparaben Sodium

C8H7Na03 174.13
Benzoic acid, 4-hydroxy-, methyl ester, sodium salt;
Methyl p-hydroxybenzoate, sodium salt;
Sodium 4-methoxycarbonylphenolate [5026-62-0].

DEFINITION
Methylparaben Sodium contains NlT 95.00/0and NMT

102.0% of methylparaben sodium (C8H7Na03) , calculated
on the anhydrous basis.

IDENTIFICATION
• A.

Standard: 0.5 g of USPMethylparaben RS
Sample: 0.5 g
Analysis: Dissolve the Sample in 5 ml of water. Acidifywith

hydrochloric acid, and filter the resulting precipitate. Wash
the precipitate with water, and dry it over silica gel for 5 h.
Repeat with the Standard.

Acceptance criteria: The IR absorption spectrum of a
mineral oil dispersion of the Sample exhibits maxima only
at the same wavelengths as those of a similar preparation
of the Standard.

• B.
Sample solution: Ignite 0.3 g of Methylparaben Sodium,

cool, and dissolve the residue in about 3 ml of 3 N
hydrochloric acid.

Acceptance criteria; A platinum wire dipped in the Sample
solution imparts an intense, persistent yellow color to a
nonluminous flame.

ASSAY
• PROCEDURE

Mobile phase: Methanol and a 6.8 gil solution of
potassium dihydroqen phosphate (65:35, v/v)

System suitability solution: 5.0 IJg/ml each of
p-hydroxybenzoic acid and USP Methylparaben RS in
Mobilephase

Standard solution: Dissolve 50.0 mg of USP .
Methylparaben RS in 2.5 ml of methanol, and dilute with
Mobile phase to 50.0 ml. Dilute 10.0 ml of this solution
with Mobilephase to 100.0 ml.

Sample solution: Dissolve 50.0 mg of Methylparaben
Sodium in 2.5 ml of methanol, and dilute with Mobilephase
to 50.0 ml. Dilute 10.0 ml of this solution with .
Mobile phase to 100.0 ml.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: lC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-lJm packing II
Flow rate: 1.3 ml/min
Injection volume: 10 IJl
Run time: About 5 times the retention time of the

methylparaben peak
System suitability

Samples: System suitability solution and Standardsolution
[NoTE-The retention time for methylparaben is about

2'.2 min; the relative retention times for
p-hydroxybenzoic acid and methylparaben are about
0:7 and 1.0, respectively.]

Suitability requirements
Resolution: NlT 2.0 between the p-hydroxybenzoic acid

and methylparaben peaks, System suitability solution
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Relative standard deviation: NMT 0.85% for six
injections, Standardsolution

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of methylparaben sodium

(C8H7Na03) in the portion of Methylparaben Sodium
taken:

Result =P x (rulrs) x (CslCu) x (MrdMr2)

P = labeled purity of USP Methylparaben RS
expressed as a percentage

ru =peak area of methylparaben from the Sample
solution

rs =peak area of methylparaben from the Standard
solution

Cs =concentration of methylparaben in the Standard
solution

Cu = concentration of Methylparaben Sodium in the
Sample solution

Mr1 = molecular weight of methylparaben sodium,
174.13

Mr2 = molecular weight of methylparaben, 152.15

Acceptance criteria: 95.0%-102.0% on the anhydrous
basis

IMPURITIES
• RELATED COMPOUNDS

Mobile phase, System suitability solution, Sample
solution, and Chromatographic system: Proceed as
directed in the Assay.

,Standard solution: Dilute 1.0 ml of the Sample solution
with Mobilephaseto 20.0 mL. Dilute 1.0 mL of this solution
with Mobilephaseto 10.0 ml.

System suitability
Sample: System SUitability solution

[NoTE-The retention time for methylparaben is about
2.2 min; the relative retention times for
p-hydroxybenzoic acid and methylparaben are about
0.7 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between the p-hydroxybenzoic acid

and methylparaben peaks
Analysis

Samples: Standardsolution and Sample solution
Acceptance criteria

p-Hydroxybenzoic acid: NMT 3.0%; the peak area in the
Sample solution, multiplied by 1.4 to correct for the
calculation of content, is NMT 6 times the area of the
principal peak in the Standardsolution.

Unspecified impurities: NMT 0.5%; the peak area of each
impurity in the Sample solution is NMT the area of the
principal peak in the Standardsolution.

Total impurities: NMT 1.0%; the total peak area for all
unspecified impurities in the Sample solution is NMTtwice
the area of the principal peak in the Standardsolution.

• CHLORIDE AND SULFATE, Chloride (221)
Sample: 0.2 g
Control: 0.10 mL of 0.020 N hydrochloric acid
Acceptance criteria: 0.035%; the Sample shows no more

chloride than the Control.
• CHLORIDE AND SULFATE, Sulfate (221)

Sample: 0.25 g
Control: 0.30 ml of 0.020 N sulfuric acid
Acceptance criteria: 0.12%; the Sample shows no more

sulfate than the Control.
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Table 1

linear velocity: 20 cm/s
Injection type: Split ratio about 100:1
Injection volume: 1 IJL

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT 2.0 between pyrrolidone and
methylpyrrolidone

Analysis
Samples: Standard solutionand Sample solution
Calculate the percentage of each impurity, excluding any

solvent peaks and peaks NMT 0.02%, in the portion of
Methylpyrrolidone taken:

Result = (r vir r) x 100

r u = peak response of each individual impurity from
the Sample solution

r t =sum of the responses of all the peaks from the
Sample solution

Acceptance criteria: NMT 0.1 % of any individual impurity;
and NMT 0.3% of total impurities

SPECIFIC TESTS
• ALKALINITY

Bromothymol blue solution: Dissolve50 mg of
bromothymol blue in a mixture of 4 mL of 0.02 M sodium
hydroxide and 20 mL of alcohol, and dilute with water to
100 mL.

Sample: Methylpyrrolidone (neat)
Analysis: Add 0.5 mL of Bromothymol bluesolution as

indicator to 50 mL of water, and adjust with 0.02 M
potassium hydroxide or 0.02 M hydrochloric acid until a
yellow color is obtained. Add 50 mLof the Sample. Titrate
with 0.02 M hydrochloric acid to the initial coloration.

Acceptance criteria: NMT 8.0 mL of 0.02 M hydrochloric
acid is required.

• CLARITY OF SOLUTION
[NOTE-The Sample is to be compared to the Reference

suspension in diffused daylight 5 min after
preparation of the Reference suspension.]

Hydrazine solution: 10 mg/mL of hydrazine sulfate.
[NOTE-Allow to stand 4-6 h before use.]

Methenamine solution: Transfer 2.5 g of methenamine
to a 1OO-mL glass-stoppered flask, add 25.0 mL of water,
insert the glass stopper, and mix to dissolve.

Primary opalescent suspension
[NOTE-Thissuspension is stable for 2 months,

provided it is stored in a glass container free from
surface defects. The suspension must not adhere to
the glass and must be well mixed before use.] .

Transfer 25.0 mL of the Hydrazine solutionto the
Methenamine solutionin the 1OO-mL glass-stoppered flask.
[NOTE-Allow to stand for 24 h.]

Opalescence standard: Transfer 15.0 mL of the Primary
opalescent suspension to a 1OOO-mL volumetric flask, and
dilute with water to volume. [NOTE-This suspension should
not be used beyond 24 h after preparation.]

Reference suspension: Transfer 5.0 mL of the Opalescence
standard to a 1OO-mL volumetric flask, and dilute with
water to volume.

Sample: Methylpyrrolidone (neat)
Analysis: Transfer a sufficient portion of the Sample to a test

tube of colorless, transparent, neutral glass witha flat base
and an internal diameter of 15-25 mm to obtain a depth
of 40 mm. Similarly transfer portions of the Reference

99.1

Methylpyrrolidone

CSH9NO

1-Methyl-2-pyrrolidinone;
N-Methyl-2-pyrrolidone;
N-Methylpyrrolidone;
1-Methyl-2-pyrrolidone;
Pyrrolidin, 1-methyl-2-one-;
1-Methylpyrrolidin-2-one;
N-Methyl-y-butyrolactam;
N-Methyl tetrahydropyrrolone;
l-Methyl-2-oxopyrrolidine;
N-Methyl-1-oxotetramethyleneamine;
2-Methyl-2-azacyclopentanone [872-50-4].

IDENTIFICATION

Carrier gas: Nitrogen

SPECIFIC TESTS
• COMPLETENESS OF SOLUTION (641)

Sample solution: ·1 g of Methylparaben Sodium dissolved
in water

Acceptance criteria: Meets the requirements
• pH (791)

Sample solution: 1 mg/mL
Acceptance criteria: 9.5-10.5

• WATER DETERMINATION, Method1(921): NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Methylparaben RS

IMPURITIES
• ORGANIC IMPURITIES

Standard solution: To 1 mL of USP Methylpyrrolidone RS,
add 1 mL of pyrrolidone, and dilute with methylene
chloride to 20 mL.

Sample solution: Methylpyrrolidone (neat)
Chromatographic system

(See Chromatography (621), System Suitablllty.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary; 5-lJm

layer of phase G2
Temperatures

Injector: 280 0

Detector: 280 0

Column: See Table 7.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

.100 - 100 a .

100 3 170 30
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suspension and water to separate matching test tubes.
Compare the Sample, Reference suspension, and water in

diffused daylig ht,. yi~""i~~~~~i;.~IIX.~g~i~s'~<:j~Ji~.I'~j~~
background (see~V.l$(.Iql.~91!1Pqfi~Q!1;,&~.~J:l~~s(GN:lJiM~~t~~i-~).
[NOTE-The diffusion of light must be such that the
Reference suspension can readily be distinguished from
water.]

Acceptance criteria: The Sample shows the same clarity as
that of water, or its opalescence is not more pronounced
than that of the Reference suspension.

• COLOR OF SOLUTION
Comparison solution: Mix 3.0 mL of ferric chloride CS,

3.0 mL of cobaltous chloride CS, and 2.4 mL of cupric
sulfate CSwith 0.3 N hydrochloric acid to make 10 mL.
Dilute 1.0 mL of this solution with 0.3 N hydrochloric acid
to make 100 mL. [NoTE-Prepare and usethis solution
immediately.]

Sample: Methylpyrrolidone (neat)
Analysis: Transfer a sufficient portion of the Sample to a test

tube of colorless, transparent, neutral glasswith a flat base
and an internal diameter of 15-25 mm to obtain a depth
of 40 mm. Similarly transfer a portion of the Comparison
solution to a separate matching test tube. Compare the
color of the Sample with that of the Comparison solution in

diffused daylig ht,v~i~",,!.~~~;~.i;~I!~~~~.i~~~jF~.F~~:~~:
background (see~;Y'l§I.IJiit}~Qrr1pfif7~~iis(9·~JJ;~~£(~tit~it:tt~~*~~1'~5).

Acceptance criteria: The Sample is not more intensely
colored than the Comparison solution.

• WATER DETERMINATION, Method Ic(921): NMT 0.1%,
determined on 1.0 g

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Methylpyrrolidone RS

Mineral Oil-see Mineral Oil General Monographs

Mineral Oil, Rectal-see MineralOil, Rectal General
Monographs

light Mineral Oil

DEFINITION
Light Mineral Oil is a purified mixture of liquid hydrocarbons

obtained from petroleum. It may contain a suitable stabilizer.

IDENTIFICATION

~

• meets the requirements in Specific Tests for Viscosity-
Capillary Methods (911 ).
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IMPURITIES
• LIMIT OF POLYCYCLIC AROMATIC HYDROCARBONS

Dimethyl sulfoxide: Usespectrophotometric grade
dimethyl sulfoxide.

n-Hexane: Usen-hexane that has been washed by being
shaken previously twice with one-fifth its volume of
Dimethylsulfoxide.

Standard solution: 7.0 JJg/mLof USP Naphthalene RS in
isooctane (2,2;4-trimethylpentane)

Standard blank: 2,2,4-Trimethylpentane
Sample solution: Transfer 25.0 mL of Light Mineral Oil and

25 mL of n-Hexane to a 125-mL separator, and mix.
[NOTE-Useno lubricants other than water on the stopcock,
or use a separator equipped with a suitable polymeric
stopcock.]
Add 5.0 mL of Dimethylsulfoxide, and shake the mixture

vigorously for 1 min. Allow to stand until the lower layer
is clear, transfer the lower layer to another 125-mL
separator, add 2 mL of n-Hexane, and shake vigorously.
Use the lower layer.

Sample blank: Dimethylsulfoxide that has been shaken
previously vigorously for 1 min with n-Hexane in the ratio
of 5 mL of Dimethylsulfoxide to 25 mL of n-Hexane

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelengths

Standard solution: 275 nm
Sample solution: 260-350 nm

Cell: 1 cm
Analysis

Samples: Standard solution, Standard blank, Sample
solution, and Sample blank

Acceptance criteria: The absorbance at any wavelength in
the specified range of the Sample solution is NMT one-third
of the absorbance of the Standard solution.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 0.818-0.880
• VISCOSITY-CAPILLARY METHODS (911): 3.0-34.4 rnrn- .

S-l for kinematic viscosity, measured with a capillary
viscometer at 40 ± 0.1 0

• ACIDITY
Sample solution: Combine 10 mL of Light Mineral Oil and

20 mL of boiling water, shakevigorously for 1 min, and
allow to cool. Remove, and filter the aqueous layer.

Analysis: To 10 mL of the Sample solution add 0.1 mL of
phenolphthalein TS.

Acceptance criteria: The solution does not produce a pink
color. NMT 1.0 mL of 0.01 N sodium hydroxide is required
to produce a pink color.

• READILY CARBONIZABLE SUBSTANCES TEST (271)
Sample: 5 mL
Standard solution: In a glass-stoppered test tube that

previously hasbeen rinsed with hot nitric acid (see Cleaning
Glass Apparatus (1051», mix 3 mL of ferric chloride CS,
1.5 mL of cobaltous chloride CSf and 0.5 mL of cupric
sulfate CS then overlaid with 5 mL of Light Mineral Oil.

Analysis: Place the Sample in a glass-stoppered test tube
that previously has been rinsed with hot nitric acid (see
Cleaning Glass Apparatus (1051», then rinsed with water,
and dried. Add 5 mL of sulfuric acid containing 94.5%
94.9% of H2S04, and heat in a boiling water bath for
10 min. After the test tube has been in the bath for 30 s,
remove it quickly, and, while holding the stopper in place,
give three vigorous, vertical shakes over an amplitude of
about 5 in. Repeatevery 30 s. Do not keep the test tube out
of the bath longer than 3 s for each shaking period. At the
end of 10 min from the time when first placed in the water
bath, remove the test tube.
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Acceptance criteria: Theoilportion ofthe Sample mayturn
hazy, but it remains colorless or shows a slightpinkor
yellow color, and the acid portion of the Sample does not
become darker than the Standardsolution.

• SOLID PARAFFIN
Sample: light Mineral Oil that has been driedpreviously ina

beakerat 105°for 2 h and cooled to room temperature ina
desiccatorover silica gel

Analysis: Fill a tall, cylindrical, standard oil-sample bottle of
colorless glassof 120-mL capacitywith the Sample. Insert
the stopper, and immersethe bottle ina mixtureof iceand
water for 4 h.

Acceptance criteria: The Sample issufficiently clear that a
black line0.5 mm in width, on a white background, held
vertically behind the bottle, isclearly visible.

• LIMIT OF SULFUR COMPOUNDS
Solution A: Saturated solutionof lead(lI) oxide in sodium

hydroxide (200 mg/mL)
Sample: 4.0 mL
Analysis: Combinethe Sample, 2 mL ofdehydrated alcohol,

and 2 drops of Solution A, heat at 70°for 10 min with
frequent shaking, and cool.

Acceptance criteria: No dark brown colordevelops.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No storage requirementsspecified.
• LABELING: Label it to indicate the name and quantity of any

substance added as a stabilizer, and label packages
intended for direct use by the publicto indicatethat it is
not intended for internal use.

• USP REFERENCE STANDARDS (11)
USP Mineral Oil RS
USP Naphthalene RS

Topical Light Mineral Oil-see Topical Light
Mineral OilGeneral Monographs

Mono- and Di-glycerides
DEFINITION
Mono-and Di-glycerides is a mixtureof glycerol mono- and

di-esters, with minoramounts oftri-esters, offattyacidsfrom
edible oils. It contains NLT 40.0% of monoglycerides. The
monoglyceride content is NLT 90.0% and NMT 110.0% of
the value indicated in the labeling. It maycontain suitable
stabilizers.

ASSAY
• MONOGLYCERIDES

Mobile phase: Tetrahydrofuran
Sample solution: 40 mg/mL of Mono-and Di-glycerides in

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
-Mode: LC
Detector: Refractive index
Column: 7-mm x 60-cm; 5-lJm packing L21 (100 A)

[NOTE-Two or three 7.5-mm x 30-cm L21 columns
may be used in place of one 60-cm column
providedthat System SUitability requirements
are met.]

Temperatures
Column: 40°
Detector: 40°
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Flowrate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: Sample solution

[NoTE-The order of elution istriglycerides,
diglycerides, monoglycerides, and glycerin.]

Suitability requirements
Relativestandard deviation: NMT 1.0%, determined
from the monoglycerides peak

Analysis
Sample: Sample solution

Calculate the percentage of monoglycerides in the
portion of Mono-and Di-glycerides taken:

Result =(r vir r) x 100

r v = peak response for monoglycerides
r r = sum of the responsesof allthe peaks, except the

solventpeak

Acceptance criteria: 90.00/0-110.0% of the value indicated
in the labeling

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%
• ARSENIC, Method II (211): NMT 3 IJg/g
• LIMIT OF FREE GLYCERIN
-Mobile phase, Sample solution, and Chromatographic

system: Proceed as directed in the Assay for
Monoglycerides.

Standard solutions: 0.5, 1.0, 2.0, and 4.0 mg/mL of USP
Glycerin RS in tetrahydrofuran

Analysis
Samples: Sample solution and Standardsolutions

Measure the responsesfor the glycerin peaks. Plotthe
concentration, in mg/mL, of USP Glycerin RS in the
Standardsolutions versusthe glycerin peak responses
obtained. From the standard curveso obtained,
determine the glycerin concentration in the Sample
solution.

Calculate the percentage of glycerin in the portion of
Mono- and Di-glycerides taken:

Result =(C viC s) x 100

C u = glycerin concentration in the Sample solution
from the standard curve (mg/mL)

C s = concentration of the Sample solution (mg/mL)

Acceptance criteria: NMT 7.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 4
• FATS AND FIXED OILS, HydroxylValue (401): 90.00/0-110.0%

of the value indicated in the labeling
• FATS AND FIXED OILS, Iodine Value (401): 90.00/0-110.0%

of the valueindicated in the labeling. Ifthe value stated in
the labeling is less than 10, the iodinevalue is NMTl O.

• FATS AND FIXED OILS, Saponification Value (401): 90.0%
110.0% of the value indicated in the labeling

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• LABELING: The labeling indicates the rnonoqlyceride . -

content, hydroxyl value, iodinevalue,saponification value,
and name and quantity of any stabilizers.

• USP REFERENCE STANDARDS (11)
USP Glycerin RS
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Monoethanolamine
»<: ~NH2

HO' '-./

C2H7NO 61.08
Ethanol, 2-amino-;
2-Aminoethanol [141-43-5].

DEFINITION
Monoethanolamine contains NLT 98.0% and NMT 100.5% by

weight of monoethanolamine (C2H7NO).

IDENTIFICATION

ASSAY
• PROCEDURE

Sample solution: Weigh a glass-stoppered weighing b~tt1e
containing 25 mL of water. Add 1 g of Monoethanolarnine,
and reweigh.

Blank: 25 mL of water
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.5 N hydrochloric acid VS
Endpoint detection: Visual

Analysis: Transfer the Sample solution to a suitable flask,
add a mixed indicator of 5 parts bromocresol green TSand
6 parts methyl red TS for a total of approximately 11 parts
of solution. Titrate the Sample solutionwith Titrant.
Perform a blank determination.
Calculate the percentage of monoethanolamine (C2H7NO)

in the portion of sample taken:

Result={[(V s - V B) x N x f1/W} x 100

V s =Titrant volume consumed by the Sample solution
(mL) .

V B = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 61.08 mg/mEq
W = sample weight (mg)

Acceptance criteria: 98.00/0-100.5%

IMPURITIES
• RESIDUE ONIGNITION (281): NMT 0.1%

SPECIFICTESTS
• SPECIFIC GRAVITY (841): 1.013-1.016
• DISTILLING RANGE, Method /I (721): NLT 95% of it distills

between 16r and 173°, a correction factor of 0.052° per
mm applied as necessary.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Monoethanolamine RS

Monoglyceride Citrate
Citric acid ester of glyceryl monooleate [36291-32-4].

OfficialMonographs / Monoglyceride 5891

DEFINITION
Monoglyceride Citrate isa mixture of glyceryl monooleate and

its citric acid monoester, manufactured by the reaction of
glyceryl monooleate with citric acid under controlled
conditions. It contains NLT 14.0% and NMT 17.0% of total
citric acid, calculated on the anhydrous basis.

IDENTIFICATION
• A.

Sample: 1 g
Analysis: Reflux the Sample with 15 mL of 0.5 N potassium

hydroxide solution in dehydrated alcohol for 1 h. Add
15 mL of water, and acidify with diluted hydrochloric acid
(about 6 mL). Dissolve any oil drops or solid produced in
5 mL of hexane. Remove the hexane layer, extract again
with 5 mL of hexane, and again remove the hexane layer.
[NoTE-Keep the resulting aqueous layer for

Identification tests Band C.]
Acceptance criteria: Oil drops or a white to yellowish-white

solid are produced that are soluble in 5 mL of hexane.
• B. IDENTIFICATION TESTS-GENERAL, Citrate(191)

Sample: 1 mLof the aqueous layer resulting from
Identification test A

Analysis: Evaporate the Sample in a porcelain dish.
Acceptance criteria: The residue meets the requirements.

• C.
Sample: 5 mL of the aqueous layer resulting from

Identification test A
Analysis: Transfer the Sample to a test tube. Add excess

calcium hydroxide as a powder, place in boiling water for
5 min, shaking several times, cool, and filter. Transfer one
drop of the filtrate into a test tube, and add about 50 mg
of potassium hydrogen sulfate. On top of the test tube,
place a filter paper moistened with a reagent for acrolein
consisting of amixture of 5% nitroprusside solution in
water and 20% piperidine solution in water (1:1). Heat the
test tube.

Acceptance criteria: The filter paper turns blue (presence of
glycerin). The color changes to light red after addition of
sodium hydroxide TS.

ASSAY
• CONTENT OF CITRIC ACID

Standard solution: 0.23 mg/mL of USP Citric Acid RS
Sample solution: Transfer 150 mg of Monoglyceride Citrate

into a saponification flask, add 50 mL of 4% potassium
hydroxide solution in dehydrated alcohol, and reflux for
1 h. Acidify the reaction mixture with hydrochloric acid to a
pH of 2.8-3.2, transfer into a 400-mL beaker, and evaporate
to dryness on a steam bath. Quantitatively transfer the
contents of the beaker into a separator, using NMT 50 mL
of water, and extract with three 50-mL portions of
petroleum ether, discarding the extracts. Transfer the water
layer to a 1OO-mL volumetric flask, and dilute with water to
volume.

Blank: Water
Instrumental conditions

Mode: UV-Vis
Analytical wavelength: 450 nm
Cell: 1 cm

Analysis
Samples: Standard solution, Sample solution, and Blank
Pipet 2.0 mL each of the Standard solution, Sample

solution, and Blank into separate 40-mL graduated
centrifuge tubes. Add 2 mL of a 1 in 2 sulfuric acid solution
and 11 mL of water to each tube. Boil for 3 min, cool, and
add 5 mL of bromine TS to each tube. Dilute to 20 mL,
allow to stand for 10 min, and centrifuge. Transfer 4.0 mL ,
of the supernatant from each tube into separate 19- x
11O-mm test tubes, add 1 mL of water, 0.5 mL of a 1 in 2
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• H20

108.16

Monothioglycerol

ASSAY
• PROCEDURE

Sample: 250 mg
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Blank: 100 mL of glacial acetic acid with a few drops of

water
Endpoint detection: Potentiometric

Analysis: Wet the Sample with afew drops of water. Dissolve
in 100 mL of glacial acetic acid. Titrate with 0.1 N perchloric
acid VS. Perform a blank determination.
Calculate the percentage of monosodium glutamate

(CsHsNNa04 • H20) in the Sample taken:

Result=[(Vs - VB) X NA x F x 100]IW

VS = Titrant volume consumed by the Sample (mL)
VB =Titrant volume consumed by the Blank (mL)
NA =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 93.56 mg/mEq
W = Sample weight (mg)

Acceptance criteria: 99.0%-100.5%

IMPURITIES
• CHLORIDE AND SULFATE (221), Chloride: A 280-mg portion

shows no more chloride than corresponds to 1.0 mL of
0.020 N hydrochloric acid (0.25%).

• LEAD (251): NMT 10 IJg/g \

SPECIFIC TESTS

• CLARITY AND COLOR OF SOLUTION
Sample solution: 1.0 g in 10 mL of water
Standard solution: To 0.2 mL of a solution of sodium

chloride containing 10 IJg/mL of chloride ion (CI), add
20 mL of water and mix. Then add 1 mL of 5 N nitric acid,
0.2 mL of dextrin solution (1 in 50), and 1 mL of silver
nitrate and allow to stand for 15 min.

Analysis: with the Standard
solution (see :li~~s:li~o:~£~1l71f!~l;l~~II~~~~~~~I~'f~Ri%~ff~~I~ff~!~1~j).

Acceptance rrif·Ari.:\·

no more turbidity than the solution.
• OPTICAL ROTATION (781S), Procedures, Specific Rotation

Sample solution: 100 mg/mL in 2 N hydrochloric acid
Acceptance criteria: +24.8° to +25.3°, determined at 20°

• pH (791): 6.7-7.2, in a solution (1 in 20)
• Loss ON DRYING (731)

Analysis: Dry at 100° for 5 h.
Acceptance criteria: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Monosodium Glutamate RS

C3Hs02S

1,2-Propanediol, 3-mercapto-;

Monosodium Glutamate

sulfuric acid solution, and 0.3 mL of 1 M potassium
bromide, and shake.Add 0.3 mL of 1.5 N potassium
permanganate, shake, and allow to stand for 2 min. Add
1 mL of a saturated solution offerrous sulfate, shake,allow
to stand for 2 min, and then dilute with water to 10 mL.
Add 10.0 mL of n-hexane(previously washed with sulfuric
acid, followed by a water wash, and then dried over
anhydrous sodium sulfate), shake vigorously for 2 min,
and centrifuge at low speed for 1 min. Transfer 5.0 mL of
the hexane extract into a 20- x 145-mm tube containing
10.0 mL of 4% sodium sulfide solution, and briefly shake
vigorously (three oscillations only). Centrifuge the mixture
at low speed for 1 min. Immediately determine the
absorbance of each aqueous layer from the Standard
solutionand Sample solutionagainst the aqueous layer
from the Blank.

Calculate the percentage of citric acid in the portion of
Monoglyceride Citrate taken:

Result=(A viA s) x 01 xC slW) x 100

A u =absorbance of the Sample solution
A s = absorbance of the Standard solution
V =volume of the Sample solution (mL)
Cs =concentration of USP Citric Acid RS in the

Standard solution(mg/mL)
W = weight of Monoglyceride Citrate taken to

prepare the Sample solution (mg)

Acceptance criteria: 14.00/0-17.0% on the anhydrous basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.3%, determined on 1 g

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): 70-100
• FATS AND FIXED OILS, Saponification Value (401): 260-265
• WATER DETERMINATION, Method I (921): NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• USP REFERENCE STANDARDS (11) .

USP Citric Acid RS

CsHsNNa04 • H20 187.13
L-Glutamic acid, sodium salt, hydrate;
Monosodium L-glutamate, hydrate [6106-04-3].

DEFINITION
Monosodium Glutamate contains NLT 99.0% and NMT

100.5% of monosodium glutamate (CsHsNNa04 • H20).

IDENTIFICATION

·A.
S

• S:IDENTIFICATION TESTS-GENERAL (191), Sodium: It meets
the requirements of test A.
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B

3-Mercapto-1,2-propanediol [96-27-5].

DEIFINITION
Monothioglycerol contains NLT 97.0% and NMT 101.0% of

monothioglycerol (C3Hs02S), calculated on the anhydrous
basis.

ASSAY
• PROCEDURE

Sample: 400 mg
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Endpoint detection: Visual

Analysis: Dissolvethe Sample in 50 mLof water. Titrate with
Titrant, adding 3 mL of starch TS as the endpoint is
approached. Each mL of Titrant is equivalent to 10.82 mg
of monothioglycerol (C3Hs02S).

Acceptance criteria: 97.00/0-101.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %
• SELENIUM (291)

Test solution: 200 IJL
Acceptance criteria: 30 IJg/g

SPECIFICTESTS
• SPECIFIC GRAVITY (841): 1.241-1.250
• REFRACTIVE INDEX (831): 1.521-1.526
• pH (791)

Sample solution: 1 in 10
Acceptance criteria: 3.5-7.0

• WATER DETERMINATION, (YIethod /I (921): NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Myristic Acid

ASSAY

;O;'ete thefoJ/owlng:

IXED.OILS, FattyAcidComposition (401>..
bility solution: Prepar~ as directed in the

except that only stearic acid and palmitic acid

Prepare as directed for the Sample
9 of USP MyristicAcid RS instead of
xamined.
tem: Prepare as directed in the

Standard solutionand Sample solution
thyl myristate pealdrom the Sample solution

9 the retention times of the peaks with those
dardsolution. Measure the responses for all

m the Sample solution,. excluding the

ercentage of myristic acid (C14H2S02) in the
ristic Acid taken:

Result = (AIB) x 100

= peak response for methyl myristate from the
Sample solution

=sum of all the peak responses in the Sample
solutionexcept the solvent peak

Acceptance criteria: NLT 97.0%. 2S(NF36)

Table 1

1 mL of phosphoric acid to 1 Lof water to
phosphoric acid solution.
onitrile
01

ase: See Table 7.

taility solution: 5.0 mg/mL ofUSP Myristic
d 25 mg/mL of linolenic acid in Diluent

Sta ar solution: 5~0 mg/mL of USP MyristicAcid RSin
.Diluent
S~mple solution: 5.0 rng/mL of MyristicAcid in Diluent

Time Solution A Solution B
(min) (%) (%)

0.0 50 50

2.0.0 1 99

25.0 1 99

26.0 50 50

3(}.0 50 50

• A.
S.

Sample: Undried specimen
Acceptance criteria: Meets the requirements

C14H2S02 228.37
Tetradecanoic acid;
1-Tetradecanoic acid;
1-Tridecanecarboxylic acid [544-63-8].

DEFINITION
Myristic Acid is obtained from coconut oil and other fats. It

contains NLT 97.0% of myristic acid (C14H2S02)'

IDENTIFICATION

• B.•C;HROIVIATOGRAP"I~'IDE~l:ITY;.(~~(N;~~)The retention
time of the major peak of the Sample solution corr~sr:>onds

to that of the Standard solution, as obtained"~2;(Nf36) in
the Assay.
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CJ

=peak :"~n:Rar!T!i~lqi~~lg
fro

~pea

f
beG

. PalmitiC:

:;;-~~ng{~~atiOrlOf~]risfr~~~ig!Jn:~tr~Ii:irj1jle
solqtiQr;1.(mgZrnll2l

~<:c~Rtijnce'c .
P:05% for as t.' ..

SQf·laU..ic·ciciCf··a~cfRc!I01i!I~~~f~~t!I~JJ~"~3f~9~f~lJ~iW~
• LIMIT OF LEAD

[NOTE-Select reagents with as Iowa lead content as
practicable, and store all solutions in high-density
polyethylene containers. Rinse all plastic and
glassware thoroughly with warm 8 N nitric acid
followed by deionized water.]

Standard stock solution: Dissolve 160 mg of lead nitrate in
100 mL of water containing 1 mL of nitric acid. Dilute with
water to 1000 mL. .

Standard solutions: [Nors-Prepare these solutions on the
day of use.] Transfer 10.0 mL of Standard stock solutionto a
1OO-mL volumetric flask, and dilute with water to volume.
Each milliliter of this solution contains the equivalent of
about 10 f.Jg of lead. Dilute accurately measured volumes
of the diluted Standard stock solution with water to obtain
solutions with known concentrations of 1, 2, and 5 f.Jg/mL
of lead.

Sample solution: Transfer 5 g of Myristic Acid to an
evaporating dish. Add 5 mL of a 25% sulfuric acid solution,
and distribute the sulfuric acid uniformly through the
sample. Within a hood, place the dish on a steam bath to
evaporate most of the water. Place the dish on a burner,
and slowly pre-ash the sample by expelling most of the
sulfuric acid. Place the dish in a muffle furnace that has been
set at 525°, and ash the sample until the residue appears
free from carbon. Prepare a blank by ashing 5 mL of a 25%
sulfuric acid solution. Cool, and cautiously wash down the
inside of each evaporation dish with water. Treat both the
sample and the blank as follows. Add 5 mL of 1 N
hydrochloric acid. Place each dish on a steam bath, and
evaporate to dryness. To each dish add 1.0 mL of 3 N
hydrochloric acid and about 5 mLof water, and heat briefly
on a steam bath to dissolve any residue. Transfer each
solution quantitatively to a 1O-mL volumetric flask, and
dilute with water to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm at the lead emission line
lamp: Lead electrodeless discharge
Flame: Air-acetylene with a suitable burner head
Slit width: 0.7 nm
Blank: Water. [NOTE-Perform a blank determination

following the manufacturer's operating instructions.]
Analysis

Samples: Standard solutions, Sample solution, and Blank
Determine the corrected absorbance values by subtracting

the absorbance of the Blank from the absorbance of each
of the Standard solutions and from the absorbance of the
Sample solution. Prepare a standard curve, by plotting the
corrected absorbance values of the Standard solutions
versus their corresponding concentrations,. in f.Jg/tnL.
From the calibration curve, determine the lead ' ,
concentration in the Sample solution.

lir'i~)I~rli~2~cJ4' ,~{1cr lTly,.istlq

.-J~5%; Sia~dard

S.,. ,
Reso U I
.add, $

Tailin
Relati

solution
Analysis
, Sample

Cakula
portip

Acceptance crlteria:NLt'~7:P%;2S(I~1I36j

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %

r/) ;:. peak response fr'fJm(f(e~$Cjinele}sQlyflbri

t s = pe~kr~spon~~ froriHh~t:StafjqdjqJql~tiof!
C;
t u "esarj1ple

'ChromatographIC,system
(S' ' matogiaphy-(621);;Systet'i1sujta6i11ty~)
M
D
Co :;7-J;Jnrpi~l<tnglI'
c
FI
I

...··LIMIToi:
Solution

suitabi
Proceed

Standar
0.1501

Sample
System

Samp
[No

Ii
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Calculate the lead content, in ppm, in the portion of
Myristic Acid taken:

Result =(C/Ws) x V

C = measured concentration of lead in the Sample
solutionfrom the standard curve (lJg/mL)

Ws =weight of Myristic Acid taken (g)
V = final volume of the Sample solution, 10 mL

Acceptance criteria: NMT 2 ppm
• LIMIT OF MINERAL ACIDS

Sample: 5 g of melted MyristicAcid
Analysis: Shake the Sample with an equal volume of hot

water for 2 min, cool, and filter.
Acceptance criteria: The filtrate is not reddened by the

addition of 1 drop of methyl orange TS.

SPECIFIC TESTS
• CONGEALING TEMPERATURE (651): 48°-55.5°
• FATS AND FIXED OILS (401), Procedures, AcidValue: 242-249
• FATS AND FIXED OILS (401), Procedures, Iodine Value: NMT

1.0
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 10.0
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 1%
• WATER DETERMINATION (921), Method I: NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Myristyl Alcohol

H3C~OH

C14H 300 214.39
n-Tetradecan-1-01;
1-Tetradecanol;
1-Hydroxytetradecane;
1-Tetradecyl alcohol [112-72-1].

DEFINITION
MyristylAlcohol contains NLT 90.0% and NMT 102.0% of

myristyl alcohol (C14H300 ), the remainder consisting chiefly
of related alcohols. It is obtained from sources of vegetable,
animal, or synthetic origin.

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution, excluding the solvent and internal
standard peaks, corresponds to the myristyl alcohol peak
of the Standard solution.

ASSAY
• PROCEDURE

Internal standard solution: 1 mg/mL of 1-pentadecanol
(internal standard) in ethanol

OfficialMonographs / Myristyl 5895

System suitability solution: Prepare 1 mg/mL of USP Cetyl
Alcohol RS, 1 mg/mL of USP Stearyl Alcohol RS, and
1 mg/mL of USP Oleyl Alcohol RS in Internalstandard
solution, and heat the solution in a sealed container in a 50°
water bath until all fatty alcohols are dissolved. Allowthe
solution to cool to room temperature, and mix well.

Standard solution: 1.0 mg/mL of USP MyristylAlcohol RS
in Internalstandardsolution

Sample solution: 1.0 mg/mL of Myristyl Alcohol in Internal
standardsolution

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused-silica capillary column,

coated with a 0.25-lJm layer of phase G7
Temperatures

Injection port: 270°
Detector: 280°
Column: See Table 7.

Table 1
Hold Time at FI-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

(") ("1m in) (") (min)

60 20 180 -

180 10 220 5

Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 IJL
Injection type: Split injection; split ratio is 100:1
Liner: Single taper, low pressure drop liner with

deactivated wool
Run time: 15 min

System suitability
Samples: System suitability solutionand Standard solution

[NOTE-See Table 2 for the relative retention times.]

Table 2

Relative
Retention

Component Time

Myristylalcohol 0.92

1-Pentadecanol
(internal standard) 1.00

Cetyl alcohol 1.08

Stearyl alcohol 1.25

Oleyl alcohol 1.27

Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl

alcohol peaks; NLT 2.0 between the stearyl alcohol and
oleyl alcohol peaks, System SUitability solution .

Tailing factor: .0.8-1.8 for the myristyl alcohol and
1-pentadecanol peaks, Standard solution

Relative standard deviation: NMT 1%, using the area
ratio of myristyl alcohol to 1-pentadecanol, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of myristyl alcohol (C14H300 ) in

the portion of MyristylAlcohol taken:

Result =(RulRs) x (Cs/Cu) x 100
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rr =sum of all the peak responses excluding peak
responsesdue to solventfrom the Sample solution

Acceptance criteria: Disregard peaks that are lessthan
0.05% for any unspecified impurities, and any peaksdue to
solvent.
Sum of unspecified impurities: NMT 1% .
Sum of related fatty alcohols and unspecified

impurities: NMT 10.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 2
• FATS AND FIXED OILS, IodineValue (401): NMT 1
• FATS AND FIXED OILS, Hydroxyl Value (401): 250-267
• WATER DETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate whether it is derived from

vegetable, animal, or synthetic sources.
• USP REFERENCE STANDARDS (11)

USP CetylAlcohol RS
USP Lauryl Alcohol RS
USP Myristyl Alcohol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

Table 3

Result =(ru/rr) x 100

ru =peak response ofeach relatedfatty alcohol(or any
unspecified impurity)from the Sample solution

Suitability requirements
Resolution: NLT 15 between myristyl alcohol and

l-pentadecanol peaks;NLT30 between the cetylalcohol
and stearyl alcohol peaks; NLT 2.0 between the stearyl
alcohol and oleyl alcoholpeaks'.I"lllE.r~II!~ri'

Analysis
Samples: Resolution solutionand Sample solution
Identify each related fatty alcohol peak in the Sample

solution based on that in the Resolution solution.
Calculate the percentage of each related fatty alcohol or

any unspecifiedimpurityin the portionof Myristyl Alcohol
taken:

=peak response ratio of myristyl alcohol to the
internal standard (peak response of myristyl
alcohol/peak response of the internal standard)
from the Sample solution

= peak response ratio of myristyl alcohol to the
internal standard (peak response of myristyl
alcohol/peak response of the internal standard)
from the Standard solution

=concentration of USP Myristyl Alcohol RS in the
Standardsolution (mg/mL)

= concentration of Myristyl Alcohol in the Sample
solution (mg/mL)

Acceptance criteria: 90.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on 2 9
• LIMIT OF RELATED FATTY ALCOHOLS

Solution A: 1 mg/mL of l-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL of USP Lauryl
Alcohol RS, 1 mg/mL of USP Myristyl Alcohol RS,
1 mg/mL of USP Cetyl Alcohol RS, 1 mg/mL of USP Stearyl
Alcohol RS, and 1 mg/mLof USP Oleyl Alcohol RS in Solution
A. Heat the solution in a sealed container in a 50° water
bath until allfatty alcoholsare dissolved. Allow the solution
to cool to room temperature, and mixwell. Dilute the
solution with ethanol to obtain a solution containing
0.05 mg/mL each of USP Lauryl Alcohol RS, USP Myristyl
Alcohol RS, USP CetylAlcohol RS, l-pentadecanol, USP
Stearyl Alcohol RS, and USP Oleyl Alcohol RS.

Sample solution: 1 mg/mL of Myristyl Alcohol in ethanol
Chromatographic system: Proceed as directed in the

Assay, except for the split ratio.
Injection type: Split injection; split ratio is5:1

System suitability
Sample: Resolution solution

[NoTE-See Table 3 for the relative retention times.]

Relative
Retention

Component Time

Lauryl alcohol 0.79

Myristyl alcohol 0.92

1-Pentadecanol 1.00

Cetylalcohol 1.08

Stearyl alcohol 1.25

Oleyl alcohol 1.27
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IMPURITIES
• RESIDUE ON IGNITION (281}:,NMTO.l%
• ORGANIC IIVIPURI
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Chromatographic syst~m:

Assay. .. ._ .. .... . ..... . _~. .. ," __ ~._
Standard solution A:· Usethe Stahdardsolution, as prepared

in the Assay.
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Neotame

CzoH30NzOs 378.46
L-Phenylalanine, N-[N-(3,3-dimethylbutyl)-L-a.-aspartyl]-1

methyl ester;
N-[N-(3,3-Dimethylbutyl)-L-a.-aspartyl]-L-phenylalanine 1

methyl ester [165450-17-9].

PEFINITION
Neotame contains NLT 97.0% and NMT 102.0% of neotame

(CzoH30NzOs), calculated on the anhydrous basis.

IDENTIFICATION

ASSAY
• PROCEDURE

Mobile phase: Dissolve 3.0 g of sodium 1-heptanesulfonate
in 740 mL of water in a suitable 1OOO-mL vessel, and add
3.8 mL of triethylamine. Adjust the resulting solution with
phosphoric acid to a pH of 3.5, and dilute with water to
750 mL. Add 250 mL of acetonitrile, and adjust with
phosphoric acid to an apparent pH of 3.7.

Standard solution: 1.0 mg/mL of USP Neotame RS in
Mobilephase

Sample solution: 1.0 mg/mL of Neotame in Mobilephase.
[NoTE-This solution is stable for up to 32 h when stored
at a temperature of 0°_10°.]

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 10-cm; packing L1
Column temperature: 45°
Flow rate: 1.5 mL/niin
Injection volume: 25 IJL

System sultablllty
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis
Samples: Standardsolutionand Sample solution .'
Calculate the percentage of neotame (CzoH30NzOs) in the

portion of Neotame taken: . .

Result = (r vir s) x (C siC v) x 100
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Calculate the percentage of other impurities in the portion
of Neotame taken:

Acceptance criteria
Neotame related compound A: NMT 1.5%
Other impurities: NMT 2.0%

SPECIFIC TESTS
• OPTICAL ROTATION (781 S), Procedures, Specific Rotation

Sample solution: 5 mg/mL in water
Acceptance criteria: -40.0° to -43.4°, at 20°

r u = peak response of neotame related compound A
from the Sample solution

r s =peak response of neotame related compound A
from StandardsolutionA

C s = concentration of USP Neotame Related
Compound A RS in StandardsolutionA (mg/mL)

C u =concentration of Neotame in the Sample solution
(mg/mL)

=blank-corrected lead concentration in the Sample
solution (lJg/mL)

=volume of the Sample solution, 10 mL
=weight of Neotame taken to prepare the Sample

solution (mg)
=conversion factor, mg/g

C

V
W

F·

Result = (r rlr s) x (C siC v) x 100

r T = sum of the peak responses of all impurities
(except those of neotame related compound A
and the solvent, if observed) from the Sample
solution

r s =peak response of neotame from Standard
solutionB

C s = concentration of USP Neotame RS in Standard
solutionB(mg/mL)

C u = concentration of Neotame in the Sample solution
(mg/mL)

Acceptance criteria: NMT 2 IJg/g
• RElATED COMPOUNDS

Mobile phase and Chromatographic system: Proceed as
directed in the Assay.

Standard solution A: 0.03 mg/mL of USP Neotame Related
Compound A RS in Mobilephase

Standard solution B: Prepare as directed for the Standard
solution in the Assay.

Detector sensitivity solution: Transfer 2 mL of Standard
solutionA to a 50-mL volumetric flask, and dilute with
Mobilephaseto volume.

Sample solution: 2 mg/mL of Neotame in Mobilephase.
[NOTE-This solution is stable for up to 32 h when stored
at a temperature of 0°-10°.]

System suitability
Samples: StandardsolutionA and Detector sensitivity

solution
SUitability requirements

Relative standard deviation: NMT 5.0%, Standard
solutionA

Signal-to-noise ratio: NLT 10, Detectorsensitivity solution
Analysis

Samples: StandardsolutionA, Standard solution B, and
Sample solution

Calculate the percentage of neotame related compound A
in the portion of Neotame taken:

Result =(r vir s) x (C siC v) x 100

Result =(C x \t)/(W x F)

= peak response from the Sample solution
= peak response from the Standardsolution
=concentration of USP Neotame RS in the Standard

solution (mg/mL)
=concentration of Neotame in the Sample solution

(mg/mL)

Acceptance criteria: 97.00/0-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• LEAD

[NOTE-Use acid-cleaned (mixture of 5% nitric acid
and 5% hydrochloric acid followed by rinsing with
water) autosampler cups and volumetric glassware to
avoid contamination. For the preparation of all
aqueous solutions and for the rinsing of glassware
before use, use water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange
resin. Select all reagents to have as Iowa content of
lead as practicable. Store standards and samples in
acid-cleaned polyethylene containers.]

Diluent: Transfer 2 mLof lead-free nitric acid into a 1000-mL
volumetric flask, dilute with water to volume, and mix.

Standard stock solution: 79.9 mg of lead nitrate in
100 mL of Diluent in a 500-mL volumetric flask, and dilute
with Diluent to volume. Transfer 10.0 mL of the resulting
solution into a 1OO-mL volumetric flask, and dilute with
Diluent to volume. Each mL of the Standardstock solution
contains the equivalent of 10 IJg of lead.

Standard solution A: Dilute an aliquot of the Standardstock
solution with Diluent to obtain a solution having a
concentration of 0.03 IJgtmL.

Standard solution B: Dilute an aliquot of the Standardstock
solution with Diluent to obtain a solution having a
concentration of 0.015 IJg/mL.

Sample solution: Transfer 160 mg of Neotame to a 10-mL
volumetric flask. Dissolve in and dilute with Diluent to
volume. .

Blank: Diluent
Instrumental conditions

(See AtomicAbsorption Spectroscopy (852).)
[NOTE-Optimize the instrument program as .

recommended by the manufacturer for lead, using a
char temperature of 500° and an atomization
temperature of 2000°.]

Mode: Atomic absorption spectrophotometer with a
graphite furnace, pyrolytically coated graphite tubes, a
solid pyrolytic graphite platform, and a background
compensation system

Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Purge gas: Argon
Alternate gas: Breathing-quality air
Volume: 15 IJL

Analysis
Samples: StandardsolutionA, Standardsolution B, Sample

solution, and Blank
Correct the peak areas of the Sample solution, Standard

solutionA, and StandardsolutionBfor the Blank peak area.
Generate the appropriate lead calibration algorithm, and
deterrnlne the lead concentration in the Sample solution,
in IJg/mL.

Calculate the amount of lead, in IJg/g, in the portion of
Neotarne taken:
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• WATER DETERMINATION (921), Method I, Method la
Sample: 0.50 g
Acceptance criteria: NMT 5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, store in a dry place, and avoid exposure to
excessive heat.

• USP REFERENCE STANDARDS (11)
USP Neotame RS
USP Neotame Related Compound A RS

N-[N-(3,3-Dimethylbutyl)-L-a-aspartyl]-L-phenylalanine.

Nitric Acid

HN03 63.01
Nitric acid [7697-37-2].

DEFINITION
Nitric Acid contains NLT 69.0% and NMT 71.0%, by weight,

of nitric acid (HN03) . [CAUTION-Avoid contact, because
Nitric Acid rapidly destroys tissues.]

IDENTIFICATION
• A. IDENTIFICATION TESTs-GENERAL, Nitrate (191): Meets

the requirements

ASSAY
• PROCEDURE

Sample solution: Weigh 2 mL of Nitric Acid in a
glass-stoppered conical flask, and add 25 mL of water. Add
methyl red TS.

Analysis: Titrate the Sample solution with 1 N sodium
hydroxide VS. Each mL of 1 N sodium hydroxide is
equivalent to 63.01 mg of HN03 (see Titrimetry(541».

Acceptance criteria: 69.00/0-71.0% .

IMPURITIES c

• RESIDUE ON IGNITION (281)
Sample: 70 mL (100 g) .
Analysis: Placethe Sample in a tared crucible, add 2 drops

of sulfuric acid, and evaporate to dryness. Ignite for 15 min.
Acceptance criteria: NMT 0.5 mg (5 ppm)

• CHLORIDE AND SULFATE, Chloride (221)
Sample: 35 mL (50 g)
Control: 35 ~L of 0.020 N hydrochloric acid
Acceptance criteria: NMT 0.5 ppm; the Sample shows no

more chloride than corresponds to the Control.
• CHLORIDE AND SULFATE, Sulfate (221)

Sample: 28 mL
Control: 40 ~L of 0.020 N sulfuric acid in an equal volume

of solution containing the quantities of reagents used in
the analysis

Analysis: Add 10 mg of sodium carbonate to the Sample.
Evaporate to dryness, dissolve in a mixture of 4 mL of water
and 1 mL of dilute hydrochloric acid (50 mg/mL), and filter
if necessary. Wash with two 2-mL portions of water, dilute
with water to 10 mL, and add 1 mL of barium chloride TS.
Observe 10 min after adding the barium chloride.

Acceptance criteria: 1 ppm; any turbidity produced by the
Sample is not greater than that produced by the Control.

• IRON (241)
Sample: 35 mL (50 g)
Analysis: Evaporate the Sample to dryness, dissolve the

residue in 2 mL of hydrochloric acid, and dilute with water
to 47 mL. .

Acceptance criteria: NMT 0.2 ~g/g
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SPECIFICTESTS
• CLARITY AND COLOR OF SOLUTION

Analysis: Mix it in its original container, and transfer 10 mL
to a 20- x 150-mm test tube. Compare with water in a
similar test tube.

Acceptance criteria: The liquids are equally clear and free
from suspended matter, and when viewed transversely by
transmitted light, exhibit no apparent difference in color.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Nitrogen
N2 28.01
Nitrogen [7727-37-9].

DEFINITION
Nitrogen contains NLT 99.0%, by volume, of nitrogen (N 2) .

IDENTIFICATION
• A. The flame of a burning wood splinter is extinguished

when inserted into a test tube filled with Nitrogen.
[NoTE-Exercise caution.]

'ASSAY
• PROCEDURE

Sample: Nitrogen
Standard: Oxygen-helium certified standard (see Reagents,

Indicators, and Solutions)
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Thermal conductivity
Column: 3-m length x 4-mm inside diameter: molecular

sieve prepared from a synthetic alkali-metal
aluminosilicate capable of absorbing molecules having
diameters of up to 0.5 nm and completely separating
oxygen from nitrogen

Carrier gas: Helium (99.99%)
Temperature: Thermostatically controlled

Analysis
Samples: Standardand Sample

Introduce the Samples separately into the gas
chromatograph by means of a gas sampling valve.

Acceptance criteria: The peak response produced by the
Sample exhibits a retention time corresponding to that
produced by the Standardand is equivalent to NMT 1.0%
of oxygen when compared to the peak response of the
Standard, indicating NLT 99.0%, by volume, of N2 •

SPECIFIC TESTS
[NoTE-Reduce the container pressure by means of a

regulator. Measure the gaseswith a g'as volume meter
downstream from the detector tube to minimize
contamination or change of the specimens.]

• CARBON MONOXIDE
Sample: 1000 ± 50 mL
Analysis: Pass the Sample through a carbon monoxide

detector tube (see Reagents, Indicators, andSolutions) at the
rate specified for the tube.

Acceptance criteria: NMT 10 ppm
• LIMIT OF OXYGEN

Analysis: Determined as directed in the Assay
Acceptance criteria: NMT 1.0%

• ODOR
Analysis: Carefully open the container valve to produce a

moderate flow of gas. Do not direct the gas stream toward
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the face, but deflect a portion of the stream toward
the nose.

Acceptance criteria: No appreciableodor isdiscernible.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in cylinders.

Nitrogen 97 Percent
DEFINITION
Nitrogen97 PercentisNitrogenproduced fromairbyphysical
separation methods. It contains NLT 97.0%, by volume, of
nitrogen (N2).

IDENTIFICATION
• A. Theflame of a burning wood splinteris extinguished

when inserted into a test tube filled with Nitrogen 97
Percent. [NoTE-Exercise caution.]

ASSAY
• PROCEDURE

Standard: Oxygen-helium certified standard (see Reagents,
Indicators, and Solutions)

Sample: Nitrogen 97 Percent
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 3-m length x 4-mm insidediameter: molecular

sieve prepared from a synthetic alkali-metal
aluminosilicate capable of absorbing molecules having
diameters of up to 0.5 nm and completely separating
oxygen from nitrogen I

Carrier gas: Helium (99.99%)
Temperature: Thermostatically controlled

Analysis
Samples: Standardand Sample

Introduce the Samples separatelyinto the gas
chromatograph by means of a gas sampling valve.

Acceptance criteria: The peak response produced by the
Sample exhibits a retention time correspondingto that
produced by the Standardand isequivalentto NMT 3.0%
of oxygen when compared to the peak responseof the
Standard, indicating NLT 97.0%, by volume, of nitrogen
(N2) ·

IMPURITIES
[NoTE-Reduce the container pressure by means of a

regulator. Measure the gases with a gas volumemeter
downstream from the detector tube to minimize
contamination or change of the specimens.]

• CARBON DIOXIDE
Sample: 1000 ± 50 mL
Analysis: Pass the Sample through a carbon dioxide detector

tube (see Reagents, Indicators, and Solutions) at the rate
specified for the tube.

Acceptance criteria: The indicatorchange corresponds to
NMT 300 ppm

• CARBON MONOXIDE
Sample: 1000 ±50 mL
Analysis: Pass the Sample through a carbon monoxide

detector tube (see Reagents, Indicators, andSolutions) at the
rate specified for the tube.

Acceptance criteria: NMT 10 ppm
• SULFUR DIOXIDE

Sample: 1000 ±50 mL
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Analysis: Pass the Sample through a sulfurdioxide detector
tube (see Reagents, Indicators, and Solutions) at the rate
specified for the tube.

Acceptance criteria: NMT 5 ppm
• LIMIT OF NITRIC OXIDE AND NITROGEN DIOXIDE

Sample: 500 ± 50 mL
Analysis: Pass the Sample through a nitricoxide-nitroqen

dioxide detector tube (see Reagents, Indicators, and
Solutions) at the rate specified for the tube.

Acceptance criteria: NMT 2.5 ppm
• LIMIT OF OXYGEN
Analysis: Determined as directed in the Assay
Acceptance criteria: NMT 3.0%

SPECIFIC TESTS
• ODOR
Analysis: Carefully open the container valve to produce a

moderate flow of gas. Do not direct the gas stream toward
the face, but deflecta portion of the stream toward
the nose.

Acceptance criteria: No appreciableodor is discernible.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in cylinders or in a

low-pressure collecting tank.
• LABELING: Whereit ispiped directly from the collecting tank

to the point of use, labeleach outlet "Nitrogen 97 Percent".

Nonoxynol 9-see Nonoxynol 9 General Monographs

Octoxynol9

Poly(oxy-l,2-ethanediyl), a-[4-(1,1,3,3-tetramethylbutyl)
phenyl]-co-hydroxy-;

a-[4-(1,1,3,3,-Tetramethylbutyl)phenyl]-co-hydroxypoly(oxy
1,2-ethanediyl);

Polyethylene glycol mono[p-(l,1,3,3-tetramethylbutyl)
phenyl] ether;

Polyethylene glycol mono(4-tert-octylphenyl) ether [9002
93-1].

DEFINITION
Octoxynol 9 isan anhydrous liquid mixture consisting chiefly

of mono[p-(l,1,3,3-tetramethylbutyl)] phenyl ethers of
polyethyleneglycols, corresponding to:

(CH3)3C(CH2)C(CH3)2C6H4(OCH2CH2) n OH

in which the averagevalueof n is about 9. It contains NLT
90.0% and NMT 110.0% of Octoxynol 9.

IDENTIFICATION

• B. The retention time of t e major peak of the
solution correspondsto that of the Standardsolution, as
obtained in the Assay.
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ASSAY
• PROCEDURE

Mobile phase: Methanol:water(4:1)
Standard solution: 25 mg/mL of USP Octoxynol 9 RS in

Mobilephase
System suitability solution: ~5 mg/mL of USP Octoxynol

9 RS and 25 mg/mL of USP Nonoxynol 9 RS in Mobilephase
Sample solution: 25 mg/mL of Octoxynol 9 in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm x 25-cm, 5-JJm packing L1
Column temperature: Ambient
Flow rate: 1.0 mL/min
Injection size: 10 JJL

System suitability
Samples: System suitabilitysolutionand Standard solution

[NoTE-The relative retentiontimesforoctoxynol9 and
nonoxynol 9 are 1.0 and 1.4, respectively.]

Suitability requirements
Resolution: NLT 2.0 between octoxynol9 and

nonoxynol 9, System suitabilitysolution
Relativestandard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution

Record the chromatograms, and measure the responses
for octoxynol 9, including any shouldersand bumps.

Calculate the percentage of octoxynol9 in the portion of
test specimen taken:

Result = (r vir s) x (CsiCv) x 100

= peak response of octoxynol 9 from the Sample
solution

= peak response of octoxynol 9 from.the Standard
solution

= concentration of USP Octoxynol 9 RS in the
Standard solution (mg/mL)

= concentration of Octoxynol 9 in the Sample
solution(mg/mL) .

Acceptance criteria: 90.0%-110.0%
• CONTENT OF FREE POLYETHYLENE GLYCOLS

Sample: 10 g
Analysis: Transfer the Sample to a 250-mL beaker.Add

100 mL of ethyl acetate, and stir on a magnetic stirrerto
make a solution. Transfer, with the aid of 100 mL of 5 N
sodium chloride, to a pear-shaped, 500-mL separatorfitted
with a glass stopper. Insertthe stopper, and shake .
vigorously for 1 min. Remove the stopper carefully to
release the pressure. Immerse a thermometer in the
mixture, and support the separator so that it is partially
immersed in a water bath maintained at 50°. Swirl the
separator gently while letting the internal temperature rise
to 40°-45°. Immediately removethe separator from the
bath, drythe outsidesurface, and drainthe salt(lower) layer
into another pear-shaped, 500-mL separator. In the same
manner, extract the ethyl acetate layera second time with
100 mL offresh 5 N sodium chloride, combining the two
aqueous extracts. Discard the ethyl acetate layer.
Wash the combined aqueous layers with 100 mL of ethyl

acetate, using the same technique, and drain the salt
(lower) layerinto a clean pear-shaped, 500-mL separator.
Discard the ethyl acetate layer.

Extract the aqueous layerwith two successive 100-mL
portions of chloroform, drainingthe chloroform (lower)

NF 38

layers through Whatman folded filter paper 2V, and
combining them into a 250-mL beaker.

Evaporate on a steam bath or with a rotaryevaporatorto
dryness, and continue heating to removechloroform.
Allow the beaker to cool. Add 25 mL of acetone, and
dissolve the residueon a magnetic stirrer. Pass through
Whatman folded filter paper 2V into a tared 250-mL
beaker, rinsing with two 25-mL portions of acetone.
Evaporate on a steam bath or with a rotaryevaporatorto
dryness. Dry invacuum at 60°for 1 h. Allow the beakerto
cool, and weigh.

Acceptance criteria: NMT 1.0% of polyethylene glycol

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.4%
• LIMIT OF FREE ETHYLENE OXIDE

Stripped octoxynol 9: Maintain Octoxynol 9 at a
te~p~rature of 15~0 with constant stirring inan open vessel
until It no longer displays a peakfor ethylene oxidewhen
chromatographed as directed below.

Standard stock solution: [NOTE-Ethylene oxide istoxic
and flammable. Preparethese solutions in a well-ventilated
hood, usinggreat care.] Chill all apparatus and reagents
used in the preparation of standards in a refrigerator or
freezer before use. Fill a chilled pressure bottle with Ilquld
ethylene oxidefrom a lecture bottle, and store in a freezer
when not in use. Use a small pieceof polyethylene film to
protect the liquid from contact with the rubber gasket.
Transfer about 100 mL of chilled isopropyl alcohol to a
500-mLvolumetric flask. Using a chilled graduated
cylinder, transfer25 mL of ethylene oxide to the isopropyl
alcohol, and swirl gently to mix. Dilute with additional
chilled isopropyl alcohol to volume, replace the stopper,
and swirl gently to mix. This stocksolutioncontainsabout
43.6 mg/mL of ethylene oxide.

Standard solutions: Pipet 25 mL of 0.5 N alcoholic
hydrochloric acid, prepared by mixing 45 mL of
hydrochloric acidwith 1 Lofalcohol, into a 500-mL conical
flask containing 40 g of magnesiumchloride hexahydrate.
Shakethe mixtureto effectsaturation. Pipet 10 mL of the
Standardstock solution into the flask, and add 20 drops of
bromocresol green TS. Ifthe solutionis not yellow (acid),
add an additionalvolume, accurately measured, of 0.5 N
alcoholic hydrochloric acid to give an excessof about
10 mL. Record the total volume of 0.5 N alcoholic
hydrochloric acid added. Insertthe stopper into the flask,
and allowto stand for 30 min. Titratethe excess acid with
0.5 N alcoholic potassium hydroxide VS. Perform a blank
titration, using 10.0 mL of isopropyl alcohol insteadof
Standard stock solution, adding the same total volumeof
0.5 N alcoholic hydrochloric acid, and note the difference
in volumes required. Each mL of the difference in volumes
of 0.5 N alcoholic potassium hydroxide consumed is
equivalent to 22.02 mg of ethylene oxide. Calculate the
concentration, in mg/mL, of ethyleneoxide inthe Standard
stock solution. Standardizedaily. Store in a refrigerator.
Preparea 1OOO-ppm standard by pipeting into a container
the calculatedvolume (about 2 mL) of cold Standard stock
solution that on the basis of the standardization contains
88.6 mg of ethylene oxide, and adding 87.0gof Stripped
octoxynol 9. Prepare 10-, 5-, and 0.5-ppm standards by
quantitatively dilutingthe 1000-ppm standard with.,,'c

additional Stripped octoxynol 9. .
Standard solution 0.5 ppm: Transfer 5 ± 0.01g of the

Standardsolutioncontaining 0.5 ppm ethylene oxide to
suitable serum vials equipped with pressure-tighl::septum
closures designed to relieve any excessive pr~s~ure, and
seal them.

Standard solution 5 ppm: Transfer 5 ± 0.01 g of the
Standard solutioncontaining 5 ppm ethylene oxideto
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suitable serum vials equipped with pressure-tight septum
closures designed to relieve any excessive pressure, and
seal them.

Standard solution 10 ppm: Transfer 5 ± 0.01 g of the
Standard solutioncontaining 10 ppm ethylene oxide to
suitable serum vials equipped with pressure-tight septum
closures designed to relieve any excessive pressure, and
seal them.

System suitability solution: 10 ~g/mL of ethylene oxide
and 10 ~g/mL of acetaldehyde in Stripped octoxynol 9

Sample solution: Transfer 5 ± 0.01 g of Octoxynol 9 to a
serum vial of the same kind as the vials used for Standard
solution A.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2.1-mm x 6.4-m nickel; 60- to aO-mesh support

S9 (under typical conditions)
Temperature

Column: 100°
Injector: 160°
Detector: 200°

Carrier gas: Helium
Flow rate: 30 mL/min

System suitability
Samples: System suitabilitysolution, Standard solution

0.5 ppm, Standard solution5 ppm, and Standard solution
10 ppm

Suitability requirements
Resolution: NLT 1.5 between ethylene oxide and

acetaldehyde, System sUitability solution
Calibration: None of the points used for constructing the

straight line Calibration curve deviates from the line by
more than 10%, Standard solution 0.5 ppm, Standard
solution 5 ppm, Standard solution 10ppm.

Analysis
Samples: System suitability solution, Standard solution

0.5 ppm, Standard solution5 ppm, Standard solution
10 ppm, and Sample solution

Calibration: Place the vial containing Standard solution
10 ppm in an oven, and heat at 90° for 30 min. Remove
the vial from the oven. Using a gas-tight syringe,
immediately inject a 1OO-~L aliquot of the headspace gas
into the gas chromatograph. Obtain the area for the
ethylene oxide peak (retention time approximately
a min). Raise the temperature of the column to 200° after
ethylene oxide elutes to volatilize heavy components.
Re-equilibrate the column at 100°. Repeat the foregoing

TO McLEOD
GAUGE
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steps, using the vialscontaining Standardsolution0.5ppm
and Standard solution 5 ppm. On linear graph paper, plot
area units versus ppm ethylene oxide for the standards,
and draw the best straight line through the points.

Place the vial containing the Sample solution in an oven, and
heat at 90° for 30 min. Remove the vial from the oven.
Immediately inject a 1OO-~L aliquot of the headspace gas
into the gas chromatograph, and obtain the area for the
ethylene oxide peak.

Calculate the concentration of ethylene oxide in the
sample, in ppm:

Result = r u x S

r u =peak area from the Sample solution
S =slope of the standard curve (ppm/peak area

unit)

Acceptance criteria: NMT 5 ppm
• LIMIT OF DIOXANE

Apparatus: Assemble a closed-system vacuum distillation
apparatus, using glass vacuum stopcocks (A, B, and C), as
shown in Figure 1. The concentrator tube (0)1 is made of
borosilicate or quartz (not flint) glass, graduated precisely
enough to measure the 0.9 mL or more of distillate
collected and marked so that the analyst can dilute
accurately to 2.0 mL.

Standard solution: 100 ~g/mL of dioxane in water. Use a
freshly prepared solution.

Sample solution: Transfer 20.0 g to a 50-mL round-bottom
flask (E) having a 24/40 ground-glass neck joint. Add
1.0 mL of water. Place a small polytef-covered stirring bar
in the flask, insert the stopper, and stir to mix. Immerse the
flask in an ice bath, and chill for 1 min. Wrap heating tape
around the tube connecting the concentrator tube (0) and
the round-bottom flask,and apply 10 V to the tape. Apply a
Ijght coating of high-vacuum silicone grease to the
ground-glass joints, and connect the concentrator tube to
the 10/30 joint and the round-bottom flask to the 24/40
joint. Immerse the vacuum trap in a Dewar flask filled with
liquid nitrogen, close stopcocks A and B, open stopcock C,
and begin evacuating the system with a vacuum pump.
Prepare a slurry bath from powdered dry ice and methanol,
and raise the bath to the neck of the round-bottom flask.
After freezing the contents of the flaskfor 10 min, and when
the vacuum system is operating at a 0.05-mm pressure or
lower, open stopcock A for 20 s, then close it. Remove the

1 Asuitable tube isavailableas Chromaflexconcentrator tube, KontesGlass
Co., Vineland, NJ (Catalog No. K42560·0000).

Figure 1. Closed-system vacuum distillation apparatus for dioxane. (Octoxynol 9)

www.webofpharma.com

https://nhathuocngocanh.com/



5904 Octoxynol / OfficialMonographs

slurry bath, and allow the flask to warm in air for 1 min.
Immerse the flask in a water bath maintained at a
temperature of 20°-25°, and after about 5 min warm the
water bath to 35°-40° (sufficient to liquefy most specimens)
while stirring slowly but constantly with the magnetic bar.
Cool the water in the bath by adding ice, and chill for about
2 min. Replace the water bath with the slurry bath, freeze
the contents of the round-bottom flask for 10 min, open
stopcock A for 20 s, and then close it. Remove the slurry
bath, and repeat the heating steps as before, this time
reaching a final temperature of 45°-50° or a temperature
necessary to melt the specimen completely. If there is any
condensation in the tube connecting the round-bottom
flask to the concentrator tube, slowly increase the voltage
to the heating tape, and heat until the condensation
disappears.
Stir with the magnetic stirrer throughout the following

steps. Very slowly immerse the concentrator tube in a
Dewar flask containing liquid nitrogen.

[CAUTION-When there is liquid distillate in the concentrator
tube, immerse the tube in the liquid nitrogen very slowly,
or the tube will break.]

Water will begin to distill into the concentrator tube. As ice
forms in the concentrator tube, raise the Dewar flask to
keep the liquid nitrogen level only slightly below the level
of ice in the tube. When water begins to freeze in the neck
of the 10/30 joint, or when liquid nitrogen reaches the
2.0-mL graduation mark on the concentrator tube,
remove the Dewar flask, and allow the ice to melt without
heating. After the ice has melted, check the volume of
water that has distilled, and repeat the sequence of
chilling and thawing until NLT 0.9 mL of water has been
collected. Freezethe tube once again for about 2 min, and
release the vacuum first by opening stopcock B, followed
by opening stopcock A. Remove the concentrator tube
from the apparatus, close it with a greased stopper, and
allow the ice to melt without heating. Mix the contents of
the concentrator tube by swirling, note the volume of
distillate, and dilute with water to 2.0 mL, if necessary.

Chromatographic system
(See Chromatography (621), System SuitabIlity.)
Mode: GC
Detector: Flame ionization
Column: 2-mm x 1.8-m glass; support Sl 0 (under typical

conditions)
Temperature

Column: 140°
Injector: 200°
Detector: 250°

Carrier gas: Nitrogen or helium
Flow rate: 35 mL/min

Install an oxygen scrubber between the carrier gas line
and the column. Condition the column for 72 h at 230°
with 30-40 mL/min carrier flow. [NOTE-SUpport Sl 0 is
oxygen-sensitive. Each time a column is installed, flush
with carrier gas for 30-60 min before heating.]

Injection size: 2-4J.1L
Analysis

Samples: Standard solution and Sample solution
Acceptance criteria: The height of the peak from the

Sample solution is NMT that from the Standard solution:
NMT 10 J.Ig/g (ppm).

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 0.2
• FATS AND FIXED OILS, Hydroxyl Value (401): 85-101
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• WATER DETERMINATION, Method I (921): NMT 0.5%
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Store at room temperature.
• USP REFERENCE STANDARDS (11)

USPNonoxynol 9 RS
USP Octoxynol 9 RS

Octyldodecanol

OH

C2oH420 298.55
1-Dodecanol, 2-octyl-;
2-0ctyldodecan-1-01;
2-0ctyldodecanol;
2-0ctyldodecyl alcohol [5333-42-6].

DEFINITION
.Octyldodecanol contains NLT 90.0% and NMT 102.0% of

2-octyldodecan-1-01 (C2oH420), the remainder consisting
chiefly of related alcohols. It is obtained from sources of
vegetable, animal, or synthetic origin.

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution, excluding the solvent and internal
standard peaks, corresponds to the octyldodecanol peak
of the Standard solution.

• B. FATS AND FIXED OILS (401), Procedures, Hydroxyl Value:
175-190

ASSAY
• PROCEDURE

Internal standard solution: 1 mg/mL of 1-pentadecanol
(internal standard) in ethanol

System suitability solution: Prepare 1 mg/mL each of USP
Cetyl Alcohol RS, USP Stearyl Alcohol RS, and USPOleyl
Alcohol RS in Internalstandardsolution, and heat the
solution in a sealed container in a 50° water bath until all
fatty alcohols are dissolved. Allow the solution to cool to
room temperature, and mix well.

Standard solution: Prepare 1.0 mg/mL of USP
Octyldodecanol RS in Internal standardsolution.

Sample solution: Prepare 1.0 mg/mL of Octyldodecanol in
Internalstandardsolution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC .
Detector: Flame ionization
Column: 0.25-mm x 30-m fused-silica capillary, coated

with a 0.25-J.Im layer of phase G7
Temperatures

Injection port: 270°
Detector: 280°
Column: See Table 1.
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Table 1

Hold Time at Fi-
Initial Temperature Final nal

Temperature Ramp . Temperature Temperature
e) elm in) e) (min)

60 20 180 -
180 10 220 5

Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 J..IL
Injection type: Split ratio, 100:1
Liner: Single taper, low-pressure drop liner with

deactivated wool
Run time: 15 min

System suitability
Samples: System sUitability solution and Standard solution

[NoTE-See Table 2 for the relative retention times.]

Table 2

Relative
Retention

Component Time

1-Pentadecanol (internal standard) 1.00

Cetyl alcohol 1.08

Stearyl alcohol 1.25

Oleyl alcohol 1.27

Octyldodecanol 1.32

Suitability requirements
Resolution: NLT 10 between the cetyl alcohol and stearyl

alcohol peaks; NLT2.0 between the stearyl alcohol and
oleyl alcohol peaks, System suitability solution

Tailing factor: 0.8-1.8 for the octyldodecanol and
l-pentadecanol peaks, Standard solution

Relative standard- deviation: NMT 1%, using the area
ratio of octyldodecanol to l-pentadecanol, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of octyldodecanol (C2oH420 ) in

the portion of Octyldodecanol taken:

Result = (R vIR s) x (C sIC v) x 100

= peak response ratio of octyldodecanol to the
internal standard (peak response of
octyldodecanol/peak response of the internal
standard) from the Sample solution

= peak response ratio of octyldodecanol to the
internal standard (peak response of
octyldodecanol/peak response of the internal
standard) from the Standard solution

= concentration of USP Octyldodecanol RS in the
Standard solution (mg/mL)

= concentration of Octyldodecanol in the Sample
solution (mg/mL)

Acceptance criteria: 90.00/0-102.0%

IMPURITIES
[NoTE-On the basis of the manufacturing route, perform

either' Organic Impurity Test 1 or Organic Impurity Test 2.]
• RESIDUE ON IGNITION(281): NMT 0.1 %, determined on 2 g
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• ORGANIC IMPURITYTEST 1: LIMIT OF RELATED FATTY
ALCOHOLS AND ALKANES

System suitability solution: Prepare 1 mg/mL each of USP
Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linoleyl
Alcohol RS, and USP Octyldodecanol RS in ethanol, and
heat the solution in a sealed container in a 50° water bath
until all fatty alcohols are dissolved. Allow the solution to
cool to room temperature, and mix well. Dilute the solution
with ethanol to obtain a solution containing 0.05 mg/mL
each of USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP
Linoleyl Alcohol RS, and USP Octyldodecanol RS.

Sample solution: 1 mg/mL of Octyldodecanol in ethanol
Chromatographic system: Proceed as directed in the

Assay, except use split injection with a split ratio of 5:1.
System suitability

Samples: System suitability solution and Sample solution
[NOTE-See Table 3 for the relative retention times.]

Table 3

Relative
Retention

Component Time

n-Nonadecanes 0.63

9-Methyl nonadecane- 0.65

2-0ctyl-l-decanol or 2-hexyl-l-dodecanolb 0.87

Stearyl alcohol- 0.95

Oleyl alcohols 0.96

Linoleyl alcohols 0.99

Octyldodecanol" 1.00

2-0ctyl-l-tetradecanol or 2-decyl-l-dodecanolb 1.17

Any other unspecified related fatty alcohol or -impurity

aAlkane.
b Related branched chain fatty alcohol.
C Related linear chain fatty alcohol.
dSample.

Suitability requirements
Resolution: NLT 2.0 between the stearyl alcohol and

oleyl alcohol peaks: NLT 2.0 between the Iinoleylalcohol
and octyldodecanol peaks, System suitability solution

Analysis
Samples: System suitability solution and Sample solution
Identify n-nonadecane, 9-methyl nonadecane, and each of

the linear chain fatty alcohols and branched chain fatty
alcohols in the Sample solution according to Table 3.

Calculate the percentage of n-nonadecane (9-methyl
nonadecane, each of the linear chain fatty alcohols and
branched chain fatty alcohols, or any other unspecified
related fatty alcohol or impurity) in the portion of
Octyldodecanol taken:

Result = (r vIrT) x 100

r u = peak response of n-nonadecane (9-methyl
nonadecane, each of the linear chain fatty
alcohols and branched chain fatty alcohols, or
any other unspecified related fatty alcohol or
impurity) from the Sample solution

r T =sum of all the peak responses, excluding peak
responses due to solvent, from the Sample
solution

Acceptance criteria: Disregard any unspecified peaks that
are less than 0.05%, and any peaks due to solvent.
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Sum of unspecified related fatty alcohols and impurities:
NMT1%

Sum of n-nonadecane, 9-methyl nonadecane, 2-octyl
1-decanol, 2-hexyl-1-dodecanol, 2-octyl
1-tetradecanol, and 2-decyl-1-dodecanol: NMT 1.5%

• ORGANIC IMPURITYTEST 2: liMIT OF BRANCHED CHAIN
FATTY ALCOHOLS AND BRANCHED CHAIN ALDEHYDE

System suitability solution: Prepare 1 mg/ml each of USP
Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP linoleyl
Alcohol RS, and USP Octyldodecanol RS in ethanol, and
heat the solution in a sealed container in a 50° water bath
until all fatty alcohols are dissolved. Allow the solution to
cool to room temperature, and mix well. Dilute the solution
with ethanol to obtain a solution containing 0.05 mg/ml
each of USP Stearyl Alcohol RS, USPOleyl Alcohol RS, USP
linoleyl Alcohol RS, and USP Octyldodecanol RS.

Sample solution: 1 mg/mL of Octyldodecanol in ethanol
Chromatographic system: Proceed as directed in the

Assay, except use split injection with a split ratio of 5:1 and
run time of 30 min.

System suitability
Samples: System suitabilitysolutionand Sample solution

[NoTE-See Table 4 for the relative retention times for
branched chain fatty alcohols and branched chain
aldehyde.]

Table 4
Relative

Retention
Component Time

2-0ctyl-l-decanol or 2-hexyl-l-dodecanola 0.87

2-0ctyldodecanalb 0.93

Stearyl alcohol- I 0.95

Oleyl alcohols 0.96

Unoleyl alcohol" 0.99

Octyldodecanol" 1.00

2-0ctyl-l-tetradecanol or 2-decyl-l-dodecanola 1.17

Anyother unspecified fatty alcoholor -impurity

1-dodecanol), branched chain aldehyde
(2-octyldodecanal), or any unspecified fatty
alcohol or impurity from the Sample solution

r T = sum of all the peak responses, excluding peak
responses due to solvent, from the Sample
solution

Acceptance criteria: Disregard any unspecified peaks that
are less than 0.05%, and any peaks due to solvent.
Sum of unspecified fatty alcohols and impurities: NMT

5%
Branched chain fatty alcohols (2-octyl-1-decanol,

2-hexyl-1-dodecanol, 2-octyl-1-tetradecanol, and
2-decyl-1-dodecanol): NMT 5%

Branched chain aldehyde (2-octyldodecanal): NMT 2%

SPECIFIC TESTS
• FATS AND FIXEDOILS (401), Procedures, AcidValue: .NMT0.5
• FATS AND FIXED OILS (401), Procedures, IodineValue: NMT

8
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 5.0
• WATER DETERMINATION (921), Method I: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• lABELING: Ifa test for Impurities other than OrganicImpurity

Test 1 is used, the labeling states the test with which the
article complies. Label it to indicate whether it is derived
from vegetable, animal, or synthetic sources.

• USP REFERENCE STANDARDS(11)
USP Cetyl Alcohol RS
USP Linoleyl Alcohol RS
USPOctyldodecanol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

Ointment, Hydrophilic-see Hydrophilic Ointment
General Monographs

a Related branched chainfatty alcohol.
b Branchedaldehyde.
C Related linearchain fatty alcohol.
dSample.

Ointment, White-see White OintmentGeneral
Monographs

Oleic Acid

Ointment, YellOW-see Yellow OintmentGeneral
Monographs

. 282.46

OH

H,C

C'SH340 Z

9-0ctadecenoic acid, (Z)-;
Oleic acid [112-80-1].

=peak response of each branched chain fatty
alcohol (2-octyl-1-decanol, 2-hexyl
1-dodecanol, 2-octyl-l-tetradecanol, or 2-decyl-

Suitability requirements
Resolution: NLT 2.0 between the stearyl alcohol and

oleyl alcohol peaks; NLT 2.0 between the Iinoleylalcohol
and octyldodecanol peaks, System suitabilitysolution

Analysis
Samples: System suitabilitysolutionand Sample solution
Identify each branched chain fatty alcohol peak and

branched chain aldehyde peak in the Sample solution
according to Table 4.

Calculate the percentage of each branched chain fatty
alcohol (2-octyl-1-decanol, 2-hexyl-l-dodecanol,
2-octyl-1-tetradecanol, or 2-decyl-1-dodecanol),
branched chain aldehyde (2-octyldodecanal), or any
unspecified fatty alcohol or impurity in the portion of
Octyldodecanol taken:

Result = (r vir T) x 100
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DEFINITION
Oleic Acid is manufactured from fats and oils derived from

edible sources, animal or vegetable, and consists chiefly of
(Z)-9-octadecenoic acid [CH3(CHz)7CH:CH(CHz)7COOH]. It
contains NLT 65.0% of (Z)-9-octadecenoic acid
[CH3(CHz)7CH:CH(CHz)7COOH]. It may contain suitable
stabilizers.
[NoTE-Oleic Acid labeled solely for external use isexempt

from the requirement that it be prepared from edible
sources.]

IDENTIFICATION

• A.;s.
Siunple: Undried specimen
Acceptance criteria: Meets the requirements

• B. The retention time of the major peak of the Sample
solutioncorresponds to that of the Standard solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Standard solution: 1.7 mg/mL of USP Oleic Acid RS in
tetrahydrofuran

Sample solution: 1.7 mg/mL of Oleic Acid in
tetrahydrofuran

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 30-m capillary; 0.25-~m layer of

phase G25 (or G35) !

Temperature
Detector: 280 0

Injection port: 2800

Column: See Table 1.

Table 1
Hold TIme

Initial Temperature Final at Final
Temperature Ramp Temperature Temrnerature

(") ("/min) (0) min)

120 - 120 5

120 10 250 20

Carrier gas: Helium
Flow rate: 7.0 mL/min
Injection volume: 1.0 ~L

Injection type: Splitless
System suitability

Sample: Standardsolution
[NoTE-The retention time for oleic acid is about

19.2 min.]
System suitability requirements

Relative standard deviation: NMT 5.0%
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of oleic acid in the portion of the

sample taken:

Result = (rulrs) x (CsICu) x 109

rv =peak response for oleic acid from the Sample
solution

rs = peak response for oleic acid from the Standard
solution
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Cs =concentration of USP Oleic Acid RS in the
Standard solution(mg/mL)

Cv =concentration of Oleic Acid in the Sample solution
(mg/mL)

Acceptance criteria: NLr 65.0%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 10 mL
Acceptance criteria: NMT 1 mg (about 0.01 %)

SPECIFIC TESTS
• CONTENT OF FATTY ACIDS

Oleic Acid exhibits the composition profiles of fatty acids
shown in Table 2 below, as determined in Fats and Fixed
Oils(401), FattyAcidComposition.

Table 2
Carbon-Chain Number of Percentage

Length Double Bonds (%)

14 0 :::5.0

16 0 :::16.0

16 1 :::8.0

18 0 :::6.0

18 1 ~65.0

18 2 :::18.0

18 3 :::4.0

20,22" 0 :::4.0

aThe sum of these fatty acids should be NMT 4.0%.

Test solution: Prepare as directed in the chapter, but
omitting the initial hydrolysis.

• CONGEALING TEMPERATURE (651): 30-1 00 for Oleic Acid
derived from animal sources; 100-160 for OleicAcidderived
from vegetable sources

• FATS AND FIXED OILS, Acid Value (401): 196-204, 2 g
being used

• FATS AND FIXED OILS, IodineValue (401): 85-105
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• WATER DETERMINATION, MethodI (921): NMT 0.4%
• MINERAL ACIDS

Sample: 5 mL
Analysis: Shake the Sample with an equal volume of water

at a temperature of about 25 0 for 2 min, allow the liquids
to separate, and pass the water layer through a paper filter
previously moistened with water.

Acceptance criteria: The filtrate is not reddened by the
addition of 1 drop of methyl orange TS.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light. Store at room
temperature, and avoid exposure to excessive heat.

• LABELING: If it is for external use only, the labeling so
indicates. Label it to indicate whether it is derived from
animal or vegetable sources. Indicate the names and
quantity of any added stabilizers.

• USP REFERENCE STANDARDS (11)
USP Oleic Acid RS
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Oleoyl Polyoxylglycerides
DEFINITION
Oleoyl Polyoxylglycerides isa mixture of monoesters diesters

and triesters of glycerol and monoestersand diest~rs of '
polyethyleneglycols. Polyethylene glycols used havea mean
molecularweight between 300 and 400. The article is
produced by partial alcoholysis of unsaturated oils, mainly
containing triglycerides of oleic acid with polyethylene
glycol, by esterification of glycerol and polyethylene glycol
with fatty acids, or as a mixtureof glycerol esters and
ethylene oxide condensate with the fatty acidsof the
unsaturated oils. It may contain free polyethylene glycols.

IDENTIFICATION

• A. )~~~~~t~~~~9~'~i~'~'
Sp~i:trg~€()pY;0>1~~~;>~0(q

• B. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST
(201)

Standard solution: 50 mg/mLof USP Oleoyl
Polyoxylglycerides RS in methylenechloride

Sample solution: 50 mg/mLof Oleoyl Polyoxylglycerides in
methylene chloride

Application volume: 10 ~L

Developing solvent system: Etherand hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine Bin alcohol
Analysis

Samples: Standardsolution and Sample solution
Proceed as directed in the chapter. Then spraythe plate

with Spray reagent, and locate the spots on the plate by
examination under UV lightat a wavelengthof 365 nm.

Acceptance criteria: The RF values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

• C. It meets the requirements in Specific Tests (see Table 7)
for Fats and Fixed Oils, FattyAcidComposition (401).

IMPURITIES
• ALKALINE IMPURITIES

Sample: 5.0 g
Analysis: To the Sample add 10 mL of alcohol and 0.05 mL

of bromophenol blue TS, and mixwell. Titratewith 0.01 N
hydrochloric acid VS to change the color to yellow.

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric
acid is required.

• LIMIT OF FREE ETHVLENE OXIDE AND DIOXANE
Analysis: Proceedas directed in Ethylene Oxideand Dioxane

(228), Method I. .
Acceptance criteria

Ethylene oxide: NMT 1 ~g/g

Dioxane: NMT 10 ~g/g

• LIMIT OF FREE GLVCEROL
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium

periodate in 2.5 mL of a 25% (v/v)solutionof sulfuric acid,
and dilute with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mLof potassium iodide
Blank: 25 mL of methylene chloride .
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 25 mL of methylene
chloride, heating if necessary.. Cool, and add 100 mL of
water and 25.0 mL of Periodic acetic acidsolution. Shake
and allowto stand for 30 min.Add40 mL of Potassium'
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iodidesolution, and allowto stand for 1 min. Add 1 mL of
starch TS, and titrate the liberated iodine with 0.1 M
sodium thiosulfate VS. Perform a blankdetermination, and
makeany necessary correction.
Calculate the percentage of glycerol in the sample taken:

Result ={[(V8 - V 5) x N x A/w} x 100

V 8 = Titrant volumeconsumed by the Blank (mL)
V5 = Titrant volumeconsumed by the Sample (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 23.0 mg/mEq
W = Sample weight (mg)

Acceptance criteria: NMT 5.0%

SPECIFIC TESTS
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT

0.1%
• FATS AND FIXED OILS, Acid Value (401)

Sample: 2.0 g
Acceptance criteria: NMT 2.0

• FATS AND FIXED OILS, FattyAcid Composition (401): Oleoyl
Polyoxylglycerides exhibits the composition profile of fatty
acidsshown in Table 7.

Table 1
Carbon-Chain Number of Percentage

Length Double Bonds (%)

16 0 4.0-9.0

18 0 :s6.0

18 1 58.0-80.0

18 2 15.0-35.0

18 3 :s2.0

20 0 :s2.0

20 1 :s2.0

• FATS AND FIXED OILS, Hydroxyl Value (401)
Sample: 1.0 g
Acceptance criteria: 45-65

• FATS AND FIXED OILS, Iodine Value (401): 75-95
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 2.0 g
Acceptance criteria: NMT 12.0

• FATS AND FIXED OILS, Saponification Value (401)
Sample: 2.0 g
Acceptance criteria: 150-1 70

• WATER DETERMINATION, Method 1(921)
Sample: 1.0 g
Analysis: Insteadof using methanol as the solvent, one of

two solventsystems can be used: a mixture of methylene
chlorideand anhydrous methanol (70:30 v/v) or
anhydrous pyridine. '

Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected fromlightand moisture.Storeat controlled room
temperature.

• LABELING: Label it to indicate the type and the average
nominal molecular weight of polyethylene glycol used as
part of the official title.

• USP REFERENCE STANDARDS (11)
USP Oleoyl Polyoxylglycerides RS
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Oleyl Alcohol

H3C

C1sH360 268.48
9-0ctadecen-1-01, (Z)-;
(Z)-9-0ctadecen-1-01 [143-28-2].

DEFINITION
Oleyl Alcohol is a mixture of unsaturated and saturated high

molecular weight fatty alcohols consisting of 75.00/0-1 02.0%
of oleyl alcohol (C1sH360) and its isomers. It is obtained from
sources of vegetable, animal, or synthetic origin. It may
contain suitable stabilizers.

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution, excluding the solvent and internal
standard peaks, corresponds to the oleyl alcohol peakof the
System suitability solution.

ASSAY
• PROCEDURE

Internal standard solution: 1 mg/mL of 1-pentadecanol
(internal standard) in ethanol

System suitability solution: Prepare 1 mg/mL each of USP
Cetyl Alcohol RS, USP Stearyl Alcohol RS, and USP Oleyl
Alcohol RS in Internal standard solution, and heat the
solution in a sealedcontainer in a 50 0 water bath until all
fatty alcohols are dissolved. Allow the solution to cool to
room temperature, and mix well.

Standard solution: 1.0 mg/mL of USP Oleyl Alcohol RS in
Internal standard solution

Sample solution: 1.0 mg/mL of Oleyl Alcohol. in Internal
standard solution

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary; coated

with a 0.25-lJm layer of phase G7
Temperatures

Detector: 280 0

Injection port: 270 0

Column: See Table 1.

Table 1
HoldTime at Fi-

Initial Temperature Final nal
Temperature Ramp Temperature Temperature

(") ("1m in) (0) (min)

60 20 180 -
180 10 220 5

Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 IJL
Injection type: Split injection; split ratio is 100:1
Liner: Single taper, low pressure drop liner with

deactivated wool
Run time: 15 min

System suitability
Samples: System suitability solution and Standard solution

[NoTE-See Table 2 for the relative retention times.]
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Table 2

Relative
Retention

Component Time

I-Pentadecanol
(internalstandard) 1.00

Cetylalcohol 1.08

Stearyl alcohol 1.25

Oleyl alcohol 1.27

Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl

alcohol peaks; NLT 2.0 between the stearyl and oleyl
alcohol peaks, System suitability solution

Tailing factor: 0.8-1.8 for the oleyl alcohol and
1-pentadecanol peaks, Standard solution

Relative standard deviation: NMT 1%, using the area
ratio of oleyl alcohol to 1-pentadecanol, Standard
solution .

Analysis
Samples: Standard solution and Sample solution
The peak of elaidyl alcohol, which is an isomer of oleyl

alcohol, can be resolved from the oleyl alcohol peak with a
resolution of about 1, and with a relative retention time
with reference to oleyl alcohol of 0.995. An additional
small peak that may be observed on the peak tail of oleyl
alcohol can be assigned to another oleyl alcohol isomer.
If elaidyl alcohol is observed, a combination of both peaks
of elaidyl alcohol and oleyl alcohol is used to determine
oleyl alcohol content.

Calculate the percentage of oleyl alcohol (C1sH360) or its
isomers in the portion of Oleyl Alcohol taken:

Result=(Ru/Rs) x (Cs/Cu) x 100

Ru =peak response ratio of oleyl alcohol (or elaidyl
alcohol) to the internal standard [peak response
of oleyl alcohol (or elaidyl alcohol)/peak response
of the internal standard] from the Sample solution

Rs = peak responseratio of oleyl alcohol to the internal
standard (peak responseof oleyl alcohol/peak
response of the internal standard) from the
Standard solution

Cs = concentration of USP Oleyl Alcohol RS in the
Standard solution (mg/mL)

Cu =concentration of Oleyl Alcohol in the Sample
solution (mg/mL)

Acceptance criteria: 75.0%-102.0% for oleyl alcohol and
its isomers

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%, determined on 2 g
• LIMITOF RELATED FATTY ALCOHOLS

Resolution solution: Prepare 1 mg/mL each of USP Cetyl
Alcohol RS, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS,
USP Linoleyl Alcohol RS, USP Linolenyl Alcohol RS, and USP
Arachidyl Alcohol RS in ethanol. Heat the solution in a
sealed container in a 500 water bath until all fatty alcohols
are dissolved. Allow the solution to cool to room
temperature, and mix well. Dilute the solution with ethanol
to obtain a solution containing 0.05 mg/mL each of USP
Cetyl Alcohol RS, USP StearylAlcohol RS, USP Oleyl
Alcohol RS, USP Linoleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS.

Sample solution: 1 mg/mL of Oleyl Alcohol in ethanol
Chromatographic system: Proceed as directed in the

Assay, except use split injection with a split ratio of 5:1.
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System suitability
Sample: Resolution solution

[NoTE-See Table 3 for the relative retention times.]

Table 3
Relative

Retention
Component Time

Cetylalcohol 0.85

5tearylalcohol 0.99

Oleyl alcohol 1.00

Linoleyl alcohol 1.03

Linolenyl alcohol 1.06

Arachidyl alcohol 1.14

Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl

alcohol peaks; NLT2.0 between the stearyl and oleyl
alcohol peaks; NLT6.0 between the oleyl alcohol and
Iinoleyl alcohol peaks

Analysis
Samples: Resolution solutionand Sample solution
Identify each related fatty alcohol peak in the Sample

solution based on that in the Resolution solution.
Calculate the percentage of each related fatty alcohol in the

portion of Oleyl Alcohol taken:

Result = (rulrr) x 100

t» = peak response of each related fatty alcohol from
the Sample solution

rr = sum of all the peak responses excluding peak
responses due to solvent from the Sample solution

Acceptance criteria: See Table 4. Disregard peaks that are
less than 0.05% for any unspecified impurities, and any
peaks due to solvent.

Table 4
Acceptance

Criteria,
Component NMT (Oio)

Cetylalcohol 8.0

5tearyl alcohol 5.0

Linoleyl alcohol 7.0

Linolenyl alcohol 1.0

Arachidyl alcohol 1.0

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 1
• FATS AND FIXED OILS, Hydroxyl Value (401): 205-215
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• WATER DETERMINATION, MethodI (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-filled, tight

containers, and store at controlled room temperature.
• LABELING: Label it to indicate. whether it is derived from

vegetable, animal, or synthetic sources. Indicate the names
and amounts of any added stabilizers.

• USP REFERENCE STANDARDS (11)
USPArachidyl Alcohol RS
USPCetyl Alcohol RS
USP LinolenylAlcohol RS
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USPLinoleyl Alcohol RS
USPOleyl Alcohol RS
USPStearyl Alcohol RS

Oleyl Oleate

C36H6S02

9-0ctadecenoic acid, (Z)-, oleyl ester;
Oleyl oleate [3687-45-4].

DEFINITION
Oleyl Oleate consists of esters of oleyl alcohol and high

molecular weight fatty acids, principally oleic acid.

IDENTIFICATION

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 2 g
Acceptance criteria: NMT 0.1%

• ARSENIC, Method /I (211): 2 J.Jglg

SPECIFIC TESTS
• CLARITY OF SOLUTION

Sample solution: 200 mg/mL in ether
Acceptance criteria: The resulting solution is clear.

• SPECIFIC GRAVITY (841): 0.860-0.884 at 20°
• FATS AND FIXED OILS, AcidValue (401): NMT 3.0
• FATS AND FIXED OILS, Hydroxyl Value (401): NMT 10
• FATS AND FIXED OILS, Iodine Value (401): 70-120
• FATS AND FIXED OILS, Saponification Value (401): 90-125
• REFRACTIVE INDEX (831): 1.464-1 .468 at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage conditions specified.
• USP REFERENCE STANDARDS (11)

USPOleyl Oleate RS

Olive Oil

[8001-25-0].

DEFINITION
Olive Oil is the refined fixed oil obtained from the ripe fruit of

Oleaeuropaea L. (Fam. Oleaceae). It may contain suitable
antioxidants.
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IDENTIFICATION
• A. IDENTITY BY FA'ITY ACID COMPOSITION

Analysis: Proceed as directed in the test for Fats and Fixed
Oils (401), FattyAcidComposition.

Acceptance criteria: Meets the composition profile of fatty
acids in Table 1

• B. IDENTITY BY TRIGLYCERIDE PROFILE
Analysis: Proceed as directed in the test for Identification of

Fixed Oilsby Thin-Layer Chromatography (202).
Acceptance criteria: Meets the requirements in the chapter

IMPURITIES
• ALKALINE IMPURITIES

Sample: 10 mL of Olive Oil
Analysis: Mix 10 mL of freshly opened acetone and 0.3 mL

of water, and add 0.05 mL of bromophenol blue TS. Add
the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS to change the color of the upper layer
to yellow.

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (Free FattyAcids) (401):

NMT 0.3. [Nora-Petroleum ether with a 100°-120° boiling
range can be used to replace ether in the test.]

• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• FATS AND FIXED OILS, FattyAcidComposition (401): Olive

Oil exhibits the composition profile of fatty acids shown in
Table 1, as determined in the chapter.

Table 1

Number of Double Percentage
Carbon-Chain length Bonds (0/0)

<16 0 SO.l

16 0 7.5-20.0

16 1 s3.5

18 0 0.5-5.0

18 1 56.0-85.0

18 2 3.5-20.0

18 3 sl.2·

20 0 sO.7

20 1 SO.4

22 0 sO.2

24 0 SO.2

• ABSENCE OF SESAME OIL
Sample: 10 mL of Olive Oil
Analysis: Mix the Sample with a mixture of 0.5 mL of a

0.35% (v/v) solution of furfural in acetic anhydride and
4.5 mL of acetic anhydride, and shakethe mixture for about
1 min. Pass through a filter paper previously wetted with
acetic anhydride. Add 0.2 mL of sulfuric acid to the filtrate.

Acceptance criteria: No bluish-green color develops.
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

1.5%. [NoTE-Petroleum ether with a 40°-60° boiling range
can be used to replace ether in the test.]

• ULTRAVIOLET ABSORBANCE
Sample solution: Dissolve1.0 g of Olive Oil in cyclohexane,

and dilute with cyclohexane to 100 mL.
Instrumental conditions

(See Ultraviotet-Visible Spectroscopy (857).)
Mode: UV-Vis .
Wavelength: 270 nm
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Path length of the cell: 1 em
Analysis: Determine the UV-Vis absorbance using the

Instrumental conditions described above.
Acceptance criteria: The absorbance is NMT 1.20.

• WATER DETERMINATION, Method Ic (921): NMT 0.1%
• STEROL COMPOSITION

2 M Alcoholic potassium hydroxide solution: Dissolve
12 g of potassium hydroxide in 10 mL of water, and dilute
with alcohol (ethanol) to 100 mL.

Sample A: Accurately weigh 5 g of Olive Oil into a 150-mL
flask fitted with a reflux condenser. Add 50 mL of 2 M
Alcoholic potassium hydroxide solution, and heat on a water
bath for 1 h, shaking frequently. Add 50 mL of water
through the top of the condenser, shake, and allow to cool.
Transfer the contents of the flask to a separating funnel.
Rinse the flask with several portions totaling 50 mL of
petroleum ether with a 40°-60° boiling range, and add the
rinsings to the separating funnel. Shake vigorously for
1 min. Allow to separate,and transfer the aqueous layer to a
second separating funnel. If an emulsion forms, add small
quantities of alcohol or a concentrated solution of
potassium hydroxide. Shakethe aqueous layer with two
50-mL quantities of petroleum ether with a 40°-60° boiling
range. Combine the petroleum ether layers in a third
separating funnel and wash with three 50-mL quantities of
50% alcohol. Transfer the petroleum ether layer to a tared
250-mL flask. Rinse the separating funnel with small
quantities of petroleum ether with a 40°-60° boiling range,
and add to the flask. Evaporate the petroleum ether on a
water bath and dry the residue at 100°-105° for 15 min,
keeping the flask horizontal. Allow to cool in a desiccator
and weigh.

Reference A: Accurately weigh 5 g of sunflower oil into a
150-mL flask fitted with a reflux condenser. Proceed as
directed for Sample A, beginning with "Add 50 mL of 2 M
Alcoholic potassium hydroxide solution".

Separation of the sterol fraction by LC
Mobile phase: Isopropyl alcohol and n-hexane (1:99)
Sample solution A: Transfer Sample A with three 4-mL

quantities of petroleum ether with a40°-60° boiling range
to a 15-mL test tube. [NOTE-Ether can be used to replace
petroleum ether if Sample A is not well soluble in
petroleum ether.] Evaporate to drynessunder a stream of
nitrogen. Dissolve Sample A in Mobilephaseto obtain a
solution with an approximate concentration of 40 mg/
mL. Add a few drops of isopropyl alcohol to improve the
solubility. [NOTE-3 drops are normally sufficient to ensure
complete solubilization.] Pass through a membrane filter
(nominal 0.45-lJm pore size).

Reference solution A: Prepare asdirected for Sample
solution A, except use Reference A instead of Sample A.

Chromatographic system
(See Chromatography (621) .)
Mode: LC
Detector: UV 210 nm
Columns

Guard: 4.6-mm x 0.5-cm (or 4.6-mm x 1.0-cm); 5-lJm
packing L3, with a 6-nm pore size

Analytical: 4.6-mm x 25-cm; 5-lJm packing L3, with a
6-nm pore size

Flow rate: 1.0 mL/min
Injection volume: 50 IJL

Identification of the peaks due to sterols
Samples: Sample solutionA and Reference solution A
Sterol identification: The sterol fraction elutesat the end

of the chromatogram. Locatethe fraction to be collected
by using the chromatogram from Reference solution A.
The chromatogram from Reference solution A shows two
or three principal peaks, which elute at approximately

www.webofpharma.com

https://nhathuocngocanh.com/



5912 Olive / Official Monographs

21-35 min depending on the column used. The
chromatogram from Sample solutionA may have one
principal peak.

Sterol collection: Collectthe fraction at the detector
outlet in a 15-mL tube with a screw cap. Evaporate the
solvent under a stream of nitrogen. [NOTE-If necessary,
to increase the sample amount for later analysis, make
the second injection of 50 IJL on the HPLC column and
collectthe fraction at the detector outlet in the same
15-mL test tube with a screwcap. Evaporate the solvent
under a stream of nitrogen.]

Determination of sterols by GC
Sample solution B: Dissolve the residueof the sterol
fraction obtained from Sample solutionA in the previous
LC step in 0.2 mL of anhydrous pyridine and 0.2 mL of a
mixture of 1 volume of chlorotrimethylsilane and 99
volumesof bis(trimethylsilyl)trifluoroacetamide. Insertthe
stopper into the test tube tightly,· and heat at 800 for
20 min. Allow to cool and use the liquid phase.

Reference solution B: Dissolve 9 partsofthe residueof the
sterol fraction obtained from Reference solutionA in the
previous LC step and 1 part of cholesterol in 0.2 mL of
anhydrous pyridine and 0.2 mL of a mixtureof 1 volume
of chlorotrimethylsilane and 99 volumes of
bis(trimethylsilyl)trifluoroacetamide. Insertthe stopper
into the test tube tightlyand heat at 800 for 20 min.Allow
to cool and use the liquid phase.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-mfused-silica capillary; 0.25-lJm

layerof phase G27
Temperatures I

Injection port: 2900

Detector: 2900

Column: See Table 2.

Table 2
HoldTime

Initial Tempera- Final at Final
Temperature ture Ramp Temperature Temperature

e) e/min) (0) (min)

260 - 260 38

260 5 290 5

Carrier gas: Helium
Flow rate: 2.6 mL/min
Injection volume: 1-3 IJL (depending on the expected

amount of sterols in the test sample)
Injection type: Splitinjection; split ratio is 25:1

System suitability
Sample: Reference solution B
The chromatogram from Reference solution8 showsfive

principal peakscorresponding to cholesterol,
campesterol, stigmasterol, p-sitosterol, and
1:17-stigmastenol.

[NoTE-The retention times of the sterols with
referenceto p-sitosterol are given in Table 3.]

Table 3
Relative

Retention
Identification Time

Cholesterol 0.65

Brassicasterol 0.71

24-Methylene-cholesterol 0.80
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Table 3 (continued)
Relative

Retention
Identification Time

Campesterol 0.82

Campestanol 0.83

Stigmasterol 0.87

117-Campesterol 0.92

115,23-Stigmastadienol 0.95

Clerosterol 0.96

P-Sitosterol 1.00

Sitostanol 1.01

115-Avenasterol 1.03

115,24:Stigmastadienol 1.09

117-Stigmastenol 1.13

117-Avenasterol 1.17

Suitability requirements
Resolution: NLT 3.0 between the campesterol and

stigmasterol peaks
Analysis

Samples: Sample solution8 and Reference solutionB
Use the chromatogram from Reference solution 8 to

identify the peaksdue to cholesterol, campesterol,
stigmasterol, p-sitosterol, and 1:17-stigmastenol. Identify
the peaksdue to the sterols in the chromatogram from
Sample solution8 using the chromatogramsfrom
Reference solution8 and the relative retention timeswith
referenceto p-sitosterol (main peak)given in Table 3.

Calculate the percentage content of each sterol in the
sterol fraction of Olive Oil taken:

Result = (r vir r) x 100

r v =area of the peak due to the sterol component to
be determined

r t =sum of the areas of the peaks due to the
components indicated in Table 3

Acceptance criteria: Olive Oil exhibits the composition
profiles of sterols shown in Table 4.

Table 4

Component
Percentage

(%)

Cholesterol SO.5

Campesterol S4.0

117-Stigmastenol .s0.5

Sum of the contents of 115,23-stig-
mastadienol,c1erosterol, p-sitosterol,
sitostanol, 115-avenasterol, and
115,24-stigmastadienol :::93.0

The content of stigmasterol is NMT that of campesterol.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant,

well-filled containers, and prevent exposure-to .
excessive heat.

• LABELING: Label it to indicatethe name and quantity ofany
suitable antioxidants.
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Vehicle for Oral Solution

DEFINITION
PrepareVehicle forOralSolution asfollows (see Pharmaceutical

Compounding-Nonsterile Preparations (795».

Sucrose 80g

Glycerin 5g

Sorbitol 5g

Sodium Phosphate, Dibasic 120 mg

Citric Acid 200mg

Potassium Sorbate 100 mg

Methylparaben 100 mg

Purified Water,a sufficient quantity to make 100 ml

Calculatethe quantity ofeach ingredientrequiredfor the total
amount to be prepared. Accurately weigh/measure each
ingredient. Heatabout 30 mL of Purified Waterto 70°_75°.
Add the Glycerin and Methylparaben, and stir until the
Methylparaben isdissolved. Add the Dibasic Sodium
Phosphate, CitricAcid, Potassium Sorbate, and Sorbitol, and
mixwell. Add the Sucrose, and mixuntil dissolved; remove
from the heat, and allowto cool.Addsufficient Purified Water
to volume,and mixwell. Adjust the pHifnecessary. Package,
and label.

SPECIFIC TESTS
• pH (791): An apparent pH between 4.0 and 5.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package ina tight, light-resistant

container, and store at controlled room temperature.
• LABELING: Label it to indicate that it isfor use in

compounding oral solutions and suspensions.

Vehicle for Oral Solution, Sugar Free

DEFINITION
PrepareVehicle for OralSolution, Sugar Free as follows (see

Pharmaceutical Compounding-Nonsterile Preparations
(795».

Xanthan Gum 50mg

Glycerin 10ml

Sorbitol Solution 25 ml

Saccharin Sodium 100 mg

Citric Acid Monohydrate 1.5 9

SodiumCitrate 2g

Methylparaben 100 mg

Potassium Sorbate 100 mg

Purified Water, a sufficient quantity to make 100 ml
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Calculate the quantity ofeach ingredientrequiredfor the total
~mount to be prepared. Accurately weigh/measure each
Ingredient. Heatabout 60 mL of Purified Waterto about 70°
75°.Addthe Methylparaben, and stir until dissolved. Remove
from the heat, and add the Glycerin, Sorbitol Solution
Saccha,rin Sodium, CitricAcidMonohydrate, Sodium Citrate,
Potassium Sorbate, and Xanthan Gum.Add sufficient
Purified Waterto volume, and mixwell. Adjust the pH if
necessary. Package, and label.

SPECIFIC TESTS
• pH (791): An apparent pH between 4.0 and 5.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package ina tight, light-resistant

container, and store at controlled room temperature.
• LABELING: Label it to indicate that it isfor use in

compounding sugar-freeoral solutions and suspensions.

Vehicle for Oral Suspension
DEFINITION
Prepare Vehicle for Oral Suspension as follows (see

Pharmaceutical Compounding-Nonsterile Preparations
(795».

Cellulose, Microcrystalline 800mg

XanthanGum 200 mg

Carrageenan 150mg

Carboxymethylcellulose Sodium(HighViscosity) 25 mg

Citric Acid 250 mg

Sodium Phosphate, Dibasic 120 mg

Simethicone 0.1 ml

Potassium Sorbate 100 mg

Methylparaben 100mg

Purified Water,a sufficient quantity to make 100 ml

Calculate the quantity ofeach ingredientrequiredfor the total
~mount to be prepared. Accurately weigh/measure each
Ingredient. Heat about 90 mL of the Purified Waterto 70°
7~0. ~issol~e the Methylparaben, followedby the CitricAcid,
Dibask: Sodium Phosphate, and Potassium Sorbate in the
heated water. Remove from the heat. With constant mixing
slowly sprinkle the Microcrystalline Cellulose, XanthanGum, '
Carrageenan, and Carboxymethylcellulose Sodium into the
~ixtur~. Continue to stir untilfully hydrated, add the
Simetbkone, and mix well. Addsufficient Purified Waterto
volume, and mix well. Adjust the pH ifnecessary. Package,
and label.

SPECIFIC TESTS
• pH (791): An· apparent pH between 4.0 and 5.0
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in a tight, light-resistant

container, and store at controlled room temperature.
• LABELING: Label it to indicate that it is for use in

compounding oral solutions and suspensions.

Orange Oil
DEFINITION
Orange Oil is the volatile oil obtained by expression from the

fresh peel of the ripe fruit of Citrus sinensis (L.) Osbeck (Fam.
Rutaceae). The total aldehyde content, calculated asdecanal
(C,oH2oO), is NLT 1.2% and NMT 2.5%. It may contain a
suitable antioxidant.

[NOTE-Do not use Orange Oil that has a terebinthine odor.]

ASSAY
• TOTAL ALDEHYDE CONTENT

Reagent solution: Dissolve 4.5 g of hydroxylamine
hydrochloride in 13 mL of water. Add 85 mL of tertiary butyl
alcohol, mix, and adjust with 0.5 N potassium hydroxide
to a pH of 3.4. .

Sample: 5 mL of Orange Oil, accurately weighed
Analysis: Pipet 50 mL of the Reagent solution into a conical

flask containing the Sample. Insert the stopper in the flask,
and allow to stand at room temperature for 30 min, with
occasional shaking. Titrate the liberated hydrochloric acid
with 0.5 N alcoholic potassium hydroxide VSto a pH of 3.4.
Each mL of 0.5 N alcoholic potassium hydroxide consumed
in the titration is equivalent to 78.13 mg of total aldehydes,
calculated as decanal (ClOH2oO).

Acceptance criteria: 1.2%-2.5%

SPECIFICTESTS
• SPECIFIC CRAVITY (841): 0.842-0,.846
• OPTICAL ROTATION, AngularRotation (781A): +94° to +99°
• REFRACTIVE INDEX (831): 1.472-1.474 at 20°
• ULTRAVIOLET ABSORBANCE

Sample solution: 250 mg of Oil in 100 mL of alcohol
Blank: Alcohol
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Wavelength range: 260-400 nm

Analysis: Record the spectrum in 1-cm cell. Determine the
absorbance at the wavelength of maximum absorbance at
330 nm, using the line drawn tangent to the curves
appearing as minima in the spectrum in wavelength
regions above and below the maximum wavelength as the
baseline.

Acceptance criteria: The absorbance, calculated on the
basisof a 250-mg specimen, is NLT 0.130 for
California-type Orange Oil or NLT 0.240 for Florida-type
Orange Oil.

• FOREIGN OILS
Analysis: Place50 mL of Oil in a four-bulb Ladenburg flask

havlnq the following dimensions: the lower or main bulb is
about 6 cm in diameter, and the smaller condensing bulbs
are about 3.5, 3.0, and 2.5 cm in diameter; the distance
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from the bottom of the flask to the side-arm is about 20 cm.
Distill Oil at a rate of 1 drop/s until the distillate measures
5 mL.

Acceptance criteria: The angular rotation of the distillate
does not differ from that of the original Oil by more than
2°, and the refractive index at 20° is 0.001-0.002 lower
than that of the original Oil.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-filled, tight

containers, and avoid exposure to excessive heat.
• LABELING: The label statesthe Latin binomial and, following

the official name, the part of the plant source from which
the article was derived. Label it also to indicate whether it
is California-type or Florida-type Orange Oil. The label
indicates that Oil is not to be used if it has a
terebinthine odor.

Compound Orange Spirit
DEFINITION
Compound Orange Spirit contains NLT 25 mL and NMT

30 mL of the mixed oils in 100 mL of Spirit.
Prepare Compound Orange Spirit as follows (see
, Pharmaceutical Compounding-NonsterilePreparations
(795».

Orange Oil 200 mL

Lemon Oil 50mL

Coriander Oil 20mL

Anise Oil 5 mL

Alcohol, a sufficient quantity to make 1000 mL

Mix the oils with sufficient Alcoholto make the product
measure 1000 mL.

ASSAY
• PROCEDURE

Sample solution: Transfer 2.0 mL of Compound Orange
Spirit and 1.0 mL of kerosene to a Babcock bottle,
graduated to 8%, and mix.

Analysis: To the Sample solutionadd sufficient saturated
calcium chloride solution, acidified with hydrochloric acid,
to almost fill the bulb of the bottle. Rotate the bottle
vigorously to ensure mixing, then add a sufficient quantity
of the calcium chloride solution to bring the separated oil
into the neck of the bottle. Centrifuge for 5 min at
1500 rpm, and read the volume of oil in the stem. Subtract
five divisions on the volumetric flaskfor the keroseneadded,
and multiply the remaining number of divisions by 10.5 to
obtain the volume, in mL, of mixed oils in 100 mL of the
Compound Orange Spirit.

Acceptance criteria: 25-30 mL

OTHER COMPONENTS
• ALCOHOL DETERMINATION, MethodI (611): 65.0%-70.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight containers,

protected from light, and store in a cold place.
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Sweet Orange Peel Tincture
DEFINITION
Sweet Orange PeelTincture is prepared from sweet orange

peel, which is the outer rind of the non-artifically colored,
fresh, ripe fruit of Citrus sinesis (L.) Osbeck (Fam. Rutaceae).

Prepare Sweet Orange Peel Tincture as follows. '

Sweet Orange Peel 500 g

Alcohol 900 mL

Alcohol, a sufficient quantity to make 1000 mL

Macerate the Sweet OrangePeel in 900 mL of Alcoholin a
container that can be closed, and put in a warm place.
Agitate it frequently during 3 days or until the soluble matter
is dissolved. Transfer the mixture to a filter, using Talc as the
filtering medium, and when most of the liquid has drained
away, wash the residue on the filter with a sufficient
quantity of Alcohol, combining the filtrates, to produce
1000 mL, and mix. [NOTE-Exclude the inner, white portion
of the rind.]

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 62.00/0-72.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers. Avoid exposure to direct sunlight and
excessiveheat.

• LABELING: The label states the Latin binomial and the
official name.

Orange Syrup
DEFINITION
Orange Syrup contains NLT 0.45% and NMT 0.55% of citric

acid (C6Hs07) .

Prepare Orange Syrup as follows (see Pharmaceutical
Compounding-Nonsterile Preparations (795».

Sweet Orange PeelTincture 50mL

Anhydrous Citric Acid 5g

Talc 15 g

Sucrose 820g

Purified Water, a sufficient quantity to make 1000 mL

Triturate Talcwith Sweet Orange Peel Tincture and Anhydrous
CitricAcid,and gradually add 400 mL of Purified Water. Filter,
returning the first portions of the filtrate until it becomes
clear, and wash the mortar and the filter with sufficient
Purified Waterto make the filtrate measure 450 mL. Dissolve
Sucrose in this filtrate by agitation, without heating, and add
Purified Waterto make the product measure 1000 mL. Mix,
and strain. [NOTE-Do not use Orange Syrup that has a
terebinthine odor or taste or shows other indications of
deterioration.]

ASSAY
• CITRIC ACID

Sample: 20 mL
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
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Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: To the Sample add 20 mL of water and add
phenolphthalein TS.Titrate with Titrant. EachmL of Titrant
is equivalent to 6.404 mg of citric acid (C6Hs07) . '

Acceptance criteria: 0.45%-0.55%

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 2.0%-5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight containers, and

store in a cold place.
• LABELING: The label statesthe Latin binomial and, following

the official name, the part of the plant source from which
the article was derived. The label indicates that Syrup is not
to be used if it has a terebinthine odor or taste or shows
other indications of deterioration.

Oxyquinoline Sulfate

[eo], ."~
(C9H7NO)2' H2S04 388.39
8-Quinolinol sulfate (2: 1) (salt) [134-31-6].

DEFINITION
Oxyquinoline Sulfate is 8-hydroxyquinoline sulfate. It contains

NLT 97.0% and NMT 101.0% of oxyquinoline sulfate
[(C9H7NO)2' H2S04] , calculated on the anhydrous basis.

IDENTIFICATION

(»

Analysis: On the undried specimen
Acceptance criteria: Meets the requirements

• B. IDENTIFICATION TESTS-GENERAL, Sulfate (191)
Analysis: 100 mg/mL
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 100 mg
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 N bromine VS
Back-titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Transfer the Sample to an iodine flask, add 30 mL
of glacial acetic acid, 25.0 mL of Titrant, 10 mL of potassium
bromide solution (150 mg/mL), and 10 mL of hydrochloric
acid. Immediately insert the stopper, mix, and allow to
stand for 15 min, protected from light. Quickly add 10 mL
of potassium iodide solution (100 mg/mL) and 100 mL of
water, taking precautions against the escape of bromine
vapor. At once insert the stopper, and shake the mixture
thoroughly. Remove the stopper, and rinse it and the neck
of the flask with a small quantity of water so that the
washinq flows into the flask. Shakethe mixture thoroughly.
Titrate the liberated iodine with Back-titrant, ,adding 3 mL
of starch TSasthe endpoint isapproached. Perform a blank
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determination. Eachml of Titrant is equivalent to 4.855 mg
of oxyquinoline sulfate [(C9H 7NO)2' H2S04] ,

Acceptance criteria: 97.0%-101.0% on the anhydrous
basis

IMPURITIES
• RIESIDUE ON IGNITION (281): NMT 0.3%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): 4.00/0-6.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Oxyquinoline Sulfate RS

Palm Oil

Palm oil [8002-75-3].

DEFINITION
Palm Oil is the refined fixed oil obtained from the pulp of the

fruit of the oil palm Elaeis guineensis [acq. (Fam. Arecaceae).
It may contain suitable antioxidants.

IDENTIFICATION
• A. IDENTITY BY FATTY ACID COMPOSITION

Analysis: Proceed as directed in the test for Fats and Fixed
Oils (401), Procedures, FattyAcidComposition.

Acceptance criteria: Meets the composition profile of fatty
acids in Table 1

• B. It meets the requirements of the test for MeltingRange or
Temperature (741).

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 5 g of Palm Oil
Acceptance criteria: NMT 0.1%

- . )
• ALKALINE IMPURITIES

Sample: 10 ml of Palm Oil .
Analysis: Mix 10 mL of acetone and 0.3 ml of water, and

add 0.05 ml of bromophenol blue TS. If necessary,
neutra1izethe solution to a green color with 0.01 N
hydrochloric acid or 0.01 N sodium hydroxide. Add the
Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS until the color of the upper layer
changes to yellow. .

Acceptance criteria: NMT 0.1 ml of 0.01 N hydrochloric
acid is required.

SPECiFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 30°-40°
• FATS AND FIXED OILS (401), Procedures, AcidValue,

Method 1/: NMT 2.0
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• FATS AND FIXED OILS (401), Procedures, FattyAcid
Composition: Palm Oil exhibits the composition profile of
fatty acids as shown in Table 1.

Table 1
Number of

Carbon-Chain Length Double Bonds Percentage

~12 O· ~2.5

14 0 0.5-5.9

16 0 39.0-47.0

18 0 2.0-8.0

16 1 ~0.5

18 1 36.0-44.0

18 2 7.0-12.0

18 3 ~0.5

2;:20 oor 1 ~1.0

• FATS AND FIXED OILS (401), Procedures, Peroxide Value:
NMT 5.0

• FATS AND FIXED OILS (401), Procedures, Unsaponifiable
Matter. NMT 1.0%

• WATER DETERMINATION (921), Method I, Method lc NMT
. 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Do not store above 55°.
• LABELING: label it to indicate the name and quantity of any

added antioxidants.

Hydrogenated Palm Oil
R'COOCH 2-CH(OOCR2)-CH200CR3, where R', R2, and R3 are

mainly C'5 and Cll;

Hydrogenated palm oil [68514-74-9].

DEFINITION
Hydrogenated Palm Oil is the product obtained by refining

and hydrogenating the oil obtained from the pulp of the fruit
of the oil palm Elaeis guineensis [acq, (Fam. Aracaceae). The
product consists mainly of triglycerides of palmitic and
stearic acids.

IDENTIFICATION
• A. It meets the requirements of the test for Fats and Fixed

Oils, FattyAcidComposition (401).
• B. It meets the requirements of the test for MeltingRange or

Temperature (741).

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 5 g
Acceptance criteria: NMT 0.1%

• LIMITOF NICKEL
Sample solution: Weigh 5.0 g of HydroqenatedPalm Oil

into a previously tared platinum or silica crucible.
Cautiously heat the substance, and introduce into it a wick
formed from twisted, ashlessfilter paper. Ignite. the wick.
When the substance ignites, stop heating. After
combustion, ignite in a muffle furnace at about 600°.
Continue the incineration until a white ash is obtained.
After cooling, with the aid of two 2-ml portions of diluted
hydrochloric acid, transfer the residue to a 25-ml
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volumetric flask, add 0.3 mL of nitric acid, and dilute with
water to volume.

Nickel standard solution: Immediately before use, dilute
10 mL of nickel standard solution TSwith water to 500 mL.
This solution contains the equivalent of 0.2IJg/mL of nickel.

Standard solutions: Into four separate identical 10-mL
volumetric flasks introduce respectively 0, 1.0, 2.0, and
4.0 mL of Nickelstandardsolution. To each flask add a
2.0-mL portion of the Sample solution, and dilute with water
to volume to obtain four Standard solutions containing
added quantities of 0, 0.2, 0.4, and 0.8 IJg of nickel,
respectively.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped

with a graphite furnace
Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode

Analysis
Samples: Standard solutions

Concomitantly determine the absorbances of the
Standard solutions at least three times each. Record the
average of the steady readings for each of the Standard
solutions. Plot the absorbances of the Standard solutions
versus the added quantity, in IJg, of nickel. Extrapolate
the line joining the points on the graph until it meets the
quantity axis. The distance between this point and the
intersection of the axes represents the quantity of nickel
in the 2-mL portion of the Sample solutionadded to the
Standard solutions.

Calculate the content of nickel in the portion of
Hydrogenated Palm Oil taken:

Result=LV x (A/V,J]/W

V =volume of the Sample solution, 25 mL
A = quantity of nickel (lJg)
VA = volume of the Sample solutionadded to the

Standard solutions, 2 mL
W = weight of Hydrogenated Palm Oil taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 1 IJg/g
• ALKALINE IMPURITIES

Sample: A mixture of 2.0 g of Hydrogenated Palm Oil,
1.5 mL of alcohol, and 3.0 mL of toluene

Analysis: Dissolve the Sample by gentle heating. Add
0.05 mL of bromophenol blue TS, and titrate with 0.01 N
hydrochloric acid VSuntil the mixture turns yellow.

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 58°-62°
• FATS AND FIXED OILS, AcidValue, Method /I (401): NMT 2.0
• FATS AND FIXED OILS, FattyAcidComposition (401):

Hydrogenated Palm Oil exhibits the composition profile of
fatty acids asshown in Table 7.

Table 1
Number of

Carbon-Chain length Double Bonds Percentage

512 0 52.5

14 0 0.5-5.9

16 0 32.0-47.0

18 0 49.0-57.0

20 0 51.0
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Table 1 (continued)

Number of
Carbon-Chain length Double Bonds Percentage

22 0 51.0

16 1 52.5

18 1 52.5

18 2 50.5

18 3 50.5

• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

0.8%
• Loss ON DRYING (731)

Analysis: Dry a sample at 105° for 4 h.
Acceptance criteria: NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No storage requirement specified.

Palm Kernel Oil

Elaeis guineensis seed oil [8023-79-8].

DEFINITION
Palm Kernel Oil is the refined fixed oil obtained from the kernel

of the fruit of the oil palm Elaeis guineensis [acq, (Fam.
Arecaceae). It may contain suitable antioxidants.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oi/s, FattyAcidComposition (401).
• B. It meets the requirements in Specific Tests for Melting

Range or Temperature (741).

IMPURITIES
• LIMIT OF LEAD

[NOTE-For this test, use reagent-grade chemicals with
as Iowa lead content as is practicable, aswell as
high-purity water and gases. Before use in this
analysis, rinseall glasswareand plasticware twice with
diluted nitric acid and twice with diluted hydrochloric
acid, and then rinse them thoroughly with Purified
Water.]

Hydrogen peroxide-nitric acid solution: 10% hydrogen
peroxide and diluted nitric acid (1:1). [NOTE-Use caution.]

Lead nitrate stock solution: Dissolve159.8 mg of lead
nitrate in 100 mL of Hydrogen peroxide-nitric acidsolution.
Dilute with Hydrogen peroxide-nitric acidsolutionto
1000 mL, and mix. Prepare and store this solution in glass
containers that are free from lead salts. Each mL of this
solution contains the equivalent of 100 IJg of lead.

Standard lead solution: On the day of use, dilute 10.0 ml
of Lead nitrate stock solutionwith Hydrogen peroxide-nitric
acidsolution to 100.0 mL, and mix. Each rill of Standard
leadsolutioncontains the equivalent of 10 IJg of lead.

Butanol-nitric acid solution: Slowly add 50 ml of nitric
acid to approximately 500 mL of butanol in a 1000-ml
volumetric flask. Dilute with butanol to volume.

Standard solutions: Into five separate 1OO-mL volumetric
flasks pipet 0.2, 0.5, 1, 2, and 5 mL, respectively, of
Standard leadsolution, and dilute with Butanol-nitric acid
solutionto volume. The Standard solutions contain 0.02,
0.05, 0.1, 0.2, and 0.5 IJg/ml of lead, respectively.
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256.42

o

Number of Double Percentage
Carbon-Chain length Bonds (%)

6 0 ::;1.5

8 0 3-5

10 0 2.5-6

12 0 40-52

14 0 14-18

16 0 7-10

18 0 1-3

20 0 ::;1

16 1 ::;1

18 1 11-19

18 2 0.5-4

lJalll I IIl:l\., acid of
the Sample solution corresponds to of the
Standard solution, as obtained in the Assay.

Table 1

Palmitic Acid

Acceptance criteria: NMT 0.1 IJg/g of lead

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 2.0
• FATS AND FIXED OILS, Fatty Acid Composition (401): Palm

Kernel Oil exhibits the composition profile of fatty acids
shown in Table 1.

• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• FATS AND FIXED OILS, Unsaponifiable Matter(401): NMT

1.5%
• MELTING RANGE ORTEMPERATURE (741): 27°-29°
• WATER DETERMINATION, Method I(921): NMT 0.1%,50 mL

of chloroform being used instead of 35-40 mL of methanol
as the solvent.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Do not store above 45°.
• LABELING: Label it to indicate the name and quantity of any

added antioxidants.

C16H3202
n-Hexadecanoic acid;
1-Pentadecanecarboxylic acid [57-10-3].

DEFINITION

Palmitic Acid isa mixture of i~t~DIBf~iJ~j acids obtained from
fats or oils of animal or vegetable origin. It contains NLT
92.0% of palmitic acid (C16H3202) and NMT 6.0% of stearic
acid (ClsH3602)'

IDENTIFICATION
Result=(C/W) x V

=measured concentration of lead in the Sample
solution (l-lg/mL)

=weight of the Oil taken to prepare the Sample
solution (g) .

=final volume of the Sample solution, 10 mL

C

W

V

Sample solution: [CAUTIoN-Prepare this solution in a fume
hood, and wear safety glasses.] Transfer 1.0 g of Oil into a
large test tube. Add 1 mL of nitric acid. Placethe test tube
in a rack in a boiling water bath. As soon as the rusty tint is
gone, add 1 mL of 30% hydrogen peroxide dropwise to
avoid a vigorous reaction, and wait for bubbles to form. Stir
with an acid-washed plastic spatula if necessary. Remove
the test tube from the water bath, and allow it to cool.
Transfer the solution to a 1O-mLvolumetric flask, and
dilute with Butanol-nitric acid solution to volume.

Tungsten solution: Transfer 0.1 g of tungstic acid and 5 g
of sodium hydroxide pellets to a 50-mL plastic bottle. Add
5.0 mL of water, and mix. Heat the mixture in a hot water
bath until complete solution is achieved. Cool, and store at
room temperature.

Instrumental conditions
(See Atomic Absorption Spectroscopy (852).)
Mode: Graphite furnace atomic absorption

spectrophotometry
Analytical wavelength: 283.3 nm lead emission line
Injection size: 20 I-lL
lamp: Lead hollow-cathode

Furnace conditioning: Placethe graphite tube in the
furnace. Inject the Tungsten solution into the graphite tube,
using an argon flow rate of 300 mL/min. Maintain the
drying temperature at 110° for 20 s, the ashing
temperature at 700°-900° for 20 s, and with the argon flow
stopped, the atomization temperature at 2700° for lOs;
repeat this processonce more using a second 20':'IJL aliquot
of the Tungsten solution. Clean the quartz windows.

Analysis
Samples: Standard solutions and Sample solution

[NoTE-The sample injection technique is the most
crucial step in controJling the precision of the analysis;
the volume of each of the Standard solutions and the
Sample solution must remain constant. Rinse the
ul-pipet tip three times with either the Standard
solutions or the Sample solution before injection. Usea
fresh pipet tipfor each injection, and start the
atomization process immediately after injecting the
Samples. Between injections, flush the graphite tube
of any residual lead by purging at a high temperature
recommended by the manufacturer.]

Concomitantly determine the absorbances of the
Samples.
Atomize equal volumes of the Standard solutions and the

Sample solution with an argon flow rate of 300 mL/min.
Maintain the drying temperature of the furnace at 110°

for 30 s after a 20-s ramp time and a 1O-s hold time; the
ashing temperature at 700° for 42 s after a 20-s ramp
time and a 22-s hold time; and the atomization
temperature at 2300° for 7 s with the argon flow
stopped.

Plot the absorbance of each of the Standard solutions,
compensated for background correction, versus its
content of lead, in I-lg/mL, and draw the best straight line
fitting the five points. From this plot, determine the
concentration, C, in I-lg/mL, of lead in the Sample
solution.

Calculate the quantity, in I-lg/g, of lead in the portion of
Oil taken:
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IMPURITIES

. icAcid
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eu
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=COr'}centration of Palmitic Acid in'th~ Jample
solution'(mglm~)

~T92.0%of palmitiC ~cid

Table 2

Cal te the percentage of
st, "acid (C1sH3602) in
taken:' .

Relative
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SPECIFIC TESTS
• COLOR: Heata sample of Palmitic Acid to 75°.The resulting

liquid is not more intensely colored than a solution
prepared by mixing 1.2 mL of ferric chloride CS and
0.3 mL of cobaltous chlorideCS with 0.3 N hydrochloric
acid to make10 mL, and diluting 5 mL of this solution with
0.3 N hydrochloric acid to make 100 ml. Make the
comparison by viewingthe solutions downward in
matched color-cornparlson tubes against a white surface
(see ColorandAchromicity (631 ».

• CONGEALING TEMPERATURE (651): 60°-66° .

AND OILS (401), Procedures, IodineValue,'
Method I

Analysis: Proceed as directed in the chapter, except use
35 mL of chloroform.

Acceptance criteria: NMT 1
• MINERAL ACID
Analysis: Shake 5 g of melted Palmitic Acid with an equal

volume of hot water for 2 min. Cool, and filter.
Acceptance criteria: The filtrate is not reddened by the

addition of 1 drop of methylorange TS.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.
• LABELING: Label it to indicatewhether it isderived from

animalor vegetable sources.

• USP REFERENCESTANDARD~(ll)

.~ liSP:ty1Yrisfic A:CidR'S A;'2S_(N~3~i
USP Palmitic Acid RS
USP Stearic Acid RS
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Paraffin
[8002-74-2].

DEFINITION
Paraffin is a purified mixtureof solidsaturated hydrocarbons

obtained from petroleum. It may contain suitable
antioxidants.

IDENTIFICATION

SiuTlple: Use a thin film of melted specimen.
Analysis: Ensure complete melting to avoid doublet peaks

that may be observed at wavenumbers at about 1460 and
730 crrr",

Acceptance criteria: Meets the requirements
• B. It meets the requirements in Specific Tests for Congealing

Temperature (651 ).

IMPURITIES
• LIMIT OF SULFUR COMPOUNDS

Sample: 4.0 g
Analysis: To the Sample add 2 mL of dehydrated alcohol,

. and add 2 drops of a clearsaturated solutionof lead(II)
oxide insodium hydroxide solution(200 mg/mL). Heatthe
mixtureat 70°for 10 min with frequent shaking, and cool.

Acceptance criteria: No dark brown color develops.
• LIMITOFPOLVCVCLlC AROMATIC HVDROCARBONS

Dimethyl sulfoxide: Use spectrophotometric grade
dimethylsulfoxide.

Standard solution: 7.0 fJg/mL of USP Naphthalene RS in
Dimethyl sulfoxide. Determinethe absorbance of this
solutionat 278 nm using Dimethylsulfoxide as the blank.

Sample: 0.50 g
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Wavelength range: 260-350 nm
Cell: 1 cm

Analysis: Dissolve the Sample in 25 mL of n-heptane, place
ina 125-mL separator with unlubricatedground-glass parts
(stopper, stopcock), and mix. Add 5.0 mL of Dimethyl
sulfoxide, and shakethe mixtureVigorously for 1 min.Allow
to stand untiltwo clearlayers areformed. Transfer the lower
layerto another 125-mLseparator, add 2 mL of n-heptane,
and shake the mixture Vigorously. Allow to stand until two
clear layers are formed. Separate the lower layer, and
determine its absorbance usingas the blankDimethyl
sulfoxide that previously has been shaken vigorously for
1 min with n-heptane in the ratio of 5 mL of Dimethyl
sulfoxide to 25 mL of n-heptane.

Acceptance criteria: The absorbance at any wavelength in
the specified range is not greater than one-third of the
absorbance, at 278 nm, of the Standard solution.

SPECIFIC TESTS
• CONGEALING TEMPERATURE (651): 4r-65°
• ACIDITY

Sample: 15 g
Analysis: Introducethe Sample intoa suitableseparator,add

30 mL of boiling water, and shake vigorously for about
1 min. Allow to cool, and draw offthe separated water. To
10 mL of the filtrated aqueous layeradd 0.1 mL of
phenolphthaleinTS.

Acceptance criteria: The solution does not produce a pink'
color. NMT 1.0 mL of 0.01 M sodium hydroxide is
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subsequentlyrequired to change the color of the indicator
to pink.

o ALKALINITY
Sample: 10 mL of the filtrated aqueous layerobtained from

the test for Acidity
Analysis: To the Sample add 0.1 mL of methyl red TS2.
Acceptance criteria: The solution produces a yellow color.

NMT 0.5 mL of 0.01 M hydrochloric acid issubsequently
required to change the color of the indicator to red.

o READILY CARBONIZABLE SUBSTANCES (271)
Standard solution: Amix of 3 mL of ferric chloride CS,

1.5 mL of cobaltous chloride CS, and 0.50 mL of cupric
sulfateCS, overlaid with 5 mL of mineral oil

Sample: 5 mL, at a temperature justabove the melting point
Analysis: Use a clean, dry, heat-resistant, glass-stoppered

test tube, 140 ± 2 mm in length with an outside diameter
between 14.5 and 15.0 mm, and calibrated at the 5- and
1O-mL liquid levels. The capacity of the tube with the
stopper inserted is between 13.6 and 15.6 rnt.' Place the
Sample in the test tube, add 5 mL of sulfuric acid (94.50/0
94.9% ofH2S0 4) , and heat ina water bath at 70°for10 min.
When 5 min have elapsed, and at each successive min
thereafter, removethe tube from the bath, placea finger
over the stopper, and give the tube three vigorous vertical
shakesover an amplitude of about 12 em, returning the
tube to the bath within 3 s after the time when it Was
removedtherefrom.

Acceptance criteria: Atthe end of 10 minfromthe time the
tube was placed in the bath, the acid (lower layer) has no
more color than the Standardsolution. Ifthe sulfuric acid
remainsdispersed in the molten paraffin, the colorof the
emulsion is not darker than that of the Standard solution
when shakenvigorously.

ADDITIONAL REQUIREMENTS
o PACKAGING AND STORAGE: Preserve in light resistant,

well-closed containers, and avoid exposure to
excessive heat.

o LABELING: Label it to indicate the name and quantityof any
antioxidants.

o USP REFERENCE STANDARDS (11)
USP Naphthalene RS
USP Paraffin RS

Synthetic Paraffin
DEFINITION
Synthetic Paraffin is synthesized by the Fischer-Tropsch

processfrom carbon monoxide and hydrogen, whichare
catalytically converted to a mixtureof paraffin hydrocarbons;
the lowermolecular weight fractions are removed by
distillation, and the residue is hydrogenated and further
treated by percolation through activated charcoal. This
mixturemaybefractionated into itscomponents by asolvent
separation method, using a suitable synthetic isoparaffinic
petroleum hydrocarbon solvent. It may contain NMT
0.005% of a suitable antioxidant.

IDENTIFICATION

1 A suitable test tube is available from Kimble Kontes. Item number: 34
19426. Description: NesslerTube. Contact: phone 800-682·6644, fax 856
692-6644, e-mail customglass@kimkon.com.
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from a melt onto a cesiumbromide plate, exhibitsa pairof
verystrong IR absorption peaks between 2840 cm-1and
3000 crrr", a pair of moderatelystrong peaks between
1430 crrr' and 1490 crrr",a pairofmedium peaksbetween
720 ern" and 750 crrr"

IMPURITIES
o LIMIT OFOIL CONTENT
Analysis: Follow ASTM Method D721-68, "Standard Test

Method for Oil Content of Petroleum Waxes" (Reapproved
1987).1

Acceptance criteria: NMT 0.5%

SPECIFIC TESTS
o ABSORPTIVITY

Sample solution: Transfer 50-100 mg to a 100-mL
volumetricflask. Dissolve in decahydronaphthalene at 88°,
dilutewith the same solventat this temperature to volume,
and mix.

Blank: Decahydronaphthalene
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: 290 nm
Cell: 10 em (jacketed cells maintained at 88°)

Analysis
Samples: Sample solutionand Blank

Determine the absorbance of the Sample solution, and
calculate the absorptivity.

Acceptance criteria: NMT 0.01

ADDITIONAL REQUIREMENTS
o PACKAGING AND STORAGE: Preserve in well-closed

containers.
o LABELING: The labeling indicates its congealing

temperature, viscosity, and needle penetration range under
the specified conditions.

Peanut Oil
[8002-03-7].

DEFINITION
Peanut Oil is the fully-refined (alkali-refined, bleached, and

deodorized at 230°-260°) oilobtained from the seed kernels
of one or more of the cultivated varieties of Arachis
hypogaea L. (Fam. Leguminosae). It may contain suitable
antioxidants.

IDENTIFICATION
o A. IDENTITY BY FATTY ACID COMPOSITION
Analysis: Proceed as directed in the test for Fats and Fixed

Oils(401), Procedures, FattyAcidComposition.
Acceptance criteria: Meets the composition profile of fatty

acids in Table 1
o B. IDENTITY BY TRIGLYCERIDE PROFILE
Analysis: Proceedas directed in Identification ofFixed Oils by

Thin-Layer Chromatography (202), Identification, MethodI or
Method II.

Acceptance criteria: Meetsthe requirementsin the chapter

IMPURITIES
o ALKALINE IMPURITIES

Sample: 10 mL of Peanut Oil
Analysis: Mix 10 mL of freshly opened acetone and 0.3 mL

of water, and add 0.05 mL of bromophenol blue TS. Add

1 Available from the American Society for Testing and Materials, 1916 Race
St., Philadelphia, PA19103.
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the Sample, shake, and allow to stand. Titratewith 0.01 N
hydrochloric acid VS to change the color of the upper layer
to yellow.

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
• FATS AND FIXED OILS (401), Procedures, FattyAcid

Composition: Peanut Oil exhibits the compositionprofile of
fatty acids in Table 1.

Table 1
Number of Percentage

Carbon-Chain Length Double Bonds (%)

<14 0 ~0.1

14 0 ~0.2

16 0 7.0-16.0

16 1 ~1.0

18 0 1.3-6.5

18 1 35.0-72.0

18 2 13.0-43.0

18 3 ~0.6

20 0 0.5-3.0

20 1 0.5-2.1

22 0 1.0-5.0

22 1 ~0.5

24 0 0.5-3.0

• RANCIDITY
Sample: 1 mL of a solution (1 in 10) of Peanut Oil in ether
Analysis: Shakethe Sample with 1 mL of hydrochloric acid,

and add 1 mL of a solution(1 in 1000) of phloroglucinol in
ether. ,

Acceptance criteria: No red or pinkcolor develops.
• FATS AND FIXED OILS (401), Procedures, Acid. Value: NMT 0.2
• FATS AND FIXED OILS (401), Procedures, Peroxide Value:

NMT 5.0
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 1.5%
. • WATER DETERMINATION (921), Method I, Method Ie: NMT

0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and prevent exposure to excessive heat.
• LABELING: Label it to indicatethe name and quantity of any

added antioxidant.Where Peanut Oil is intended for use in
the manufactureof injectable dosage forms, it isso labeled.

• OTHER REQUIREMENTS: ForPeanut Oil intended for use in
injectabledosage forms, which is specified in Labeling, the
requirements under Injections and ImplantedDrugProducts
(1), Product Quality Tests Common to Parenteral Dosage
Forms, Specific Tests, Vehicles and Added Substances,
Nonaqueous Vehicles, must be met.

Pectin-see Pectin General Monographs
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Peppermint
DEFINITION
Peppermint consists of the dried leafand flowering top of

Menthapiperita L. (Fam. Labiatae).

SPECIFIC TESTS
• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter

(561): NMT 2.0% of stems more than 3 mm in diameter
and other foreign organic matter

• BOTANIC CHARACTERISTICS
Unground peppermint: Leaves, slender stems, and
flowering tops. Theleavesare opposite, usually moreor less
crumpled, and frequentlydetached from the stem. The
petioleis4-15 mm in length, slightly pubescent; the blade,
when entire, isovate-oblong to ob/ong-Ianceolate, 1.5-
9 cm in length with an acute apex, a narrowedor rounded
base, and a sharply serrate margin; light green to dark
green in color; its upper surfaceisnearlyglabrous, its lower
surfacehas a few hairs on the veins and many
amber-colored glandular hairs. The stem isquadrangular,
1-3 mm in diameter, glabrous except for a few scattered
deflexedhairs, green to dark purple.Theflowers occuras a
compact, oblong or ovalspikeofverticillasters, 1-1 .5 em in
breadth, rounded at the summit, and in fruit attaining a
length of 3-7 em. The bracts are oblong-Ianceo/ate, 4-
7 mm in length; the calyx, tubular-campanulate, equally
five-toothed, pubescent, and glandular-punctate,green to
dark purple; the corolla is glabrous, light purple,
tubular-campanulate, four-cleft, 3 mm in lengtn; stamens,
4, short and equal; style two- or rarely three-cleftat the
summit. The nutlets are ellipsoidal, 500 IJm in diameter.
Peppermint has an aromatic, characteristicodor and a
pungent taste, and produces a coolingsensation in the
mouth. .

Histology
leaf: The lamina isdorsiventral. Both the upper and the

lowerepidermis consistof epidermalcells with wavy,
anticlinal walls and stomata, the latter enclosed by a pair
of subsidiary cells with a common wall at right angles to
the guard cells. Manyof the epidermalcells, especially
over the veins and midrib, bear nonglandular and
glandular hairs. The nonglandular hairs, also numerous
along the margin, are uniseriate with longitudinally striate
and papillose cuticle, up to 8 cells in length and tapered
to a pointed apex.The glandularhairsoccur in two types.
The larger of these are sunken in depressions of the
epidermisand consistof a one- to two-celled stalkand a
glandular head of 8 radiating cells beneath the raised .
cuticleof whichvolatile oil issecreted. The smaller type of
glandular hairconsists of a one- to two-celled stalkand a
one-celled glandularhead containingvolatile oil. Beneath
the upper epidermis occurs a single layerof palisade
parenchyma up to 80 IJm in length and, directly
underneath it, spongy parenchyma of 3 or 4 layers of
chloroplastid-containing cells, through whichzone course
the fibrovascular tissues of the veins.

Stem: The stem isquadrangular. It shows a layer of
epidermisbearing hairssimilar to those of the leafand
possessing cuticularized outer convexwalls, a narrow
cortex of chlorenchyma, a clear endodermis of
tangentiallyelongated, thin-walled cells with colorless
contents, a narrowphloem, a cambium, and a xylem
broadest in the regions beneath the stem angles and
containing narrowwood-wedgesseparated byxylem rays
one cell in width. The wood-wedges consist chiefly of
simple pitted and spiral vessels, tracheids, and .
wood-fibers. Beneath each of the four angles of the stem
occurs an elliptic to ovate zone of collenchyma. Alarge
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pith composed of thin-walled parenchyma occupies the
center.

Powdered peppermint: Green to light olive green. Shows
fragments of leaf epidermis with wavy vertical walls and,
if from the lower surface of the leaf, with numerous
stomata and glandular and nonglandular hairs, the latter
especially numerous along the veins; glandular hairs
with a one- to two-celled stalk and one- to eight-celled
head, usually set in a depression in the leaf and containing
volatile oil and frequently yellowish or brownish crystals
that are birefringent; nonglandular hairs with thin,
papillose walls and frequently with short, longitudinal
striations of 1-8 cells and up to 1.4 mm in length; the
terminal cell pointed or sometimes globular; fragments of
chlorenchyma with vascular tissue, the vessels spiral or
with simple pits and but slightly lignified; fragments of
collenchyma and of thin-walled, non lignified fibers
associated with parenchyma. The pollen grains are
spheroidal and smooth.

Peppermint Oil
DEFINITION
Peppermint Oil is the volatile oil distilled with steam from the

fresh overground parts of the flowering plant of Mentha
piperita L.(Fam. labiatae), rectified by distillation and neither
partially nor wholly dementholized. It yields NlT 5.0% of
esters, calculated as menthyl acetate (C12H2202), and NlT
50.0% of total menthol (C1oH200), free and as esters.

IDENTIFICATION
• A.

Sample: 6 drops of Oil
Analysis: Place the Sample in a dry test tube and mix with

5 mL of a 1-in-300 solution of nitric acid in glacial acetic
acid, and place the tube in a beaker of boiling water.

Acceptance criteria: Within 5 min the liquid develops a blue
color that, on continued heating, deepens and shows a
copper-colored fluorescence and then fades, leaving a
golden-yellow solution.

ASSAY
• TOTAL ESTERS

Sample: 109 of Oil
Analysis: Place the Sample in a 250-ml conical flask, add

10 ml of neutralized alcohol and 2 drops of
phenolphthalein T5, then add, dropwise, 0.1 N sodium
hydroxide until a faint pink color appears. Add 25.0 ml of
0.5 N alcoholic potassium hydroxide V5, connect the flask
to a reflux condenser, and heat on a boiling water bath for
1 h. Allow the mixture to cool, add 20 ml of water, and
add phenolphthalein T5.
Titrate the excess alkali with 0.5 N hydrochloric acid V5.

Perform a blank determination, disregarding the 0.1 N
sodium hydroxide (see Titrimetry(541), Residual
Titrations). Each mL of 0.5 N alcoholic potassium
hydroxide consumed in the saponification is equivalent to
99.15 mg of total esters calculated as C12H2202.

Acceptance criteria: NLT 5.0% of esters, calculated
as C12H2202

• TOTAL MENTHOL
Sample: 10 ml of Oil
Analysis: Place the Sample in an acetylation flask of 100-ml

capacity, and add 10 ml of acetic anhydride and 1 g of
anhydrous sodium acetate. Boil the mixture gently for 1 h,
accurately timed, cool, disconnect the flask from the
condenser, transfer the mixture to a small separator, rinsing
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the acetylation flask with three 5-mL portions of warm
water, and add the rinsings to the separator. When the
liquids have completely separated, discard the water layer,
and wash the remaining oil with successive portions of
sodium carbonate T5, diluted with an equal volume of
water, until the last washing is alkaline to phenolphthalein
T5. Dry the resulting oilwith anhydrous sodium sulfate, and
filter. Transfer 5 ml of the dryacetylated oil to a tared,
1OO-ml conical flask, and weigh. Add 50.0 ml of 0.5 N
alcoholic potassium hydroxide V5, connect the flask to a
reflux condenser, and boil the mixture on a steam bath for
1 h, accurately timed. Allow the mixture to cool, and add
10 drops of phenolphthalein T5.
Titrate the excess alkali with 0.5 N hydrochloric acid V5.

Perform a blank determination (see Titrimetry(541 ),
Residual Titrations).

Calculate the percentage of total menthol in the Oil
tested:

Result = 7.813 x A x (1 - 0.0021 x E)j(W - 0.021 x A)

A = result obtained by subtracting the number of mL
of 0.5 N hydrochloric acid required in the above
titration from the number of mL of 0.5 N
hydrochloric acid required in the residual
titration blank

E =percentage of esters calculated as menthyl
acetate (C12H2202)

W = weight of acetylated Oil taken (g)

Acceptance criteria: NlT 50.0% of ClOH200, free and as
esters

IMPURITIES
• LIMIT OF DIMETHYL SULFIDE

Analysis: Distill 1 mL from 25 mL of Oil, and carefully
superimpose the distillate on 5 mL of mercuric chloride T5
in a test tube.

Acceptance criteria: A white film does not form at the zone
of contact within 1 min.

SPECIFICTESTS
• SPECIFIC GRAVITY (841): 0.896-0.908
• OPTICAL ROTATION, AngularRotation (781A): -180 to -320

• REFRACTIVE INDEX (831): 1.459-1.465 at 20 0

• SOLUBILITY IN 70% ALCOHOL: One volume dissolves in 3
volumes of 70% alcohol, with NMT slight opalescence.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

prevent exposure to excessive heat.

Peppermint Spirit-see Peppermint SpiritGeneral
Monographs

Peppermint Water
DEFINITION
Peppermint Water is a clear, saturated solution of Peppermint

Oil in Purified Water, prepared by one of the processes
described in Pharmaceutical Dosage Forms (1151), Solutions,
Waters, Aromatic.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
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Petrolatum-see Petrolatum General Monographs

Petrolatum, Hydrophilic-see Petrolatum,
Hydrophilic General Monographs

Petrolatum, White-see Petrolatum, White General
Monographs

Phenol-see Phenol General Monographs

Phenolsulfonphthalein

C19H140SS 354.38
Phenol red;
Phenol, 4,4'-(3H-2,1-benzoxathiol-3-ylidene)bis-,(S,S-

dioxide); I

3,3-Bis(4-hydroxyphenyl)-3H-2,l-benzoxathiole l,l-dioxide
[143-74-8].

DEFINITION
Phenolsulfonphthalein contains NLT 98.0% and NMT 102.0%

of 4,4'-(3H-2,l-benzoxathiol-3-ylidene)bis-,(S,S-dioxide)
phenol (C19H140SS), calculated on the dried ,basis.

IDENTIFICATION

• A.
Sample: 5 mg of Phenolsulfonphthalein
Analysis: Transfer the Sample to a 1OO-mL volumetric flask,

dissolve in and dilute with sodium carbonate solution (1 in
100) to volume, and mix. Dilute 5.0 mL of the solution so
obtained to 100.0 mL with sodium carbonate solution (1 in
100). Examine between 400 and 630 nm.

Acceptance criteria: The solution exhibits an absorption
maximum at 558 nm, and the specific absorbance at the
maximum is between 1900 and 2100.

• B.
Sample: 10 mg of Phenolsulfonphthalein
Analysis: Dissolve the Sample in 2 mL of 1 N sodium

hydroxide, and add 8 mL of water. To 5 mL of the solution
so obtained add 1 mL of 0.1 N potassium bromide
bromate and 1 mL of diluted hydrochloric acid, shake,and
allow to stand for 15 min. Render the solution alkaline with
1 N sodium hydroxide.

Acceptance criteria: An intense violet-blue color is
produced.

ASSAY
• PROC::EDURE

Sample: 0.9 g
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
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Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 250-mL volumetric flask,
dissolve in 15 mL ofl N sodium hydroxide, dilute with
water to volume, and mix. Transfer 10.0 mL of the solution
so obtained to a glass-stopperedflask. Add 25 mL of glacial
acetic acid, 20.0 mL of 0.1 N potassium bromate VS, 5 mL
of potassium bromide solution (1 in 10), and 5 mL of
hydrochloric acid, and immediately insert the stopper into
the flask. Allow to stand protected from light for 15 min.
Quickly add 10 mL of potassium iodide solution (1 in 10),
taking care to avoid the escapeof bromine vapor.
Immediately insert the stopper into the flask, and shake
vigorously. Rinse the stopper and the neck of the flaskwith a
small quantity of water. Titrate the liberated iodine with
0.1 N sodium thiosulfate VS, using starch TS as the
indicator. Perform a blank determination, and note the
difference in volumes required. Each mL of the difference
in volumes of 0.1 N sodium thiosulfate is equivalent to
4.43 mg of phenolsulfonphthalein (C19H140SS).

Acceptance criteria: 98.00/0-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 0.5 g
Acceptance criteria: NMT 0.2%

• CHROMATOGRAPHIC PURITY
Sample solution A: 20 mg/mL of Phenolsulfonphthalein in

0.1 N sodium hydroxide
Sample solution B: Transfer0.5 mL of Sample solutionA to a

1OO-mL volumetric flask, dilute with 0.1 N sodium
hydroxide to volume, and mix.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 10 IJL .
Developing solvent system: tert-Amyl alcohol, glacial

acetic acid, and water (4:1:1)
~~ili .

Samples: Sample solutionA and Sample solution8
Allow the plate to air-dry until the solvent hasevaporated,

and expose the plate to ammonia vapor. Examine the
plate under short-wavelength UV light.

Acceptance criteria: NMT 0.5%; NMT one spot, apart from
the principal spot, appears in the chromatogram from
Sample solutionA. This spot is not more intense than the
spot in the chromatogram from Sample solution B.

• INSOLUBLE SUBSTANCES
Sample: 1 g of finely powdered Phenolsulfonphthalein
Analysis: To the Sample add a solution of 0.5 g of sodium

bicarbonate in 12 mL of water. Allow to stand for 1 h,
shaking frequently. Dilute with sufficient water to make
100 mL, and allow to stand for 15 h. Centrifuge at 2000
3000 9 for 30 min, and decant the supernatant. Wash the
residuefirst with 25 mL of sodium bicarbonate solution (1 in
100), then with 25 mL of water, and dry at 105°.

Acceptance criteria: The weight of the insoluble residue
does not exceed 0.5% of the weight of the
Phenolsulfonphthalein taken.

SPECIFIC TESTS
• VISUAL TRANSITION INTERVAL

Potassium chloride solution: Dissolve1.0g of potassium
chloride in 100 mL of water, and adjust with 0.01 N
hydrochloric acid or sodium hydroxide to a pH of 6.8.

Sample solution: Dissolve0.1 g of Phenolsulfonphthalein in
100 mL of alcohol.
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Analysis 1: Add 0.15 mL of the Sample solutionto the
Potassium chloride solution.

Acceptance criteria 1: The color isyellow with NMT a faint
trace of green color.

Analysis 2: Titrate the solution from Analysis 7 with 0.01 N
sodium hydroxide to a pH of 7.0.

Acceptance criteria 2: The color of the solution becomes
orange.

Analysis 3: Continue the titration of the solution from
Analysis 2 with 0.01 N sodium hydroxide to a pH of 8.2.

Acceptance criteria 3: The color of the solution becomes
red. NMT 0.20 mL of 0.01 N sodium hydroxide is
consumed in the entire titration.

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g and the total
combined molds and yeasts count does not'exceed 1OZ dul
g.

• Loss ON DRYING (731)
Sampl~: 1 9 of powdered Phenolsulfonphthalein
Analysis: Dry the Sample at 105 0 to constant weight.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Phenoxyethanol

VO~OH

CaHlOOz 138.16
2-Phenoxyethanol;
2-Phenoxyethyl alcohol;
Ethylene glycol, 2-monophenyl ether [122-99-6].

DEFINITION
Phenoxyethanol contains NLT 98.0% and NMT 102.0% of

phenoxyethanol (CaHlOOz).

IDENTIFICATION

ASSAY
• PROCEDURE

Phenol solution, Standard solution, and
Chromatographic system: Prepare as directed in the test
for Organic Impurities.

Sample stock solution: 5 mg/mL of Phenoxyethanol in
isopropyl alcohol

Sample solution: Transfer 500 IJL of the Sample stock
solution to a vial, add 1000 IJL of isopropyl alcohol, crimp
the vial, and mix on a vortex mixer for 15 s.

Analysis
Samples: Standard solutionand Sample solution

Calculate the percentage of phenoxyethanol (CsH,oOz) in
the portion of Phenoxyethanol taken:

Result = (rulrs) x (CsICu) x 100

= peak response from the Sample solution
= peak response from the Standard solution
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= concentration of USP Phenoxyethanol RS in the
Standard solution(mg/mL)

=concentration of Phenoxyethanol in the Sample
solution(mg/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• ORGANIC IMPURITIES

Phenol solution: 0.25 mg/mLof phenol in isopropyl alcohol
Standard stock solution: 5 mg/mL of USP

Phenoxyethanol RS in the Phenol solution
Standard solution: Transfer 500 IJL of the Standard stock

soluti?n to a vial, add 1000 IJL of isopropyl alcohol, crimp
the vial, and mix on a vortex mixer for 15 s.

Sample solution: Transfer 50b IJL of Phenoxyethanol to a
tared vial, and determine the weight of Phenoxyethanol
ta~en. Add 1000 IJ~ of isopropyl alcohol, crimp the vial, and
mix on a vortex mixer for 15 s.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 10-m capillary coated with a 5-lJm

film of stationary phase G27
Temperatures

Injection port: 300 0

Detector: 300 0

Column: See Table 7.

Table 1

Initial
Hold Time at

Temperature Final Final
Temperature Ramp Temperature Temperature

e) e/min) e) (min)

80 8 260 10

Carrier gas: Helium
Injection volume: 1 IJL
Injection type: Split injection mode
Split flow rate: 44 rnl./rnln

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT10 between the phenol and
phenoxyethanol peaks

Relative standard deviation: NMT 2.0% for the
phenoxyethanol peak

Analysis
Samples: Standardsolution and Sample solution

Calculate the percentage of total impurities in the portion
of Phenoxyethanol taken:

Result = (rulrs) x (CsICu) x 100

=peak response of all additional peak areas in the
Sample solution, excluding the main peak, the
solvent peak, and the phenol peak

=peak response of phenoxyethanol from the
Standardsolution

=concentration of phenoxyethanol in the Standard
solution (mg/mL)

= concentration of the Sample solution (mg/mL)

Acceptance criteria: NMT 1.0%
• LIMITOF PHENOL

Phenol solution, Standard solution, Sample solution, and
Chromatographic system: Proceed as directed in the test
for Organic Impurities.
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Analysis
Samples: Standardsolutionand Sample solution

Calculate the percentage of phenol in the portion of
Phenoxyethanol taken:

Result=(rufrs) x (Cs/Cu) x 100

ru =peak responseof phenol from the Sample solution
ts = peak response of phenol from the Standard

solution
Cs =concentration of phenol in the Standardsolution

(mg/mL) . .
Cu =concentration of the Sample solution (mg/mL)

Acceptance criteria: NMT 0.1%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.105-1.110 at 20°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cool, dry place, protected from light.
• USP REFERENCE STANDARDS (11)

USP Phenoxyethanol RS

Phenylethyl AlcOhOl-see Phenylethyl Alcohol
GeneralA1onographs

Phenylmercuric A~etate

CsHsHg02 336.74
Mercury, (acetato-O)phenyl-;
(Acetato)phenylmercury [62-38-4].

DEFINITION
Phenylmercuric Acetate contains NLT 98.0% and NMT

100.5% of phenylmercuric acetate (CsHsHg02) .

IDENTIFICATION
• A.

Sample: 0.1 9
Analysis: To the Sample add 0.5 mL of nitric acid. Warm

gently until a dark brown color is produced, and dilute with
water to 10 mL.

Acceptance criteria: The characteristic odor of
nitrobenzene is evolved.

• B.
Sample: 0.1 9
Analysis: To the Sample add 0.5.mL of sulfuric acid and 1 mL

of alcohol, and warm.
Acceptance criteria: The characteristic odor of ethyl acetate

is evolved.
• C.

Sample solution: Saturated solution in water
Analysis: To 5 mL of the Sample solutionadd a few drops of

sodium sulfide TS.
Acceptance criteria: A white precipitate is formed, which

turns black when the mixture is boiled and then allowed to
stand.
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ASSAY
• PROCEDURE

Sample solution: Transfer 500 mg of Phenylmercuric
Acetate to a 1OO-mL flask. Add 15 mL of water, 5 mL of
formic acid, and 1 9 of zinc dust, and reflux for 30 min.
Cool, filter, and wash the filter paper and the amalgam with
water until the washings are no longer acid to litmus.
Dissolvethe amalgam in 40 mL of 8 N nitric acid. Heat on a
steam bath for 3 min, and then add 500 mg of urea and
enough potassium permanganate TSto produce a
permanent pink color. Cool, decolorize the solution with
hydrogen peroxide TS, and add 1 mL of ferric ammonium
sulfate TS.

Titrimetric system
(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N ammonium thiocyanate VS
Endpoint detection: Visual

Analysis: Titrate with Titrant, and each mL of 0.1 N
ammonium thiocyanate is equivalent to 16.84 mg of
phenylmercuric acetate (CsHsHg02) .

Acceptance criteria: 98.0%-100.5%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.2%
• POLYMERCURATED BENZENE COMPOUNDS
. Sample solution: Shake2.0 9 of Phenylmercuric Acetate

with 100 mL of acetone, and filter.
Analysis: Wash the residue with successive portions of

acetone until a total of 50 mL is used, then dry the residue
at 105° for 1 h. Weigh the residue.

Acceptance criteria: NMT 1.5%; the weiqht of residue is
NMT 30 mg.

SPECIFICTESTS
• MELTING RANGE OR TEMPERATURE (741): 149°-153°

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.

Phenylmercuric Nitrate

Mercury, (nitrato-O)phenyl-;
Nitratophenylmercury [55-68-5].

DEFINITION
Phenylmercuric Nitrate is a mixture of phenylmercuric nitrate

and phenylmercuric hydroxide containing NLT 87.0% and
NMT 87.9% of phenylmercuric ion (C6HsHg+), and NLT
62.75% and NMT 63.50% of mercury (Hg).

IDENTIFICATION
• A.

Sample: 0.1 9
Analysis: To the Sample add 3 mL of sulfuric acid.
Acceptance criteria: The mixture becomes yellow, and the

characteristic odor of nitrobenzene is evolved.
• B.

Sample solution: Saturated solution in water
Analysis: To 5 mL of the Sample solutionadd 1 mL of 3 N

hydrochloric acid.
Acceptance criteria: A white precipitate is formed.

• C.
Sample solution: Saturated solution in water
Analysis: T05 mL of the Sample solutionadd 5 mL of

ammonium sulfide TS.
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Diluted Phosphoric Acid

DEFINITION
Diluted Phosphoric Acid contains, in each 100 mL, NLT 9.5 g

and NMT 10.5 g of phosphoric acid (H3P04) .

Diluted Phosphoric Acid may be prepared as follows.

Mix the ingredients.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Phosphate (191)

Sample: 100 mL

69 mL

1000 mLPurified Water, a sufficient quantity to make

PhosphoricAcid

Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Placethe Sample in a tared, glass-stoppered flask,
and dilute it with water to 120 mL. Add 0.5 mL of
thymolphthalein TS.Titrate with 1 N sodium hydroxide VS
to the first appearance of a blue color. Perform a blank
determination.
Calculate the percentage of phosphoric acid (H3P04) in the

Sample taken:

Result= {[(V s - V B) x N x f]/W} x 100

V s = volume of Titrant consumed by the Sample (mL)
V 8 = volume of Titrant consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 49.00 mg/mEq
W = weight of the Sample (mg)

Acceptance criteria: 85.0%-88.0% by weight

IMPURITIES
• LIMIT OF NITRATE

Sample solution: Dilute 6 mL of Phosphoric Acid with
14 mL of water.

Analysis: Mix 5 mL of the Sample solutionwith about 0.1 mL
of indigo carmine TS, then add 5 mL of sulfuric acid.

Acceptance criteria: The blue color is not discharged within
1 min.

SPECIFICTESTS
• CHLORIDE AND SULFATE, Sulfate (221)

Sample solution: Dilute 6 mL of Phosphoric Acid with
90 mL of water.

Analysis: To the Sample solution add 1 mL of barium
chloride TS.

Acceptance criteria: No precipitate is formed immediately.
• ALKALI PHOSPHATES

Sample: 1 mL
Analysis: Transfer the Sample to a graduated cylinder, and

add 6 rnl, of ether and 2 mL of alcohol.
Acceptance criteria: No turbidity is produced.

• PHOSPHOROUS OR HYPOPHOSPHOROUS ACID
Sample solution: Dilute 6 mL of Phosphoric Acid with

14 mL of water.
Analysis: Gently warm 5 mL of the Sample solution,and add

2 mL of silver nitrate TS.
Acceptance criteria: The mixture does not become

brownish.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Phosphoric Acid

Acceptance criteria: There is no reaction in the cold, but
upon heating in a boiling water bath for 10 min, a black
precipitate is formed.

ASSAY
• PHENYLMERCURIC IONS

Sample: 200 mg
Analysis: Dissolve the Sample in 90 mL of water and 10 mL

of nitric acid. Add 2 mL of ferric ammonium sulfate TS.
Titrate with 0.05 N ammonium thiocyanate VS. Each mL of
0.05 N ammonium thiocyanate is equivalent to 13.88mg
of phenylmercuric ion (C6HsHg+).

Acceptance criteria: 87.0%-87.9% of phenylmercuric ion
• MERCURY

Sample solution: Transfer 400 mg of Phenylmercuric
Nitrate to a 1OO-mL flask. Add 15 mL of water, 5 mL of
formic acid, and 1 g of zinc dust, and reflux for 30 min.
Cool. Filter, and wash the filter paper and the amalgam with
water until the washings are no longer acid to litmus.
Dissolve the amalgam in 40 mL of 8 N nitric acid. Heat on a
steam bath for 3 min, then add 0.5 g of urea and enough
potassium permanganate TS to produce a permanent pink
color. Cool. Decolorize the solution with hydrogen
peroxide TS, and add 1 mL of ferric ammonium sulfate TS.

Analysis: Titrate with 0.1 N ammonium thiocyanate VS.
Each mL of 0.1 N ammonium thiocyanate is equivalent to
10.03 mg of Hg.

Acceptance criteria: 62.750/0-63.50% of mercury

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFICTESTS
• MERCURY IONS

Sample solution: Saturated solution in water
Analysis: To 5 mL of the Sample solution add 5 mL of 1 N

sodium hydroxide.
Acceptance criteria: No yellow precipitate is formed

(mercuric ions), and the solution does not darken
(mercurous ions).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve In tight; light-resistant

containers.

H3P04 98.00
Phosphoric acid [7664-38-2].

DEFINITION
Phosphoric Acid contains NLT 85.0% and NMT 88.0%, by

weight, of H3P04 •

[CAUTION-Avoid contact, because Phosphoric Acid rapidly
destroys tissues.]

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Phosphate (191):

When carefully neutralized with 1 N sodium hydroxide,
phenolphthalein TS being used as the indicator, it meets
the requirements.

ASSAY
• PROCEDURE

Sample: 1 g
Blank: 120 mL of water
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
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Analysis: Carefully neutralize the Sample with 1 N sodium
hydroxide. Use phenolphthalein TS as the indicator.

Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 10 mL
Blank: 50 mL of water
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Dilute the Sample with water to 50 mL. Add 0.5 mL
of thymolphthalein TS. Titrate with Titrant to the first
appearance of a blue color. Perform a blank determination.
Calculate the amount of phosphoric acid (H3P04) in the

portion of the sample taken:

Result =(V s - V8) x N x F

Vs =Titrant volume consumed by the Sample (mL)
V8 = Titrant volume consumed by the Blank(mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 4.9 x 10-2 g/mEq

Acceptance criteria: 9.5-10.5 g per 100 mL

IMPURITIES
• LIMIT OFNITRATE

Sample: 100 mL
Analysis: To the Sample add 0.1 mL of indigo carmine TS,

then 5 mL of sulfuric acid.
Acceptance criteria: The blue color is not discharged within

1 min. .

SPECIFIC TESTS
• ALKALI PHOSPHATES

Sample: 20 mL
Analysis: Evaporate the Sample on a steam bath to a weight

of 5 g. Cool, transfer 2 mL to a graduated cylinder, and add
6 mL of ether and 2 mL of alcohol.

Acceptance criteria: No turbidity is produced
• PHOSPHOROUS OR HVPOPHOSPHOROUS ACID

Sample: 100 mL
Analysis: Gently warm the Sample, and add 2 mL of silver

nitrate TS.
Acceptance criteria: The mixture does not become

brownish.
• CHLORIDE AND SULFATE, Sulfate (221 >

Sample: 100 mL
Analysis: To the Sample add 1 mL of barium chloride TS.
Acceptance criteria: No precipitate is formed immediately.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Polacrilin Potassium

k~.rq
y

2-Propenoic acid, 2-methyl-, potassium salt, polymer with
diethenylbenzene; .

NF 38

Potassium methacrylate-divinylbenzene, copolymer
[65405-55-2].

DEFINITION
Polacrilin Potassium is the potassium salt of a unifunctional

low-cross-Iinked carboxylic cation-exchange resin prepared
from methacrylic acid and divinylbenzene. When previously
dried at 105 0 for 6 h, itcontains NLT 20.6% and NMT 25.1 %
of potassium (K). .

IDENTIFICATION

• B. IDENTIFICATION TESTS~GENERAL, Potassium (191)
Sample solution A: Shake 1 g with 10 mL of water.
Sample solution B: Shake 1 g with 10 mL of 0.1 N

hydrochloric acid.
Analysis: Use the aqueous phase from Sample solution A and

Sample solutionB.
Acceptance criteria

Sample solution A: Does not meet the requirements
Sample solution B: Meets the requirements

ASSAY
• CONTENT OFPOTASSIUM

Sodium stock solution: 14.612 mg/mL of sodium chloride,
previously dried at 125 0 for 30 min. This solution contains
5.76 mg/mL of sodium (Na).

Potassium stock solution: 745.5 J-Ig/mLof potassium
chloride, previously dried at 125 0 for 30 min. This solution
contains 391 J-Ig/mLof potassium (K).

Surfactant solution: Transfer 5.0 g of a suitablenonionic
surfactant to a 250-mL beaker, add 200 mL of water, and
stir to dissolve. Transfer this solution to a 500-mL volumetric
flask, dilute with water to volume, and mix. [NOTE-To
prevent foaming when using this solution, gently run the
solution down the sides of the vessel, and use gentle action
when mixing.]

Diluted sodium solution: Transfer 50.0 mL of Sodium stock
solution and 10.0 mL of Surfactant solution to a 100-mL
volumetric flask, dilute with water to volume, and mix
gently to prevent foaming.

Standard solutions: To three separate 500-mL volumetric
flasks transfer, respectively, 3.0-, 4.0-, and 5.0-mL
portions of Potassium stocksolution.To each flask add
50.0 mL of Sodium stock solution and 10.0 mL of Surfactant
solution, dilute with water to volume, and mix gently to
prevent foaming. Each mL of these solutions contains
2.346, 3.128, and 3.910 J-Ig of K, respectively.

Sample solution: Transfer 1.4 g of Polacrilin Potassium,
previously dried, to a 50-mL silica crucible, moisten with
4 mL of sulfuric acid, heat over a small flame until the acid
has fumed off, moisten the residue with a few drops of
sulfuric acid, and ignite strongly. Allow to cool, transfer,
with the aid of water, to a 1OOO-mL volumetric flask, dilute
with water to volume, and mix. Transfer 1.00 mL of this
solution to a 1OO-mLvolumetric flask, add 20.0 mL of
Diluted sodium solution, dilute with water to volume, and
mix gently to prevent foaming.

Instrumental conditions
Mode: Flame photometry
Analytical wavelength: 766 nm

Analysis
Samples: Standardsolutionsand Samplesolution

Concomitantly determine the emittances of the Standard
solutions and Sample solution, adjusting the instrument
so that the most concentrated Standardsolution gives a
reading near 100%.
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Prepare a standard curve by plotting the readings from
the Standard solutions versus the square root of the
potassium concentrations. From the curve, determine
the concentration of potassium in the Sample solution.

Calculate the percentage of potassium in the portion of
sample taken:

Result= (C olC u) x 100

C 0 =concentration of the Sample solution determined
from the standard curve (lJg/mL)

C u = concentration of Polacrilin Potassium in the
Sample solution (lJg/mL)

Acceptance criteria: 20.60/0-25.1 %

IMPURITIES
• IRON (241)

Sample: 0.10 g
Analysis: Transfer the Sample to a suitable crucible, and

ignite at a low heat until thoroughly ashed. Add to the
carbonized mass2 mL of nitric acid and 5 drops of sulfuric
acid, and heat cautiously until white fumes are no longer
evolved. Ignite, preferably in a muffle furnace, at 500°
600°, until the carbon is completely burned off. Cool, add
4 mL of 6 N hydrochloric acid, cover, digest on a steam
bath for 15 min, uncover, and slowly evaporate on a steam
bath to dryness. Moisten the residue with 1 drop of
hydrochloric acid, add 10 mL of hot water, and digest for
2 min. Dilute with water to 25 mL. Filter, if necessary. Rinse
the crucible and the filter with 10 mL of water, combining
the filtrate and rinsing in a 50-mL color-comparison tube,
add 2 mL of hydrochloric acid, dilute with water to 45 mL,
and mix.

Acceptance criteria: NMT 0.01%
• LIMIT OF SODIUM

Sample solution: Transfer 2 g to a 400-mL borosilicate
beaker, add 20 mL of sulfuric acid, cover with a borosilicate
watch glass, and heat until charring is complete. While
continuing to heat the beaker, add 20 mL of nitric acid
dropwise. Continue to heat, and add nitric acid until all of
the organic material hasbeen destroyed asindicated by the
contents of the beaker turning from brown to a very pale
straw-colored or colorless solution. Continue to evaporate
the solution, and if it turns brown during the evaporation,
add nitric acid dropwise until the brown color disappears.
Evaporate just to dryness, cool, and dissolve the residue in
40 mL of water and 10 mL of 6 N hydrochloric acid. Heat
to boiling, cool, transfer to a 1OO-mL volumetric flask, dilute
with water to volume, and mix.

Standard solutions: To three separate 1OO-mL volumetric
flasks add, respectively, 1.00, 2.00, and 3.00 mL of a
solution containing 254.2 mg of sodium chloride in
1000 mL of water. Add water to volume, and mix to obtain
sodium chloride solutions having concentrations equivalent
to 1, 2, and 3 IJg/mL of Na, respectively.

Instrumental conditions
Mode: Flame photometry
Analytical wavelength: 589 nm

Analysis '
Samples: Standard solutions and Sample solution
Adjust the instrument so that the emission of the Standard

solution with a concentration of 3 IJg/mL reads close to
100% at 589 nm.

Determine the readings of the three Standard solutions at
589 nm. Readjust the wavelength setting to 580 nm, and
determine the background emission reading for one of
these Standard solutions.

Pipet 5 mL of the Sample solution into a 1OO-mL volumetric
flask, add water to volume, and mix. Observe the emission
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reading of this solution at 589 nm, using the same
instrument settings, then readjust the wavelength setting
to 580 nm, and observe the background emission
reading.

Subtract the corresponding background readings from the
readings of Standard solutions and Sample solution.

Preparea standard curve by plotting the corrected Standard
solution readings versus the square root of the sodium
concentration. From this standard curve, determine the
sodium content in the sample taken.

Acceptance criteria: NMT 0.20%

SPECIFIC TESTS
• POWDER FINENESS (811)

Sample: 4 g
Analysis: Transfer the Sample to a No. 100 standard sieve

placed on top of a No. 200 standard sieveand pan. Using a
soft 2-cm brush, brush the sample lightly across the No.
100 sieve until no more particles passthrough. By brushing
and tapping, dust off the particles on the underside of the
No. 100 sieve into the No. 200 sieve. Obtain the weight of
the material retained on the No. 100 sieve. Similarly,
determine the weight of material retained by the No. 200
sieve.

Acceptance criteria: NMT 1.0% is retained on the No. 100
sieve, and NMT 30.0% is retained on the No. 200 sieve.

• Loss ON DRYING (731)
.Analysis: Dry at 105° for 6 h.
Acceptance criteria: NMT 10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Polacrilin Potassium RS

Poloxamer

HO(CzH40)a(C3H60)b(CzH40)aH
Oxirane, methyl-, polymer with oxirane;
a-Hydro-oi-hyd roxypoly(oxyethylene)a-poly(oxypropylene)b

polytoxyethylene), block copolymer, in which a and b have
the values shown in the following table:

Poloxamer a b

124 12 20

188 80 27

237 64 37

338 141 44

407 101 56

Polyethylene-polypropylene glycol [9003-11-6].

DEFINITION
Poloxamer is a synthetic block copolymer of ethylene oxide

and propylene oxide. It is available in several types,
conforming to the requirements shown in the followlnq
table.
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It may contain a suitable antioxidant.

IDENTIFICATION

Pol- Average Weight
oxam- Physical Molecular (% Oxyethy- Unsaturation

er Form Weight lene) (mEq/g)

124 liquid 2090-2360 46.7 ± 1.9 0.020 ± 0.008

188 Solid 7680-9.510 81.8 ± 1.9 0.026 ± 0.008

237 Solid 6840-8830 72.4 ± 1.9 0.034 ± 0.008

12,700-
338 Solid 17,400 83.1 ± 1.7 0.031 ± 0.008

9840-
407 Solid 14,600 73.2 ± 1.7 0.048 ± 0.017

N = actual normality of the 0.5 N sodium
hydroxide VS

Acceptance criteria: See the table in the Definition.
• WEIGHT PERCENT OXYETHYLENE

Solvent: Use deuterated water or deuterochloroform.
NMR reference: Use sodium 2,2-dimethyl-2-silapentane

5-sulfonate (for deuterated water) or tetramethylsilane (for
deuterochloroform).

Sample solution: Dissolve 0.1-0.2 g of Poloxamer in
de~terated water containing 1% of sodium 2,2-dimethyl
2-sllapentane-5-sulfonate to obtain 1 mL of solution, or if
the Poloxamer does not dissolve in water, use '
deuterochloroform containing 1% of tetramethylsilane as
the solvent.

Instrumental conditions
(See NuclearMagneticResonance Spectroscopy (761),

Relative Method of Quantitation.)
Mode: Nuclear magnetic spectrometry
Sample size: 0.5-1.0 mL of the Sample solution

Analysis:
Sample: Sample solution
Transfer the Sample solution to a standard 5-mm NMR

spinning tube, and if deuterochloroform is the solvent
add 1 drop of deuterated water, and shake the tube. S~an
the region at 0-5 ppm, and use the calculation formulas
specified below. Record as A 1 the average area of the
doublet appearing at about 1.08 ppm, representing the
methyl groups of the oxypropylene units, and record as
A 2 the average area of the composite band at a range of
3.2~3.8 ppm, due to the CH20 groups of both the
oxyethylene and oxypropylene units and also the CHO
groups of the oxypropylene units, with reference to the
sodium 2,2-dimethyl-2-silapentane-5-sulfonate or
tetramethylsilane singlet at 0 ppm.

Calculate the percentage of oxyethylene, by weight, in the
Poloxamer taken:

a = (A 2/A 1)- 1

=average area of the composite band at a range of
3.2-3.8 ppm

=average area of the doublet appearing at about
1.08 ppm

Result = 3300 x a/(33 x a + 58)

Acceptance criteria: See the table in the Definition.
• UNSATURATION

Solution A: Place 50 g of mercuric acetate in a 1000-mL
volumetric flask, and dissolve with 900 mL of methanol to
which 0.5 mL of glacial acetic acid has been added. Dilute
with methanol to volume, and mix. Discard the solution if
it is yellow. If it is turbid, filter it. Discard it if it is still turbid.
Usefresh reagents if it is necessary to repeat the preparation
of the solution. Protect the solution from light by storing it
in an amber bottle in the dark.

Sample: 15.0 g
Analysis: Transfer the Sample to a 250-mL conical flask.

Pipet 50 mL of Solution A into the flask, and mix on a
magnetic stirrer until solution is complete. Allow to stand
for 3~ min with occasional swirling. Add 109 of sodium
br?mlde crystals, and stir on a magnetic stirrer for2 min.
Without delay, add 1 mL of phenolphthalein T~, and titrate
the liberated acetic acid with 0.1 N methanollcpotasslurn
hydroxide VS. Perform a blank determination-.Determine
also the initial acidity as follows. Dissolve 15.0 9 of
Poloxamer in 75 mL of methanol that has been neutralized
with methanolic potassium hydroxide to the

= weight of the sample taken (g)
=volume of 0.5 N sodium hydroxide VS consumed

by the blank (mL)
=volume of 0.5 N sodium hydroxide VS consumed

by the residual acid in the test solution (mL)

'~~~~
Dl"\ll"\v·" ......,,.,. i24,'and useOSP Poloxamer Solid

Poloxamer 188, 237, 338, and 407. Because of the
9iffere.nces in the ratios of copolymer composition, the
Intensity of some absorption bands may vary.

ASSAY
• AVERAGE MOLECULAR WEIGHT
PhthaJi~ anhydri~e-'pyridinesolution: Dissolve 144 g of

phthalic anhydrrde In freshly opened or freshly distilled
pyridine containing less than 0.1 % of water, and dilute with
pyridine to 1000 mL Protect from light, and allow to stand
overnight. To verify that the Phthalicanhydride-pyridine
solution has adequate strength, pipet 10 mL into a 250-mL
conical flask, add 25 mL10f pyridine and 50 mL of water
and after 15 min add 0.5 mL of a solution of '
phenolphthalein in pyridine (1 in 100), then titrate with
0.5 N sodium hydroxide VS: it consumes between 37.6 and
40.0 mL of 0.5 N sodium hydroxide.

Analysis: Weigh a suitable quantity, not exceeding 15 g, of
Poloxamer, calculated by multiplying the average
m~l~cularweight by 0.0~4, into a glass-stoppered, 250-mL
bOI!,~g flask. ~ar~fully pipet 25 mL OfPhthalicanhydride
pyridlne solution Into the flask, touching the tip Ofthe
drained pipet to the protrusion in the flask.Add a few glass
beads, and swirl to dissolve the specimen. Pipet 25 mL of
Phthalicanhydride-pyridine solution into a second,
glass-stoppered, conical flask, add a few glass beads, and
use.a~ the reagent blank. (An additional 25-mL portion of
pyridine may be added to both the test-specimen and
reagent blank, before refluxing, if necessary to ensure
fluidity.) Heat both flasks, fitted with suitable reflux
condensers, and allow to reflux for 1 h. Allow to cool, and
pour two 1O-mL portions of pyridine through each
condenser. Remove the flasks from the condensers, add
10 mL of water to each, insert the stoppers, swirl, and allow
to stand for 10 min. To each flask add 50.0 mL of 0.66 N
sodium hydroxide and 0.5 mL of a solution (1 in 100) of
phenolphthalein in pyridine. Titrate with 0.5 N sodium
hydroxide VS to a light pink endpoint that persists for NLT
15 s.
Calculate the average molecular weight:

Result=2000 x W/[(V 8 - V5) x N]
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phenolp~thalein ,endpoint. Add 1 mL of phenolphthalein
TS, and titrate with the same 0.1 N methanolic potassium
hydroxide VS under a nitrogen sweep.
Calculate the unsaturation, in mEq/g:

Result= (V u - V 8 - VA) x NI15
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Temperature
Detector: 250 0

Injector: 250 0

Transfer line: 140 0

Column: See Table 1.

N

=volume of 0.1 N methanolic potassium hydroxide
used for titrating the test specimen (mL)

= volume of 0.1 N methanolic potassium hydroxide
used for titrating the blank (mL)

=volume of 0.1 N methanolic potassium hydroxide
used for titrating the initial acidity (mL)

= normality of the titrant

Table 1

Initial
Hold Time

Temperature Final at Final
Temperature Ramp Temperature Temperature

(") ("/min) (") (min)

70 - 70 10

70 10 240 10

Acceptance criteria: See the table in the Definition.

IMPURITIES
• LIMIT OF FREE ETHYLENE OXIDE, PROPYLENE OXIDE, AND

l,4-DIOXANE
Stripped poloxamer: Place500 g of Poloxamer 124 into a
s~ltable 3-neck, round-bottom flask equipped with a
stirrer, a thermometer, a vacuum outlet, and a heating
mantle. Evacuate the flask carefully at room temperature
to a pressure of less than 10 mm of mercury, applying the
vacuum slowly to avoid excessive foaming due to
entrapped gases. After any foaming has subsided, heat the
flask to 80 0 and continue to apply vacuum for 2 h; then cool
to room temperature. Shut off the vacuum pump, and
introduce nitrogen to bring the flask pressure back to
atmospheric pressure. Transfer the Stripped poloxamerto a
suitable nitrogen-filled container.

Standard solution
[CAUTION-Ethylene oxide, propylene oxide, and

1,4-dioxane are toxic' and flammable. Prepare these
solutions in 'awell-ventilated fume hood.]

To a tared vial that can be sealed add 50.0 g of Stripped
poloxamer. Add 60 I-Il of 1,4-dioxane and 75 I-lL of
propylene oxide from a chilled syringe. Add ethylene
oxide, using thefollowinq special handling procedure.
Ethylene oxide! which is a gas at room temperature, is
usually stored In a lecture-type gas cylinder or a small,
metal pressure-bomb. Chill the cylinder in a refrigerator
before use. Transfer 5 ml of the liquid ethylene.oxide to a
1OO-ml beaker chilled in wet ice. Using a gas-tight syringe
that has been chilled in a refrigerator, transfer 15 I-ll of the
liquid ethylene oxide to the mixture. Immediately seal the
vial, and shakeon a vortex mixer for at least 30 s.Transfer
0.20 g of this solution to a tared vial that can be sealed,
and add Stripped poloxamerto obtain a Standard solution
having a final weight of 50.0 g. Each g of this Standard
solutioncontains 1 I-lgof ethylene oxide, 5 I-lg of propylene
oxide, and 5 I-lg of 1,4-dioxane. Transfer 1.00 ± 0.01 g of
this solution to a 22-ml pressureheadspace vial, and add
about 0.01 g of butylated hydroxytoluene. Seal with a
silicone septum with or without a pressure-relief star
spring and with a pressure-relief, aluminum, safety
sealing-cap, and crimp the cap closed with a
cap-sealing tool.

Sample solution: Transfer 1.00±O.Ol g' of Poloxamer to a
22-ml pressure headspace vial, and add 0.01 g of butylated
hydroxytoluene. Seal, cap, and crimp as directed for the
Standardsolution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC (equipped with a balanced-pressure automated

headspace sampler)
Detector: Flame ionization
Column: 0.32-mm· x 50-m fused-silica capillary' 5-l-lm

layer of stationary phase G27 coating ,

Carrier gas: Helium
Flow rate: 1.6 mL/min
Injection size: Separately place the vials containing the

Standard solutionand the Sample solution in the
automated sampler, and start the sequence sothat the vial
is heated at a temperature of 110 0 for 30 min before a
suitable portion of its headspace is injected into the
chromatograph.

Autosampler
Needle-withdrawal time: 0.3 min
Pressurization time: 1 min
Injection time: 0.08 min
Vial pressure: 22 psig with the vial vent off

System suitability
Sample: Standard solution

[NOTE-The relative retention times for ethylene oxide
propylene oxide, and 1,4-dioxane are about 1.0, 1.3:
and 3.8, respectively.]

Suitability requirements
Resolution: NlT 2.0 between ethylene oxide and

propylene oxide
Relative standard deviation: NMT 15%

Analysis
Samples: Standard solutionand Sample solution
Calculate the c.oncentrations,. in I-lg/g, of ethylene oxide,

propylene oxide, and l,4-dloxane in the portion of
Poloxamer taken:

Result=(r vir s) x C

r u = peak response from the Sample solution
r s =peak response from the Standard solution
C =concentration of ethylene oxide, propylene

oxide, or l,4-dioxane in the Standard solution
(I-Ig/g)

Acceptance criteria
Ethylene oxide: NMT 1 I-lg/g
Propylene oxide: NMT 5 I-lg/g
l,4-Dioxane: NMT 5 I-Ig/g

SPECIFICTESTS
• pH (791): 5.0-7.5, in a solution (1 in 40)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
• LABELING: label it to state, as part of the official title, the

Poloxamer number. label it to indicate the name and
quantity of any antioxidant.

• USP REFERENCE STANDARDS (11)
USPPoloxamer Liquid RS
USP Poloxamer Solid RS

www.webofpharma.com

https://nhathuocngocanh.com/



5932 Polydecene / OfficialMonographs NF 38

Hold Time
Initial Final at Final

Temperature Ramp Temperature Temperature
(0) (o/min) (") (min)

35 5 50 -
50 12 170 -

170 10 310 18

Table 1

System suitability
Sample: Systemsuitability solution

[NoTE-The retention time for squalane is about
18 min; the relative retention times for tetradecane,
hexadecane, and squalane are about 0.5, 0.6, and
1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between tetradecane and

hexadecane
Relative standard deviation: NMT2.0% for each peak

Analysis
Sample: Sample solution

Record the chromatogram, and measure the areas for the
major peaks.

[NOTE-The tetramer oligomer has a retention time of
about 23 min. The trimer, pentamer, hexamer, and
heptamer oligomers, if present, have relative
retention times of about 0.8, 1.1, 1.3, and 1.4,
respectively, relative to the tetra mer.]

Calculate the percentage of each oligomer present:

Result=(rufrT) x 100

ru =response of each oligomer
rT =sum of the responses of all the peaks, excluding

the solvent peak

Acceptance criteria: The decene oligomer content iswithin
the limits specified in the table Contentof Decene
Oligomers in the Definition.

IMPURITIES
• LIMIT OF NICKEL

Nickel stock solution: Immediately before use, dilute an
appropriate quantity of organometallic standard' with
kerosene to prepare a solution containing the equivalent of
1.0 J-Ig/mL of nickel.

Standard solutions: Transfer 0.5, 1.0, 2.0, and 4.0 mL of
Nickel stock solution, respectively, to four identical 10-mL
volumetric flasks, dilute the contents of each flask with
kerosene to volume, and mix. These Standard solutions
contain, respectively, 0.05, 0.1, 0.2, and 0.40 J-Ig/mL of
nickel. [NOTE-Thecalibration range, especially the upper
limit, can be adjusted for certain instruments, provided that
instrument validation and calibration linearity are
achieived.]

Sample solution: 0.3 g/mL of Hydrogenated Polydecene in
kerosene. [NOTE-If necessary, dilute with an appropriate
quantity of kerosene to obtain a reading within the
calibrated absorbance range.]

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Graphite furnace atomic absorption

spectrophotometer equipped with a deuterium
background corrector and a pyrolytically coated tube
with platform

Specific Gravity and Viscosity

Content of Decene Ollgomers

Kinematic
Viscosity
Range,

Specific Centistokes
Type Gravity (mm2/s)

I 0.814-0.819 16.0-20.0

/I 0.823-0.827 28.0-34.0

III 0.828-0.832 40.0-52.0

IDENTIFICATION
• A. The chromatogram of the Sample solutionfrom the test

for Contentof Decene Oligomerexhibits major peaks for
trimers, tetramers, pentamers, hexamers, and possibly
heptamers. The decene oligomer content is within the
range given in the table Contentof Decene Oligomers in the
Definitionfor the labeled type of Hydrogenated Polydecene.

ASSAY
• CONTENT OF DECENE OLIGOMER

System suitability solution: 10 mg/mL of hexadecane,
10 mg/mL of squalane, and 1 mg/mL of tetradecane in
pentane

Sample solution: Dissolve0.1 mL of Hydrogenated
Polydecene in 10 mL of pentane.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.52-mm x 16-m fused-silica capillary; coated

with O.l-mm stationary phase G2
Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 J-IL
Temperatures

Injection port: 310 0

Detector: 3200

Column: See Table 1.

Hydrogenated Polydecene

C30<n<:70H2n+2

1-6ecene, homopolymer, hydrogenated [68037-01-4].

DEFINITION
Hydrogenated Polydecene is a mixture of saturated, synthetic

hydrocarbons in the range C30H62 through C70H142 made
from direct oligomerization of 1-decene (C10 alpha olefin).
The oligomer mixture may be distilled to fractions of a
suitable calculated viscosity and hydrogenated to reach
saturation, or it may be hydrogenated to reach saturation
and then 'distilled to the desired viscosity.The requirements
for specific gravity, viscosity,and content of decene oligomer
differ for the various types of Hydrogenated Polydecene, as
set forth in the two tables below. Hydrogenated Polydecene
may contain a suitable stabilizer.

Type C30H62 C40Hs2 CSOH102 C6QHl 22 C1oH142

I 70-93 5-25 0-5 0-1 0-1

II 13-40 35-70 9-25 0-7 0-2

III 3-15 25-55 25-40 13-28 0-10

1 Suitable organometallic standards are available from, e.g., Continental
Oil Co., Ponca City, OK (Conostan, 100 ppm), or Merck, 0-6100
Darmstadt, Germany (metal in standard oil, 1000 ppm).
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Analyticalwavelength: 232.0 nm (nickel emission line)
Injection volume: 20 pl,
lamp: Nickel hollow-cathode
Blank: Kerosene
Temperature: See Table 2.

[NoTE-The temperature program may be modified to
obtain optimum furnace temperatures.]

Table-2

Temperature Hold Time
Step (0) (s)

Drying 80 1

Drying 120 10

Drying 300 20

Ashing 600 20

Ashing 1000 20

Atomization 2500 3

Cleaning 2600 5

Analysis
Samples: Standardsolutions and Sample solution

Place the Standardsolutions and the Sample solution in an
oven, setting the temperature at about 60° during the
period of determination, and shakethese solutions
vigorously before analysis. Use micropipettor and
pipettor tips to make all injections. [NOTE-Positive
displacement pipets can be used when viscosity may
become a problem.]

Pretreat the pipettor tip by pipetting and then discarding
20 ul, of heptane. Thetip must be pretreated beforeeach
injection. [NOTE-The film of heptane remaining on the
wall of the tip facilitates a reproducible transferof the oil
sample.]

Separately inject the Standardsolutions and the Sample
solution into a graphite furnace, and concomitantly
determine the integrated absorbances of the Standard
solutions and the Sample solution.

Plot the integrated absorbances of the Standardsolutions
versus concentration, in j.Jg/ml, of nickel, and draw the
straight linebest fitting the four plotted points. From the
graph so obtained, determine the concentration of
nickel, C, in j.Jg/ml, in the Sample solution.

Calculatethe content of nickel in the Hydrogenated
Polydecene taken:

Result =CICU

C =concentration of nickel obtained from the graph
(uq/rnl)

Cu =concentration of nickel in the Sample solution (g/
ml)

Acceptance criteria: NMT 1 j.Jg/g
• LIMIT OF SHORT-CHAIN HYDROCARBONS

System suitability solution, Sample solution,
Chromatographic system, System suitability, and
Analysis: Proceed as directed in the test for Contentof
Decene Oligomer.
Calculate the percentage of each of the short-chain

hydrocarbons present:

Result = (rulrr) x 100

ru =peak response of any peakeluting before the
trimer but differentfrom the solvent peak
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rr =sum of the responses of all the peaks in the
chromatogram, excluding the solvent peak

Acceptance criteria: NMT 2.5% of total short-chain
hydrocarbons isfound.

SPECIFIC TESTS
• SPECIFIC GRAVITY (841)

Analysis: Determine at 20°.
Acceptance criteria: Meetsthe requirementsof the specific

gravity range specified in the table Specific Gravityand
Viscosity in the Definitionfor the labeled type

• VISCOSITy-CAPILLARY METHODS (911)
Analysis: Determine usinga capillary viscometer, in a liquid

bath maintained at 40.0 ± 0.10.

Acceptance criteria: Meetsthe requirements of the
viscosity range specified in the table Specific Gravityand
Viscosity in the Definitionfor the labeled type.

• READILY CARBONIZABLE SUBSTANCES TEST (271)
Standard solution: 3 mL of ferric chloride CS, 1.5 mL of

cobaltous chloride CS, and 0.5 mL of cupric sulfateCS in a
glass-stopperedtest tube previously treated to remove
organic matter (see Cleaning Glass Apparatus (1051 ».

Sample: 5 mL
Analysis: Transfer the Sample to a glass-stopperedtest tube

previously treated to removeorganic matter (see Cleaning
Glass Apparatus (1 051», add 5 ml ofsulfuric acid, and heat
in a boiling water bath for 30 s. Quickly remove the test
tube, and, while holding the stopper in place, shake three
times in a vertically reciprocating cyclewith an amplitude
of about 13 cm. Repeatthis procedure every 30 s for
10 min. Donot keepthe test tube out of the water bath any
longer than 3 sforeach shaking cycle. Remove the test tube
from the water bath, and let it cool for about 20 min to
room temperature.

Acceptance criteria: The oil phase of the Sample may turn
hazy but remains colorless; the interface between the two
layers isfree from solids; and the acid layerdoes not
become darker than the standard color produced by the
Standardsolution, the Standardsolution being overlaid with
5 mL of Hydrogenated Polydecene.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirementsare specified.
• LABELING: Label it to indicate,as part of the official title, the

HydrogenatedPolydecene type (Type I,Type II, or Type111),
and label it to indicate the name and concentration of any
added stabilizer.

Polydextrose
[68424-04-4].

DEFINITION
Polydextrose isa randomlybranched polymer prepared by

melting and subsequent condensation of the ingredients,
which consistof approximately 90 parts dextrose, 10 parts
sorbitol, and up to 1 part citric acid or 0.1 part phosphoric
acid. The 1,6-glycosidic linkage predominates in the
polymer but other linkages are present. It contains NlT
90.0% of dextrose polymerunits, calculated on the
anhydrous and ash-free basis. Itcontains small quantitiesof
free dextrose, sorbitol, and 1,6-anhydro-D-glucose
(Ievoglucosan), withtraces of citric acid or phosphoricacid.
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IDENTIFICATION
• A. To 1 drop of a solution (1 in 10), add 4 drops of 5%

phenol solution, then rapidlyadd 15 drops of sulfuric
acid TS: a deep yellow to orange color is produced.

• B. With vigorous swirling, add 1 ml of acetone to 1 ml of a
solution (1 in 10): the solution remains clear.

• C. With vigorous swirling, add 2 ml of acetone to the,
solution obtained in Identification B:a heavy, milky turbidity
develops immediately.

• D. To 1 ml of a solution (1 in50), add 4 ml ofalkaline cupric
citrate TS. Boil vigorouslyfor 2-4 min. Removefrom heat,
and allow the precipitate (if any) to settle: the supernatant
is blue or blue-green.

ASSAY

• PROCEDURE
Mobile phase: 0.001 N sulfuric acid. Passthis solution

through a filter of 0.5-l.Jm pore size, and degas.
St~.~;~.:;~~,;;~olution: 4.0 mg/ml of USP Polydextrose RS

~,~;;l~j;~E§Ii) in Mobilephase
S~..~.p.I~;~g.I~~!g.~;;Xj:.;~;~~tml of 11~~~fM~!II~!~~§jIJI

't¥1J1l~ll~i;lfllj.g!~~t~F{R~J'dJi.iI~~Pl~j
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: lC
Detector: Refractive index
Detector temperature: 35 ± 0.10

Columns
Guard: 4.6-mm' x 3.0-cm; packing l17
Analytical: 7.8-mm x 30-cm; packing l17

Flow rate: 0.6 ml/min .
Injection volume: 20 I.Jl

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT2.0%
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of dextrose polymer units in the

portion of Polydextrosetaken:

Result = (rulrs) x (CslCu) x 100

= peak response of dextrose polymer unitsfrom the
Sample solution

=peak response of dextrose polymer units from the
Standardsolution

=concentration of USP Polydextrose RS in the
Standardsolution (mg/ml)

=concentration of Polydextrose in the Sample
solution (mg/ml)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.3%
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• LIMIT OF LEAD
[NOTE-Use reagent-grade chemicalswith as Iowa lead

content as is practicable, as wellas high-puritywater
and gases. Before use in this analysis, rinse all '
glassware and plasticware twice with 10% nitricacid
and twicewith 10% hydrochloricacid, and then rinse
them thoroughly with Purified Water.]

Matrix modifier solution: Prepare a solution in water
containing 100.0 mg of dibasicammonium phosphate per
10 ml of solution.

lead nitrate stock solution: Dissolve 159.8 mg of lead
nitrate in 100 ml of water to which has been added 1 ml
of nitric acid, then dilute with water to 1000 ml. Prepare
and store thissolution in glass containers free from soluble
lead salts.

Standard lead solution: On the day of use, dilute 10.0 ml
of Lead nitrate stock solutionwith water to 100.0 mL Each
milliliter of Standardleadsolutioncontains the equivalent of
10 I.Jg of lead.

Standard solution A: 0.02 I.Jg/ml of lead, from Standard
leadsolution in water

Standard solution B: 0.05 I.Jg/mlof lead, from Standard
leadsolution in water

Standard solution C: 0.1 I.Jg/mlof lead, from Standardlead
solution in water

Standard solution D: 0.2 I.Jg/mlof lead, from Standardlead
solution in water

Standard solution E: 0.5 I.Jg/mlof lead, from Standardlead
solution in water

Sample solution: Transfer1.0 9 of Polydextrose, weighed
and calculated on the anhydrousand ash-free basis, into a
1O-ml volumetric flask, and dissolve in and dilute with
water to volume.

Spiked sample solution: Transfer1.0 9 of Polydextrose,
weighed and calculated on the anhydrous and ash-free
basis, into a 1O-ml volumetric flask, and dissolve in water.
Add 100 I.Jl of the Standardleadsolution, and dilute with
water to volume. Thissolution contains 0.1 I.Jg/mlof
added lead.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Graphite furnace atomic absorption

spectrophotometer, equipped with a pyrolytic tube
with a platform

Analytical wavelength: lead emission line of 283.3 nm
lamp: A lead hollow-cathode lamp, using a slit width of

0.7 mm (set low) and a deuterium arc lamp for
background correction

Autosampler
Sample volume: 10 I.Jl
Alternative volume: 10 I.Jl of Matrix modifiersolution

Furnace program: For the temperature program, see Table
1.

Table 1
Step Dry Char Atomize Clean Recharge

Temperature
e) 130 800 2400 2600 20

Ramp time
(5) 20 20 0 1 2

Holdtime
(5) 40 40 6 5 20

Argonflowrate
(mL/min) 300 300 50 300 300

Analysis
Samples: 10 I.Jl of the Matrix modifiersolutionwas added

into each 1O-l.Jl aliquot of the five Standard solutions, a
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mixture of 10 J.lL of the Matrix modifiersolutionand 10 J.lL
of the Sample solution, and a mixture of 10 J.lL of the Matrix
modifiersolution and 10 J.lL of the Spiked sample solution

Concomitantly determine the absorbances of the Samples
using the Instrumentalconditions described above. Plot the
absorbance of each Standard solution, compensated for
background correction, versus its content of lead, in
J.lg/mL, and draw the best straight line fitting the five
points. From this plot, determine the concentrations, Cr
and Cm in J.lg/mL, of lead in the Sample solutionand the
Spiked sample solution, respectively.

Calculate the percentage recovery taken:

Result = [(Csr - Cr)/A] x 100

A = quantity of lead added to the Spiked sample
solution, 0.1 J.lg/mL

Calculate the content, in J.lg/g, of lead in the portion of
Polydextrose taken:

Result = (Cr/ \tV) x V

W = weight of Polydextrose taken to prepare the
Sample solution (g)

V = volume of the Sample solution, 10 mL

Acceptance criteria: NMT 0.5 J.lg/g. The recovery is 80%
120%.

• ORGANIC IMPURITIES, PROCEDURE 1: LIMIT OF
5-HVDROXYMETHVLFURFURAL AND RELATED COMPOUNDS

Sample solution: 1.0 g of Polydextrose, weighed and
calculated on the anhydrous and ash-freebasis,diluted with
water to 100 mL I

Analysis: Determine the absorbance of the Sample solution
in a 1-cm quartz cell at 283 nm, with a suitable
spectrophotometer, using water as the blank.
Calculate the percentage of 5-hydroxymethylfurfural and

related compounds in the Polydextrose taken:

Result =100 x (V x Mr x A)/(M x L x \tV)

V = volume of the Sample solution, 0.1 L
Mr = molecular weight of 5-hydroxymethylfurfural,

126 g/mol
A = absorbance of the Sample solution
M = molar extinction coefficient of

5-hydroxymethylfurfural at a wavelength of
283 nm, 16,830 L/mol cm

L = path length of the spectrophotometer cell (cm)
W = weight of Polydextrose taken to prepare the

Sample solution (g)

Acceptance criteria: NMT 0.1%
• ORGANIC IMPURITIES, PROCEDURE 2: LIMIT OF MONOMERS

Mobile phase, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.

Standard solution: 0.08 mg/mL each of USP
1,6-Anhydro-D-glucose RS and USP Sorbitol RS, and
0.16 mg/mL of USP Dextrose RS, in Mobilephase

System suitability
Sample: Standardsolution

[NOTE-For relative retention times, see Table 2.]

Table 2
Relative

Retention
Name Time

Dextrose (glucose) 0.7
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Table 2 (continued)

Relative
Retention

Name Time

Sorbitol 0.8

An isomer of l,6-anhydro-o-glucose
(o-anhydroglucose furanose form) 0.9

l,6·Anhydro-o-glucose (n-anhydro-
glucose pyranose form) 1.0

Suitability requirements
Resolution: NLT 1.0
Relative standard deviation: NMT 5.0%

Analysis
Samples: Standard solutionand Sample solution
Usepeak response of USP 1,6-Anhydro-D-glucose RS in the

Standard solution for calculation of percentage of the
isomer of 1,6-anhydro-D-glucose in the Sample solution.

Calculate the percentage of each monomer in the portion
of Polydextrose taken:

Result= (rvlrs) x (CslCv) x 100

tu =peak response of the respective monomer from
the Sample solution

rs = peak response of the respective monomer from
the Standard solution

Cs = concentration of the respective standard
monomer in the Standard solution (mg/mL)

Cu =concentration of Polydextrose in the Sample
solution(mg/mL)

Acceptance criteria: NMT 4.0% for 1,6-anhydro-D-glucose,
NMT 4.0% for dextrose, and NMT 2.0% for sorbitol.
[NOTE-In the case of 1,6-anhydro-D-glucose,. the peak
areasfor the pyranose and furanose forms are combined.]

SPECIFIC TESTS
• MOLECULAR WEIGHT LIMIT

Mobile phase: Dissolve 35.0 g of sodium nitrate and 1.0 g
of sodium azide in 100 mL of water. Dilute with water to
4 L. Pass through a filter of 0.45-J.lm pore size, and degas
by applying an aspirator vacuum for 30 min. The resulting
Mobilephase is 0.1 N sodium nitrate containing 0.025%
sodium azide.

Standard solution: Transfer 20 mg each of USP
Dextrose RS, stachyose, and 5800-, 23,700-, and
1OO,OOO-molecular weight (MW) pullulan standards into a
1O-mL volumetric flask. Dissolve in and dilute with
Mobilephaseto volume. Pass through a syringe filter of
0.45-J.lmpore size into a suitable autosampler vial, and seal.

Sample solution: Transfer 50 mg of Polydextrose into a
1O-mL volumetric flask. Dissolve in and dilute with
Mobilephaseto volume. Pass through a syringe filter of
0.45-J.lmpore size into a suitable autosampler vial, and seal.

Chromatographic system
(See Chromatography (621),· System Suitability.)
Mode: LC
Detector: Refractive index set at a sensitivity of 4 x 10-6

refractive index units full scale and maintained at a
temperature of 35 ± 0.10

Column: 7.8-mm x 30-cm; packing L39
Column temperature: 45 0

.Flow rate: 0.8 mL/min
[NOTE-After installation of a new column, pump

Mobilephasethrough the column overnight at a rate
of 0.3 mL/min. Beforecalibration or analysis, increase
the flow slowly over a 1-min period to 0.8 mL/min.
Continue to pump Mobilephase through the column
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• D. To 1 mLofa solution (1 in 50), add 4 mLof alkaline cupric
citrate TS. Boil vigorouslyfor 2-4 min. Remove from heat,
and allowthe precipitate (if any) to settle: the supernatant
is blue or blue-green.

• E. Meets the requirements for dextrose in Procedure 2, Limit
of Monomers

ASSAY

• PROCEDURE
Mobile phase: 0.001 N sulfuricacid. Pass through a filterof

0.5-J.lm or finer pore size, and
St~l'1~a.~~ ~.~I.~~ier:~·8>~gfmL

1'!fl9c~il~pbq~gJt.{(ERR'·T"JI.iI*201·8)

Sa~e'~;~~I~~~gl'1: .~:~ 1)'1~(I"1'1;~~f
gQly(:f·~?'trQs~il'ltiJgqt!gRfj1q~€!j.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Detector temperature: 35 ± 0.10

Guard column: 4.6-mm x 3.0-cm; packing L17
Analytical column: 7.8-mm x 30-cm; packing L17
Flow rate: 0.6 mL/min
Injection size: 20 J.lL

System SUitability
Sample: Standard solution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution
Calculatethe percentage of dextrose polymer units in the

Hydrogenated Polydextrosetaken:

Result = (rufrs) x (CslCu) x 100

ru =peak response for dextrose polymer units from
the Sample solution

rs = peak response for dextrose polymer units from
the Standardsolution

Cs = concentration of USP Polydextrose RSin the
Standardsolution (mg/mL)

Cu =concentration of Hydrogenated Polydextrose in
the Sample solution (mgfmL)

Acceptance criteria: NLT 90.0% on the anhydrous and
ash-free basis

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT0.3%
• Limit of Lead

[NoTE-Use reagent-grade chemicalswith a lead content
of as low as possible, as well as high-purity water and
gases. Before use in this analysis, rinseallglasswareand
plasticwaretwice with 10% nitric acid and twice with
10% hydrochloric acid, and then rinse them
thoroughly with Purified Water.]

Matrix modifier solution: 10.0 rnq/rnl, of dibasic
ammonium phosphate

Lead nitrate stock solution: Dissolve 159.8 mg of lead
nitrate in 100 mLof water to which has been added 1 mLof
nitric acid, then dilute with water to 1000 mL. Prepare and
store this solution in glass containers free from soluble lead
salts.

Standard lead solution: On the day of use, dilute 10.0 mLof
Lead nitrate stock solutionwith water to 100.0 mL. Each mL

at this flow rate for at least 1 h before the first
injection. Check the flow gravimetrically, and adjust
it ifnecessary. Reduce the flow rate to about 0.1 rnl./
min when the system is not in use.]

Injection volume: 50 J.lL
System suitability

Sample: Standardsolution
[NOTE-The retention times for each component

determined on replicate injectionsagree within ±2 s.]
Chromatograph five replicate injections of the Standard

solution,allowing15 min between injections, and record
the retention times of the components of the Standard
solution.

Insertthe average retention time along with the molecular
weight of each component in the Standardsolution into
the calibrationtable of the molecularweight distribution
software. Check the regression resultsfor a cubic fit of
the calibration points, and obtain a Correlation coefficient
R, for the line.

Suitability requirements
Resolution: Dextroseand stachyose are baselineresolved
from one .another and from the 5800-MW pullulan
standard.
[NoTE-Prominent negative baseline valleys are

usually observed between the peaks for the 5800-;
23,700-; and 1OO,OOO-MW pullulan standards.] ,

Correlation coefficient R: NLT 0.9999
Analysis

Samples: Standardsolution and Sample solution
Usethe molecularweight distributionsoftware of the data

reduction system to generate a molecular weight
distribution plot of Polydextrose.

Acceptance criteria: No measurable peak above a
molecular weight of 22,000 isfound.

• pH (791): 2.5-5.0, in a solution (1 in 10)
• WATER DETERMINATION (921), Method I: NMT 4.0%. Usea

mixture of Hydranal solvent and Hydranal formamide dry
(2:1) as a solvent. Performthe titration at 500 in a jacketed
beaker.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. Store in a cool and dry place.
• USP REFERENCE STANDARDS (11)

USP 1,6-Anhydro-o-glucose RS
USP Dextrose RS
USP Polydextrose RS
USP Sorbitol RS

Hydrogenated Polydextrose
DEFINITION
Hydrogenated Polydextrose is obtained by transition metal

catalytic hydrogenation of Polydextrose in aqueous solution.
It contains NLT 90.0% of dextrose polymer units, calculated
on the anhydrous and ash-free basis.The polymer chain end
groups are mainlysorbitol-terminated.

IDENTIFICATION
• A. To 1 drop of a solution (1 in 10), add 4 drops of 5%

phenol solution, then rapidlyadd 15 drops of sulfuric acid
TS: a deep yellow to orange color is produced.

• B. W,ith vigorous swirlinq, add 1 mLof acetone to 1 mLof a
solution (1 in 10): the solution remains clear.

• C. With vigorous swirling, add 2 mLof acetone to the
solution obtained in Identificationtest B:a heavy, milky
turbidity develops immediately.
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Step Dry Char Atomize Clean Recharge

Temperature 130 800 2400 2600 20
e)

Ramp time 20 20 0 1 2
(s)

Hold time 40 40 6 5 20
(s)

Argon flow rate 300 300 50 300 300
(mL/min)

Analysis
Samples: 10 IJL of the Matrix modifiersolution was added

into each of the 1O-IJL aliquots of the five Standard
solutions, a mixture of 10 IJL of the Matrix modifiersolution
and 10 IJL of the Sample solution, and a mixture of 10 IJL of
the Matrix modifiersolution and 10 IJL of the Spiked sample
solution

Concomitantly determine the absorbances of the Samples
using the Spectrometric conditions described above. Plotthe
absorbance of each Standardsolution, compensated for
background correction, versusitscontent of lead, in IJg/mL,
and draw the best straight linefitting the five points. From
this plot, determine the concentrations, Cr and CST! in
IJg/mL, of lead in the Sample solutionand the Spiked sample
solution, respectively.

Calc~.J1ate the percentage recoverytaken:

Result =[(CST - Cr)/A] x 100

of Standardleadsolution contains the equivalent of 10 IJg
of lead.

Standard solution A: 0.02 IJg/mL of lead, from Standard lead
solution in water

Standard solution B: 0.05 IJg/mL of lead, from Standard lead
solution in water

Standard solution C: 0.1 IJg/mL of lead, from Standard lead
solution in water

Standard solution 0: 0.2 IJg/mL of lead, from Standard lead
solution in water

Standard solution E: 0.5 IJg/mL of lead, from Standard lead
solution in water

Sample solution: Transfer1.0 g of Hydrogenated
Polydextrose, weighed and calculated on the anhydrous and
ash-free basis, into a 1O-mL volumetricflask, dissolve in and
dilute with water to volume.

Spiked sample solution: Transfer1.0 g of Hydrogenated
Polydextrose, weighed and calculated on the anhydrous and
ash-free basis, into a 1O-mL volumetricflask, and dissolve in
water. Add 100 IJL of Standardleadsolution, and dilute with
water to volume. Thissolution contains 0.1 IJg/mL of
added lead.

Spectrometric conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Graphite furnace atomic absorption

spectrophotometer, equipped with a pyrolytic tube with a
platform

Lamp: A lead hollow-cathode lamp, using a slitwidth of
0.7 mm (set low) and a deuterium arc lamp for
background correction

Analytical wavelenqth. Lead emission line of 283.3 nm
Autosampler '

Sample volume: 10 IJL
Alternative volume: 10 IJL of Matrix modifiersolution

Furnace program: See the temperature program table
below.

= weight of Hydrogenated Polydextrose taken to
prepare the Sample solution (g)

=volume of the Sample solution, 10 mL

W

V

Acceptance criteria: NMT 0.5 IJg/g; recovery is 80%-120%
• Limitof Nickel

[NOTE-All glassware used must be soaked in 7%
Nitric acid for at least 2 h and then rinsed with water.]

1% Nitric acid: Cautiously add 10 mLof nitric acid to a
1OOO-mL volumetricflask containing about 500 mLofwater.
Mix, and dilute with water to volume.

Blank solution: Use 7% Nitric acid.
Nickelstock standard solution: Immediately before use,

dilute an appropriate amount of nickel standard' with 7%
Nitric acid to prepare a solution containing the equivalent of
10 IJg/mL of nickel.

Standard solutions: Into four identical 1OO-mL volumetric
flasks, introduce respectively 1.0, 2.0, 5.0, and 10.0 mLof
Nickelstockstandardsolution. Dilute with 7% Nitric acid to
volume, and mix.These standards contain 0.1, 0.2, 0.5, and
1.0 IJg/mL of nickel.

.Sample solution: Weigh 5 g of Hydrogenated Polydextrose
into a 1OO-mL volumetric flask. Dissolve in and dilute with
7% Nitric acid to volume, and mix.

Spectrometric conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped
with an air-acetylene flame

Lamp: Nickel hollow-cathode
Analytical wavelength: 352.0 nm

System suitability ,
Sample: Standardsolution of 0.2 IJg/mL of nickel
Suitability requirements

Relative standard deviation: NMT 20%
Analysis

Samples: Standardsolutions and Sample solution
Usethe Blanksolution to zero the instrument. Concomitantly

determine the absorbances of the Samples at least three
times each. Record the average of the steady readings for
each of the Samples. Clear the nebulizer using the Blank
solution, and aspirate each of the Samples in turn. The
standard chosen for reslope should be run every four to five
samples. Ifthere is a significantchange in its response,
reslope and repeat the previoussamples.

Plot the absorbances of the Standardsolutionsversus
concentration, in IJg/mL, of nickel, and draw the straight line
best fitting the four plotted points. Fromthe graph so
obtained, determine the concentration, C, in IJg/mL, of
nickel in the Sample solution. Calculatethe quantity, in ~g,
of nickel in each g of Hydrogenated Polydextrosetaken:

Result =(V x C)/W

V '= volume of the Sample solution, 100 mL
W = weight of Hydrogenated Polydextrose taken to

prepare the Sample solution (g)

Acceptance criteria: NMT 2 IJg/g

Calculate the content, in IJg/g, of lead in Hydrogenated
Polydextrose taken:

Result =(Cr/W) x V

•Suitablenickel standards are available from e.g., FisherScientific, Fair
Lawn, NJ (nickel, referencestandard solution, 1000 ppm ±1%, certified,
applicationfor atomic absorption) or RICCA ChemicalCompany,
Arlington, TX (nickel standard, 1000 ppm Ni,for atomic absorption).

= quantity of lead added to the Spiked sample
solution, 0.1 IJg/mL

A
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ORGANIC IMPURITIES
• Procedure 1: limit of S-Hydroxymethylfurfural and

Related Compounds
Sample solution: 1.0 g of Hydrogenated Polydextrose,

weighed and calculated on the anhydrousand ash-free basis,
diluted with water to 100 mL

Analysis: Determinethe absorbance of the Sample solution
in a 1-cm quartz cell at 283 nm, with a suitable
spectrophotometer, usingwater as the blank.
Calculate the percentage of 5-hydroxymethylfurfural and

related compounds in the Hydrogenated Polydextrose
taken:

Result =01 x Mr x A)/(6283 X Lx W) x 100

V =volume of the Sample solution, 0.1 L
M, =molecular weight of 5-hydroxymethylfurfural,

126 g/mol
A =absorbance of the Sample solution
6283 = molarextinction coefficient of 5-hydroxy

methylfurfural at a wavelength of 283 nm,
16,830 L· mot" -crrr"

L = path length of the spectrophotometer cell(cm)
W =weight of Hydrogenated Polydextrose taken to

prepare the Sample solution(g)

Acceptance criteria: NMT 0.1%
• Procedure 2: Limit of Monomers
Mobile phase, Sample solution, and Chromatographic

system: Prepareas directed in the Assay.
Standard solution: 0.08 mg/mLof each for USP

1,6-Anhydro-D-glucose RS and USP Sorbitol RS, and
0.04 mg/mL of USP Dextrose RS, in Mobilephase

System.suitability I

Sample: Standardsolution
[NOTE-See the relative retention times table below.]

Relative
Retention

Name Time

Dextrose(glucose) 0.7

Sorbitol 0.8

Anisomerof 1,6-anhydro-o-gJucose
(o-anhydroglucose furanoseform) 0.9

1,6-Anhydro-o-glucose (Ievoglucosan)
(D-anhydrogJucose pyranoseform) 1.0

Suitability requirements
Resolution: NLT 1.0
Relative standard derivation: NMT 5.0%

Analysis
Samples: Standard solutionand Sample solution

Use the peak responseof USP 1,6-Anhydro-D-glucose RS in
the Standardsolutionfor calculation of the percentage of
the isomerof 1,6-anhydro-D-glucose in the Sample
solution. Calculate the percentage of each monomer in
the portion of Hydrogenated Polydextrose taken:

Result = (ru/rs) x (Cs/Cu) x 100

ru = peak responsefor the respective monomer from
the Sample solution

rs = peak responsefor the respective monomer from
the Standard solution

Cs =concentration of the respective standard
monomer in. the Standard solution (mg/mL)

Cu =concentrationof Hydrogenated Polydextrose in
the Sample solution(mg/mL)
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Acceptance criteria: NMT 4.0% of 1,6-anhydro-D-glucose,
NMT 5.75% for sorbitoland NMT 0.25% for dextrose
[NOTE-In the case of 1,6-anhydro-D-glucose, the peak

areas for the pyranoseand furanoseforms are
combined.]

SPECIFIC TESTS
• MOLECULAR WEIGHT LIMIT

Mobile phase: Dissolve 35.0 g of sodium nitrate and 1.0 g
of sodium azide in 100 mL of water. Dilute with water to
4 L. Pass through a filterof 0.45-~m or finer pore size, and
degas by applyingan aspiratorvacuumfor 30 min. The
resulting Mobilephaseis0.1 N sodium nitrate containing
0.025% sodium azide.

Standard solution: Transfer 20 mg each of USP
Dextrose RS, stachyose, and 5800-, 23,700-, and
1OO,OOO-molecular weight (MW) pullulan standards into a
1O-mL volumetric flask. Dissolve in and dilute with
Mobilephaseto volume. Pass through a syringefilter of
0.45-~m or finer pore sizeInto a suitableautosampler vial,
and seal.

Sample solution: Transfer 50 mg of Hydrogenated
Polydextrose into a 1O-mL volumetric flask. Dissolve in and
dilute with Mobilephaseto volume. Pass through a syringe
filter of 0.45-~m or finer pore size lntoa suitable
autosampler vial, and seal.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index set at a sensitivity of 4 x 10-6

refractive index unitsfull scale and maintained at a
temperature of 35 ± 0.10

Column: 7.8-mm x 30-cm; packing L39
Column temperature: 450

Flowrate: 0.8 mL/min
[NOTE-After installation of a new column, pump

Mobilephasethrough the column overnight at a rate
of0.3 mL/min. Before calibration or analysis, increase
the flow slowly over a 1-min period to 0.8 mL/min.
Continue to pump Mobilephasethrough the column
at this flow rate for at least 1 h before the first .
injection. Checkthe flowgravimetrically, and adjust
it ifnecessary. Reduce the flowrate to about 0.1 mL/
min when the system is not in use.]

Injection size: 50 ~L

System suitability
Sample: Standard solution .

Chromatograph five replicateinjections of the Standard
solution,allowing 15 minbetween injections, and record
the retention times of the components of the Standard
solution.

Insertthe average retention time alongwith the molecular
weight of each component in the Standard solution into
the calibration table of the molecular weight distribution
software. Checkthe regression results for a cubic fit of
the calibration points, and obtain a correlation
coefficient, R, for the line.

Suitability requirements
Retention time: Theretention timesforeach component

determined on replicate injections agree within±2 s.
Resolution: Dextrose and stachyoseare baseline resolved
from one another and from the 5800-MW pullulan
standard.
[NOTE-Prominent negative baseline valleys are

usually observed between the peaksfor the 5800-,
23,700-, and 1OO,OOO-MW pullulan standards.]

Correlation coefficient R: NLT 0.9999
Analysis

Samples: Standard solutionand Sample solution
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Usethe molecular weight distribution software of the data
reduction system to generate a molecular weight
distribution plot of Hydrogenated Polydextrose.

Acceptance criteria: No measurable peak above a
molecular weight of 22,000 is found. .

It pH (791): 5.0-7.0, in a solution (1 in 10)
It WATER DETERMINATDON, Method I (921): NMT 4.0%. Use a

mixture of Hydranal Solvent and Hydranal Formamide dry
(2:1) as a solvent. Perform the titration at 50° in a jacketed
beaker.

ADDITIONAL REQUIREMENTS
• PACKAGDNG AND STORAGE: Preserve in tight, light-resistant

containers. Store in a cool and dry place.
• USP REFERENCE STANDARDS (11)

USP 1,6-Anhydro-o-glucose RS
USP Dextrose RS
USP Polydextrose RS
USP Sorbitol RS

Polyethylene Glycol

Poly(oxy-l ,2-ethanediyl), a-hydro-co-hydroxy-;
Polyethylene glycol [25322-68-3].

DEFINITION
Polyethylene Glycol is an addition polymer of ethylene oxide

and water, represented by the formula H(OCH2CH2) nOH, in
which n represents the average number of oxyethylene
groups. The average molecular weight is NLT 95.0% and
NMT 105.0% of the labeled nominal value if the labeled
nominal value is less than 1000; it is NLT 90.0% and NMT
110.0% of the labeled nominal value if the labeled nominal
value is between 1000 and 7000; and it is NLT 87.5% and
NMT 112.5% of the labeled nominal value if the labeled
nominal value is more than 7000. It may contain a suitable
antioxidant.

ASSAY
It AVERAGE MOLECULAR WEIGHT

Phthalic anhydride solution: Place49.0 g of phthalic
anhydride into an amber bottle, and dissolve in 300 mL of
pyridine from a freshly opened bottle or pyridine that has
been freshly distilled over phthalic anhydride. Shake
vigorously until completely dissolved. Add 7 g of imidazole,
swirl carefully to dissolve, and allow to stand for 16 h before
using.

Sample solution for liquid polyethylene glycols: Carefully
introduce 25.0 mL of the Phthalic anhydride solution into a
dry, heat-resistant pressure bottle. Add an amount of the
specimen equivalent to its expected average molecular
weight divided by 160. Insert the stopper in the bottle, and
wrap it securely in a cloth bag.

Sample solution for solid polyethylene glycols: Carefully
introduce 25.0 mL of Phthalic anhydride solution into a dry,
heat-resistant pressure bottle. Add an amount 'of the
specimen equivalent to its expected molecular weight
divided by 160; however, because of limited solubility, do
not use more than 25 g. Add 25 mL of pyridine, from a
freshly opened bottle or pyridine that has been freshly
distilled over phthalic anhydride. Swirl to dissolve, insert the
stopper in the bottle, and wrap it securely in a cloth bag.

Blank: 25.0 mL of Phthalic anhydride solution plus any
additional pyridine added to .the bottle

Analysis: Immerse the bottle in a water bath maintained at a
temperature between 96° and 100°, to the same depth as
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that of the mixture in the bottle. Remove the bottles from
the bath after 5 min and, without unwrapping, swirl for 30 s
to homogenize. Heat in the water bath for 30 min (60 min
for polyethylene glycols having molecular weights of
3000 or more), then remove from the bath, and allow to
cool to room temperature. Uncap the bottle carefully to
releaseany pressure, remove from the bag, add 10 mL of
water,and swirl thoroughly. Wait 2 min, add 0.5 mL of a
solution of phenolphthalein in pyridine (1 in 100), and
titrate with 0.5 N sodium hydroxide VSto the first pink color
that persists for 15 s. Perform a blank determination.
Calculate the average molecular weight taken:

Result=(2000 x W)/[(V B - V s) x N]

W = weight of Polyethylene Glycol taken for the
Sample solution (g)

V B = volume of 0.5 N sodium hydroxide consumed
by the Blank (mL)

Vs =volume of 0.5 N sodium hydroxide consumed by
the specimen (mL)

N =normality of the sodium hydroxide solution

Acceptance criteria: See Table 7.

Table 1
Label Claim Acceptance Criteria

(Nominal Value) (%)

<1000 95.0-105.0

1000-7000 90.0-110.0

>7000 87.5-112.5

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 25 g
Analysis: Proceed as directed, using a platinum dish, and

moistening the residue with 2 mL of sulfuric acid.
Acceptance criteria: NMT 0.1%

• LIMIT OF FREE ETHYLENE OXIDE AND 1,4-DIOXANE
Stripped polyethylene glycol 400: Into a 5000-mL, 3-neck,

round-bottom flask equipped with a stirrer, a gas dispersion
tube, and a vacuum outlet, place 3000 g of polyethylene
glycol 400. At room temperature, evacuate the flask
carefully to a pressure of less than 1 mm of mercury,
applying the vacuum slowly while observing for excessive
foaming due to entrapped gases. After any foaming has
subsided and while stirring continuously, sparge with
nitrogen, allowing the pressure to rise to 10 mm of
mercury. Continue stripping for a minimum of 1 h.
Completeness of the stripping procedure should be verified
by making a headspace injection of the Stripped
polyethylene glycol400. [NOTE-The 1O-mm value is a
guideline. Deviations from this value affect only the total
time required to strip polyethylene glycol 400.]
Shut off the vacuum pump, and bring the flask pressure

back to atmospheric pressure while maintaining nitrogen
sparging. Removethe gasdispersion tube with the gasstill
flowing, then turn off the gas flow. Transfer Stripped
polyethylene glycol400 to a suitable nitrogen-filled
container.

Standard solution: Transfer 4.90 g of Stripped polyethylene
glycol 400 to a tared 22-mL pressure headspace vial that
can be sealed. Add 48 ~L of l,4-dioxane, equivalent to
50 mg of 1,4-dioxane, from a syringe; seal,and cap the vial.
[CAUTION-Ethylene oxide and 1A-dioxane are toxic and
flammable. Preparethese solutions in a well-ventilated
fume hood.]
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Using the special handling described in the following,
complete the preparation. Ethylene oxide isa gas at room
temperature. It is usually stored in a lecture-typegas
cylinderor small metal pressure bomb. Chill the cylinder
in a refrigerator before use. Transfer 5 mL of the liquid
ethylene oxide to a 1OO-mL beakerchilled in wet ice.
Using a gas-tight syringe that has been chilled in a
refrigerator, transfer57 f.JL of the liquid ethylene oxide,
equivalent to 50 mg of ethyleneoxide, to the mixture
contained inthe headspacevial, and mix.Withthe aidofa
syringe, transfer2 mL of this solution to a 5-mLbeaker.
Transfer 1.0 mL of this solution to a 100-mL volumetric
flask, and dilute with Stripped polyethylene glycol 400 to
volume. Transfer 10 mL of this solution to a 100-mL
volumetricflask, dilute with Stripped polyethylene glycol
400 to volume, and mixto obtain a Standard solution
having known concentrationsof 10 f.Jg/g for both
ethylene oxide and 1A-dioxane.Transfer 1.0 mL of the
Standard solution to a 22-mL pressureheadspace vial, seal
with a silicone septum withor without a pressurerelief star
spring and a pressure relief safetyaluminum sealingcap,
and crimp the cap closedwith a cap-sealing tool.

System suitability solution: Transfer 4.90 g of Stripped
polyethylene glycol 400 to a 22-mL pressureheadspace vial.
Pipet50 f.JL of acetaldehyde into the vial. Using the special
handling described in the Standard solution, transfer50.0
f.JL of liquid ethylene oxide into the vial. Immediately seal
the vial, and shake.Transfer 1.0 mL of this solution to a
1OO-mL volumetric flask, and dilute with Stripped .
polyethylene glycol 400 to volume. Transfer 10.0 mL of this
solution to a 1OO-mL volumetric flask, and dilute with
Stripped polyethylene glycol 400 to volume.Transfer 1.0 mL
of the System suitability solution to a 22-mLpressure
headspace vial. Seal, cap, and crimp as directed for the
Standard solution.

Sample solution: Transfer 1.0 g of Polyethylene Glycol to a
22-mLpressure headspace vial. Seal, cap, and crimp as
directed in the Standard solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: HeadspaceGC(balanced pressureautomatic

headspace sampler)
Detector: Flame ionization
Column: 0.32-mm x 50-m fused-silica capillary; 'bonded

with 5-f.Jm film of phase G27
Temperatures

Injection port: 850

Detector: 2500

Column: See Table 2.

Table 2
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

(") ("/min) (") . (min)

70 10 250 -

Carrier gas: Helium
Flow rate: 2.9 mL/min
Injection volume: 1.0 mL of headspace using a 2-mL gas
syringe preheated in an oven at 900

System suitability
Sample: System suitability solution

[NOTE-The relative retention times for acetaldehyde
and ethylene oxide are about 0.9 and 1.0,
respectively.]

"Suitability requirements
Resolution: NLT 1.3 between the acetaldehyde and

ethylene oxide peaks
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Analysis
Samples: Standard solution and Sample solution

[NOTE-The relative retention timesfor ethylene oxide
and 1A-dioxaneare about 1.0 and 3.4, respectively.]

Place the vials containing the Standard solution and the
-Sample solution into the automated sampler, and heat the
vials at a temperature of 800 for 30 min.

[NOTE-A headspace apparatus that automatically
transfers the measured amount of headspace may be
used to performthe injection.]

Acceptance criteria: The peak areasfor ethylene oxide and
1A-dioxane of the Sample solution are NMT those of the
corresponding peaksof the Standard solution
correspondingto NMT 10 f.Jg/g ofethyleneoxideand NMT
10 f.Jg/g of 1A-dioxane.

• LIMIT OF ETHYLENE GLYCOL AND DIETHYLENE GLYCOL (for
Polyethylene Glycol havinga nominal molecular weight less
than 450)

Standard solution: 0.5 mg/mL each of ethylene glycol and
diethylene glycol in water

Sample solution: 400 mg/mL of Polyethylene Glycol in
water

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 3-mm x 1.5-m stainless steel; packing of 12%

G13 on support Sl NS
Temperatures

Injection port: 2500

Detector: 2800

Column: 1400

Carrier gas: Nitrogen or another suitable inert gas
Flowrate: 50 mL/min
Injection volume: 2.0 f.JL

Analysis
Samples: Standard solution and Sample solution
[NoTE-The elution order isethylene glycol followed by

diethylene glycol.]
Calculate the percentage of ethylene glycol in the portion

of Polyethylene Glycol taken:

Result = (r u tlr S 1) x (Cs tiC u) x 100

r u 1 =peak height of ethylene glycol from the Sample
solution

r S 1 =peak height of ethylene glycol from the Standard
solution

CS 1 =concentration of ethylene glycol in the Standard
solution (mg/mL)

Cu =concentration of Polyethylene Glycol in the
Sample solution (mg/mL)

Calculate the percentage ofdiethyleneglycol inthe portion
of Polyethylene Glycol taken: .

Result =(r uir S 2) x (CS Z/C u) x 100

r u 2 = peak height ofdiethylene glycol from the Sample
solution

r S 2 = peak height of diethylene glycol from the
Standard solution

CS 2 =concentrationofdiethyleneglycol inthe Standard
solution (mg/mL)

Cu =concentration of Polyethylene Glycol inthe
Sample solution (mg/mL)-

"Acceptancecriteria: NMTO.25% of the sum of ethylene
glycol and diethylene glycol
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• LIMIT OF ETHYLENEGlvcor AND DIETHYLENE GLYCOL (for
Polyethylene Glycol having a nominal molecular weight of
450 or more but NMT 1000)

Cerie ammonium nitrate solution: 6.25 g of ceric
ammonium nitrate in 100 mL of 0.25 N nitric acid. Use
within 3 days.

Standard stock solution: 2.5 mg/mL of diethylene glycol in
freshly distilled acetonitrile and water (1:1)

Standard solution: Add 10.0 mL of the Standard stock
solution to 15.0 mL of eerieammonium nitrate solution.
Within 2-5 min, determine the absorbance of the Standard
solution.

Sample stock solution: Dissolve50.0 g of Polyethylene
Glycol in 75 mL of diphenyl ether, previously warmed if
necessary, just to melt the crystals, in a 250-mL distilling
flask. Slowly distill at a pressureof 1-2 mm of mercury into a
receiver graduated to 100 mL in 1-mL subdivisions, until
25 mL of distillate hasbeen collected. Add 20.0 mL of water
to the distillate, shake vigorously, and allow the layers to
separate. Cool in an ice bath to solidify the diphenyl ether
and facilitate its removal. Filter the separated aqueous layer,
wash the diphenyl ether with 5.0 mL of ice-cold water, pass
the washings through the filter, and collect the filtrate and
washings in a 25-mL volumetric flask. Warm to room
temperature, and dilute with water to volume, if necessary.
Mix this solution with 25.0 mL of freshly distilled
acetonitrile in a glass-stoppered, 125-mL conical flask.

Sample solution: Add 10.0 mL of the Sample stock solution
to 15.0 mL of eerieammoniumnitrate solution. Within 2
5 min, determine the absorbance of the Sample solution.

Blank: Mixture of 15.0 mL of eerieammonium nitrate
solutionand 10.0 mL of freshly distilled acetonitrile and
water (1:1)

Instrumental conditions'
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 450 nm

Analysis '
Samples: Standardsolution and Sample solution

Acceptance criteria: The absorbance of the Sample solution
does not exceed that of the Standard solution,
corresponding to NMT 0.25% of combined ethylene glycol
and diethylene glycol.

SPECIFIC TESTS
• pH (791)

Sample solution: 5.0 g of Polyethylene Glycol in 100 mL of
carbon dioxide-free water. Add 0.30 mL of saturated
potassium chloride solution.

Acceptance criteria: 4.5-7.5
• COMPLETENESS AND COLOR OF SOLUTION: A solution of 5 g

of Polyethylene Glycol in 50 mL of water is colorless; it is
clear for liquid grades and NMT slightly hazy for solid
grades.

•. VISCOSITY-CAPILLARY METHODS (911): Determine the
viscosity by using a capillary viscometer giving a flow time
of NLT 200 s and using a liquid bath maintained at 98.9
± 0.3° (210° F).The viscosity iswithin the limits specified in
Table 3. For a polyethylene glycol not listed in the table,
calculate the limits by interpolation.

Table 3

Nominal Nominal
Average Average Viscosity

Molecular Viscosity Range, Molecular Range,
Weight Centistokes Weight Centistokes

200 3.9-4.8 2400 49-65

300 5.4-6.4 2500 51-70
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Table 3 (continued)

Nominal Nominal
Average Average Viscosity

Molecular Viscosity Range, Molecular Range,
Weight Centistokes Weight Centistokes

400 6.8-8.0 2600 54-74'

500 8.3-9.6 2700 57-78

600 9.9-11.3 2800 60-83

700 11.5-13.0 2900 64-88

800 12.5-14.5 3000 67-93

900 15.0-17.0 3250 73-105

1000 16.0-19.0 - -

1100 18.0-22.0 3500 87-123

1200 20.0-24.5 3750 99-140

1300 22.0-27.5 4000 110-158

1400 24-30 4250 123-177

1450 25-32 4500 140-200

1500 26-33 4750 155-228

1600 28-36 5000 170-250

1700 31-39 5500 206-315

1800 33-42 6000 250-390

1900 35-45 6500 295-480

2000 38-49 7000 350-590

2100 40-53 7500 405-735

2200 43-56 8000 470-900

2~00 46-60 - -

[NOTE-Polyethlyene Glycol 3350 is listed in the USP official
monographs section to reflect its useasboth an active and
inactive ingredient.]

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to state, as part of the official title, the

average nominal molecular weight of the Polyethylene
Glycol. Label it to indicate the name and quantity of any
added antioxidant.

Polyethylene Glycol 3350-see Polyethylene
Glycol 3350 General Monographs

Polyethylene Glycol Ointment
DEFINITION
Prepare Polyethylene Glycol Ointment asfollows.

PolyethyleneGlycol3350 400 9

Polyethylene Glycol 400 600 9

To make 1000 9

Heat the two ingredients on a water bath to 65°. Allow to cool,
and stir until congealed. If a firmer preparation is desired,
replace up to 100 g of the Polyethylene Glycol 400 with an
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equal amount of Polyethylene Glycol 3350. [NOTE-If 6%
25% of an aqueous solution is to be incorporated in the
Ointment, replace 50 g of the Polyethylene Glycol 3350 with
an equal amount of stearyl alcohol.]

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in well-closed

containers.

Polyethylene Glycol Monomethyl Ether

H,co~t~

Poly(oxy-Lz-ethanedlyl), a-methyl-ro-hydroxy-;
Methoxy polyethylene glycol [9004-74-4].

DEFINITION
Polyethylene Glycol Monomethyl Ether is an addition polymer

of ethylene oxide and methanol, represented as:

CH3(OCH2CH2) n OH

in which n represents the average number of oxyethylene
groups. The average molecular weight is NLT 95.0% and
NMT 105.0% of the labeled nominal value if the labeled
nominal value is below 1000; it is NLT 90.0% and NMT
110.0% of the labeled nominal value if the labeled nominal
value is between 1000 and 4750; and it is NLT 87.5% and
NMT 112.5% of the labeled nominal value if the labeled
nominal value is above 4750.

ASSAY
• AVERAGE MOLECULAR WEIGHT

Phthalic anhydride solution: Place 49.0 g of phthalic
anhydride into an amber bottle, and dissolve in 300 mL of
pyridine, either from a freshly opened bottle or freshly
distilled over phthalic anhydride. Shake vigorously until
completely dissolved. Add 7 g of imidazole, swirl carefully
to dissolve, and allow to stand for 16 h before using.

Sample solution for liquid Polyethylene Glycol
Monomethyl Ethers: Carefully introduce 25.0 mL of the
Phthalicanhydride solution into a dry, heat-resistant
pressure bottle. Add a weighed amount of the sample,
equivalent to its expected average molecular weight
divided by 80. Insert the stopper in the bottle, and wrap it
securely in a cloth bag.

. Sample solution for solid Polyethylene Glycol
Monomethyl Ethers: Carefully introduce 25.0 mL of
Phthalicanhydride solution into a dry, heat-resistant
pressure bottle. Add an amount of the sample, equivalent
to its expected molecular weight divided by 80; however,
because of limited solubility, do not use more than 25 g.
Add 25 mL of pyridine, either from a freshly opened bottle
or freshly distilled over phthalic anhydride, swirl to dissolve,
insert the stopper in the bottle, and wrap itsecurely in a
cloth bag.

Analysis: Immerse the bottle in a water bath maintained at
960-1000 to the same depth as that of the mixture in the
bottle. Remove the bottle from the bath after 5 min, and
without unwrapping, swirl for 30 s to homogenize. Heat in
the water bath for 30 min (60 min for Polyethylene Glycol
Monomethyl Ethershaving molecular weights of 3000 or
higher), then remove from the bath, and allow to cool to
room temperature. Uncap the bottle carefully to release any
pressure, remove from the bag, add 10 mL of water,' and
swirl thoroughly. Wait for 2 min, add 0.5 mL of a solution
of phenolphthalein in pyridine (1 in 100). Titrate with 0.5 N
sodium hydroxide VSto the first pink color that persistsfor
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15 s, recording the volume, in mL, of 0.5 N sodium
hydroxide required as V s- Perform a blank determination
on 25.0 mL of Phthalicanhydridesolution plus any
additional pyridine added to the bottle, and record the
volume, in mL, of 0.5 N sodium hydroxide required as V B'

Calculate the average molecular weight:

Result =(1000 x IN>/[(V B - Vs) x NJ

W = weight of Polyethylene Glycol Monomethyl Ether
taken for the Sample solution (g)

V B =volume of 0.5 N sodium hydroxide consumed by
the blank (mL)

Vs =volume of 0.5 N sodium hydroxide consumed by
the sample (mL)

N =normality of the sodium hydroxide solution

Acceptance criteria: See Table 7.

Table 1

Label Claim Acceptance Criteria
(nominal value) (%)

<1000 95.0-105.0

1000-4750 90.0-110.0

>4750 87.5-112.5

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 25 g of Polyethylene Glycol Monomethyl Ether,
moistened with 2 mL of sulfuric acid in a platinum dish

Acceptance criteria: NMT 0.1%
• LIMIT OF ETHYLENEGLYCOL AND DIETHYLENE GLYCOL (for

Polyethylene Glycol Monornethyl Ether having a nominal
molecular weight of less than 600) .

Standard solution: 500 I-lg/mLof ethylene glycol and 500
I-lg/mLof diethylene glycol in water

Sample solution: 400 mg/mL of Polyethylene Glycol
Monomethyl Ether in water

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 3-mm x 1.O-m; 60- to 80-mesh support S2
Temperatures

Column: 200 0

Injection port: 260 0

Carrier gas: Nitrogen or another suitable inert gas
Flow rate: 20 mL/min
Injection volume: 1.0 I-lL

Analysis
Samples: Standard solution and Sample solution

[NOTE-The elution order is ethylene glycol, diethylene
glycol, and polyethylene glycol rnonornethyl ether.]

Calculate the percentage of ethylene glycol and diethylene
glycol in the portion of Polyethylene Glycol Monomethyl
Ether taken:

Result =(r vir s) x (C siC u) x 100

=peak height of ethylene glycol or diethylene
glycol from the Sample solution

=peak height of ethylene glycol or diethylene
glycol from the Standardsolution '

= concentration of ethylene glycol or diethylene
glycol in the Standardsolution .

= concentration of Polyethylene Glycol
Monomethyl Ether in the Sample solution
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Acceptance criteria: NMT 0.25% of combined ethylene
glycol and diethyleneglycol

• LIMIT OF ETHYLENE GLYCOL AND DIETHYLENE GLYCOL (for
Polyethylene Glycol Monomethyl Etherhaving a nominal
molecular weight of 600-1 500)

Solution A: 62.5 mg/mL of ceric ammonium nitrate in
0.25 N nitric acid. Use within 3 days.

Solution B: Freshly distilled acetonitrileand water (50:50)
Standard solution: 2.5 mg/mL of diethylene glycol in

Solution B
Sample solution: Dissolve 50.0 g of Polyethylene Glycol

Monomethyl Etherin 75 mL of diphenyl ether, previously
warmed ifnecessary, to melt the crystals, in a 250-mL
distilling flask. Slowly distill at a pressureof 1-2 mm of
mercury into a receiver graduated to 100 mL in 1-mL
subdivisions until25 mL ofdistillate has been collected. Add
20.0 mL of water to the distillate, shake vigorously, and
allowthe layers to separate. Cool in an ice bath to solidify
the diphenylether and facilitate its removal. Filter the
separated aqueous layer, wash the diphenyl ether with
5.0 mL of ice-cold water, pass the washingsthrough the
filter, and collectthe filtrate and washings in a 25-mL
volumetric flask. Warmto room temperature, and dilute
with water to volume, ifnecessary. Mix this solutionwith
25.0 mL offreshly distilled acetonitrilein a glass-stoppered,
125-mL conical flask.

Instrumental conditions
Mode: Vis
Analytical wavelength: About 450 nm
Cell: 1 cm
Blank: Solution A and Solution B(60:40)

Analysis
Samples: Standardsolution, Sample solution, and Blank

Transfer 10.0 mL each of the Standardsolution and the
Sample solution to separate 50-mLflasks, each
containing 15.0 mL of Solution A. Within 2-5 min,
determine the absorbances of the Sarriples.

Acceptance criteria: The absorbance of the Sample solution
does not exceed that of the Standardsolution,
correspondingto NMT 0.25% of combined ethyleneglycol
and diethyleneglycol. .

• FREE ETHYLENE OXIDE AND 1,4-DIOXANE
Stripped MPEG 350: Intoa 5000-mL4-n~ck, round-bottom

flask, equipped with a stirrer, a thermometer, a gas
dispersion tube, a dry ice trap, a vacuum outlet, and a
heating mantle, place 3000 g of Polyethylene Glycol
Monomethyl Ether 350. Atroom temperature, evacuatethe
flask carefully to a pressure of lessthan 1 mm of mercury,
applyingthe vacuum slowly while observingfor ~xcessive
foaming due to entrapped gases. After any foaming has.
subsided, sparge with nitrogen, allowing the pressureto
rise to 10 mm of mercury. Heat the flask to 1300 while
increasing the pressureto 60 mm of mercury. Continue
strippingfor 4 h, then cool to room temperature. Shut off
the vacuum pump, and bring the flask pressure backto
atmosphericpressurewhile maintainingnitrogensparging.
Remove the sparging tube with the gas still flowing, then
turn offthe gas flow. Transfer the Stripped MPEG 350 to a
suitable nitrogen-filled container.

Standard solutions: [CAUTION-Ethylene oxide and
1A-dioxane are toxic and flammable. Prepare these
solutions in a well-ventilated fume hood.] To a known
weight of Stripped MPEG 350 in a vial that can be sealed
add a suitablequantity of 1A-dioxane. Determinethe
amount added by weight difference. Using the special :
handling described in the following, comp1ete the
preparation. Ethylene oxide isa gas at room temperature.
It is usually stored in a lecture-type gas cylinderor small
metal pressure bomb. Chill the cylinderin a refrigerator
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before use. Transfer 5 mL of the liquid ethylene oxide to a
1OO-mL beaker chilled in wet ice. Using a qas-tlqht gas
chromatographic syringe that has been chilled in a
refrigerator, transfera suitableamount of the liquid
ethylene oxide into the mixture. Immediately seal the vial,
and shake. Determinethe amount added by weight
difference. By appropriate dilution with Stripped MPEG
3$0, prepare four solutions, covering a range of 5-20 ppm
for the two components added to the matrix (e.g., 5, 10,
15, and 20 ppm). Transfer 1.0 mL ofeach of these solutions
to separate 22-mL pressureheadspace vials. Seal each
with a silicone septum, star spring,and pressurerelief safety
aluminum sealing cap. Crimpthe cap closed with a
cap-sealing tool.

Sample solution: Transfer 1 ±0.01 g of Polyethylene Glycol
Monomethyl Etherto a 22-mL pressureheadspace vial.
Seal, cap, and crimp as directed for the Standardsolutions.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC (equipped with a balanced pressureautomatic

headspace sampler)
Detector: Flame ionization
Column: 50-m x 0.32-mm fused silica; bonded phase

G27 in a 5-l-Im film thickness
Temperatures

Detector: 2500

Transfer line: 1400

Column: See Table 2.

Table 2

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") ("/min) (") (min)

70 10 250 -

Carrier gas: Helium
Flow rate: 0.8 mL/min

Calibration: Place the vials containing the Standard
solutions in the automated sampler, and start the sequence
so that each vial is heated at 1100 for 30 min before a
suitable portion of its headspace is injected into the
chromatograph. Set the automatic sampler for a needle
withdrawaltime of 0.3 min, a pressurization time of 1 min,
an injection time of0.08 min, and a vial pressureof 22 psig
with the vial vent off. Obtain the peak areas for ethylene
oxide and l,4-dioxane, which have relative retention times
of 1.0 and 3.1, respectively. Plotthe area versus parts per
million on lineargraph paper, and draw the best straight
linethrough the points. On the two Calibration plots, no
point digressesfrom its line by more than 10%.

Analysis: Place the vial containingthe Sample solution in the
automatic sampler, and chromatograph its headspace as
done for the Standardsolutions. Obtain the peak areas of
each of the components, and read the concentrations
directly from the Calibration plots.

Acceptance criteria: NMT 10 ppm of ethylene oxide or
1A-dioxane

• LIMIT OF 2-METHOXYETHANOL
Stripped MPEG 350 and Sample solution: Prepareas

directed in the test for Free Ethylene Oxide and 1,4-Dioxane.
Standard solutions: [CAUTloN-2~Methoxyethanol is toxic

and flammable. Prepare these solutions in a well-ventilated
fume hood.] To a knownweight of Stripped MPEG 350 in a
vial that can be sealed add a suitablequantity of
2-methoxyethanol. Determinethe amount added by
weight-difference. By appropriate dilution with Stripped
MPEG 350, prepare four solutions, covering a range of 5
20 ppm (e.g., 5, 10, 15, and 20 ppm). Transfer 1.0 mL of
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each of these solutions to separate 22-mL pressure
headspace vials. Seal each with a silicone septum, star
spring, and pressure relief safetyaluminumsealing cap.
Crimpthe cap closedwith a cap-sealing tool.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: GC(equipped with a balanced pressureautomatic

headspace sampler)
Detector: Flame ionization
Column: 15-m x 0.53-mm fused silica capillary; bonded

phase G16 in a t-urn film thickness
Temperatures

Detector: 275°
Transfer line: 140°
Column: See Table 3.

Table 3
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

(0) e/min) (0) (min)

50 - 50 2

70 10 250 -

Carrier gas: Helium
Flowrate: 15 mL/min

Callbratlonr Place the vials containing the Standard
solutions in the automated sampler,and start the sequence
so that each vial is heated at 100°for 20 min beforea
suitable portion of its headspace is injected into the
chromatograph. Set the automatic samplerfor a needle
withdrawal time of 0.3 min,a pressurization time of 1 min,
an injection time of 0.08 min, and a vial pressureof 22 psig
with the vial vent off. Obtain the peak area. for
2-methoxyethanol. Plotthe area versus ppm on linear
graph paper, and draw the best straight linethrough th~

points. On the Calibration plot, no point digresses from Its
line by more than 10%.

Analysis: Place the vial containing the Sample solutionin the
automatic sampler, and chromatograph its headspace as
done for the Standard solutions. Obtain the peak area, and
read the concentration directly from the Calibration plot.

Acceptance criteria: NMT 10 ppm .

SPECIFIC TESTS
• pH (791)

Sample solution: 5.0 g of Polyethylene Glycol Monomethyl
Etherin 100 mL of carbon dioxide-free water. Add0.30 mL
of saturated potassium chloridesolution.

Acceptance criteria: 4.5-7.5
• COMPLETENESS AND COLOR OF SOLUTION

Sample solution: 5 g of Polyethylene Glycol Monomethyl
Etherin 50 mL of water

Acceptance criteria: The resulting solution iscolorless, and
isclear for liquid grades and NMT slightly hazyfor solid
grades.

• VISCOSITY-CAPILLARY METHODS (911): Determineits
viscosity, using a capillary viscometergiving a flowtime of
NLT 200 s and a liquid bath maintained at 98.9 ± 0.3°.The
viscosity iswithin the limits specified in Table 4. Fora
Polyethylene Glycol Monomethyl Ethernot listed in Table
4, calculatethe limits by interpolation.
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Table 4
Nominal Nominal

Average Mo- Average Mo-
lecular Viscosity Range lecular Viscosity Range
Weight (centistokes) Weight (centistokes)

350 3.5-4.5 2750 50-78

450 4.9-6.0 3000 60-95

550 6.1-7.3 3250 72-113

650 7.9-9.2 3500 85-133

750 9.7-11.1 3750 99-155

850 11.5-13.1 4000 114-178

950 13.3-15.2 4250 130-204

1000 13.3-17.3 4500 148-231

1100 15.0-19.7 4750 167-260

1200 16.9-22.1 5000 175-305

1300 18.8-24.6 5500 215-375

1400 20.7-27.1 6000 260-455

1500 23-30 6500 310-545

1600 25-33 7000 365-640

1700 27-35 7500 425-745

1800 29-38 8000 490-860

1900 31-41 8500 560-980

2000 33-44 9000 640-1110

2250 36-54 9500 715:"1250

2500 40-64 10000 775-1475

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to state, as part of the official title, the

average nominal molecular weight of the Polyethylene
Glycol Monomethyl Ether.

Polyethylene Oxide

DEFINITION
Polyethylene Oxide isa nonionichomopolymer of ethylene

oxide, represented:

H(OCH2CH2)nOH

in which n represents the average number of oxyethylene
groups. The number n varies from about 2000 to 200,000.
It isa white to off-white powder obtainable inseveral grades,
varying in viscosity profile in an aqueous isopropyl alcohol
solution. It may contain a suitable antioxidant.

IDENTIFICATION

Sample: Previously dried in a vacuum at room temperature
to constant weight
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It B. PROCEDURE
Viscosity

[Note-Based on Labeling information, perform the
following test accordingly.]

Analysis: Pass Polyethylene Oxide through a 20-mesh
screen. Then transfer Polyethylene Oxide to a 800-mL
low-form beaker the amount which is specified in Table 7
to provide the solution concentration.

Table 1
Sample solution

Polyethylene ox- 1% Solution I 2% Solution I 5% Solution
ide weight

6g I 12 9 I 30 9

Add 125 mL of dehydrated isopropyl alcohol to the
beaker. Place the stirrer into the beaker with an
appropriate glass cover. Stir the polyethylene
oxide-isopropanol mixture at a rate to ensure that a
slurry is formed. Add the prescribed amount of water to
the polyethylene oxide-isopropanol slurry, refer to Table
2. All solution concentrations are based on the water
content of the aqueous isopropyl alcohol solution. Be
careful to avoid splashing of the water. Adjust the
temperature to near 25° to assist the final solution
coming to temperature.

Table 2
Sample solution

Water weight 1% Solution I 2% Solution I 5% Solution

594g I 588 9 I 570g

Ensure that the stirring is very effective at the beginning
for about 1 min. Then allow to gently stir for at least 3 h.
Ensure that Polyethylene Oxide dissolves in solution, take
care to avoid mixing in excess air, and stop the stirring.
[Nora-Ensure a colloidal dispersion by stirring for at
least 3 h if added antioxidant or silicon dioxide is not
soluble in the system.] .

Place a watchglass over the beaker and place in a bath for
at least 30 min. When the solution reaches 25 ± 0.1°,
determine the viscosity of the Sample solution using the
viscometer, spindle, and speed indicated on the
Labeling. [NOTE-A guard may be required as indicated
on the Labeling.] Follow the instrument manufacturer's
directions to measure the apparent viscosity.

Acceptance criteria: Viscosityfalls within the viscosity
range indicated by the Labeling.

IMPURITIES
INORGANIC IMPURITIES
• SILICON DIOXIDE AND NONSILICON DIOXIDE RESIDUE ON

IGNITION
Sample: 1 g
Analysis: Weigh the Sample into a previously ignited, tared

50-mL platinum crucible. Add 4 drops of sulfuric acid. Heat
carefully on a hot plate until the specimen is thoroughly
charred and fumes no longer are evolved. Ignite the
crucible at 700 ± 25° (see Residue on Ignition (281» to
constant weight. Wet the residue carefully with 1 mL of
water, and slowly add 20 drops of hydrofluoric acid.
[CAUTIoN-Hydrofluoricacid is an extremely hazardous
chemical. When handling it, wear a face shield, arm
protection, and rubber gloves, and perform the operation
in a hood.] Evaporate slowly on a hot plate to dryness, then
ignite at 700 ± 25° for 10 min, cool to room temperature
in a desiccator, and weigh. Repeat the addition of
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hydrofluoric acid, evaporation, and ignition, to constant
weight.
Calculate the percentage of silicon dioxide residue on

ignition from the difference between the net weights
before and after the hydrofluoric acid treatment.

Calculate the percentage of nonsilicon dioxide residue on
ignition from the final net weight.

Acceptance criteria
Silicon dioxide residue on ignition: NMT 3%
Nonsilicon dioxide residue on ignition: NMT 2%

ORGANIC IMPURITIES
• Procedure: limit of Free Ethylene Oxide
Standard stock solution: [CAUTION-Ethylene oxide is toxic

and flammable. Prepare solutions of it in a well-ventilated
fume hood.] Prepare the solution using the special handling
described below. Ethylene oxide is a gas at room
temperature. It is usually stored in a lecture-type gas cylinder
or small metal pressure bomb. Chill the cylinder in a
refrigerator before use. Transfer 5 mL of the liquid ethylene
oxide to a cold, 1O-mL serum vial. Seal the vial, and store in a
refrigerator. Transfer 40 g of acetone to a tared 50-mL serum
vial that is capable of being tightlysealed with a polytef-Iined
septum and a metallic crimp cap. Seal the vial, and weigh it.
Using a gas-tight gas chromatographic syringe that has been
chilled in a refrigerator, transfer 60 IJL of the liquefied
ethylene oxide to the same vial. Weigh the vial, and
determine the amount added by weight difference. The
solution contains about 1 IJg/IJL of ethylene oxide.
[NOTE-This solution may be kept for 1 week in the
crimp-sealed serum vial, stored in a freezer.]

[NOTE-Standard solutions A-D and the Sample solution
should be prepared in vials designed for use in the
headspace sampling system specified in the
Chromatographic system.]

Standard solution A: To a tared vialadd 1.0 g of Polyethylene
Oxide, and seal the vial. Through the septum add 2.0 IJL of
Standard stock solution, heat the vial at 100° for 30 min, and
cool to room temperature.

Standard solution B: To a tared vialadd 1.0 g of Polyethylene
Oxide, and seal the vial. Through the septum add 4.0 IJL of
Standard stock solution, heat the vial at 100° for 30 min, and
cool to room temperature.

Standard solution C: To a tared vialadd 1.0 g of Polyethylene
Oxide, and seal the vial. Through the septum add 6.0 IJL of
Standard stock solution, heat the vial at 100° for 30 min, and
cool to room temperature.

Standard solution D: To a tared vial add 1.0 g of
Polyethylene Oxide, and seal the vial. Through the septum
add 8.0 IJL of Standard stock solution, heat the vial at 100° for
30 min, and cool to room temperature.

Sample solution: To a tared vial add 1.0 g of Polyethylene
Oxide, and seal the vial. Heat the vialat 100° for 30 min, and
cool to room temperature.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 10-m capillary column bonded with a

20-lJm layer of phase G45
Temperature

Injector: 200°
Detector: 250°
Column: See the temperature program table below.

Hold Time at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
(") ("/min) (") (min)

70 - 70 5
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HoldTime at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
o r/min) r) (min)

70 10 200 5

Flow rate: 15 mL/min
Injection size: 300 IJL of headspace gas
Injection type: Split
Carrier gas: Helium

[NOTE-The makeup gas isalso helium, with a splitflow
rate of 15 mL/min.]

System suitability
Sample: Standardsolution C
Suitability requirements

Relative standard deviation: NMT 5%. [NOTE-Multiple
vials are prepared for replicateinjections.]

Analysis
Samples: Standardsolutions A-D and Sample solution

[NOTE-A headspace apparatus that automatically
transfers the measured amount of gaseous headspace
may be used to performthe injections.]

Using a gas-tight syringe, separatelyinjectequal volumes
(about 300 IJL) of the gaseous headspace of each of the
Standardsolutions and the Sample solution into the gas
chromatograph, recordthe chromatograms,and measure
the areas of the peak responses. Determineby a retention
time comparisonwhether ethylene oxide isdetected in
the Sample solution. Plot the responses of the Sample
solution and the Standardsolutions versus the content, in
IJg, of ethylene oxide in each vial, as furnished by the
Standardstock solution. Drawthe straight line best fitting
the five points,and calculatethe correlation coefficient for
the line. I

[NOTE-The content of ethylene oxide, as furnished by
the Standardstock solution, is0 IJg in the Sample
solution.]

Asuitable system isone that yields a line havinga
correlation coefficient of NLT 0.99. Extrapolate the line
until it intercepts the content axison the negativeside.
From the intercept, determine the total amount, Tu, in IJg,
of ethylene oxide in the Sample solution.

Calculate the percentage of ethylene oxide in the portion
of Polyethylene Oxide taken:

Result =(Tu/W) x 100

Tu = total amount of ethylene oxide in the Sample
solution (lJg) .

W = weight of Polyethylene Oxide taken to prepare
the Sample solution(lJg)

Acceptance criteria: NMT 0.001%

SPECIFIC TESTS
• Loss ON DRYING (731): Dry4 g at 105° for 45 min: it loses

NMT 1.0% of itsweight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No storage requirementsspecified.
• LABELING: Label it to indicate the viscosity and acceptable

limits, giving the viscosity measurement parameters,
concentration of the solution, and the type of equipment
used. Label it to indicate the name and quantity of any
added antioxidant.

• USP REFERE~CE STANDARDS (11)
USP Polyethylene Oxide RS
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Polyglyceryl Dioleate

R-O-(CH2-CH(OR)-CH2-O)3-R
R=H, or CO-C17H33
1,2,3-Propanetriol, homotrimer, di[(9Z)-9-octadecenoate];
Triglyceril dioleate;
Polyglyceryl 3 dioleate [9007-48-1].
R-O-(CH2-CH(OR)-CH2-O)6-R

R=H,or CO-C17H 33
1,2,3-Propanetriol, homohexamer,di[(9Z)-9-octadecenoate];
Hexaglyceril dioleate;
Polyglyceryl 6 dioleate [76009-37-5].

DEFINITION
Polyglyceryl Dioleate isa mixtureof polyglyceryl diestersof

mainlyoleicacid, obtained by esterification of polyglycerin
and oleicacid.The polyglycerin consists mainly of triglycerin
or hexaglycerin.

IDENTIFICATION

• A.
~p

• B. Meets the requirementsof the test for ContentofFatty
Acids

• C. Meets the requirementsof the test for Fats and Fixed Oils
(401), HydroxylValue. [NOTE-This test will differentiate for
Polyglyceryl 3 Dioleate and Polyglyceryl 6 Dioleate.]

ASSAY
• CONTENT OF FATTY ACIDS
0.5 N methanolic sodium hydroxide solution: Dissolve

20 9 of sodium hydroxide in50 mL ofwater, and mix.Cool
to room temperature, and add 950 mL of methanol.

Boron trifluoride methanol solution: Dissolve 14 9 of
boron trifluoride in methanol to make 100 mL, and
rnix well.'

Saturated sodium chloride solution: Dissolve about 375 g
of sodium chloride in water to make 1000 mL.

Standard solution: Preparethe calibration ester mixtureby
mixing up each individual estercomponent (see Table 1for
the component's composition). Dissolve 500 mg of the
calibration ester mixturein n-heptane, and dilute with
n-heptane to 50 mL. [NOTE-Commercially available
mixturesof fatty acid methyl esters may also be used.]

Table 1
Component in the Composition
Calibration Ester Mixture (%)

USP Methyl Myristate RS «(14:0) 5

USP MethylPalmitateRS «(16:0) 15

USP MethylPalmitoleate RS «(16:1) 10

USP Methyl Stearate RS «(18:0) 10

USP MethylOleate RS «(18:1) 20

USP Methyl Linoleate RS «(18:2) 15

USP MethylLinolenate RS «(18:3) 10

Methylarachidate «(20:0) 10

Methylgadoleate «(20:1) 5

1 Boron trifluoride-methanol solution (14% in methanol) is also
commercially available from Sigma, B-1252, or equivalent quality.
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Sample solution: Introduce 100 mg of Polyglyceryl Dioleate
into a 25-mL conical flaskfitted with a suitable water-cooled
reflux condenser and a magnetic stir bar. Add 2 mLof 0.5 N
methanolic sodium hydroxide solution, mix, and reflux for
about 30 min. Add 2 mL of Boron trifluoride methanol
solution through the condenser and refluxfor about 30 min.
Add 4 mL of n-heptane through the condenser, and reflux
for 5 min. Cool, remove the condenser, add about 10 mL
of Saturated sodium chloride solution, shake, add a quantity
of Saturated sodium chloride solution to bring the upper layer
up to the neck of the flask, and allow the layers to separate.
Collect 2 mLof the n-heptane layer (upper layer), wash with
three quantities, each at 2 mL of water, and dry the
n-heptane phase over anhydrous sodium sulfate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary; 0.25-l-Im

layer of phase G16
Temperature

Detector: 250°
Injection port: 240°
Column: See temperature program table below.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
CO) CO/min) CO) (min)

150 6 250 6

Carrier gas: Nitrogen
Flow rate: 1.0-1.2 mt/rnln
Injection size: 1 I-IL
Injection type: Split injection. The split ratio is about 1:80.

System suitability
Sample: Standard solution

[NoTE-See the relative retention time table below.]

RelativeRetention
Component Time

Methylmyristate 0.74

Methylpalmitate 1.00

Methylpalmitoleate 1.03

Methylstearate 1.29

Methyloleate 1.33

Methyllinoleate 1.37"

Methyllinolenate 1.46b

Methylarachidate 1.55

Methyl gadoleate 1.58

aThere could be an isomereluting at a relative retention time of 1.39.
bTherecouldbe two isomers elutingat relative retention timesof 1.45 and 1.48.

Suitability requirements
Resolution: NLT 1.5 between the peaks due to methyl

stearate and methyl oleate
Relative standard deviation: NMT 6.0% for the

palmitate and stearate peak areas
Analysis

Samples: Standard solution and Sample solution
Identify the fatty acid ester peaks of the Sample solution by

comparing the retention times of these peaks with those
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of the Standard solution, and measure the peak areas for
all of the fatty acid esters in the Sample solution.

Calculate the percentage of each fatty acid ester
component in the test specimen: .

Result = (A/B) x 100

A = peak area of each individual fatty acid ester
component

B =sum of the peak areas, excluding the solvent peak,
of the Sample solution

Acceptance criteria: Polyglyceryl Dioleate exhibits the
followinq composition profile of fatty acids.

Carbon-Chain Number of
length Double Bonds Percentage

14 0 :55.0

16 0 2.0-16.0

16 1 :58.0

18 0 ::;6.0

18 1 65.0-88.0

18 2 5.0-18.0"

18 3 ::;4.0"

Sumof fatty acids
with C >18 0 ::;4.0

aThe content of C18:2 or C18:3 is the content of each fatty acid with its
respective isomers.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition
Analysis: Heat a silica crucible to redness for 30 min, allow to

cool in a desiccator, and weigh. Evenlydistribute about 1.0 g
of Polyglyceryl Dioleate in the crucible, and weigh. Dry at
100°-1 05° for 1 h, and ignite in a muffle furnace at 600 ± 2SO,
until the test substance is thoroughly charred. Perform the
test for Residue on Ignition (281 ) on the residue obtained,
starting with "Moisten the sample with a small amount
(usually 1 mL) of sulfuric acid."

Acceptance criteria: NMT 1%

SPECIFIC TESTS
• ACID VALUE

Analysis: Accurately weigh (to within 0.1 mg) 5-10 g of
Polyglyceryl Dioleate, add 10 mL of alcohol and 3 drops of
phenolphthalein TS, and titrate with 0.1 N potassium
hydroxide VS or 0.1 N sodium hydroxide VS until the
solution remains faintly pink after shaking for 30 s. Proceed
as directed in Fats andFixed Oils (401), Acid Value to perform
the calculation.

Acceptance criteria
Polyglyceryl 3 dioleate: NMT 6
Polyglyceryl6 dioleate: NMT 6

• FATS AND FIXED OILS, Hydroxyl Value (401)
Acceptance criteria

Polyglyceryl 3 dioleate: 195-245, determined on a O.7-g
to 1.0-g specimen

Polyglyceryl6 dioleate: 270-320, determined on 0.5-g to
O.7-g specimen

• IODINE VALUE
Analysis: Accurately weigh 0.15 9 of Polyglyceryl Dioleate,

transfer to a dry 250-mL flask with a ground-glass stopper,
and add 25 mL of methylene chloride. Add 20 mL of the
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Wijs'solution.2 Close the flask, and keep it in the dark for
1 h while shaking frequently. Perform the test in Fats and
Fixed Oils (401), Iodine Value, starting with "Then add, in
the order named, 30 mLof potassium iodide TSand 100 mL
of water. /I

Acceptance criteria
Polyglyceryl 3 dioleate: 60-80
Polyglyceryl 6 dioleate: 50-70

• FATS AND FIXED OILS, Peroxide Value (401): Use 30 mL of a
mixture of glacial acetic acid and methylene chloride (3:2)
to replace 30 mL of a mixture of glacial acetic acid and
chloroform (3:2).

Acceptance criteria
Polyglyceryl 3 dioleate: NMT 12.5
Polyglyceryl 6 dioleate: NMT 12.5

• FATS AND FIXED OILS, Saponification Value (401):
Determined on 1-g specimen

Acceptance criteria
Polyglyceryl 3 dioleate: 135-155
Polyglyceryl 6 dioleate: 110-140

• WATER DETERMINATION, Method I (921): NMT 1%,
determined on a 2.0-g specimen

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, protected from heat and moisture.
• LABELING: Label to indicate whether it is Polyglyceryl 3

Dioleate or Polyglyceryl 6 Dioleate.
• USP REFERENCE STANDARDS (11)

USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palrnltoleate RS
USP Methyl Stearate RS
USP Polyglyceryl 3 Dioleate RS
USP Polyglyceryl 6 Dioleate RS

Polyglyceryl 3 Diisostearate

R-O-(CH2-CH(OR)-CH2-O)3-R

R= H, or CO-C'7H3s-iso
1,2,3-Propanetriol, homopolymer, dllsooctadecanoate:
Triglyceryl diisostearate [63705-03-3].

DEFINITION
Polyglyceryl3 Diisostearate isa mixture of polyglyceryl diesters

of mainly isostearic acid, obtained by esterification of
polyglycerin and isostearic acid. The polyglycerin consists
mainly of triglycerin.

IDENTIFICATION

FattyAcids.

2 Wijs' reagent RPE for analysisfrom Carlo Erba Reference491902; Wijs'
solution from www.sigmaaldrich.com. or equivalent quality.
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ASSAY
• CONTENT OF FATTY ACIDS

O.S N methanolic sodium hydroxide solution: Dissolve
20 9 of sodium hydroxide in 50 mLof water, and mix. Cool
to room temperature, and add 950 mL of methanol.

Boron trifluoride-methanol solution: Dissolve 14 9 of
boron trifluoride in methanol to make 100 mL, and
mix well.'

Saturated sodium chloride solution: Dissolveabout 375 9
of sodium chloride in water to make 1000 mL.

Standard solution: Prepare the calibration ester mixture by
mixing up each individual ester component (see Table 1).
Dissolve 500 mg of the calibration ester mixture in
n-heptane, and dilute with n-heptane to 50 mL.

Table 1

Component in the Calibration Composition
Ester Mixture (%)3

uSP Methyl Myristate RS (C14:0) 7

USP Methyl Palmitate RS (C16:0) 70

USP Methyl Stearate RS (C18:0) 23

aComposition is proposedaccordingto the relative composition of these three
fatty acid groups in Polyglyceryl 3 Diisostearate.

. Sample solution: Introduce 100 mg of Polyglyceryl 3
Diisostearate into a 25-mL conical flask, fitted with a
suitable water-cooled reflux condenser and a magnetic stir
bar. Add 2 mL of 0.5 N methanolic sodium hydroxide
solution, mix, and reflux for about 30 min. Add 2 mL of
Boron trifluoride-methanolsolution through the condenser,
and reflux for about 30 min. Add 4 mL of n-heptane
through the condenser, and reflux for 5 min. Cool, remove
the condenser, add about 10 mL of Saturated sodium
chloride solution, shake, add a quantity of Saturated sodium
chloride solution to bring the upper layer up to the neck of
the flask, and allow the layers to separate. Collect 2 mL of
n-heptane layer (upper layer), wash with three quantities,
each of 2 mL of water, and dry the n-heptane phase over
anhydrous sodium sulfate.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary column,

0.25-lJm layer of phase G16
Temperature

Detector: 250 0

Injection port: 240 0

Column: See the temperature program table below.

HoldTimeat
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
e) (Ojmin) e) (min)

150 6 250 6

Carrier gas: Nitrogen
Flow rate: 1.0-1.2 mL/min
Injection size: 1 IJL
Injection type: Split injection. Split ratio is about 1:80.

System suitability
Sample: Standard solution

[NOTE-See the relative retention time table below.]

, Boron trifluoride-methanol solution (14% in methanol) is also
commercially available from Sigma, B-1252, or equivalent quality.
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Relative
Retention

Name Time

Methylmyristate 1.0

Methylpalmitate 1.4

Methylstearate 1.8

Suitability requirements
Resolution: NLT 10 between the peaks due to methyl

palmitate and methyl stearate
Relative standard deviation: NMT 6.0% for the peak

responses for palmitate and stearate
Analysis

Samples: Standard solutionand Sample solution
Identify the fatty acid ester peaks in the chromatogram

of the Sample solutionby comparing the retention times
of these peakswith those obtained in the chromatogram
of the Standard solution, and measure the peak areasfor
all of the fatty acid ester peaks in the chromatogram
obtained from the Sample solution.

Calculate the percentage of each fatty acid ester
component in the test specimen:

Result = (rU/rT) x 100

= peak response for each individual fatty acid
ester component

=sum of the peak responses,excluding the solvent
peak, in the chromatogram obtained from the
Sample solution

Acceptance criteria
Sum of the contents ofthe fatty acids eluting between

palmitic acid and stearic acid (excluding palmitic acid
and stearic acid): NLT 60.0% .

Sum of the contents of myristic acid, palmitic acid, and
stearic acid: NMT 11.0%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition
Analysis: Heat a silica crucible to redness for 30 min, allow to

cool in a desiccator, and weigh. Evenly distribute about 1.0 g
of Polyglyceryl 3 Diisostearate in the crucible and weigh. Dry
at 100°-105° for 1 h, and ignite in a muffle furnace at 600
± 25°, until the test substance is thoroughly charred. Perform
the test for Residue on Ignition (281 ) on the residue obtained,
starting with "Moisten the sample with a small amount
(usually 1 mL) of sulfuric acid".

Acceptance criteria; NMT 0.5%

SPECIFIC TESTS
• ACID VALUE

Analysis: Accurately weigh (to within 0.1 mg) 5-10 g of
Polyglyceryl 3 Diiostearate, add 10 mL of alcohol and 3
drops of phenolphthalein TS, and titrate with 0.1 N
potassium hydroxide VS or 0.1 N sodium hydroxide VS until
the solution remains faintly pink after shaking for 30 s.
Follow the procedures for Fats and Fixed Oils, AcidValue
(401) to perform the calculation.

Acceptance criteria: NMT 3.0
• FATS AND FIXED OILS, Hydroxyl Value (401): 180-230,

determined on a 0.25-g specimen
• IODINE VALUE .

Analysis: Accurately weigh 3 g of Polyglyceryl 3
Diiostearate, transfer to a dry 250-mL flask with a
ground-glass stopper, and add 25 mL of methylene
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chloride. Add 20 mL of the Wijs' solution," Close the flask,
and keep it in the dark for 1 h while shaking frequently.
Perform the test in Fats and Fixed Oils (401) Iodine Value,
starting with "Then add, in the order named, 30 mL of
potassium iodide TS and 100 mL of water".

Acceptance criteria: NMT 3.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 6.0. Use

30 mL of a mixture of glacial acetic acid and methylene
chloride (3:2) to replace the 30 mL of a mixture of glacial
acetic acid and chloroform (3:2).

• FATS AND FIXED OILS, Saponification Value (401): 128-160
• WATER .DETERMINATION, Method I (921): NMT 0.5%,

determined on a 2.0-g specimen

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, protected from heat and moisture.
• USP REFERENCE STANDARDS (11) .

USP Methyl Myristate RS
USP Methyl Palmitate RS
USP Methyl Stearate RS
USP Polyglyceryl 3 Diisostearate RS

~olyisobutylene

rH3\ l H31.
.~

[9003-27-4].

DEFINITION
Polyisobutylene is a synthetic polymer produced by the

low-temperature polymerization of isobutylene in liquid
ethylene, methylene chloride, or hexane, using an
aluminum-chloride or boron-trifluoride catalyst. It may
contain a suitable stabilizer. .

IDENTIFICATION

rh e "nh,'in" it in hot toluene

IMPURITIES
• LEAD (251)

Sample: 3.3 g
Control: 10 mL of DilutedStandard Lead Solution (10 I-Ig of

lead) . .
Analysis: Transfer the Sample to a porcelain dish, and heat

on a hot plate until completely charred. Then heat in a
muffle furnace at 480° for 8 h, and cool. Cautiously add
5 mL of nitric acid, evaporate to dryness on a hot plate, then
heat again in the muffle furnace for exactly 15 min, and
cool. Extract the ash with two 1O-mL portions of water,
filtering the extract into a separator. Leach any insoluble
material onthe filter with 6 mL of Ammonium Citrate
Solution, 2 mL of Hydroxylamine Hydrochloride Solution, and
5 mL of water, adding the filtered washings to the
separator. To the resulting solution and Controlcontinue as
directed in the chapter for Procedure, beginning with "Add

. 2 drops of phenol red TS".

2 Wijs' reagent RPE for analysis from CarloErba Reference 491902, Wijs'
solution from www.slqmaaldrkh.corn, or equivalentquality.
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Acceptance criteria: NMT 3 J,Jg/g; the color generated by
the Sample does not exceed that generated by the Control.

SPECIFICTESTS
• VISCOSITY-CAPILLARY METHODS (911)

Solvent: Use isooctane.
Sample solution: Prepare a solution of Polyisobutylene in

the Solvent having a known concentration as indicated in
Table 7. The solution must be homogenous before testing.
For the Polyisobutylene having a Staudinger Index of
100 and higher, add the Solvent to the weighed material,
and allow it to stand in an oven at 80° for 12-24 h.
[NOTE-A heated mechanical shaker may be used to shorten
the dissolution time; it is recommended that a gentle shaker
be used to avoid shearing the polymers. Take adequate
precautions to prevent evaporation of the Solvent.]

Table 1
Concentration

Staudinger Index- (g/cm3)

25-60 0.01

60-100 0.005

100-350 0.002

350-700 0.001

a The Staudinger Index is equal to 100 times the intrinsic viscosity.

Analysis: Before each measurement, let the solutions be
temperature equilibrated for 10 min. Using a suitable
Ubbelohde capillary viscometer having dimensions such
that the flow time is NLT 200 s, immersed in a controlled
temperature bath, measure the flow of the Solvent and of
the Sample solution at 20°. Repeat the Analysis three times,
and calculate the average.
Calculate the reduced viscosity:

1= (tlto- l)/C

t = average flow time of the Sample solution (s)
to = average flow time of the Solvent (5)
C = concentration of the Sample solution (q/crn")

Calculate the Staudinger Index:

fo = 11[1 + 0.31 (tlto- 1)]

Acceptance criteria: It is within the limits specified on the
label.

• Loss ON DRYING (731)
Sample: 5 g
Analysis: Dry for 2 h at 105°.
Acceptance criteria: NMT 0.3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• LABELING: Label it to indicate the range for intrinsic viscosity

or the range for the Staudinger Index, and the name and
quantity of any added stabilizer. [NOTE-The Staudinger
Index is equal to 100 times the intrinsic viscosity.]

• USP REFERENCE STANDARDS (11)
USP Polyisobutylene RS

Polyoxyl 10 Oleyl Ether

Polyoxy-1,2-ethanediyl, a-(Z)-9-octadecenyl-ro-hydroxy-;
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Polyethylene glycol monooleyl ether [9004-98-2].

DEFINITION
Polyoxyl 10 Oleyl Ether is a mixture of the mono-oleyl ethers

of mixed polyoxyethylene diols, the average polymer length
being equivalent to NLT 9.1 and NMT 10.9 oxyethylene
units. It may contain suitablestabilizers.

IDENTIFICATION

• A.
~

Siunple: Use undried specimen.
Acceptance criteria: Meets the requirements

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 25 g
Analysis: Weigh the Sample into a tared 40-mL porcelain

crucible, and heat in contact with air until it ignites
spontaneously or can be ignited with a glowing splint.
Allow the flame to go out, and place the crucible in a muffle
furnace with the door partly open until the carbon is
consumed. Close the door, and heat at 700 ± 100° for 1 h.
Cool in a desiccator, weigh, and calculate the percentage
of residue. If it exceeds 0.4%, again heat until constant
weight is attained.

Acceptance criteria: NMT 0.4%
• FREE POLYETHYLENE GLYCOLS

Sample solution: Transfer 12 g to a 500-mL separator
containing 50 mL of ethyl acetate. Add 50 mL of sodium
chloride solution (0.29 g/mL), shake vigorously for 2 min,
and allow to separate for 15 min. Drain the lower, aqueous
phase into a second 500-mL separator, and extract the
upper layer with a second 50-mL portion of sodium
chloride solution (0.29 g/mL). To the combined aqueous
layers add 50 mL of ethyl acetate, shake vigorously for
2 min, and allow to separate as before. Drain the lower,
aqueous phase into a third 500-mL separator, and extract
with two 50-mL portions of chloroform by shaking for 2 min
each time.

Analysis: Evaporate the combined chloroform extracts in a
150-mL beaker on a steam bath, with the aid of a stream of
nitrogen, to apparent dryness. Redissolve in 15 mL of .
chloroform, and transfer to a filter, collecting the filtrate in a
150-mL beaker. Rinse the funnel with several small portions
of chloroform, and evaporate the combined filtrate and
rinsings, asdescribed above, until no odor of chloroform or
ethyl acetate isperceptible. Cool in a desiccator, and weigh.

Acceptance criteria: NMT 7.5%
• FREE ETHYLENE OXIDE

Internal standard solution: 100 mg/mL of n-butyl chloride
in chlorobenzene. Store in a tightly closed container.
Prepare fresh weekly.

Standard stock solution
[CAUTION-Ethylene oxide is toxic and flammable.

Prepare this solution in a well-ventilated hood, using
great care.]

Place 250 mL of chlorobenzene in a glass-stoppered
500-mL conical flask. Bubble ethylene oxide through the
chlorobenzene at a moderate rate for 30 min, insert the
stopper, and store with protection from heat. Pipet25 mL
of 0.5 N alcoholic hydrochloric acid solution, prepared by
mixing 45 mL of hydrochloric acid with 1 L of alcohol,
into a 500-mL conical flask containing 40 gof magnesium
chloride hexahydrate. Shake the mixture to effect .
saturation. Pipet 10 mL of the ethylene oxide solution into
the flask, and add 20 drops of bromocresol green TS. If
the solution is not yellow (acid) at this point, add an
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Polyoxy. 15 Hydroxystearate
12-Hydroxyoctadecanoic acid polymer with a-hydro-co

hydroxypoly(oxy-l,2-ethanediyl);
Polyethylene glycol 15 hydroxystearate [70142-34-6].
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= peak area ratio of ethylene oxide to the internal
standard for the Standardsolution

= weight of Polyoxyl 10 Oleyl Ether used to
prepare the Standardsolution (g)

=unit conversion, mg to g (10-3)

Result=[(31 x A iA 7) - 3]/4

=total number of protons in the molecule not
activated by either oxygen or a double bond

=number of oxygen-activated protons not
included in the oxyethylene unit count

=number of protons in each oxyethylene unit

F

31

3

4

Calculate the percentage of ethylene oxide in the portion
of Polyoxyl 10 Oleyl Ether taken:

Result= (W T/Wu) x 100

WT and Wu are as defined above.
Acceptance criteria: NMT 0.01%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 3.0%
• FATS AND FIXED OILS, Acid Value (401): NMT 1.0.
• FATS AND FIXED OILS, Hydroxyl Value (401): 75-95
• FATS AND FIXED OILS, Iodine Value, Method I (401)

Sample: 550 mg
Analysis: Proceed as directed in the chapter with the

reaction time being extended to 60 min. '
Acceptance criteria: 23-40

• FATS AND FIXED OILS, Saponification Value (401): NMT 3
• AVERAGE POLYMER LENGTH

Sample solution: If solid material is present, place the
. Polyoxyll0 Oleyl Ether in a 60 0 water bath overnight. Shake

vigorously to eliminate any possibility of molecular weight
gradients within it. Add 1 mL of the melt to 1 mL of
deuterated chloroform in a test tube, and shake the test
tube until dissolution is complete. Transfer 0.5 mL to an
NMR tube, and add a small amount of tetramethylsilane as
an internal reference standard. Cap the tube tightly, and
shakethoroughly.

Analysis: Placethe tube in an NMR spectrometer that is
capable of performing quantitative analysis, and record the
NMR spectrum (see NuclearMagneticResonance
Spectroscopy (761), QuantitativeApplications). Integrate the
areas from 0.4 to 2.35 ppm (A 7), and from 2.35 to
4.9 ppm (A 2)'
Calculate the number of oxyethylene units per molecule

taken:

Acceptance criteria: 9.1-10.9

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers and

store in a cool place. '
• LABELING: Label to indicate the names and proportions of

any added stabilizers.
• USP REFERENCE STANDARDS (11)

USP Polyoxyl 10 Oleyl Ether RS

=weight of ethylene oxide added to the Standard
solution (mg)

=weight of Polyoxyl 10 Oleyl Ether used to .
prepare the Sample solution (g)

= peak area ratio of ethylene oxide to the internal
standard for the Sample solution

additional volume of 0.5 N alcoholic hydrochloric acid to
give an excess of 10 mL. Recordthe total volume of 0.5 N
alcoholic hydrochloric acid added. Insert the stopper in
the flask, and allow to stand for 30 min. Titrate the excess
acid with 0.5 N alcoholic potassium hydroxide VS.
Perform a blank titration, using 10.0 mL of chlorobenzene
instead of ethylene oxide solution, adding the same total
volume of 0.5 N alcoholic hydrochloric acid, and note the
difference in volumes required. Each mL of the difference
in volumes of 0.5 N alcoholic potassium hydroxide
consumed is equivalent to 22.02 mg of ethylene oxide.
~alculate the concentratio.n, in mg/mL, of ethylene oxide
In the Standardstock solution. Standardize daily.

Standard solution: Transfer 5 g of Polyoxyl 10 Oleyl Ether
to a suitable glassbottle of 60-mL capacity, and add 10 mL
of chlorobenzene, exactly 50 ~L of Internal standard
solution, and a volume of Standardstock solutioncontaining
0.5 mg of ethylene oxide. Insert a magnetic stirring bar, cap
the bottle tightly, and stir until homogeneity is attained.

Sample solution: Transfer5 g of Polyoxyll 0 Oleyl Ether to a
suitable glass bottle of 60-mL capacity, and add 10 mL of
chlorobenzene and 50 ~L of Internalstandard solution.
Add a volume of chlorobenzene equal to the volume of the
Standardstocksolutionadded to prepare the Standard
solution. Insert a magnetic stirring bar, cap the bottle
tightly, and stir until homogeneity is attained.

Interference check solution: Transfer 5 g of Polyoxyl 10
Oleyl Ether to a suitable glassbottle of 60-mL capacity, and
add 10 mL of chlorobenzene. Add a volume of
chlorobenzene equal to the volume of the Standardstock
solution used to prepare the Standardsolution. Insert a
magnetic stirring bar, cap the bottle tightly, and stir until
homogeneity is attained.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 3-mm (OD) x 1.8-m stainless steel packed with

S3
Temperatures

Injection port: 210 0

Detector: 230 0

Column: 1600

Carrier gas: Helium
Flow rate: 66 mL/min
Injection volume: 2 ~L

System suitability
Samples: Chlorobenzene, Internal standardsolution,

Standardstock solution, and Interference check solution
Interference check: Inject a suitable volume of

chlorobenzene into the gas chromatograph, and allow
the chromatogram to run until the solvent has eluted.
Similarly inject and chromatograph the Internal standard
solution, the Standardstock solution, and the Interference
check solution. No interfering peaksare observed.

Analysis
Samples: Standardsolutionand Sample solution

Calculate the weight of ethylene oxide in the portion of
sample taken:

WT =(W EX WU x Ru)/[(W u x Rs) - (W s x Ru)] x F
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DEFINITION
Polyoxyl15 Hydroxystearate results fromthe reactionofabout

15 molesofethyleneoxidewith 1 moleof 12-hydroxystearic
acid. The product consists mainly of 12-hydroxystearic acid
polyethoxylated at both the carboxyl and the hydroxyl
groups with polyethylene glycol. It containsfree
polyethylene glycols.

IDENTIFICATION

(») Ifthe sample issolid or
formation, the sample should be

gently warmed to achievea mobile liquid, which maythen
be used to prepare the thin film.

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201 )

Sample solution: To 1.0 g of Polyoxyl15 Hydroxystearate
add 100 mL of a 1OO-mg/mL solutionof potassium
hydroxide, and boil under a reflux condenser for 30 min.
Acidify the warm solutionwith 20 mL of hydrochloric acid,
and cool to room temperature. Shakethe mixturewith
50 rnl,of ether, and allowto stand untila separationof the
layers isvisible. Separate the clear upper layer, add 5 g of
anhydrous sodium sulfate, wait for 30 min, filter, and
evaporate to dryness on a water bath. Dissolve 50 mg of
the residue in 25 mL of ether.

Standard solution: 2 mg/ml of USP 12-Hydroxystearic
Acid RS in methylenechloride

Plate: Octadecylsilyl silica gel for chromatography as the
coating substance

Application volume: 2 J.l~

Developing solvent system: Acetone, methylenechloride,
and glacial acetic acid (50:10:40)

Spray reagent: Prepare a solutionof 80 mg/mL of
phosphomolybdicacid in 2-propanol.

Analysis: Proceedas directed in the chapter. Developover
two-thirdsofthe plate, and dry ina currentofcoldair. Then
spray the plate with Spray reagent, heat the plate at 1200

for 1-2 min, and locate the spots on the prate.
Acceptance criteria: The RF valueand colorof the principal

spot of the Sample solutioncorrespond to those of the
Standardsolution.

• C. It meets the requirements of the test for Free
Polyethylene Glycols.

COMPOSITION
• FREE POLYETHYLENE GLYCOLS

Mobile phase: Methanol and water (8:2)
Standard solution A: 1.6 mg/mL of USP Polyethylene

Glycol 1000 RS in Mobilephase
Standard solution B: 0.8 mg/mL of USP Polyethylene

Glycol 1000 RS in Mobilephase, diluted from Standard
solutionA in Mobilephase

Sample solution: 4.8 mg/mLof Polyoxyl 15 Hydroxy
stearate in Mobilephase

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Columns: 7.8-mm x 30-cm analytical column; 6-J.lm

packingL39 and a 12-nm pore size; two 4-mm ~, 12.5-cm
precolumns; 5-J.lm packing L1 and a 10-nm pore size.
Connect both precolumns to the analytical column

using a 3-wayvalve, and switchthe Mobilephaseflow
according to the following program. [NOTE-Shown in
Figure 1, the analysis isstarted with precolumn2 and an
analytical column inseries. After about 114 s, the valves,
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controlled by the detector program, switch over such
that the eluent flows past precolumn 2, and direct to
precolumn 1 and the analytical column.Thecolumnsare
switched when the components to be determined, but
not the interfering matrix, are readyto reach the
analytical column. Simultaneously, precolumn 2 is
washed out in the reverse direction by a second pump
to remove the unwanted matrix components.]

Time
(s) Program

0-114 Precolumri 2 and analytical column

115-end Precolumn 1 and analytical column

115-420 Reverse flow of precolumn 2

Temperature
Column: Room temperature
Detector: Room temperature

Flow rate: 1.1 mL/min
Injection size: 50 J.lL

System suitability
Sample: StandardsolutionA
Suitability requirements

Relative standard deviation: NMT 3.0%
, Analysis

Samples: StandardsolutionA, Standard solutionB, and
Sample solution

Calculatethe percentage of polyethylene glycols in the
portion of Polyoxyl 15 Hydtoxystearate taken:

Result =2 x (Cs/Cu)[rU/(rSl + 2rS2) ] x 100

=concentration of USP Polyethylene Glycol
1000 RS in Standardsolution A (mg/mL)

=concentration of Polyoxyl 15 Hydroxystearate in
the Sample solution (mg/mL)

=peak response of polyethylene glycol from the
Sample solution

=peak response of polyethylene glycol 1000 from
StandardsolutionA

=peak response of polyethylene glycol 1000 from
StandardsolutionB

Acceptance criteria: 27.0%-39.0% of free polyethylene
glycols

IMPURITIES
INORGANIC IMPURITIES
• Articles of Botanical Origin, TotalAsh(561): NMT 0.3%,

determined on 1.0 g
• Limitof Nickel

[CAUTION-When using closed high-pressure digestion
vessels and microwave laboratory equipment, the safety
precautions and operating instructionS given by the
manufacturer must be followed.]

[NOTE-If an alternative apparatus isused, adjustment of
the instrument parameters may be necessary.]

Nickel standard stock solution: Dilute nickel standard
solution TS two-fold with water. This solutioncontains the
equivalent of 5 J.lg/mL of nickel.

Standard solutions: Transfer 25,50,75, and 100 J.lL of Nickel
standard stocksolution to four identical 25-mLvolumetric
flasks. To each flask add 0.5 mL of a 1O-mg/mL solutionof
magnesium nitrate, 0.5 mL of a 1OO-mg/mL solution of
monobasicammonium phosphate, and 6.0 mL of nickel-free
nitric acid, dilute with water to volume, and mixwell.
[NOTE-Content of nickel in the nickel-free nitric acid isNMT
0.005 ppm.] The Standardsolutions contain 0.005, 0.01,
0.015, and 0.02 J.lg/mL of nickel, respectively.
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injection valve
position: inject
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injection valve
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Figure 1.Apparatus (Polyoxyl 15 Hydroxystearate)

Sample solution: Transfer about 250 mg of Polyoxyl 15
Hydroxystearate to a suitable high-pressure-resistant
digestion vessel (fluoropolymer or quartz glass), and add
6.0 mL of nickel-free nitric acid and 2.0 mL of 30% hydrogen
peroxide. Placethe closed vessel in a laboratory microwave
oven, and digest using an appropriate program, e.g.,
1000 W for 40 min. Allow the digestion vessel to cool down
before opening. Add 2.0 mL of 30% hydrogen peroxide, and
repeat the digestion step. Allow the digestion vessel to cool
down before opening. Quantitatively transfer to a25-mL
volumetric flask, add 0.5 mL of a 1O-mg/mL solution of .
magnesium nitrate and 0.5 mL of a 1OO-mg/mL solution of
monobasic ammonium phosphate, dilute with water to
volume, and mix well. . .

Blank solution: Place6.0 mL of nickel-free nitric acid and
2.0 mL of 30% hydrogen peroxide in a suitable
high-pressure-resistant digestion vessel. Proceed as directed
under Sample solution, beginning with "Place the dosed
vessel in a laboratory microwave oven, and digest using an
appropriate program, e.g., 1000 Wfor 40 min."

Zero solutloru In a 50-mL volumetric flask, introduce 1.0 mL
of a 1O-mg/mL solution of magnesium nitrate, 1.0 mL of a
1OO-mg/mL solution of monobasic ammonium phosphate,
and 12.0 mL of nickel-free nitric acid. Dilute with water to
volume, and mix well.

Spectrometric conditions
(SeeAtomicAbsorption Spectroscopy (852).)

Mode: Graphite furnace atomic absorption
spectrophotometer equipped with a background
compensation system, a coated tube resistant to pyrolysis,
and a nickel hollow-cathode lamp.

Analytical wavelength: Nickel emission line of 232.0 nm
Temperature: Maintain the drying temperature of the

furnace at 1200 for35 s after a 5-s ramp; maintain the
ashing temperature at 1100 0 for lOs after a 30-s ramp;
maintain the cooling temperature at 800 0 for 5 s after a 5-s
decrease; and maintain the atomization temperature at
2600 0 for 7 s. [NoTE-The temperature program may be
modified to obtain optimum furnace ternperatures.]

Analysis
Samples: Standardsolutions, Sample solution, and Blank

solution
Concomitantly determine the absorbancesof the Samples

using the Spectrometric conditions described above. Use
the Zerosolution to set the instrument to zero. Plot the
absorbancesof the,Standardsolutions versus the
concentration, in ~g/mL, of nickel, and draw the straight
line best fitting the plotted points. From the graph so
obtained, determine the concentration, CT, in ~g/mL, of
nickel in the Sample solution, and determine the
concentration, CB, in ~g/mL, of nickel in the Blank
solution. If necessary, dilute with the Zerosolution to
obtain a reading within the calibrated absorbance range.
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Calculate the quantity, in J.Jg, of nickel in each g of Polyoxyl
15 Hydroxystearate taken:

Result = V x (Cr - CB)/W

V =volume of the Sample solution and the Blank
solution, 25 mL

W =weight of Polyoxyl 15 Hydroxystearate taken to
prepare the Sample solution (g)

Acceptance criteria: NMT 1 J.Jg/g of nickel
ORGANIC IMPURITIES
• Procedure: Limit of Free Ethylene Oxide and Dioxane

[CAUTION-Ethylene oxide is toxic and flammable. Prepare
these solutions in a well-ventilated fume hood, using
great care. Protect both hands and face by wearing
polyethylene protective gloves and an appropriate face
mask. Store all solutions in hermetic containers, and
refrigerate at a temperature between 4° and 8°.]

[Nets-Before using the polyethylene glycol 200 in this
test, remove any volatile components from it by placing
500 mL of polyethylene glycol 200 in a 1000-mL
round-bottom flask, attaching the flask to a rotary
evaporator maintained at a temperature of 60° and
under a vacuum of 10-20 mm Hg for 6 h.]

Acetaldehyde solution: 10 J.Jg/mL of acetaldehyde.
[Nora-Prepare the Acetaldehyde solution immediately prior
to use.] .

Ethylene oxide stock solution: Fill a chilled pressure bottle
with liquid ethylene oxide, and store in a freezer when not
in use. Use a small piece of polyethylene film to protect.the
liquid from contact with the rubber gasket. Tare a
glass-stoppered conical flask. add about 50 mL of
polyethylene glycol 200"and reweigh the flask. Transfer
about 5 mL of the liquid ethylene oxide to a 1OO-mL beaker
chilled in a mixture of sodium chloride and ice (1:3). Using a
gas-tight syringe that has been previously cooled to -10°,
transfer about 300 J.JL (corresponding to about 250 mg) of
liquid ethylene oxide to the polyethylene glycol 200, and
swirl gently to mix. Replace the stopper, reweigh the flask,
and determine the amount of ethylene oxide absorbed by
weight difference. Adjust the weight of the' mixture with
polyethylene glycol 200 to 100.0 g, replace the stopper, and
swirl gently to mix. This stock solution contains about
2.5 mg/g of ethylene oxide. [NoTE-Prepare this stock
solution immediately prior to use, and store in a refrigerator.]

Ethylene oxide solution: Tare a glass-stoppered conical flask,
and chill it in a refrigerator. Add about 35 mLof polyethylene
glycol 200, and reweigh the flask. Using a gas-tight gas
chromatographic syringe that has been chilled in a
refrigerator, transfer about 1 g of the chilled Ethylene oxide
stock solution, weighed, to the tared, conical flask. Adjust the
weight of the solution with polyethylene glycol 200 to
50.0 g, replace the stopper, and swirl gently to mix~ Transfer
about 109 of this solution, weighed, to a 50-mL volumetric
flask. Add 30 mL of water, and mix. Dilute with water to
volume, and mix to obtain a solution containing about 10
J.Jg/mL of ethylene oxide. [NoTE-Prepare this solution
immediately prior to use, and use directly after preparation.] .

Dioxane solution: 500 J.Jg/mL of dioxane
Standard solution A: Transfer 0.1 mL of Ethylene oxide

solution to a 1O-mL pressure headspace vial. [NOTE-':"Other
sizes may be used depending on the operating conditions,
however, the same size must be used for Standard solution A,
Standard solution B, and the Sample solution.] Add 0.1 rnl, of
Acetaldehyde solution and 0.1 mL of Dioxane solution, seal the
vial, and mix. ..' ,

Standard solution B: Transfer about 1.0 g of Polyoxyl 15
Hydroxystearate to another 1O-mL pressure headspace vial,
add 0.1 mL of Ethylene oxide solution, 0.1 mL of Dioxane
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solution, and 1.0 mLof N,N-dimethylacetamide. Seal the vial,
and mix.

Sample solution: Transfer about 1.0 g of Polyoxyl 15
Hydroxystearate to a 1O-mL pressure headspace vial, add
1.0 mL of N,N-dimethylacetamide and 0.2 mL of water, seal
the vial, and mix.

Chromatographic system .
(See Chromatography (621), System Suitability.)

[NoTE-The use of a headspace apparatus that
automatically transfers a measured amount of
headspace is allowed.]

Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m glass or quartz capillary; 1.0-J.Jm

layer of phase Gl
Temperature

Injector port: 150°
Detector: 250°
Column: See the temperature program table below.

Hold Time at Fi-
Initial Tempera- Final nal

Temperature ture Ramp Temperature Temperature
e) e/min) (0) (min)

50 - 50 5

50 5 180 -
180 30 230 -
230 - 230 5

Carrier gas: Helium
Linear velocity: 20 cm/s
Injection size: 1 mL (the gaseous headspace)
Injection type: Split ratio 20:1

[NOTE-Ifthe headspace apparatus is used, then an
injection time of 12 s and a transfer line temperature
of 150° are recommended.]

Headspace sampler: Each vial is heated at a temperature of
90° for 45 min, before a suitable portion of its headspace is
injected.

System suitability
Sample: Standard solution A

[NOTE-The relative retention times for acetaldehyde and
ethylene oxide are 0.94 and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between acetaldehyde and ethylene

oxide
Signal-to:.noise ratio: NLT5, determined from the

dioxane peak
Relative standard deviation: NMT 15%

Analysis
Samples:
Standard solution Band Sample solution
Using a heated, gas-tight, gas chromatographic syringe,

separately inject equal volumes of the gaseous headspace
of the Samples into the chromatograph, record the
chromatograms, and measure the areas for the major
peaks: the mean areas of the ethylene oxide and dioxane
peaks from the Sample solution are not greater than half the
mean areas of the corresponding peaks from Standard
solution B.

Calculate the content of ethylene oxide, in ppm, in the
portion of Polyoxyl 15 Hydroxystearatetaken: .

Result = (Ae x ru)/[(rs x Wu) - (ru x Ws)]

Ae =quantity of ethylene oxide added to Standard
solution B (J.Jg)
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ru =ethylene oxide peak response from the Sample
solution

rs =ethylene oxide peak response from Standard
solutionB

Wu = weight of test substance taken to prepare the
Sample solution (g)

Ws =weight of test substance taken to prepare
Standardsolution8 (g)

Calculate the content of dioxane, in ppm, in the portion of
Polyoxyl 15 Hydroxystearate taken:

Result =(AD x ru)/[(rs x Wu) - (ru x Ws)]

AD =quantity of dioxane added to Standard solution 8
(lJg)

ru =dioxane peak response from the Sample solution
rs =dioxane peak response from Standard solution B
Wu = weight of test substance taken to prepare the

Sample solution (g)
Ws =weight of test substance taken to prepare

StandardsolutionB (g)

Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 50 ppm

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 1.0,

determined on 2.0 g
• FATS AND FIXED OILS, Hydroxyl Value (401): 90-110
• FATS AND FIXED OILS, Iodine Value, Method I (401): NMT

2.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Saponification Value (401): 53-63
• WATER DETERMINATION, Method la (921): NMT 1.0%,

determined on 2.0 g

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at a

temperature below 2Y.
• USP REFERENCE STANDARDS (11)

USP 12-Hydroxystearic Acid RS
USP Polyethylene Glycol 1000 RS
USP Polyoxyl15 Hydroxystearate RS

Polyoxyl 20 Cetostearyl Ether

DEFINITION
Polyoxyl 20 Cetostearyl Ether is a mixture of mono-cetostearyl

(mixed hexadecyl and octadecyl) ethers of mixed
polyoxyethylene diols, the average polymer length being
equivalent to NLT 17.2 and NMT 25.0 oxyethylene units.

IDENTIFICATION

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 25 g
Analysis: Weigh the Sample into a tared 40-mL porcelain

crucible, and heat in contact with air until it ignites
spontaneously or can be ignited with a glowing splint.
Allow the flame to go out, place the crucible in a muffle
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furnace with the doorpartly open until the carbon is
consumed, close the door, and heat at 700 ± 100 0 for 1 h.
Cool in a desiccator, weigh, and calculate the percentage
of residue. If the amount so obtained exceeds 0.4%, heat
again until constant weight is attained.

Acceptance criteria: NMT 0.4%
• FREE POLYETHYLENE GLYCOLS

Sample solution: Transfer 12 g to a 500-mL separator
containing 50 mL of ethyl acetate. Add 50 mL of sodium
chloride solution (0.29 g/mL), shake vigorously for 2 min,
and allow to separate for 15 min. Drain the lower, aqueous
phase into a second 500-mL separator, and extract the
upper layer with a second 50-mL portion of sodium
chloride solution (0.29 g/mL). To the combined aqueous
layers, add 50 mL of ethyl acetate, shake vigorously for
2 min, and allow to separate as before. Drain the lower,
aqueous phase into a third 500-mL separator, and extract
with two 50-mL portions of chloroform by shaking for 2min
each time.

Analysis: Evaporate the combined chloroform extracts in a
150-mL beaker on a steam bath, with the aid of a stream of
nitrogen, to apparent dryness. Redissolve in 15 mL of
chloroform, and transfer to a filter, collecting the filtrate in a
150-mL beaker. Rinse the funnel with several small portions
of chloroform, and evaporate the combined filtrate and
rinsings, asdescribed above, until no odor of chloroform or

, ethyl acetate isperceptible. Cool in a desiccator, and weigh.
Acceptance criteria: NMT 7.5%

• FREE ETHYLENE OXIDE
Internal standard solution: 100 mg/mL of n-butyl chloride

inchlorobenzene. Store in a tightly closed container.
Prepare fresh weekly.

Standard stock solution
[CAUTION-Ethylene oxide is toxic and flammable.

Prepare this solution in a well-ventilated hood, using
great care.]

Place 250 mL of chlorobenzene in a glass-stoppered,
500-mL conical flask. Bubble ethylene oxide through the
chlorobenzene at a moderate rate for 30 min, insert the
stopper, and store with protection from heat. Pipet 25 mL
of a 0.5 N alcoholic hydrochloric acid solution, prepared
by mixing 45 mL of hydrochloric acid with 1 L of alcohol,
into a 500-mL conical flask containing 40 g of magnesium
chloride hexahydrate. Shake the mixture to effect
saturation. Pipet 10 mL of the ethylene oxide solution into
the flask, and add 20 drops of bromocresol green TS. If
the solution is not yellow (acid) at this point, add an
additional volume of 0.5 N alcoholic hydrochloric acid to
give an excess of 10 mL. Record the total volume of 0.5 N
alcoholic hydrochloric acid added. Insert the stopper in
the flask, and allow to stand for 30 min. Titrate the excess
acid with 0.5 N alcoholic potassium hydroxide VS.

Perform a blank titration, using 10.0 mL of chlorobenzene
instead of ethylene oxide solution, addinq the same total
volume of 0.5 N alcoholic hydrochloric acid, and note the
difference in volumes required. Each mL of the difference
in volumes of 0.5 N alcoholic potassium hydroxide
consumed is equivalent to 22.02 mg of ethylene oxide.
Calculate the concentration, in mg/mL, of ethylene oxide
in the Standard stock solution. Standardize daily.

Standard solution: Transfer 5 g of Polyoxyl 20 Cetostearyl
Ether to a suitable glass bottle of 60-mL capacity. Add
10 mL of chlorobenzene, exactly 50 IJLof Internal standard
solution, and a volume of Standard stock solutioncontaining
0.5 mg of ethylene oxide. Insert a magnetic stirring bar, cap
the bottle tightly, and stir until homogeneity is attained.

Sample solution: Transfer 5 g of Polyoxyl 20 Cetostearyl
Ether to a suitable glass bottle of 60-mL capacity. Add
10 mL of chlorobenzene and 50 IJL of Internalstandard
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solution. Add a volume of chlorobenzene equal to the
volume of the Standardstock solutionadded to prepare the
Standardsolution. Insert a magnetic stirring bar, cap the
bottle tightly, and stir until homogeneity is attained.

Interference check solution: Transfer5 g of Polyoxyl 20
Cetostearyl Etherto a suitable glass bottle of 60-mL
capacity, and add 10 mLof chlorobenzene. Add an
additional volume of chlorobenzene equal to the volume
of the Standardstock solution used to prepare the Standard
solution. Insert a magnetic stirring bar, cap the bottle
tightly, and stir until homogeneity is attained.

Chromatographic system
(See Chromatography (621),'System Suitability.)
Mode: GC
Detector: Flameionization
Column: 3-mm (00) x 1.8-m stainlesssteel packed with

S3
Temperatures

Injection port: 2100

Detector: 2300

Column: 1600

Carrier gas: Helium
Flow rate: 66 mL/min
Injection volume: 2 ~L

System suitability
Samples: Chlorobenzene, Internalstandardsolution,

Standardstock solution, and Interference check solution
Interference check: Inject a suitable volume of

chlorobenzene, and allow the chromatogram to run until
the solvent has eluted. Similarly inject the Internal
standardsolution,Standardstock solution, and Interference
check solution. No interfering peaks are observed.

Analysis
Samples: Standardsolution and Sample solution

Calculate the weight of ethylene oxide in the portion of
the sample taken:

W r= (W EX W U x Ru)/[(W u x Rs) - (W sx Ru)] x F

W E = weight of ethylene oxide added to the Standard
solution (mg)

W u = weight of Polyoxyl 20 Cetostearyl Ether used to
prepare the Sample solution (g)

Ru =peak area ratio of ethylene oxide to the internal
standard from the Sample solution

Rs =peak area ratio of ethylene oxide to the internal
standard from the Standardsolution

W s =weight of Polyoxyl 20 Cetostearyl Ether used to
prepare the Standardsolution (g)

F =unit conversion, mg to g (1 0-3)

Calculate the percentage of ethylene oxide in the portion
of Polyoxyl 20 Cetostearyl Ethertaken:

Result =(W r/W u) x 100

W rand W u are as defined above.
Acceptance criteria: NMT0.01%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT0.5
it FATS AND FIXED OILS, Hydroxyl Value (401): 42-60
• FATS AND FIXED OILS, Saponification Value (401): NMT 2
• pH (791)

Sample solution: 100 mg/mL
Acceptance criteria: 4.5-7.5

• WATER DETERMINATION, Method I (921): NMT1.0%
• AVERAGE POLYMER LENGTH .

Sample solution: Place the Polyoxyl 20 Cetostearyl Ether
in a 500 water bath overnight to melt it completely. Shake
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vigorouslyto eliminate any possibility of molecularweight
gradients within it, and transfer 200 ~L to a5- x 180-mm
high-resolution NMR sample tube. Add 200 ~L of
deuterated chloroform by means of a separate
microsyringe. Add 5 drops of tetramethylsilane as an
internal reference standard. Cap the tube tightly, and shake
thoroughly. .

Analysis: Place the tube in the NMR spectrometer, and
record the NMR spectrum at an appropriate RF power level
and a sweep time of 250 s/500 Hz(see NuclearMagnetic
Resonance Spectroscopy (761)/ QualitativeApplications).
Adjustthe spectrum amplitude so that the signalat 1.1 ppm
is at least 80% of full scale. Record the integral areas/ from
0.4 to 2.35 ppm (Al ) , and from 2.35 to 4.9 ppm (A2) , at a
sweep time of 50 s/500 Hzat an integral power level such
that the integral of the ethylene oxide peak at 3.5 ppm is
at least 80% of full chart height. Do not change the power
level during the sweep. Record the integral of each peak
several times, and calculate the average integral area.
Calculate the number of oxyethylene units per molecule

taken:

Result = [(32 x AiA l ) - 3]/4

32 =total number of protons in the molecule not
activated by oxygen, averaged for the cetyl and
stearyl radicals

3 = number of oxygen-activated protons not
included in the oxyethylene unit count

4 =number of protons in each oxyethylene unit

Acceptance criteria: 17.2-25.0

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers, in a

cool place.
• USP REFERENCE STANDARDS (11)

USP Polyoxyl 20 Cetostearyl Ether RS

Polyoxyl 35 Castor Oil
Polyethyleneglycol 35 castor oil;
Polyoxyethylene 35 castor oil [61791-12-6].

DEFINITION
Polyoxyl 35 Castor Oil contains mainlythe triricinoleateester

of ethoxylated glycerolwith smalleramounts of polyethylene
glycol ricinoleate and the corresponding free glycols. It
results from the reaction of glycerol ricinoleatewith 35 mol
of ethylene oxide.

IDENTIFICATION

• B. CONSTITUTING FATTY ACIDS·
Sample: 0.1 g
Analysis: Dissolve the Sample in 10 mLof potassium

hydroxide TS, alcoholic; boil for 3 min; and evaporate to
dryness. Mixthe residue with 5 mLof water.

Acceptance criteria: The residue dissolves, yielding a clear
solution. Add a few drops of glacial acetic acid. Awhite
precipitate is formed .

• C. IDENTITY BY FATTY ACID COMPOSITION
Diluent: n-Heptane
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Standard solution 1: 0.2 mg/ml each of methyl palmitate,
methyl stearate, methyl oleate, methyl Iinoleate, methyl
cis-ll-eicosenoate, and methyl ricinoleate, from USP
Methyl Palmitate RS, USP Methyl Stearate RS, USP Methyl
Oleate RS, USP Methyl linoleate RS, methyl cis
ll-eicosenoate, and USP Methyl Ricinoleate RS, in Diluent

Standard solution 2: 4 mg/ml each of methyl stearate and
methyl ricinoleate from USP Methyl Stearate RS and USP
Methyl Ricinoleate RS in Diluent

Sample solution: Transfer 140 mg of Polyoxyl 35 Castor Oil
to a 1O-ml screw-cap test tube, add 3.0 ml of Diluent, and
mix well. Add 0.5 ml of 0.5 M sodium methoxide in
methanol.' and mix with the sample. Allowthe reaction to
proceed at room temperature for 2 h. After 2 h, add 5 ml
of water, and mix. Centrifuge the test tube at 1000 x g for
10-15 min until a clear upper layer forms. Separate the
organic layer (the upper layer), and remove the lower layer.
Place an aliquot of the organic layer into an
autosampler vial.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 15-m fused silica capillary; bonded

with a 0.25-l.Im layer of phase G7
Temperatures

Injection port: 2400

Detector: 2500

Column: See Table 1.

Table 1
Hold Time

Initial Tempera- Final at Final
Tempera- ture Tempera- Tempera-

ture Ramp ture ture Total Time
e) e/min) e) (min) (min)

80 0 80 1 1

80 30 140 0 3

140 3 150 0 6.3

150 1 155 0 11.3

155 2 165 0 16.3

165 3 220 10 45

Column mode: See Table 2 for the pressure program.

Table 2

Pressure
Pressure Ramp Hold Time Total Time

(psi) (psi/min) (min) (min)

10 0 16 16

4 5 9 or O" 26.2 or 17.2

3 10 19 or 28 45

a Ifconsiderable discrimination of late eluting compounds is observed, the hold
time can be adjusted from 9 to 0 min. Thus the total time should be 17.2 min.
Then the next step of the hold time should be 28 min.

Carrier gas: Hydrogen
Injection volume: 0.5 I.Il
Injection type: Split ratio, 60:1
Liner: Single taper, low-pressure drop liner with

deactivated wool

10.5 M sodium methoxide in methanol is available from Sigma-Aldrich
(www.sigmaaldrich.com). product #403067. Any other equivalent reagent
can be used as well.
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Run time: 45 min
System suitability

Sample: Standardsolution 1
[NOTE-See Table 3 for relative retention times.]

Table 3

Relative
Retention

Component Time

Methyl palmitate (C16:0) 0.61

Methyl stearate (C18:0) 0.98

Methyl oleate (C18:1) 1.00

Methyllinoleate (C18:2) 1.02

Methyl cis-11-eicosenoate (ClO: 1) 1.70

Methyl ricinoleate 2.30

Suitability requirements
Resolution: NlT 1.5 between methyl stearate and

methyl oleate peaks
Relative standard deviation: NMT 2.0% for the peak

area ratio of methyl ricinoleate to methyl Iinoeate
Analysis

Samples: Standardsolution 1, Standardsolution 2, and
Sample solution

The peak of methyl cis-11-octadecenoate, which is an
isomer of methyl oleate, can be resolved from the methyl
oleate peak with a resolution of about 1 and a relative
retention time of 1.01 with respect to methyl oleate.

Calculate the relative response factor, F, for methyl
ricinoleate:

F= (r sir R) x (C ~IC s)

r s = peak area of methyl stearate from Standard
solution2

r R =peak area of methyl ricinoleate from Standard
solution2

C R = concentration of USP Methyl Ricinoleate RS in
Standardsolution2 (mg/ml)

C s = concentration of USP Methyl Stearate RS in
Standardsolution2 (mg/ml)

Correct the peak area of methyl ricinoleate in the Sample
solution by multiplying by F.

Calculate the percentage of each fatty acid component in
the portion of Polyoxyl 35 Castor Oil taken:

Result =(r ulrr) x 100

= peak area of each individual fatty acid methyl
ester, except for the uncorrected peak area of
methyl ricinoleate (or the corrected peak area of
methyl ricinoleate), from the Sample solution

= sum of all the peak areas, excluding the solvent
and methyl ricinoleate peaks and including the
corrected peak area of methyl ricinoleate, from
the Sample solution

Acceptance criteria: Polyoxyl 35 Castor Oil exhibits the
composition profile of fatty acids shown in Table 4.

Table 4

Percentaqe
Component (%)

Palmitic acid (C16:0) :54.0
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Table 4 (continued)
Percentage

Component (%)

Stearic acid (C18:0) ,:::5.0

Oleic acid (C18:1) 4.0-10.0

Linoleicacid (C18:2) ':::5.0

cis-11-Eicosenoic acid (C20:1) .:::1.0

Ricinoleicacid 45.0-75.0

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.3%
• ETHYLENE OXIDE AND DIOXANE (228), Method I

Acceptance criteria
Ethylene oxide: NMT 1 ~g/g

Dioxane: NMT 10 ~g/g

• ETHYLENE GLYCOL, DIETHYLENE GLYCOL, AND TRIETHYLENE
GLYCOL IN ETHOXYLATED SUBSTANCES (469)

Acceptance criteria
Ethylene glycol: NMT 620 ~g/g

Sum of diethylene glycol and ethylene glycol: NMT
2500 ~g/g

SPECifiC TESTS
• SPECIFIC GRAVITY (841): 1.05-1.06
• VISCOSITY-CAPILLARY METHODS (911): 600-850 mPa . s

at 25°, using a capillary viscometer
• fATS AND fiXED OILS (401), Procedures, AcidValue: NMT2.0
• fATS AND fiXED OILS (401), Procedures, Hydroxyl Value: 65

80
• fATS AND fiXED OILS (401), Procedures, Iodine Value: 25-35
• FATS AND FIXED OILS (401), Procedures,

Saponification Value: 60-75
• WATER DETERMINATION (921), Method I: NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at room
temperature, and avoid exposure to excessive heat.

• USP REFERENCE STANDARDS (11)
USP Methyl Linoleate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Ricinoleate RS
USP Methyl Stearate RS
USP Polyoxyl 35 Castor Oil RS

Po_yoxy. 40 Hydrogenated Castor Oil
Polyethylene glycol 40 hydrogenated castor oil;
Polyoxyethylene 40 hydrogenated castor oil [61788-85-0].

DEFINITION
Polyoxyl 40 Hydrogenated Castor Oil contains mainly the

trihydroxystearate ester of ethoxylated glycerol, with smaller
amounts of polyethylene glycol hydroxystearate and the
corresponding free glycols. It results from the reaction of
glycerol tri-hydroxystearate with 40-45 mol of ethylene
oxide.

IDENTifiCATION
• A. IDENTITY BY FATTY ACID COMPOSITION

Diluent: Chloroform
Standard solution 1: 0.4 mg/mL each of methyl palmitate,

methyl arachidate, methyl 12-ketostearate, methyl
stearate, and methyl 12-hydroxystearate, from USP Methyl
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Palmitate RS, methyl arachidate, methyl 12-ketostearate,
USP Methyl Stearate RS, and USP Methyl
12-Hydroxystearate RS, in Diluent

Standard solution 2: 4mg/mL each of methyl stearate and
methyl 12-hydroxystearate from USP Methyl Stearate RS
and USP Methyl 12-Hydroxystearate RS in Diluent

Sample solution: Transfer 140 mg of Polyoxyl40
Hydrogenated Castor Oil to a 1O-mL screw-cap test tube,
add 3.0 mL of Diluent, and mix well. Add 0.5 mL of 0.5 M
sodium methoxide in methanol;' and mix with the sample.
Allowthe reaction to proceed at room temperature for 2 h.
After 2 h, add 5 mL of water, and mix. Centrifuge the test
tube at 2000 x g for 10 min at 4° until a clear organic layer
forms. Separate the organic layer, and remove the
aqueouslayer. Place an aliquot of the organic layer into an
autosampler vial.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused silica capillary; bonded

with a 0.25-~m layer of phase G16
Temperatures

Injection port: 240°
Detector: 2500

Column: See Table 1.

Table 1
Hold Time

Initial Tempera- Final at Final
Tempera- ture Tempera- Tempera-

ture Ramp ture ture Total Time
(0) e/min) e) (min) (min)

80 0 80 1 1

80 30 HO 0 3

140 20 180 5 10

180 2 250 10 55

Carrier gas: Hydrogen
Flow rate: 5.0 mL/min, constant flow mode
Injection volume: 1.0 ~L

Injection type: Split ratio, 120:1 or 60:1
Liner: Single gooseneck liner with deactivated glass wool
Run time: 55 min

System suitability
Sample: Standard solution 1

[NoTE-For relative retention times, see Table 2.]

Table 2

Relative
Retention

Component Time

Methyl palmitate (C16:0) 0.27

Methyl stearate (C18:0) 0.37

Methyl arachidate (C20:0) 0.54

Methyl 12-ketostearate 0.85

Methyl 12-hydroxystearate 1.00

Suitability requirements
Resolution: NLT 5 between any two adjacent peaks

1 0.5 M sodium methoxide in methanol is available from Sigma-Aldrich
(www.sigmaaldrich.com). product #403067. Any other equivalent reagent
can be used as well.
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Relative standard deviation: NMT 2.0% for the peak
area ratio of methyl 12-hydroxystearate to methyl
12-ketostearate

Analysis
Samples: Standardsolution 7, Standardsolution2, and

Sample solution
Calculate the relative response factor, F, for methyl

12-hydroxystearate:

F= (r sir R) x (C RIC s)

=peak area of methyl stearate from Standard
solution2

= peak area of methyl 12-hydroxystearate from
Standardsolution2

= concentration of USP Methyl
12-Hydroxystearate RS in Standardsolution2
(mg/mL)

= concentration of USP Methyl Stearate RS in
Standardsolution2 (mg/mL)

Correct the peak area of methyl 12-hydroxystearate in the
Sample solution by multiplying by F.

Calculate the percentage of each fatty acid component in
the portion' of Polyoxyl 40 Hydrogenated Castor Oil
taken:

Result = (rulr r) x 100

=peak area of each individual fatty acid methyl
ester except for the uncorrected peak area of
methyl 12-hydroxystearate (or the corrected
peak area of methyl 12-hydroxystearate), from
the Sample solution

= sum of all the peak areas, excluding the solvent
and methyl 12-hydroxystearate peaks and
including the corrected peak area of methyl
12-hydroxystearate, from the Sample solution

Acceptance criteria: Polyoxyl 40 Hydrogenated Castor Oil
exhibits the composition profile of fatty acids shown in
Table 3. .

Table 3
Percentage

Component (0/0)

Palmitic acid (C16:0) :::4.0

Stearic acid (C18:0) 15.0-25.0

Arachidic acid (C20:0) :::2.0

12-Ketostearic acid
(or 12-oxostearic acid) :::5.0

12-Hydroxystearic acid 50.0-70.0

• B. CONSTITUTING FATTY ACIDS
Sample: 0.1 g
Analysis: Dissolve the Sample in 10 mL of alcoholic

potassium hydroxide TS, boil for 3 min, and evaporate to
dryness. Mix the residue with 5 mL of water.

Acceptance criteria: The residue dissolves,yielding a clear
solution. Add a few drops of glacial acetic acid. A white
precipitate is formed.

• C. INDICATION OF SATURATION
Analysis: Proceed as directed in Fats and Fixed Oils(401),

Procedures, IodineValue.
Acceptance criteria: NMT 2.0

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.3%
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• ETHYLENE OXIDEAND DIOXANE (228), Method I
Acceptance criteria

Ethylene oxide: NMT 1 ~g/g

Dioxane: NMT 10 ~g/g

• LIMIT OF NICKEL
[CAUTION-When using closed high-pressure digestion

vessels and laboratory microwave equipment, the
safety precautions and operating instructions given
by the manufacturer must be followed.]

[NOTE-If an alternative apparatus isused, adjustment
of the instrument parameters may be necessary.]

Nickel standard stock solution: Dilute nickel standard
solution TS two-fold with water. This solution contains the
equivalent of 5 ~g/mL of nickel.

Standard solutions: Transfer 25, 50, 75, and 100 ~L of
Nickelstandardstock solution to four identical 25-mL
volumetric flasks. To each flask add 0.5 mL of a 10-mg/mL
solution of magnesium nitrate, 0.5 mL of a 100-mg/mL
solution of monobasic ammonium phosphate, and 6.0 mL
of nickel-free nitric acid. Dilute with water to volume, and
mix well. [NoTE-Content of nickel in the nickel-free nitric
acid is NMT 0.005 ppm. The Standardsolutions contain
0.005, 0.01, 0.015, and 0.02 ~g/mL of nickel, respectively.]

Sample solution: Transfer about 250 mg of Polyoxyl 40
Hydrogenated Castor Oil to a suitable
high-pressure-resistant digestion vessel (fluoropolymer or
quartz glass), and add 6.0 mL of nickel-free nitric acid and
2.0 mL of 30% hydrogen peroxide. Place the closed vessel
in a laboratory microwave oven, and digest using an
appropriate program (e.g., 1000 W for 40 min). Allow the
digestion vessel to cool before opening. Add 2.0 mL of 30%
hydrogen peroxide, and repeat the dlqestlon step. Allow
the digestion vessel to cool before opening. Quantitatively
transfer to a 25-mL volumetric flask, add 0.5 mL of a 10-mgl
mL solution of magnesium nitrate and 0.5 mL of a 100-mgl
mL solution of monobasic ammonium phosphate. Dilute
with water to volume, and mix well.

Blank solution: Place6.0 mL of nickel-free nitric acid and
2.0 mL of 30% hydrogen peroxide in a suitable
high-pressure-resistant digestion vessel. Prepareasdirected
in the Sample solution, beginning with "Place the closed
vessel in a laboratory microwave oven, and digest using an
appropriate program (e.g., 1000 W for 40 min)."

Zero solution: In a 50-mL volumetric flask, introduce 1.0 mL
of a 1O-mg/mL solution of magnesium nitrate, 1.0 mL of a
1OO-mg/mL solution of monobasic ammonium phosphate,
and 12.0 mL of nickel-free nitric acid. Dilute with water to
volume, and mix well.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption, equipped with a graphite

furnace, a background compensation system, and a
coated tube resistant to pyrolysis

Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode
Temperature: Maintain the drying temperature of the

furnace at 120 0 for 35 s after a 5-s ramp; maintain the
ashing temperature at 1100 0 for lOs after a 30-s ramp;
maintain the cooling temperature at 800 0 for 5 s after a
5-s decrease; and maintain the atomization temperature
at 2600 0 for 7 s. [NOTE-The temperature program may
be modified to obtain optimum furnace temperatures.]

Analysis .
Samples: Standardsolutions, Sample solution, and Blank

solution
Concomitantly determine the absorbances of the Samples

using the Instrumentalconditions described above. Usethe
Zerosolution to set the instrument to zero. Plot the
absorbances of the Standardsolutions versus the
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concentration, in IJg/mL, of nickel, and draw the straight
line best fitting the plotted points. From the-graph so
obtained, determine the concentration, ( TI in IJg/mL, of
nickel in the Sample solution, and determine the
concentration, ( B, in IJg/mL, of nickel in the Blank
solution. If necessary, dilute with the Zerosolution to
obtain a reading within the calibrated absorbance range.

Calculate the quantity, in IJg,of nickel in each g of Polyoxyl
40 Hydrogenated Castor Oil taken:

Result= V x [«( T- ( B)/WJ

V =volume of the Sample solution and the Blank
solution, 25 mL

( T =concentration of nickel in the Sample solution(lJg/
mL)

( 8 =concentration ofnickel in the Blank solution
(uq/mt)

W =weight of Polyoxyl 40 Hydrogenated Castor Oil
taken to prepare the Sample solution (g)

Acceptance criteria: NMT 20 IJg/g

SPECIFIC TESTS
• CONGEALING TEMPERATURE (651): 160-260

• FATS AND FIXED OILS (401), Procedures, AcidValue: NMT 2.0
• FATS AND FIXED OILS (401), Procedures, Hydroxyl Value: 57-

80 .
• FATS AND FIXED OILS (401), Procedures,

Saponification Value: 45-69
• WATER DETERMINATION (921), Method I: NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at room
temperature, and avoid exposure to excessive heat.

• USP REFERENCE STANDARDS (11)
USP Methyl 12-Hydroxystearate RS
USP Methyl Palmitate RS
USP Methyl Stearate RS

Polyoxyl Laury. Ether

CH3(CHz),,(OCHzCHZ)nOH, n = 3-23
Polyethylene glycol monolauryl ether [9002-92-0].

DEFINITION
Polyoxyl Lauryl Ether is a mixture of the monolauryl ethers of

mixed polyethylene glycols, the average polymer length
being equivalent to NLT 3 and NMT 23 oxyethylene units
(nominal value). ltcontalns various amounts of free lauryl
alcohol, and it may contain some free polyethylene glycols.

IDENTIFICATION

Sample: Usea thin film of melted Polyoxyl Lauryl Ether if the
material is a solid.

Acceptance criteria: Meets the requirements
• B. PROCEDURE

Sample: 0.1 g
Analysis: Dissolveor disperse the Sample in 5 mL of alcohol,

and add 10 mL of diluted hydrochloric acid, 5 mL of barium
chloride TS, and 10 mL of phosphomolybdic acid solution
(1 in 10).
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Acceptance criteria: A precipitate is formed.
• C. It meets the requirements of the test for Fats and Fixed

Oil, Hydroxyl Values (401).

IMPURITIES
ORGANIC IMPURITIES
• Procedure: Limit of Free Ethylene Oxide and Dioxane
Analysis: Proceed as directed in Ethylene Oxide and Dioxane,

Method I (228). '
Acceptance criteria

Ethylene oxide: NMT 1 IJg/g (ppm)
Dioxane: NMT 10 IJg/g (ppm)

SPECIFIC TESTS
• ALKALINITY

Sample: 2.0 g of Polyoxyl Lauryl Ether
Analysis: Dissolve the Sample in a hot mixture of 10 mL of

alcohol and 10 mL of water. Add 0.05 mL of bromothymol
blue TS,and titrate with 0.1 N hydrochloric acid to a yellow
endpoint.

Acceptance criteria: NMT 0.5 mL of 0.1 N hydrochloric
acid is required.

• ApPEARANCE OF SOLUTION: 5.0 g of Polyoxyl Lauryl Ether in
50.0 mL of alcohol. The solution is not more intensely
colored than a solution prepared immediately before use
by mixing 12.0 mL offerric chloride CS,5.0 mL of cobaltous
chloride CS, and 2.0 mL of cupric sulfate CS with dilute
hydrochloric acid (10 gil) to make 50.0 mL, and diluting
12.5 mL of this solution with dilute hydrochloric acid (10 g/
L) to make 100.0 mL. Make the comparison by viewing the
substance and the solution downward in matched
color-comparison tubes against a white surface (see Color
and Achromicity (631».

• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT
0.2%, determined on 2.0 g

• FATS AND FIXED OILS, Acid Value (401): NMT 1.0,
determined on 5.0 g

• FATS AND FIXED OILS, Hydroxyl Value (401): Within the
ranges specified in the accompanying table

Oxyethylene
Units/Molecule

(Nominal Value) Hydroxyl Value

3 165-185

4 145'-165

5 130-140

9 90-100

10 85-95

12 73-83

15 64-74

20-23 40-60

• FATS AND FIXED OILS, Iodine Value (401): NMT 2.0
• FATS AND FIXED OILS, Saponification Value (401): NMT 3.0,

determined on 10.0 g
• WATER DETERMINATION, Method I (921): NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cool, dry place. ,
• LABELING: Label it to indicate the average nominal number

of oxyethylene units.
• USP REFERENCE STANDARDS (11)

USP Polyoxyl 4 Lauryl Ether RS
USP Polyoxyl 9 Lauryl Ether RS
USP Polyoxyl 23 Lauryl Ether RS
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Polyoxyl Oleate
Polyethylene glycol monooleate [9004-96-0].

DEFINITION
Polyoxyl Oleate is a mixture of the monoesters and diesters of

oleic.acid and mixed polyethylene glycols; It may be
obtained by ethoxylation of oleic acid or by esterification of
polyethylene glycols with oleic acid of animal or vegetable
origin. It may contain free polyethylene glycol. The average
polymer length is equivalent to either 5-6 or 10 oxyethylene
Units (nominal values). A suitable antioxidant may be added.

IDENTIFICATION

Sample: Undried specimen
Acceptance criteria: Meets the requirements

IMPURITIES
• LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE

Analysis: Proceed as directed in Ethylene Oxide and Dioxane
(228), Method 7.

Acceptance criteria
Ethylene oxide: NMT 1 J,Jg/g
Dioxane: NMT 10 J,Jg/g

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401)

Sample: 10.0 g
Acceptance criteria: NMT 1.0

• FATS AND FIXED OILS, Peroxide Value (401): NMT 12.0
• FATS AND FIXED OILS, Hydroxyl Value (401): See Table 7.
• FATS AND FIXED OILS, Iodine Value (4.01): See Table 7.
• FATS AND FIXED OILS, Saponification Value (401): See Table

7.

Table 1

5--6 Ethylene Oxide
Units 10 Ethylene Oxide Units

Hydroxyl value 50-70 65-99

Iodinevalue 50-60 27-34

Saponification value 105-120 68-85

• FATS AND FIXED OILS, FattyAcidComposition (401): Polyoxyl
Oleate exhibits the composition profile of fatty acids
shown in Table 2.

Table 2

Carbon-Chain Number of Double Percentage
Length Bonds (%)

14 0 ~5.0

16 0 ~16.0

18 0 ~6.0

16 1 ~8.0

18 1 65.0-88.0

18 2 ~18.0·

18 3 ~.O

>18 - ~4.0

• ALKALINITY
Sample solution: 100 mg/mL of Polyoxyl Oleate in alcohol
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Analysis: To 2 mL of the Sample solutionadd 0.05 mL of
phenol red TS.

Acceptance criteria: The solution is not red.
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561)

Sample: 1.0 g
Acceptance criteria: NMT 0.3%

• WATER DETERMINATION, Method I (921): NMT 2.0%

ADDITIONAL REQUIREMENTS'
• PACKA~ING AND STORAGE: Preserve in tight containers, and

store In a cool, dry place. Protect from moisture.
• LABELING: Label it to indicate the number of ethylene oxide

units per molecule (nominal value), and the name and
concentration of any added antioxidant.

• USP REFERENCE STANDARDS (11)
USP Polyoxyl Oleate RS

Polyoxy. Stearate
R-CO-(OCHzCHZ)n-OH

R-CO-(OCHzCHz)n-OOC-R

R=CH3(CHz) 16 or CH3(CHz) 14

n =6-100
Polyethylene glycol stearate;
Polyethylene glycol monostearate;
Poly(oxy-l ,2-ethanediyl), a-hydro-ro-hydroxyoctadecanoate

[9004-99-3].

DEFINITION
Polyoxyl Stearate is a mixture of monoesters and diesters of

mainly stearic (octadecanoic) acid and/or palmitic
(hexadecanoic) acid and polyethylene glycols. The fatty acids
may be of vegetable, animal, or synthetic origin. Polyoxyl
Stearate Type I or Type II differs in its content of stearic acid.
It may contain f~ee po.lyethylene glycols. The average
polymer length IS equivalent to 6-100 ethylene oxide units
per molecule (nominal value).

IDENTIFICATION

• ~~ ·-Sp .ION TES1;S(f97), Iflfrarea
Spectro -2oio)

Sample: Use an undried specimen.
• B. It meets the requirements of the test for ContentofStearic

Acidand Palmitic Acid.

ASSAY
• CONTENT OF STEARIC ACID AND PALMITIC ACID
Poly~xyl Stearate exhibits the composition profiles of fatty

acids shown in Table 7 below, as determined in Fats and
Fixed Oils(401), FattyAcidComposition.

Table 1

Content of Stearic Acid
and PalmiticAcid

Polyoxyl Stearate
StearicAcid: 40.0%-60.0%;

sum of Palmitic and Stearicacids: NLT
Type I 90.0%

Polyoxyl Stearate
StearicAcid: 90.0%-99.0%;

sum of Palmitic and Stearicacids: NLT
Type II 96.0%

• CONT~NT OF FREE POLYETHYLENE GLYCOLS
[NOTE-This test is for Polyoxyl 40 Stearate only.]
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Sample: 6 g of Polyoxyl 40 Stearate
Analysis: Transferthe Sample to a 500-mLseparator

containing 50 mLof ethyl acetate. Dissolve completely,
then add 50 mLof sodium chloride solution (29 in 100),
shake vigorouslyfor 2 min, and allowto separate for
15 min. Ifseparation is incomplete, carefully insert the
separator into the well of a steam bath for short time
intervals. Repeat this technique as many times as necessary
to ensure the complete separation of the two phases. Cool,
and drain the lower, aqueous phase into a second 500-mL
separator. Extractthe upper layerwith a second 50-mL
portion of sodium chloride solution (29 in 100). Repeat the
separation as before, including the steam bath technique,
to facilitate complete separation.
To the combined aqueous layers add 50 mLof ethyl

acetate, shake vigorously for 2 min, and allow to separate
as before. Drain the lower, aqueous phase into a third
500-mLseparator, and extract it with two 50-mL portions
of chloroform, shaking for 2 min each time. Repeat the
steam bath technique to ensure complete separation.

Evaporate the combined chloroform extracts in a 150-mL
beaker on a steam bath, with the aid of a stream of
nitrogen, to apparent dryness.

Redissolve in about 15 mLof chloroform, and filter,
collecting the filtrate in a weighed 150-mLbeaker. Record
the weight of the empty 150-mLbeaker, W l' in g. Rinse
the funnel with several small portions of chloroform, and
evaporate the combined filtrateand rinsings, as described
above, to remove chloroform or ethyl acetate.

Dry in vacuum at 60° for 1 h. Cool in a desiccator, and
weigh. Record the weight, W2, in g.

Calculate the percentage of free polyethylene glycols in
Polyoxyl 40 Stearate taken:

I

Result =[(W 2 - W ,)/Wj x 100

W =weight of Polyoxyl 40 Stearate (g)

Acceptance criteria: 170/0-27% offree polyethylene glycols
for Polyoxyl 40 Stearate only

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

0.3%, determined on 1.0 g
• LIMIT OF ETHYLENE OXIDE AND DIOXANE

Analysis: Proceed as directed in Ethylene Oxide and Dioxane
(228), MethodII.

Acceptance criteria
Ethylene oxide: 1 ppm
Dioxane: 380 ppm

SPECIFIC TESTS
• ALKALINITY

Phenol red solution: Dissolve 100 mg of
phenolsulfonphthalein in a mixture of 2.82 mLof 0.1 M
sodium hydroxide and 20 mLof alcohol, and dilute with
water to 100 mL.

Sample solution: 2.0 g of Polyoxyl Stearate
Analysis: Dissolve the Sample in alcohol and dilute with

alcohol to 20 mL. To 2 mLof this solution add 0.05 mLof
Phenol redsolution.

Acceptance criteria: The solution does not turn red.
• FATS AND FIXED OILS, AcidValue (401): NMT 6.0
• FATS AND FIXED OILS, Hydroxyl Value (401): Within the

ranges specified in Table 2
• FAYS AND FIXED OILS, Iodine Value (401): NMT 3.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• FATS AND FIXED OILS, Saponification Value (401): Within the

ranges specified in Table 2
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• MELTING RANGE OR TEMPERATURE (741)
Sample: 10 g
Analysis: Melt the Sample at 80°-90°. Introduce a sufficient

amount of the Sample into the tube by capillary action to
form a column of the prescribed height in the tube. Allow
to stand at 0° for 2 h.

Acceptance criteria: Within the ranges specified in Table 2

Table 2

Ethylene Melting
Oxide Units/ Range or

Molecule Temperature Hydroxyl Saponification
(Nominal Value) (") Value Value

6 26-37 80-110 90-115

8 26-35 80-105 88-100

32 46-50 2Q-40 3Q-45

Measure
Congealing

40 Temperature 25-40 25-35

75 53-59 15-35 8-25
,

100 48-60 15-30 5-20

• CONGEALING TEMPERATURE (651): 37°-4r for Polyoxyl40
Stearate only

• WATER DETERMINATION, MethodI (921): NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store at room temperature. Protectfrom light and moisture.
• LABELING: Label it to indicate the number of ethylene oxide

units/molecule (nominal value), and the type of Polyoxyl
Stearate. Label it to indicate whether the fatty acids are
derived from vegetable, animal, or synthetic sources.

• USP REFERENCE STANDARDS (11)
USP Polyoxyl 6 Stearate RS
USP Polyoxyl 8 Stearate RS
USP Polyoxyl 32 Stearate RS
USP Polyoxyl 40 Stearate RS
USP Polyoxyl 75 Stearate RS
USP Polyoxyl 100 Stearate RS

Polyoxyl Stearyl Ether

Polyethyleneglycol monostearyl ether
CH3(CH2)17(OCH2CH2)nOH, n = 2-20 [9005-00-9].

DEFINITION
Polyoxyl Stearyl Ether is a mixture of the monostearyl ethers

of mixed polyethylene glycols, the average polymer length
being equlvalent to NLT 2 and NMT 20 oxyethylene units
(nominal value). It may contain various amounts of free
stearyl alcohol and some free polyethylene glycol.

IDENTIFICATION

Polyoxyl Stearyl Ether.
• B. PROCEDURE

Sample: 0.·1 g .
Analysis: Dissolve or disperse the Sample in alcohol. Add

10 mLof diluted hydrochloricacid,S mLof barium chloride
TS, and 10 mLof phosphomolybdic acid solution (1 in 10).
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Acceptance criteria: A precipitate is formed.
• c. It meets the requirements in the test for Fats and Fixed

Oils, Hydroxyl Value (401).

IMPURITIES
ORGANIC IMPURITIES
• Procedure: Limit of Free Ethylene Oxide and Dioxane
Analysis: Proceed as directed in Ethylene Oxide and Dioxane

(228), Method I.
Acceptance criteria

Ethylene oxide: NMT 1 J,Jg/g (ppm)
Dioxane: NMT 10 J,Jg/g (ppm)

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 1.0,

determined on 5.0 9
• FATS AND FIXED OILS, Hydroxyl Value (401): Within the

ranges specified in the table below

Oxyethylene Units/Mole-
cule

(Nominal Value) Hydroxyl Value

2 150-180

10 75-90

20 40-60

• FATS AND FIXED OILS, Iodine Value (401): NMT 2.0
• FATS AND FIXED OILS, Saponification Value (401): NMT 3.0,

determined on 10.0 9
• ALKALINITY

Sample: 2.0 9 of Polyoxyl Stearyl Ether
Analysis: Dissolve the Sample to a hot mixture of 10 mL of

alcohol and 10 mL of water. Add 0.05 mL of bromothymol
blue TS.Titrate with 0.1 N hydrochloric acid to a yellow
endpoint.

Acceptance 'criteria: NMT 0.5 mL of 0.1 N hydrochloric
acid is required.

• WATER DETERMINATION, Method I (921): NMT 3.0%
• ApPEARANCE OF SOLUTION: 5.0 9 of Polyoxyl Stearyl Ether

in 50.0 mL of alcohol. The solution is not more intensely
colored than a solution prepared immediately before use
by mixing 12.0 mL of ferric chloride CS,5.0 mL of cobaltous
chloride CS, and 2.0 mL of cupric sulfate CSwith dilute
hydrochloric acid (10 giL) to make 50.0 mL, and diluting
12.5 mL of this solution with dilute hydrochloric acid (10 gl
L) to make 100.0 mL. Make the comparison by viewing the
substance and the solution downward in matched
color-comparison tubes against a white surface (see Color
and Achromicity (631».

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cool, dry place.
• LABELING: Label it to indicate the average nominal number

of oxyethylene units.
• USP REFERENCE STANDARDS (11)

USP Polyoxyl 2 Stearyl Ether RS
USP Polyoxyl 10 Stearyl Ether RS
USP Polyoxyl 20 Stearyl Ether RS

OfficialMonographs / Polypropylene 5963
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Polysorbate 20

K+Y+W+l=20

R= HO-'

~ . 0

H3C~O/'

The ratio of the OH group to the (Cl l H23COO) group is mainly
3:1.

Polyethylene glycol 20 sorbitan ether monolaurate;
Polyoxyethylene 20 sorbitan monododecanoate:
Polyoxyethylene 20 sorbitan monolaurate [9005-64-5].

DEFINITION
Polysorbate 20 is a laurate ester of sorbitol and its anhydrides,

copolymerized with approximately 20 moles of ethylene
oxide for each mole of sorbitol and sorbitol anhydrides. The
fatty acids may be of vegetable, animal, or synthetic origin.

IDENTIFICATION

• A··.. ~~~~~~j~~~~~··~:sl
Speqtf"()SCoPY;:l~·'l.f)j,(CNll )

• B. It meets the requirements in the Assay for Composition of
FattyAdds.

ASSAY
• COMPOSITION OF FATTY ACIDS: Polysorbate 20 exhibits the

composition profiles of fatty acids shown in Table 7, as
determined in Fats and Fixed Oils(401), FattyAdd
Composition.

Table 1
Number of Percentage

Carbon-Chain Length Double Bonds (0/0)

6 0 S1.0

8 0 S10.0
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Table 1 (continued)

Number of Percentage
Carbon-Chain length Double Bonds (0/0)

10 0 S10.0

12 0 40.0-60.0

14 0 14.0-25.0

16 0 7.0-15.0

18 0 S11.0

18 1 sn.o
18 2 S3.0

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.25%
• LIMIT OF ETHYLENE OXIDE AND DIOXANE, Method /I (228)

Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS TEST (85)

For Polysorbate 20 intended for use in the manufacture
of injectable dosage forms: The level of bacterial
endotoxins is such that the requirement in the relevant
dosage form monograph(s) in which Polysorbate 20 is used
can be met. Where the label states that Polysorbate 20 must
be subjected to further processing during the preparation
of injectable dosage forms, the level of bacterial endotoxins
is such that the requirement in the relevant dosage form
monograph(s) in which Polysorbate 20 is used can be met.

• FATS AND FIXED OILS, Add Value (401)
Sample: 10.0 g '.
Analysis: Transfer the Sample to a wide-mouth, 250-mL

conical flask, and add 50 mL of neutralized alcohol. Heat
on a steam bath nearly to boiling, occasionally shaking
thoroughly while heating. Invert a beaker over the mouth
of the flask, cool under running water, and add. 5 drops of
phenolphthalein TS. Titrate with 0.1 N sodium hydroxide
VS. Calculate the acid value as directed in the chapter.

Acceptance criteria: NMT 2.0
• FATS AND FIXED OILS, Hydroxyl Value (401): 96-108
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 10.0 g
Saturated potassium iodide solution: Prepare a saturated

solution of potassium iodide in carbon dioxide-free water.
Make sure the solution remains saturated as indicated by
the presence of undissolved crystals.

Analysis: Introduce the Sample into a 1OO-mL beaker, and
dissolve with 20 mL of glacial acetic acid. Add 1 mL of
Saturatedpotassiumiodide solution, mix, and allow to stand
for 1 min. Add 50 mL of carbon dioxide-free water and a
magnetic stirring bar. Titrate with 0.01 M sodium
thiosulfate VS, determining the endpoint
potentiometrically (see Titrimetry(541»). Perform a blank
titration. Calculate the peroxide value as directed in the
chapter.

Acceptance criteria: NMT 10.0
For Polysorbate 20 intended for use in the manufacture

of injectable dosage forms: NMT 5.0
• FATS AND FIXED OILS, Saponification Value (401): 40-50
• WATER DETERMINATION, Method I (921): NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at room
.temperature.
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• LABELING: Label it to indicate whether the fatty acids are
derived from animal, vegetable, or synthetic sources.
Where Polysorbate 20 is intended for use in the
manufacture of injectable dosage forms, it is so labeled.

• USP REFERENCE STANDARDS (11)
USP Polysorbate 20 RS

Polysorbate 40

x +y +w +z =20

R= HO-'

The ratio of OH group to C,sH3,COO group is mainly 3:1.
Polyethylene glycol 20 sorbitan ether monopalmitate;
Polyoxyethylene 20 sorbitan monohexadecanoate;
Polyoxyethylene 20 sorbitan monopalmitate [9005-66-7].

DEFINITION
Polysorbate 40 is a palmitate ester of sorbitol and its

anhydrides copolymerized with about 20 moles of ethylene
oxide for each mole of sorbitol and sorbitol anhydrides. The
fatty acids may be of vegetable, animal, or synthetic origin.

IDENTIFICATION

•A·~~I~~~I~~~~i
~g~~~P~~?~ )

• B. It meets the requirements in the Assay for Composition of
FattyAcids. '

ASSAY
• COMPOSITION OF FATTY ACIDS

Polysorbate 40 exhibits the composition profiles of fatty acids
shown in Table 7, as determined in Fats and Fixed Oils
(401), FattyAcidComposition.

Table 1

• FATS AND FIXED OILS, AcidValue (401)
Sample: 10.0 g
Analysis: Transfer the Sample to a wide-mouth, 250-mL

conical flask, and add 50 mL of neutralized alcohol. Heat
on a steam bath nearly to boiling, shaking thoroughly
occasionally while heating. Invert a beaker over the mouth
of the flask, cool under running water, and add 5 drops of
phenolphthalein TS. Titrate with 0.1 N sodium hydroxide
VS. Calculate the acid value as directed in the chapter.

Acceptance criteria: NMT 2.0
• FATS AND FIXED OILS, Hydroxyl Value (401): 89-105
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 10.0 g
Saturated potassium iodide solution: Prepare a saturated

solution of potassium iodide in carbon dioxide-free water.
Make sure the solution remains saturated as indicated by
the presence of undissolved crystals.

Analysis: Introduce the Sample into a 1OO-mL beaker, and
dissolve with 20 mL of glacial acetic acid. Add 1 mL of
Saturated potassium iodide solution, mix, and allow to stand
for 1 min. Add 50 mL of carbon dioxide-free water and a
magnetic stirring bar. Titrate with 0.01 M sodium
thiosulfate VS, determining the endpoint
potentiometrically (see Titrimetry (541»). Perform a blank
titration.
Calculate the peroxide value as directed in the chapter.

Acceptance criteria: NMT 10.0
For Polysorbate 40 intended for use in the manufacture

of injectable dosage forms: NMT 5.0
• FATS AND FIXED OILS, Saponification Value (401): 41-52
• WATER DETERMINATION, MethodI (921): NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

. protected from light and moisture. Store at room
temperature.

• LABELING: Label it to indicate whether the fatty acids are
derived from animal, vegetable, or synthetic sources.
Where Polysorbate 40 is intended for use in the
manufacture of injectable dosage forms, it is so labeled.

• USP REFERENCE STANDARDS (11)
USP Polysorbate 40 RS

Polysorbate 60

R= HO-'

~ . . 0

H,C~O/'

X+y+w+z=20

H,C

The ratio of OH group to the sum of C,sH3,COO

and C17H3SCOO groups is mainly 3:1.
Polyethylene glycol 20 sorbitan ether monostearate;
Polyoxyethylene 20 sorbitan monooctadecanoate;
Polyoxyethylene 20 sorbitan monostearate [9005-67-8].

DEFINITION
Polysorbate 60 is a mixture of stearate and palmitate esters of

sorbitol and its anhydrides copolymerized with about 20
moles of ethylene oxide for each mole of sorbitol and sorbitol

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.25%
• ETHYLENE OXIDE AND DIOXANE, Method /I (228)

Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS TEST (85)

For Polysorbate 40 intended for use in the manufacture
of injectable dosage forms: The level of bacterial
endotoxins is such that the requirement in the relevant
dosage form monograph(s) in which Polysorbate 40 is used
can be met. Where the label states that Polysorbate 40 must
be subjected to further processing during the preparation
of injectabledosage forms, the levelof bacterial endotoxins
is such that the requirement in the relevant dosage form
monograph(s) in which Polysorbate 40 is used can be met.

Carbon-Chain Number of Percentage
length Double Bonds (%)

16 0 ~92.0
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anhydrides. The fatty acids may be of vegetable, animal, or
synthetic origin.

IDENTIFICATION

FattyAcids.

ASSAY
• COMPOSITION OF FArrY ACIDS

Polysorbate 60 exhibits the composition profiles offatty acids
shown in Table 7, as determined in Fats and Fixed Oils
(401), FattyAcidComposition.

Table 1
Number of Percentage

Carbon-Chain Length Double Bonds (%)

18 0 40.0-60.0

Sum of stearic acid (C18:0)
and palmitic acid (C16:0) :::90.0

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.25%
• ETHYLENE OXIDE AND DIOXANE, Method" (228)

Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidYalue (401)

Sample: 10.0 g of Polysorbate 60
Analysis: Transfer the Sample to a wide-mouth, 250-mL

conical flask, and add 50 mL of neutralized alcohol. Heat
on a steam bath nearly to boiling, shaking thoroughly
occasionally while heatinq. Invert a beaker over the mouth
of the flask, cool under running water, and add 5 drops of
phenolphthalein TS.Titrate with 0.1 N sodium hydroxide
VS. Calculate the acid value as directed in the chapter.

Acceptance criteria: NMT 2.0
• FATS AND FIXED OILS, Hydroxyl Value (401): 81-96'
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 10.0 g
Saturated potassium iodide solution: Prepare a saturated

solution of potassium iodide in carbon dioxide-free water.
Make sure the solution remains saturated as indicated by
the presence of undissolved crystals.

Analysis: Introduce the Sample into a 1OO-mL beaker, and
dissolve with 20 mL of glacial acetic acid. Add 1 mL of
Saturated potassium iodidesolution, mix, and allow to stand
for 1 min. Add 50 mL of carbon dioxide-free water and a
magnetic stirring bar. Titrate with 0.01 M sodium
thiosulfate VS, determining the endpoint
potentiometrically (see Titrimetry (541». Perform a blank
titration.
Calculate the peroxide value asdirected in the chapter.

Acceptance criteria: NMT 10.0
• FATS AND FIXED OILS, Saponification Value (401): 45-55
• WATER DETERMINATION, Method I (921): NMT 3.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light and moisture. Store at room
temperature.

• LABELING: Label to indicate whether the fatty acids are
derived from animal, vegetable, or synthetic sources.
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• USP REFERENCE STANDARDS (11)
USP Polysorbate 60 RS

Polysorbate 80

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols (••) to specify this fact.

Sorbitan, mono-9-octadecenoate, poly(oxy-1,2-ethanediyl)
derivs., (Z)-;

Polyoxyethylene 20 sorbitan monooleate [9005-65-6].

DEFINITION
Polysorbate 80 is a mixture of partial estersof fatty acids,

mainly oleic acid, with sorbitol and its anhydrides
ethoxylated with approximately 20 moles of ethylene oxide
for each mole of sorbitol and sorbitol anhydrides.

IDENTIFICATION
• A. It meets the requirements of the test for Composition of

FattyAcids.

ASSAY
• COMPOSITION OF FArrY ACIDS

Diluent: 20 giL of sodium hydroxide in methanol
Boron trlfluorlde-rnethanol solution: 140 giL of boron

trifluoride in methanol
Saturated sodium chloride solution: Sodium chloride and

water (1:2). Before use, decant the solution from any
undissolved substance and filter, if necessary.

Reference solution A: Prepare0.50 g of the mixture of
calibrating substanceswith the composition described in
Table 7. Dissolve in heptane, and dilute with heptane to
50.0 mL.

Reference solution B: Reference solution A in heptane (1 in
10)

Reference solutlon C: Prepare 0.50 g of a mixture of fatty
acid methyl esters, which corresponds to the composition
of the substance to be examined. Dissolve in heptane, and
dilute with heptane to 50.0 mL. [NOTE-Commercially
available mixtures of fatty acid methyl estersmay also
be used.]

Sample solution: Dissolve 0.10 g of Polysorbate 80 in
2 mL of Diluent in a 25-mL conical flask, and boil under a
reflux condenser for 30 min. Add 2.0 mL of Boron trifluoride- •
methanolsolution through the condenser, and boil for
30 min. Add 4 mL of heptane through the condenser, and
boil for 5 min. Cool, add 10.0 mL of Saturated sodium
chloride solution, shake for about 15 s, and add a quantity
of Saturated sodium chloride solutionsuch that the upper
phase is brought into the neck of the flask. Collect 2 mL of
the upper phase, wash with threequantities, each of 2 mL,
of water, and dry over anhydrous sodium sulfate.

Table 1

Mixture of the Following Composition
Substances . (%)

Methyl myristate 5

Methyl palmitate 10

Methyl stearate 15
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Table 3 (continued)

IMPURITIES
• RESIDUE ON IGNITION

Sample: 2.00 g
Analysis: Heat a silica or platinum crucible to redness for

30 min allow to cool in a desiccator, and weigh. Evenly
distrib~te the Sample in the crucible. Dry at 1000-1050 for
1 h and ignite to constant mass in a muffle furnace at 600
±25°, allowing the crucible to cool in a desiccato~ after e~ch
ignition. Flamesshould not be produced at any time durinq
the procedure. Ifafter prolonged ignition the ash still
contains black particles, take up with hot water, pass
through an ashless filter paper, and ignite the residue and
the filter paper. Combine the filtrate with the ash, carefully
evaporate to dryness, and ignite to constant mass.

Acceptance criteria: NMT0.25%
• ETHYLENE OXIDE AND DIOXANE

Ethylene oxide st~ndard sol~tion: Dilute 0.5 r:nL c:f a
commercially available solution of ethylene oxide In

methylene chloride (50 mg/mL) with wate~ to 50.0.mL:
[NoTE-The solution is stable for 3 months, Ifstored In vials
with a Teflon-coated, silicon membrane and crimped caps
at -20°.J Allowto reach room temperature. Dilute 1;0 mL
of this solution with water to 250.0 mL.

Dioxane standard solution: Dioxane in water (v/v) 1 in
20,000

Acetaldehyde standard solution: 0.01 mg/mL of
acetaldehyde in water

Standard solution: Dilute 6.0 mLof Ethylene oxidestandard
solutionand 2.5 mLof Dioxane standardsolutionwith water
to 25.0 mL.

Sample solution A: Transfer 1.0 g of Polysorbate 80 to a
1O-mL heads pace vial. Add 2.0 mL of water, and seal the
vial immediately with a Teflon-coated, silicon membrane
and an aluminum cap. .

. Sample solution B: Transfer 1.0 g of Polysorbate 80 to a
1O-mL headspace vial.Add 2.0 mLof the Standardsolution,
and seal the vial immediately with a Teflon-coated, silicon
membrane and an aluminum cap.

Reference solution: Transfer 2.0 mL of Acetaldehyde
standard solution and 2.0 mL of Ethylene oxidestandard
solution to a 1O-ml headspace vial, and seal the vial
immediately with a Teflon-coated, silicon membrane and
an aluminum cap.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: Headspace GC
Detector: Flame ionization
Column:1 0.53-mm x 50-m G27 on fused silica; film

thickness 5 IJm
Temperatures

Injection port: 850

Detector: 250 0

Column: See Table 4.

Acceptance Acceptance
Criteria, Criteria,

Name NMT(%) NLT (0/0)

Linoleic acid 18.0 -
Linolenic acid 4.0 -

1 CP-Sil 8 CB is suitable.

Table 1 (continued)

Carrier gas: Helium
Linear. velocity: 50 crryls
Injection volume: 1 IJL
Injection type: Split ratio, 50:1
System suitability

Samples: Reference solutionA and Reference solutionB
Suitability requirements

Resolution: NLT 1.8 between the peaks due to methyl
oleate and methyl stearate, Reference solutionA

Theoretical plates: NLT 30,000 calculated for the peak
of methyl stearate, Reference solutionA

Signal-to-noise ratio: NLT 5 for the peak of methyl
myristate, Reference solution B

Analysis
Sample: Sample solution
Identify the peaks from Reference solution C.
Calculate the percentage of each component in the Sample

solution:

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m G16 on fused silica;film

thickness 0.5 IJm
Temperatures

Injection port: 250 0

Detector: 250 0

Column: See Table 2.

Table 2

Result = (AciA r) x 100

Ac =peak area for the component of interest
A r = total area of all peaks related to fatty acids

Acceptance criteria: See Table 3.

Table 3

Mixture of the Following Composition
Substances (%)

Methylarachidate 20

Methyloleate 20

Methyleicosenoate 10

Methylbehenate 10

Methyllignocerate 10

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(0) e/min) (0) (min)

80 10 220 -
220 - 220 40

Acceptance Acceptance
Criteria, Criteria,

Name NMT(%) NLT (%)

Myrlstkacid 5.0 -
Palmitic acid 16.0 -
Palmit:oleic acid 8.0 -
Stearicacid 6.0 -
Oleicacid - 58.0
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Table 4

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

70 10 250 -
250 - 250 5

Split ratio: 3.5:1
Carrier gas: Helium
Flow rate: 4.0 mL/min
Injection volume: 1 mL

System suitability
Sample: Reference solution

[NOTE-The relative retention times for ethylene oxide,
acetaldehyde, and dioxane are 1.0, 0.9, and 1.9,
respectively. The retention time for ethylene oxide is
about 6.5 min.]

Suitability requirements
Resolution: NLT 2.0 between the peaks due to

acetaldehyde and ethylene oxide
Analysis

Samples: Sample solution A and Sample solutionB
Calculate the content, in ppm, of ethylene oxide:

Result=(2 x C EO X A ,J/(A 8 - A A)

C EO = concentration of ethylene oxide in Sample
solutionB (J.Jg/ml)

A A = peak area of ethylene oxide from Sample
solution A

A 8 =peak areaof ethylene oxide from Sample solution B

Calculate the content, in' ppm, of dioxane:

Result=(2 x 0 XeD X A A') X 1OOO/(A -8' - A A')

D = density of dioxane, 1.03 g/mL
C D = concentration of dioxane in Sample solutionB(J.JL/

mL)
A A' = peak area of dioxane from Sample solution A
A 8' = peak area of dioxane from SamplesolutionB

Acceptance criteria: NMT 1 ppm for ethylene oxide; NMT
10 ppm for dioxane

SPECIFICTESTS
• • SPECIFIC GRAVITY (841): 1.06-1.09•
• • VISCOSITy-CAPILLARY METHODS (911) or VISCOSITY

ROTATIONAL METHODS (912): 300-500 centistokes at 25 0
•

• FATS AND FIXED OILS, Acid Value (401)
Light petroleum: It has the following properties: a clear,

colorless, flammable liquid without fluorescence; practically
insoluble in water; miscible with alcohol; density at 200

about 0.720; distillation range 100 0
- 120 0

; water content
NMTO.03%.2

Sample solution: Dissolve 5.0 g in 50 mL of a mixture of
equal volumes of alcohol and Lightpetroleum (previously
neutralized with 0.1 N potassium hydroxide or 0.1 N
sodium hydroxide), using 0.5 mL of phenolphthalein TSas
the indicator. If necessary, heat to about 90 0 to dissolve the
substance to be examined.

Analysis: Titrate the Sample solutionwith 0.1 N potassium
hydroxide VS or 0.1 N sodium hydroxide VS until the pink
color persists for at least 15 s. When heating has been

2 Petroleum ether; boiling range 100°-140°; [CAS 64742-49-0] from Fisher
Scientific; catalog number AC23302-0025 is suitable.
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applied to aid dissolution, maintain the temperature at
about 900 during the titration.

Acceptance criteria: NMT 2.0
• FATS AND FIXED OIILS, Hydroxyl Value (401)

Sample: 2.0 g
Analysis: Transfer the Sample into a 150-mL acetylation flask

fitted with an air condenser. Add 5.0 mL of Pyridine-Acetic
Anhydride Reagent, and attach the air condenser. Heat the
flask in a water bath for 1 h keeping the level of the water
about 2.5 cm above the level of the liquid in the flask.
Withdraw the flask, and allow to cool. Add 5 mL of water
through the upper end of the condenser. If a cloudiness
appears, add sufficient pyridine to clear it, noting the
volume added. Shake the flask, and replace in the water
bath for 10 min. Withdraw the flask, and allow to cool. Rinse
the condenser and the walls of the flask with 5 mL of
alcohol, previously neutralized with phenolphthalein TS.
Titrate with 0.5 N alcoholic potassium hydroxide VS using
0.2 mL of phenolphthalein TS as the indicator. Carry out a
blank test under the same conditions.

Acceptance criteria: 65-80
• FATS AND FIXED OILS, Peroxide Value (401)

Sample: 10.0 g
Saturated potassium iodide solution: Prepare a saturated

solution of potassium iodide in carbon dioxide-free water.
Make sure the solution remains saturated as indicated by

. the presence of undissolved crystals.
Analysis: Transfer the Sample into a 1OO-mL beaker, and

dissolve with 20 mL of glacial acetic acid. Add 1 mL of
Saturated potassium iodide solution, and allow to stand for
1 min. Add 50 ml of carbon dioxide-free water and a
magnetic stirring bar. Titrate with 0.01 M sodium
thiosulfate VS, determining the endpoint
potentiometrically. Carry out a blank titration.

Acceptance criteria: NMT 10
• FATS AND FIXED OILS, Saponification Value (401)

Sample: 4.0 g
Analysis: Transfer the Sample into a 250-mL borosilicate

glassflask fitted with a reflux condenser. Add 30.0 mL of
0.5 N alcoholic potassium hydroxide VS and a few glass
beads. Attach the condenser, and heat under reflux for
60 min. Add 1 mL of phenolphthalein TS and 50 mL of
dehydrated alcohol, and titrate immediately with 0.5 N
hydrochloric acid VS. Carry out a blank test under the same
conditions.

Acceptance criteria: 45-55
• WATER DETERMINATION, Method I (921): NMT 3.0%,

determined on 1.0 g

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Store in an airtight container,

protected from light.
• • USP REFERENCE STANDARDS (11)

USP Polysorbate 80 RS

Polyvinyl Acetate

(C4H602)n
Vinyl acetate homopolymer
Vinyl acetate resin [9003-20-7].
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DEFINITION
Polyvinyl acetate isa thermoplastic polymer, represented by

the formula:

(C4H602)n

in which the value of n lies between approximately 100 and
17,000.

IDENTIFICATION
• A. PROCEDURE •

Sample: 100 mg of Polyvinyl Acetate
Analysis: Dissolve the Sample in 2.5 mL of acetone, place

two drops on a potassium bromide plate,and dry to
evaporate the solvent.

Acceptance criteria: The IR absorption spectrum of
polyvinyl acetate exhibits maxima corresponding to the
same wavelengths as that of a similar preparation of USP
Polyvinyl Acetate RS, treated in the same manner.

• B. PROCEDURE
Sample: 0.5 g of Polyvinyl Acetate

. Analysis: Saponifythe Sample in a mixture of 25.0 mLof
0.5 N alcoholicpotassium hydroxideand 25.0 mL of water.

Acceptance criteria: The solution so obtained meets the
requirements of the tests for Identification Tests-General
(191), Acetate.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1%
• RESIDUAL PEROXIDES

Sample: 0.85 g of Polyvinyl Acetate
Analysis: Placethe Sample in a borosilicate glassflask with a

ground-glass neck. Add 10.0 mLof ethyl acetate, and heat
under a reflux condenser with constant agitation. Allow to
cool. Replace the air in the container with oxygen-free
nitrogen, and add a solutionof 1.0 mLof glacialacetic acid
and-u.S g of sodium iodide in 40.0 mL of water. Shake
thoroughly, and allowto stand protected from light for
20 min. Titratewith 0.005 Nsodium thiosulfateVS until the
yellowcolor is di~charged ..Perform a blank titrati~n..

Acceptance criteria: The difference between the titration
volumes is not greater than 1.0 mL; and NMT 100 ppm,
calculated as hydrogen peroxide, isfound.

ORGANIC IMPURITIES .
• Procedure: limit of Vinyl Acetate
Standard stock solution: 1.0 mg/mL of Vinyl Acetate in

toluene
Standard solutions: 0.1, 0.3, 1, 3, and 10 ~g/mL of vinyl

acetate in toluene, prepared from Standard-stock solution
Sample solution: 0.1 g/mL of Polyvinyl Acetate in toluene
Chromatographic system ' .

(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Hydrogen flame ionization
Column: 0.32-mm x ,30-m fused-silica capillary column,
5-~m layerof phase Gl

Temperature
Detector: 2500

Injector port: 1500

Column: See the temperature program table below.

, Hold Time at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
(0) e/min) e) (min)

100 - 100 8

10d 20 250 5

NF 38

Carrier gas: Helium .
Flowrate: Adjustedso that the vinyl acetate peak appears

, after about 7 min
Injection size: 1.0 ~L

Injection type: Split ratio is about 8:1.
System suitability

Sample: Standardsolutioncontaining 1 ~g/mL of vinyl
acetate in toluene

SUitabilityrequirements .
Relative standard deviation: NMT 15%

Analysis :
Samples: Standardsolution and Sample solution

Plotthe peak responses of the vinyl acetate in the Standard
solutions versus the concentration, in ~g/mL, of vinyl
acetate, and draw the straight line best fitting the five
plotted points. From the graph so obtained, determine
the concentration, C, in ~g/mL, of vinyl acetate in the

. Sample solution. ..
Calculate the quantity, in ~g, of vinyl acetate in each g of

Polyvinyl Acetate taken:

Result =(C/Cp)

C =as determined above .
Cp =concentration of the Polyvinyl Acetate in the

Sample solution (g/mL)

'Acceptance criteria: NMT 5 '~g/g (5 ppm) of vinyl acetate

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401)

Sample: 10.0 g of Polyvinyl Acetate
Analysis: Transferthe Sample to a 250-mLglass-stoppered

conicalflask, dissolve in 75 mLof ethylene dichloride, add
60 mLof denatured alcoholicTS, and mix. Add 1 mLof
phenolphthalein TS, and titrate with 0.02 N alcoholic
potassium hydroxide VS until the solution remains faintly
pink after shaking for 30 s. Perform a blank determination,
and make any necessarycorrection.

Acceptance criteria: The acid value is NMT 0.5.
• FATS·AND FIXED OILS, Ester Value (401)

Sample: 0.5 g of Polyvinyl Acetate
Analysis: Saponifythe Sample in a mixture of 25.0 mLof

0.5 N alcoholic potassium hydroxideVSand 25.0 mL of
water. Proceed as directed under Fats and Fixed Oils(401),
Saponification Value, beginning with "Heat the flask on a
steam bath".

Acceptance criteria: The ester value, calculated from the
Saponification Value and the AcidValue, isbetween 615 and
675.

• Loss ON DRYING (731): Dry1.5 g at 1000 for 2 h in a
vacuum: it loses NMT 1.0% of its weight. . .

• AVERAGE MOLECULAR WEIGHT AND MOLECULAR WEIGHT
DISTRIBUTION
[CAUTION-Tetrahydrofuran (THF) isconsidered to be a

carcinogen and embryo-fetal toxic substance. It is
also a peroxide former and is flammable. A
safe-handling practice must be in place in the
laboratory. Carefully reviewappropriate Material
SafetyData Sheets before use.] ,

Mobile phase: Tetrahydrofuran inhibited with 250 ppm
butylated hydroxytoluene. Do not sparge or degas.

Standard solutions: Prepare two sets of mixtures, each set
containing five narrow polystyrenestandards of different
known molecularweights, totaling 10 narrow polystyrene
standards covering the molecularweight range from about
600 to 3,000,000 g/mol.1 Prepare each set of five narrow

1 Narrow polystyrene standards are availablefrom polymer laboratories,
such as EasiCal, or are availableas various individual polystyrenestandards.
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polystyrene standards to have a known concentration at
about 0.05% (w/v)for each standard in Mobilephase.

Sample solution: Transfer 0.025 g of polyvinyl acetate to a
vial, and add 10 mL of Mobilephase. Cap and mixwell,
using an appropriate laboratoryshaker,for 1 h. Pass the
polyvinyl acetate solutionthrough a
polytetrafluoroethylene filter havinga porosityof 0.45 IJm,
discardan appropriate volumeof the initial filtrate, and use
the rest of the filtered solutionfor analysis.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive Index(RI)
Detector temperature: 35°
Columns: Two10-mm x 50-cm analytical columns; 5-lJm

packing L73, and a 10-mm x 10-cm, 500-Aguard
column; packing L73. [NoTE-The analytical column is
suitablefor molecular weight ranges from 100 to
10,000,000 g/mol.]

Flow rate: 1.1 mL/min
Injection size: 200 IJL2

System suitability
Sample: Standard solutions
Suitability requirements

Resolution: NLT 1.7 between the polystyrene standards
Analysis

Samples: Standard solutions and Sample solution
Separately injectequal volumesof the Standard solutions

and the Sample solution into the chromatograph, record
the chromatograms, and determine the elution peak
maximaand the corresponding retention volumesfor
the 10 polystyrene standards.

Universalcalibration: Analyze each polystyrene standard,
and use a data handling system or a suitable gel
permeation chromatography or sizeexclusion
chromatography (GPC/SEC) software to compute the
data and calibration. Construct the Universal
calibrationcurve as follows, and use it in the section Data
analysis for sample.
Plot log ([,,] x M) for each polystyrene standard in the

Standard solutions versus its retention volume, V, in mL,
at each standard peak maximum; and construct the best
cubic linefitting the 10 points. In this expression, M,is
the molecular weight, ing/mol, of polystyrene standard;
and [,,]isthe intrinsic viscosity ofa polymerand isrelated
to polymermolecular weight (M), especially
viscosity-average molecular weight, Mw bythe following
Mark-Houwink equation:

lnl =Kx Mya

K = constant for a given polymer/solvent system at a
specified temperature

a =constant for a given polymer/solvent system at a
specified temperature

Forpolystyrene in THF at 25°, K= 0.0128 mL/g, and a =
0.712

Forpolyvinyl acetate inTHF at 25°, K=0.025 mL/g,and a
=0.63

Based on the Mark-Houwink equation and the fact
that My can represent the molecular weight (M), the
following equation isgiven:

log([,,] x Mr) =10gK .+ (a + 1)log(Mr)

2 Asampleloop of 400 IJL and asyringeof 250 IJL wereusedin the Analysis.
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M,can be obtained as Mw a viscosity-average molecular
weight of polystyrene standard.

Data analysis for sample: Analyze the polyvinyl acetate
sample by identifying retention volumesVa and Vb'
corresponding to the beginning and end of the polyvinyl
acetate chromatogram. The baseline between Va and Vb is
assumed to be linear. [NoTE-Draw a straight line
between Va and Vb'] Data analysis is based on a suitable
GPC/SEC computer softwareor a real-time data
acquisition systemwith either offline or online data
processing that isable to providea means of determining
chromatographic peak heights or integrated area
segments at prescribed intervals under the SEC
chromatogram and a means of handling and reporting
the data. The following describesthe data processes,
which can be computed either by the GPC/SEC software
or by an equivalentdata processing system. Upon
acquisition, handle the data under the polyvinyl acetate
elution peak indiscretesegments A, integrated areaslices,
or as digitized chromatogram heights Hi, by recordingthe
vertical displacementsbetween the chromatogram trace
and the baseline at retention volume, Vi' over designated
intervals. Aminimumof 40 area segments or heights is
required. Obtain the corresponding molecular weight
value Mifor Polyvinyl Acetateat its retention volume, Vi'
from the Universal calibrationcurve obtained in the section
Universal calibration, since the constants Kand a for
Polyvinyl Acetate are known and given above.
Calculate the number-, weight-, and viscosity-average

molecularweights, Mn, Mw, and M; respectively, in g/
mol, of polyvinyl acetate, using the following formula:

N N

LAi I(A1e M1)
M = 1=1 M = ...!:i-::.l.1-..,..., _

n ±(AiJ w tAl
1=1 Mj 1=1

M'=[tt:~~T
If the retention volume internal !:iVi (for instance, V2 - V,
=V3 - V2, etc.) isconstant, parameters Ai and Miare the
chromatographic peak slice area and the Polyvinyl
Acetate molecular weight associatedwith the retention
volume,VI; and N isthe number of data points obtained
from the chromatogram between v, and v; (N 2:40).
[NOTE-If N issufficiently large, the use of area
segments Aor peak heights Hi will yield equivalent
results.]

Calculatethe molecular weight distribution or
polydispersity for Polyvinyl Acetate:

Result = Mw/Mn

Acceptance criteria: The values of weight-average
molecular weight and polydispersity are, respectively, NLT
85% and NMT 115% of their respective values as stated
on the label.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirement specified.
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determination under the same conditions (see Titrimetry
(541), Residual Titrations.)
Calculate the saponification value, Is:

Result = [Mr1 x (VB - Vr) x N]/W

=molecularweight of potassium hydroxide, 56.11
=volume of 0.5 N hydrochloric acid consumed in

the blank test (mL)
=volume of 0.5 N hydrochloric acid consumed in

the actual test (mL)
=exact normalityof the hydrochloric acid
=weight of Dispersion taken for the test (g)

N
W

Calculatethe percentage content of polyvinyl acetate inthe
portion of Dispersion taken:

Result = F x {Mr2 x [(Is - IA)/Mr1]) x 100

F =factor converting mg to g, 10-3 g/mg
Mr2 = molecularweight of vinyl acetate, 86.09
Is = saponification value
IA =acid value
Mr1 =molecularweight of potassium hydroxide, 56.11

Acceptance criteria: The content of polyvinyl acetate is
25.0%-30.0%.

OTHER COMPONENTS
STABILIZERS
• Povidone

[NOTE-Perform this test only ifthe Dispersion contains
povidone.]

Sample: 0.25 g
Analysis: Perform nitrogen determination by sulfuric acid

digestion on the Sample as directed inNitrogenDetermination
(461), Method II.
Calculatethe percentage content of povidone in the portion

of Dispersion taken:

Result = N/ Nv

N =percentage content of nitrogen
Nv = percentage content, expressed as a decimal

number, of nitrogen in vinylpyrrolidone, 0.126

Acceptance criteria: The content of povidone is NMT 4.0%.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g of Dispersion
Analysis: Heat a silica crucible to redness for 30 min, allow

to cool in a desiccator, and weigh. Evenly distribute the
Sample in the crucibleand weigh. Drythe crucibleat 100°
105° for 1 h and ignite in a muffle furnace at 600 ± 25°,
untilthe test substance isthoroughly charred. Continue the
experiment as directed in Residue on Ignition (281) on the
residue obtained, beginning with "Moisten the sample
with a small amount (usually 1 mL) of sulfuric acid..."

Acceptance criteria: NMT 0.5%
• LIMIT OF VINYLACETATE

Solution A: Acetonitrile, methanol, and water (5:5:90)
Solution B: Acetonitrile, methanol, and water (45:5:50)
Mobile phase: See Table 7.

Table 1
Time Solution A Solution B
(min) (%) (%)

0 100 0

DEFINITION
Dispersion of polyvinyl acetate in water. Itcontains 25.0% to

30.0% of polyvinyl acetate. It may contain povidone and
sodium lauryl sulfate as stabilizers.

IDENTIFICATION
• A. FILM FORMATION: Place 1 drop of Dispersion on a glass

plate and allowto dry. Aclear and homogeneous film is
formed.

• LABELING: Label it to indicate its weight-average molecular
weight, Mw, and polydispersity (Mw/Mn) .

• USP REFERENCE STANDARDS (11)
USP Polyvinyl Acetate RS

• B. INFRARED ABSORPTION
(See

.s .)
Analysis: Place1 drop of the Dispersion on a glassplate, and

cover the test substance with a water-resistant crystal disk
(silver chloride or KRS-5).1 Gently press on, and then
remove the crystal disk. Drythe crystaldisk in a drying
chamber until a homogeneous film isformed.

Acceptance criteria: The IR absorption spectrum of the film
so formed exhibits maxima correspondingto the same
wavelengths as those of a similarpreparation of USP
Polyvinyl AcetateDispersion RS treated in the same manner.

ASSAY
• PROCEDURE
. Sample 1: 109 of Dispersion
Solvent: 50 mLof a mixtureof equal volumesofalcoholand

petroleum ether with a 100°-120° boiling range, which is
previously neutralized with 0.1 N potassium hydroxide or
0.1 N sodium hydroxide .

Analysis 1: Dissolve Sample 7 in the Solvent. Add 0.5 mLof
phenolphthalein TS, and titrate with 0.1 N potassium
hydroxideor 0.1 N sodium hydroxide until the pink color
persists for at least 15 s.
Calculatethe acid value, IA:

Result =(Mr1 x V x N)/W

Mr l = molecularweight of potassium hydroxide, 56.11
V =volume of 0.1 N potassium hydroxideor 0.1 N

sodium hydroxide consumed in the actual test
(mL)

N = exact normality of the potassium hydroxide
solution or sodium hydroxide solution

W = weight of Dispersion taken for the test (g)

Sample 2: 1.5 g' of Dispersion
Analysis 2: TransferSample 2 to a 250-mLborosilicate glass

flask fitted with a reflux condenser. Add 25.0 mL of 0.5 M
alcoholic potassium hydroxide and a few glass beads.
Attachthe condenser and heat under reflux for 30 min.Add
1 mLof phenolphthalein TS, and titrate immediately(while
still hot) with 0.5 N hydrochloricacid VS. Perform a blank

Polyvinyl Acetate Dispersion

1 KRS-5 consistsof 42% thallium(1) bromide and 58% thallium(l)iodine by
molecularweight. Suitable disksof silverchloride and of KRS-5 are
availablefrom www.crystals.saint-gobain.com, www.almazoptics.com,
and www.internationalcrystal.net.
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Time Solution A Solution B
(min) (%) (%)

a 100 a

10 100 a

10.5 a 100

20 a 100

20.5 100 a
30 100 a

System suitability solution: Transfer 30 mg of glacial
acetic acid and 30 mg of malonic ~ci~ to a 25-mL .
volumetric flask, dilute with methanol to volume, and mix
well. Transfer 1 mL of the solution to a 25-mL flask, dilute
with water to volume, and mix well. The solution contains
0.048 mg/mL each of acetic acid and .mal~ni~ acid.

Standard solution: 0.1 mg/mL of acetic acid In water
Sample solution: Transfer 330 mg of Dispersion to a 5.0-mL

volumetric flask add about 5 mL of methanol, and dilute
with water to vblum'e, which leads to a precipitation of
sample. Pass the dispersion through a 0.2-~m regenerated
cellulose membrane fllter.! Use the filtrate.

Chromatographic system
, (See Chromatography (621), System Suitability.)

Mode: LC
Detector: UV 205 nm
Column: 4.6-mm x 25-cm; 5-~m packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 20 ~L

Run time: 30 min
System suitability

Samples: System sUitability.solu~ion and Standa,rd s~/utiC?n
[NOTE-The relative retention times for malonic acid

and acetic acid are 0.9 and 1.0, respectively.]
Suitability requirements

Resolution: NLT 2.0 between malonic acid and acetic
acid, System suitability solution

Relative standard deviation: NMT 5.0% determined
from the acetic acid peak, Standard solution

Analysis
Samples: Standard solution and' Sample solution, .
Calculate the percentage of acetic acid in the portion of

Dispersion taken:

Result =(ru/rs) x (Cs/Cu) x 100

Table 2

= peak response of acetic acid from the Sample
solution

=peak response of acetic acid from the Standard
solution

=concentration of acetic acid in the Standard
solution (mg/mL)

=concentration of Polyvinyl Acetate Dispersion in
the Sample solution (mg/';lL)

Acceptance criteria: NMT 1.5% of acetic acid

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count isNMT 1000 du/g, and the total combined
molds and yeasts count is NMT 100 cfu/g.

• pH (791): 3.0-5.5

2 Whatman Spartan HPLC certified syringe filter, Whatman Cat #
10463060 or equivalent filter.

Table 1 (continued)

Time Solution A Solution B
(min) (o/~) (%)

2 100 a

40 85 15

42 a 100

48 a 100

51 100 a

Standard solution: Transfer 50 mg of vinyl acetate to a
1OO-mL volumetric flask, dissolve in and dilute with
methanol to volume, and mix well. Dilute 5.0 mL of the
solution with Solution A to 100 mL. Dilute 10.0 mL of this
solution with Solution A to 100 mL. The Standard solution
contains about 2.5 ~g/mL of vinyl acetate. [NOTE-This
solution should be analyzedwithin 1 h when stored at room
temperature.] .

System suitability solution: Transfer50 mg of vinyl aceta~e
and 50 mg of l-vinylpyrrolidin-2-one to a 50-mL volumetric
flask add 10 mL of methanol, sonicate or gently shakethe
flask'to dissolve the materials. Dilute with Solution A to
volume. Dilute 10 mL of this solution with Solution A to
100 mL. Dilute 5 mL of this solution with Solution A to
100 mL.The System suitability so/~tion con~ai.ns about 5 ~g/
mL each of vinyl acetate and l-vlnylpY.rrohd~n-2-one.

Sample solution: Transfer 250 mg of Dispersion to a 1~-mL
volumetric flask add about 4 mL of methanol, and sonicate.
After cooling td ambient temperature, dilute with ,-:"ater to
volume and mix. Centrifuge at 4000 x 9 for 10 min, and
pass th;ough a 0.2-~m membrane filter. [NOTE-This
solution should be analyzedwithin 1 h when stored at room
temperature.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Columns

Precolumn: 4.0-mm x 3-cm; 5-~m packing L1 may be
used if a matrix effect is observed. [NoTE-The matrix
effect may result in poor reproducibility of the retention
times and of the peak shapes.] ,

Analytical: 4.0-mm x 25-cm; 5-~m packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 ~L

System suitability
Sample: System suitability ~oluti?n .

[NOTE-The relative retention times for vinyl acetate
and l-vinylpyrrolidin-2-one are 1.0 and 1.2,
respectively.]

Suitability requirements .
Resolution: NLT 5.0 between Vinyl acetate and

l-vinylpyrrolidin-2-one .
Relative standard deviation: NMT 5.0% determined

from the l-vinylpyrrolidin-2-one peak
Analysis

Samples: Standard solution and Sample s~/ution

Acceptance criteria: The ~esponse of the vlnyl.acetate peak
from the Sample solution IS NMT that of the Vinyl acetate
peak from the Standard solution, corresponding to NMT
100 ppm of vinyl acetate.

• LIMIT OF ACETIC ACID/ACETATE
Solution A: 5 mM sulfuric acid
Solution B: Acetonitrile and 5 mM sulfuric acid (1:1)
Mobile phase: See Table 2.

www.webofpharma.com

https://nhathuocngocanh.com/



5974 Polyvinyl/Official Monographs

• Loss ON DRYING (731)
Sample: 1.0 g of Dispersion
Analysis: Dry the Sample at 110° for 5 h.
Acceptance criteria: 68.5%-71.5%

• COAGULUM CONTENT
Sample: 100 g of Dispersion
Analysis: Accurately weigh a stainless steelsieve with45-lJm

openings or a suitablesingle-woven wireclothwitha mesh
width of 45 IJm, and filter the Sample through it.
[NOTE-Suitable single-woven wirecloth mesh meets the
requirementsset in ISO 9044.] Wash the sieve or the cloth
with distilled water untila clearfiltrate isobtained, 'and dry
the sieve or the cloth to constant weight at 100°-105°.

Acceptance criteria: The weight of the residueis NMT
500 mg (0.5%).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers at a

temperature below 25°. Protect from freezing.
• LABELING: Label it to indicatethe amounts of povidoneand

sodium lauryl sulfate.
• USP REFERENCE STANDARDS (11)

USP Polyvinyl Acetate Dispersion RS

Polyvinyl Acetate Phthalate

DEFINITION ,
Polyvinyl Acetate Phthalate is a reaction product of phthalic

anhydride and a partially hydrolyzed polyvinyl acetate. It
contains NLT 55.0% and NMT 62.0% of phthalyl
(o-carboxybenzoyl, CgHS0 3) groups, calculatedon the
anhydrous, acid-free basis.

IDENTIFICATION
• A. The Sample solution in the Assay exhibits a maximum at

277 ± 3 nm.
• B.

Sample: 10 mg
Analysis: Place the Sample in a small test tube, add 10 mg

of resorcinol, and mix.Add0.5 mL ofsulfuric acid,and heat
in a liquid bath at 160° for 3 min. Cool,and pour the
solution into a mixtureof 25 mL of 1 N sodium hydroxide
and 200 mL of water.

Acceptance criteria: The solutionshows a vivid green
fluorescence. '

• C.
Sample solution: 100 mg/mLof Polyvinyl AcetatePhthalate

in methanol
Analysis: Pour1 mL of the Sample solutiononto a clearglass

plate.
Acceptance criteria: Afilm is deposited as the methanol

evaporates.

ASSAY
• PHTHALYL CONTENT

Standard solution: 0.05 mg/mL of phthalicanhydride in
alcohol, prepared as follows. Transfer 50 mg of phthalic
anhydrideto a 1OOO-mL volumetric flask. Dissolve withheat
in 100 mL of alcohol, dilute with alcohol to volume,
and mix.

Sample solution: 0.1 mg/mLof Polyvinyl AcetatePhthalate
inalcohol, prepared asfollows. Transfer 100 mg of Polyvinyl
AcetatePhthalateto a 1OOO-mL volumetric flask, dissolve in
alcohol, and dilute with alcohol to volume.

Instrumental conditions
Mode: UV
Cell: 1 cm
Analyticalwavelength: 275 nm

NF 38

Analysis
Samples: Standardsolutionand Sample solution
Calculate, on the acid-free basis, the percentage of phthalyl

taken:

Result =(Au/As) x (CslCu) x 100

Au =absorbance of the Sample solution
As =absorbance of the Standardsolution
Cs =concentration of phthalicanhydride in the

Standardsolution (mg/mL)
Cu =concentration of Polyvinyl Acetate Phthalate in

the Sample solution (mg/mL)

Acceptance criteria: 55.0%-62.0% of phthalyl
(o-carboxybenzoyl, CgHS0 3) groups on the anhydrous,
acid-free basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 1.0%
• FREE PHTHALIC ACID

Standard solution: 0.05 mg/mLof phthalic anhydride
Sample solution: 6 mg/mLof polyvinyl acetate phthalate in

water prepared as follows. Dissolve 1500 mg of Polyvinyl
Acetate Phthalate in 50 mL of a mixtureof methylene
chlorideand methanol (4:1). Transfer the solution to a
separator with the aid of 75 mL of water, and swirl, taking
care not to shake.Add100 mL of hexanes,shake,and allow
the mixture to stand until it separates into two layers.
Transfer the water layer to a 250-mL volumetric flask. Add
100 mL ofwater to the separator, shake,and allowto stand
until the layers separate. Transfer the water layerto the
same volumetric flask, and dilute with water to volume. If
the solution iscloudy, centrifugea portion until clear.

Instrumental conditions
Mode: UV
Cell: 1 cm
Analytical wavelength: 277 nm

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage offree phthalicacid in the portion

taken:

Result = (Au/As) x (CslCu) x (M,,1M'2) X 100

Au =absorbance of the Sample solution
As =absorbance of the Standardsolution
Cs =concentration of phthalicanhydride in the

Standardsolution (mg/mL)
Cu =concentration of Polyvinyl Acetate Phthalate in

the Sample solution (mg/mL)
M" =molecular weight of phthalic acid, 166.13
M'2 =molecular weight of phthalicanhydride, 148.12

Acceptance criteria: NMT 0.6% on the anhydrous basis
• FREE ACID OTHERTHAN PHTHALIC

Sample solution: Proceed as directed for Sample solution in
Impurities, Free Phthalic Acid, but instead of transferring the
water extracts to a volumetric flask, transfer them to a
400-mLbeaker.

Titrimetric system
(See Titrimetry(541 ).)
Mode: Directtitration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual '

Analysis: Titratethe Sample solutionwith Titrant to a
phenolphthalein endpoint.
Calculate the volume, Vp, in mL, of0.1 Nsodium hydroxide

consumed by the free phthalicacid in the sample taken:
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dried basis. j,Typical averag~mblecularweight is in the
range of 10,000-600,000 g/mol.j, (NFl-MaY-2(20)

IDENTBFICATION

fC:h~nge t~ read:'

• A.j,SPECTROSCOPIC IDENTifiCATION TESTS (197), Infrared
Spectro~copy: 197Kor197A:j, (NFl-MCly~Z020j

,Change to read:

• B.
'.iAnalysis 1: T05mLof.i,l~ln-100sQlu·- fn,O.lNsodiun1

hydroxide add l'mL ofcalciwm chlori S.
Acceptance criteria1: Avoluminous,ge atinous precipitate

isformea:j, (NF1:May-2020)

Analysis j,2:... (NF l-May-20Z0) To 10 ml of a 1-in-1 00 solution
in 0.1 N sodium hydroxide add 1 ml of 2 N sulfuric acid

Acceptance criteria "2: ... (NF1-MaY-20Z0) A heavy, gelatinous
precipitate isformed.

• C.
Analysis: To 5 mg in a test tube add 5 mL of water, 1 mL

of a freshly prepared 1-in-l 00 solution of
1,3-naphthalenediol in alcohol, and 5 ml of
hydrochloric acid. Heat the mixture to boiling, boil gently
for 3 min, then cool to 15°.Transferthe contents of the test
tube to a 30-mL separator with the aid of 5 ml of water,
and extract with 15 mLof isopropyl ether.

Acceptance criteria: The isopropyl ether extract exhibits a
deeper purplish hue than that from a blank, similarly
prepared.

Change to read:

• D. IDENTifiCATION TESTS-GENERAL (191), Chemical
Identification Tests, Potassium

"'Sample solution: 5 mg/mL of Potassium
Alginate ... (NFl-May-Z~Zo)

Analysis "'1: ' Transfer1 ml ofthe Sample solution intoa' test
tube, add 1 mLof sodium bitartrate TS"stirthe insideofthe
test.tube witha glass rod, and add 0.5 ml of
alcohol.... (NF l-May-Z020)

Acceptance criteria "'1: Awhite crystalline precipitate is
formed.

Analysis2: To the test tube from Analysis' 1 add 3 mlof 6 N
ammoniUm hydroxide.

Acceptance criteria.2: The white crystalline prec;ipitate is
,dissolved....·(NF l-May-20Z0)

ASSAY
• ALGINATES ASSAY (311): 16.5%-19.5% of carbon dioxide

(C0 2) , equivalent to 89.20/0-105.5% of potassium alginate
on the dried basis

IMPURITIES
• ARSENIC (211), Procedures, Method 1/: NMT 1.5 ppm
• LEAD (251)

Standard solution: 5 mLof Dilutedstandardleadsolution
Test preparation: Add 1.0 g to 20 ml of nitric acid in a

250-mLconicalflask, mix, and heat carefully until the
Potassium Alginateisdissolved. Continue the heating until
the volume is reduced to 7 mL. Cool rapidlyto room
temperature, transfer to a 1OO-ml volumetricflask, and
dilute with water to volume. Usea 50-mLsample of the
Testpreparat0n. ,

Analysis: Proceedas directed in the chapter, using 15 mLof
ammonium citrate solution, 3 mLof potassium cyanide
solution, and 0.5 mLof hydroxylamine hydrochloride
solution being used for the test. After the first dithizone

Vp = (l/Mr) x (liN) x P x W

= equivalent weight of phthalic acid,
83.065 mg/mEq

= actual normality of the Titrant (mEq/ml)
= percentage of free phthalic acid, previously

determined, in decimal form
= sample weight of Polyvinyl Acetate Phthalate on

the anhydrous basis (mg)

Calculate the percentage of free acid other than phthalic,
as acetic acid, in the portion taken:

w

N
P

Result = [(V - Vp) x Mr3 x N]IW x 100

V = total volume of 0.1 N sodium hydroxide used
(ml)

Mr3 = equivalent weight of acetic acid, 60.05 mg/mEq
N = actual normalityof the Titrant
W = sample weight on the anhydrous basis (mg)

Acceptance criteria: NMT 0.6% on the anhydrous basis

SPECIFIC TESTS
• VISCOSITY-CAPILLARY METHODS (911)

Sample solution: Dissolve a quantity, equivalent to 15 g on
the anhydrous basis, in 85 g of methanol.

Analysis: Determine the viscosity of the Sample solution,
using a capillary viscometerat 25 ± 0.2°.

Acceptance criteria: The apparent viscosity is 7-11 mPa· s
(centipoises). '

• WATER DETERMINATION, MethodI (921): NMT5.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Potassium Alginate

Polyvinyl Alcohol-see Polyvinyl Alcohol General
Monographs

PotassiumAlginate is the purified carbohydrate product
extracted from various species of brown seaweeds by the
use of dilute alkali. It consists chiefl of the otassiurn salt
ofAlginic}\ci~,a linear, -.
~-D-l"11annuroni 'd
t r 4

b ria
o "

it yieldsNlT 16.5% and NMT
19.5% of carbon dioxide (C0 2) , equivalent to NlT 89.2%
and NMT 105.5% of potassium alginate, calculated on the

Alginic acid, potassium salt;
Potassiumalginate [9005-36-1].

DEFINITION
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Potassium Benzoate

• C. 'The retention time of the major peak of the Sample
solution corresponds to that of the Standard solution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Solution A: Adjust a 20 mM solution of monobasic
potassium phosphate with phosphoric acid to a pH of 2.5.

Mobile phase: Solution A and acetonitrile (70:30)
Diluent: Water and acetonitrile (50:50)

. System suitability solution: 0.1 mg/mL of USP Salicylic
Acid RS and 0.1 mg/mL of USP Benzoic Acid RS in Diluent

Standard solution: 0.1 mg/mL of USP Benzoic Acid RS in
Diluent

Sample solution: 0.1 mg/mL of Potassium Benzoate in
Diluent

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm x 15-cm; 5-J..Im packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 J..IL

System suitability
Samples: System suitability solutionand Standardsolution

[NoTE-The relative retention times for benzoic acid
and salicylicacid are approximately 1 and 1.2,
respectively.]

. Suitability requirements
Resolution: NLT 3.0 between benzoic acid and salicylic

acid, System suitability solution
Tailing factor: NMT 2.0 for benzoic acid, Standard

solution
Relative standard deviation: NMT 0.5% for benzoic

acid, Standardsolution
Analysis

Samples: Standardsolution and Sample solution
Calculate the percentage of potassium benzoate

(C7HsK0 2) in the portion of Potassium Benzoate taken:

Result = (r vir s) x (C siCv) x (M rdM r2) X 100

r u =peak area of benzoic acid from the Sample solution
r s =peak area of benzoic acid from the Standard

solution
C s =concentration of USP BenzoicAcid RS in the

Standardsolution, corrected for purity (mg/mL)
C u = concentration of Potassium Benzoate in the

Sample solution (mg/mL)
M r1 = molecular weight of potassium benzoate, 160.21
'M r2 =molecular weight of benzoic acid, 122.12

Acceptance criteria: 99.0%-101.0% on the anhydrous
basis '

SPECIFIC TESTS
.. ALKALINITY

Sample: 2 g
Analysis: Dissolvethe Sample in 20 mLof hot water, and add

2 drops ofphenolphthalein TS.
Acceptance criteria: Ifa pink color is produced, it is

discharged by the addition of 0.20 mL of 0.10 N
sulfuric acid.

• WATER DETERMINATION (921), Method I: NMT 1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

extractions, wash the combined chloroform layers with
5 mLof water, discarding the water layer and c;ontinuing in
the usual manner by extracting with 20 mL of 0.2 N
nitric acid. '

Acceptance criteria: A 50.0-mL portion of the Test
preparation contains NMT 5 J..Ig of lead (corresponding to
NMT 10 ppm of lead).

SPECIFIC TESTS
• ARTICLES OF BOTANICAL ORIGIN (561), Methods of Analysis,

TotalAsh
Analysis: Proceed as directed in the chapter, carefully

igniting 3 g in a tared platinum dish until the residue is
thoroughly carbonized (5 min), and then igniting in a
muffle furnace at a temperature of 800 ± 25° until the
carbon is completely burned off (approxlrnately 75 min).

Acceptance criteria: 24.00/0-32.0% of ash is found,
calculated on the as-is basis.

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total' aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cfu/
g.

• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 15%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

o

~-~

C7HsKOz 160.21
Benzoic acid, potassium salt;
Potassium benzoate [582-25-2].

DEFINITION
Potassium Benzoate contains NLT 99.0% and NMT 101.0% of
, potassium benzoate (C7HsK0 2) , calculated on the anhydrous

basis.

IDENTIFICATION

• A.
~ft~gt (.§(£ -: -, .J1i.~ ...

Sample: Undried sample
Acceptance criteria: Meets the requirements

• B. Potassium Benzoate imparts a violet color to a
non luminous flame. Because the presence of small _ '
quantities of sodium masks the color, screen out the yellow
color produced by sodium by viewing through a blue filter
thatblocks emission at 589 nrn (sodium) but is transparent
to emission at 404 nm (potassium). [NOTE-Traditionally,
cobalt glass has been used, but other suitable filters are
commercially available.]
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• USP REFERENCE STANDARDS (11)
USP Benzoic Acid RS
USP Potassium Benzoate RS
USP Salicylic Acid RS

Potassium Carbonate-see Potassium Carbonate
General Monographs

Potassium Chloride-see Potassium Chloride General
Monographs

Potassium Citrate-see Potassium Citrate General
Monographs

Potassium Hydroxide

KOH 56.11
Potassium hydroxide [1310-58-3].

DEFINITION
Potassium Hydroxide contains NLT 85.0% oftotal alkali,

calculated as potassium hydroxide (KOH), including NMT
3.5% of potassium carbonate (K1C03) . It also contains NLJ
59.9% of potassium. !

[CAUTIoN-Exercise great care in handling Potassium
Hydroxide because it rapidly destroys tlssues.]

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL (191), Potassium: A

solution (1 in 25) meets the requirements.
• B. pH (791) .

Sample solution: 0.1 mg/mL of PotassiumHydroxide
Acceptance criteria: NLT 10.5

ASSAY
• TOTAL ALKALI

Sample: 1.5 9 of Potassium Hydroxide
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 1 N sulfuric acid VS
Endpoint detection: Colorimetric

Analysis: Dissolve the Sample in 40 mL of carbon dioxide
free water. Cool the solution to 15° and add
phenolphthalein TS.Titrate with 1 N sulfuric acid VS. At the
discharge of the pink color of the indicator, record the
volume of acid solution required, then add methyl .
orange TS and continue the titration to a persistent pink
color. Each milliliter of 1 N sulfuric acid is equivalent to
56.11 mg of total alkali, calculated aspotassium hydroxide
(KOH), and each milliliter of acid consumed in the titration
with methyl orange is equivalent to 138.2 mg of potassium
carbonate (K1C03) .

Acceptance criteria: NLT 85.0% of total alkali, calculated as
potassium hydroxide (KOH), including NMT 3.5% of
potassium carbonate (K1C03)

• CONTENT OF POTASSIUM
Diluent: 1% hydrochloric acid solution
Sodium chloride solution: 0.2 g/mL of sodium chloride

OfficialMonographs / Potassium 5977

Blank solution: Transfer 2.0 mL of the Sodium chloride
solutionto a 1OO-mL volumetric flask and dilute with Diluent
to volume.

Standard stock solution: 57.21 f,.Jg/mL of potassium
chloride, previously dried at 105° for 2 h, in water. This
solution contains 30 f,.Jg/mL of potassium.

Standard solutions: Transfer 2.0-, 4.0-, and 6.0-mL
portions of the Standard stock solution to separate 100-mL
volumetric flasks. To each flask, add 2.0 mL of the Sodium
chloride solution. Dilute the content of each flask with
Diluent to volume and mix to obtain solutions with known
concentrations of 0.6, 1.2, and 1.8 I-Ig/mL of potassium.

Sample stock solution: 0.5 mg/mL of Potassium Hydroxide
Sample solution: Transfer 1.0 mL of the Sample stock

solution to a 250-mL volumetric flask. Add 5.0 mL of the
Sodium chloride solutionand dilute with Diluent to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 766.5 nm (potassium emission

line)
Lamp: Potassiumhollow-cathode
Flame: Air-acetylene
Blank: Blank solution

Standard curve
Samples: Standard solutions
Plot: Absorbance values versus their corresponding

concentrations (l-Ig/mL) of potassium. The correlation
coefficient is NLT 0.999.

Analysis
Sample: Sample solution
From the Standardcurve, determine the concentration of

potassium in the Sample solution.
Calculate the percentage of potassium in the portion of

Potassium Hydroxide taken:

Result= (C siC u) x 100

=concentration of potassium in the Sample solution
from the Standardcurve(uq/rnl)

=concentration of Potassium Hydroxide in the
Sample solution (f,.Jg/mL)

Acceptance criteria: NLT 59.9%

IMPURITIES
• LIMIT OF SODIUM

Diluent: 1% hydrochloric acid solution
Standard stock solution: 12.71 I-Ig/mL of sodium chloride,

previously dried at 105° for 2 h, in water. This solution
contains 5 uq/m], of sodium.

Standard solutions: Transfer 1.0-, 10.0-, and 15.0-mL
portions of the Standardstocksolution to separate 100-mL
volumetric flasks. Dilute the content of each flask with
Diluent to volume and mix to obtain solutions with known
concentrations of 0.05, 0.5, and 0.75 f,.Jg/mL of sodium.

Sample stock solution: 0.5 mg/mL of PotassiumHydroxide
Sample solution: 50 uq/rnl, of Potassium Hydroxide in

Diluent, prepared from the Sample stock solution
Instrumental conditions

(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 589.0 nm
Lamp: Sodium hollow-cathode
Flame: Air-acetylene
Blank: Diluent

Standard curve
Samples: Standardsolutions
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Plot: Absorbance values versustheir corresponding 
concentrations (~g/mL) of sodium. The correlation
coefficientis NLT 0.995.

Analysis
Sample: Sample solution
From the Standardcurve, determine the concentration of
sodium in the Sample solution.

Calculate the percentage of sodium in the portion of
Potassium Hydroxide taken:

Result = (C siC u) x 100

=concentration of sodium in the Sample solution
from the Standardcurve (~g/mL)

= concentration of Potassium Hydroxide in the
Sample solution (~g/mL)

Acceptance criteria: NMT 1.0%

SPECIFIC TESTS
• INSOLUBLE SUBSTANCES

Sample solution: 1 g of Potassium Hydroxide in 20 mLof
water

Acceptance criteria: The Sample solution iscomplete, clear,
and colorless.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Potassium Metabisulfite

K2S20S 222.32
Disulfurous acid, dipotassium salt;
Dipotassium pyrosulfite [16731-55-8].

DEFINITION
Potassium Metabisulfite contains an amount of K2S20S

equivalent to NLT 51.8% and NMT 57.6% of S02'

IDENTIFICATION .
• A. IDENTIFICATION TESTs-GENERAL, Potassium (191) and

Sulfite (191): Asolution (1 in 20) meets the requirements.

ASSAY
• PROCEDURE

Sample: 250 mg of Potassium Metabisulfite
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 N iodine VS
Backtitrant: 0.1 N sodium thiosulfateVS
Endpoint detection: Visual

Analysis: Transferthe Sample to a glass-stoppered conical
flask containing 50.0 mLof 0.1 N iodine VS, and swirl to
dissolve. Allow to stand for 5 min, protected from light, and
then add 1 mLof hydrochloric acid. Titrate the excess
iodine with 0.1 N sodium thiosulfateVS, adding 3 mLof
starch TS as the endpoint is approached.
Calculate the percentage of S02 in the portion of Sample

taken:

Result = {[(V8 - Vs) x N x AIW} xl 00

V 8 =Back titrant volume consumed by the Blank (mL)
Vs' =Back titrant volume consumed by the Sample

(mL) .
N = Back titrant actual normality(mEq/mL)
F = equivalencyfactor, 32.03 mg/mEq
W = weight of the Sample (mg)

NF 38

Acceptance criteria: 51.80/0-57.6% of S02

IMPURITIES
• IRON (241)

Test preparation: Dissolve 1.00 g in 14 mL of dilute
hydrochloric acid (2 in 7), and evaporate on a steam bath
to dryness. Dissolve the residue in 7 mL of dilute
hydrochloric acid (2 in 7), and again,evaporate to dryness.
Dissolve the resultinq residue in a mixtureof 2 mLof
hydrochloric acid and 20 mLof water. Add 3 drops of
bromineTS, and boilto expel the bromine. Cool,and dilute
with water to 47 mL.

Acceptance criteria: NMT 10 ppm

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-fitted, tight

containers, and avoid exposure to excessive heat.

Potassium Metaphosphate

(KP03) n

Metaphosphoric acid (HP03) , potassium salt;
Potassium metaphosphate;
Potassium polymetaphosphate [7790-53-6].

DEFINITION
Potassium Metaphosphate is a straight-chain polyphosphate,

having a high degree of polymerization. It contains the
equivalent of NLT 59.0% and NMT 61.0% of phosphorus
pentoxide (P20S) '

IDENTIFICATION
• A.

Sample: 1 g, finely powdered
Analysis: Add the Sample, slowly and with vigorousstirring,
. to 100 mLof sodium chloride solution (20 mg/mL).
Acceptance criteria: Agelatinous mass isformed..

• B. IDENTIFICATION TESTs-GENERAL, Potassium (191)
Sample: 0.5 g
Analysis: Boil a mixture of the Sample, 10 mLof nitric acid,

and 50 mLof water for 30 min, and cool.
Acceptance criteria: Meets the requirements

• C. IDENTIFICATION TESTS-GENERAL, Phosphate (191)
Sample: 0.5 g
Analysis: Boil a mixture of the Sample, 10 mLof nitric acid,

and 50 mLof water for 30 min, and cool.
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 200 mg
Titrimetric system

(See Titrimetry(541).)
Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Back-titrant: 1 N sulfuric acid VS
Endpoint detection: Visual

Analysis: Mix the Sample with 15 mLof nitric acid and
30 mL of water. Boil for 30 min, cool, and dilute with water
to 100 mL. Heat to 60°, add an excess of ammonium
molybdate TS, and heat at 50° for 30 min. Filter, and wash
the precipitate, firstwith 0.5 N nitricacid, and then with
10 mg/mL of potassium nitrate until the filtrate is. no longer
acid to litmus.Add 25 mLof water to the precipitate,
dissolve it in 50.0 mLof Titrant, and add phenolphthalein
TS. Titrate the excess sodium hydroxide with Back-titrant.
Each mLof Titrant isequivalent to 3.086 mg of phosphorus
pentoxide (P20~).
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Acceptance criteria: 59.0%-61.0%

IMPURITIES
• LEAD (251)

Sample solution: 1 g of PotassiumMetaphosphate in 10 mL
of 3 N hydrochloric acid

Acceptance criteria: The Sample solution contains NMT 5
J,lg of lead (corresponding to NMT 5 ppm of lead).

• LIMIT OF FLUORIDE
Control: Water
Sample solution: Place5.0 g of PotassiumMetaphosphate,

25 mL of water, 50 mL of perchloric acid,S drops of
500 mg/mL silver nitrate, and afew glassbeadsin a 250-mL
distilling flask connected with a condenser and carrying a
thermometer and a capillary tube, both of which extend
into the liquid. Connect a small dropping funnel, filled with
water, or a steam generator to the capillary tube. Support
the flask on a distillation shield with a hole that exposes
one-third of the bottom of the flask to the flame. Distill
into a 250-mL volumetric flask until the temperature
reaches 135°. Add water from the funnel or introduce
steam through the capillary to maintain the temperature
between 135° and 140°. Continue the distillation until 225
240 mL has been collected, then dilute with water to
volume.

Analysis: Transfer 50.0 mL of the Sample solution to a
1OO-mL color-comparison tube, and transfer 50.0 mL of the
Control to a similar tube. Add to each tube 0.1 mL of a
filtered solution of sodium alizarinsulfonate TSand 1 mL of
freshly prepared 0.25 mg/mL hydroxylamine
hydrochloride. Add, dropwise and with stirring, 0.05 N
sodium hydroxide to the tube containing the distillate until
its color just matches that of the Control, which is faintly

. pink. Then add to each tube 1.0 mL of 0.1 N hydrochloric
acid. From a buret, graduated in 0.05-mL increments, add
slowly to the tube containing the distillate, enough
0.25-mg/mL thorium nitrate solution so that, after mixing,
the color of the liquid just changes to a faint pink. Note the
volume of the solution added, add the same volume to the
Control, and mix. Then add sodium fluoride TS (10 J,lg/mL
of fluorine) to the Control from a buret to make the colors
of the two tubes match after dilution to the same volume.
Mix, and allow all air bubbles to escapebefore making the
final color comparison. Check the endpoint by adding 1 or
2 drops of sodium fluoride TS to the Control. A distinct
change in color appears.

Acceptance criteria: 10 J,lg/g; the volume of sodium
fluoride TS required for the Control is NMT 1.0 mL.

SPECIFIC TESTS
• VISCOSITY-CAPILLARY METHODS (911)

Sample solution: Mix 300 mg with 200 mL of 3.5 mg/mL
sodium pyrophosphate, using a magnetic stirrer.

Analysis: Using an Ostwald-Fenske viscometer maintained
at 25°, determine the viscosity of the clear solution
obtained, or of the liquid phase of the mixture obtained
after 30 min of continuous stirring.

Acceptance criteria: 6.5-15 mPa. s

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

N
F
W

Monobasic Potassium Phosphate

KHzP04

Phosphoric acid, monopotassium salt;
Monopotassium phosphate [7778-77-0].

136.09

DEFINITION
Monobasic Potassium Phosphate; dried at 105° for 4 h,

contains NLT 98.0% and NMT 100.5% of monobasic
potassium phosphate (KHzP04) .

IDENTIFICATION
• A. IDENTIFICATION TESTS--eENERAL, Potassium (191)

Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements

• B. IDENTIFICATION TESTS-GENERAL, Phosphate (191)
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample solution: Transfer 5 g of Monobasic Potassium
Phosphate, previously dried, to a 250-mL beaker. Add
100 mL of water and 5.0 mL of 1 N hydrochloric acid VS,
and stir until the assay specimen is completely dissolved.

Titrimetric system
(See Titrimetry(541).)
Mode: Direct titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Potentiometrically

Analysis: Slowly titrate the excess acid in the Sample
solution, stirring constantly, with Titrant to the inflection

. point occurring at abou.tpH 4 (V 51)' Continue the titration
with Titrant until the inflection point occurring at about pH
8.8 is reached (V d.
Calculate the percentage of monobasic potassium

phosphate (KHzP04) in the sample taken:

Result= {[(V52 - V 51) x N x F]/W} x 100

=Titrant volume consumed by the Sample solution
to the second inflection point (mL)

= Titrant volume consumed by the Sample solution
to the first inflection point (mL)

=actual normality of the Titrant (mEq/mL)
= equivalency factor, 0.1361 g/mEq
= weight of monobasic potassium phosphate taken

to prepare the Sample solution (g)

Acceptance criteria: 98.0%-100.5% on the previously
dried basis .

IMPURITIES
• ARSENIC, Method I (211): NMT 3 J,lg/g
• LEAD (251)

Test preparation: 1 gin 20 mL of water
Acceptance criteria: NMT 5 J,lg/g

• LIMIT OF FLUORIDE
[NOTE-Prepare and store all solutions in plastic

containers.]
Buffer solution: 294 mg/mL of sodium citrate dihydrate
Standard stock solution: 1.1052 mg/mL of USP Sodium.

Fluoride, RS
Standard solution: Dilute 20.0 mL of Standardstock
, solution and 50.0 mL of Buffer solution with water to
100 mL Each mL of this solution contains 100 J,lg of
fluoride ion. .

Sample solution: Transfer 2.0 9 of Monobasic Potassium
Phosphate to a beaker containing a plastic-coated stirring
bar. Add 20 mL of water and 2.0 mL of hydrochloric acid,
and stir until dissolved. Add 50.0 mL of Buffer solution and
sufficient water to make 100 mL.

Electrode system: Usea fluoride-specific ion-indicating
electrode and a silver-silver chloride reference electrode
connected to a pH meter capable of measuring potentials
with a minimum reproduclblllty of ±0.2 mV (seepH (791».
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.~5

7536.0.

2s.0

IDENTIFICATION
• A. IDENTIFICATION TESTS-CENERAL (191), Chemical

Identification Tests, Potassium
Sample: Dissolve 1 g of Potassium Sorbate in 10 mL of

water. .
Acceptance criteria: Meets the requirements

ASSAY

150.22

[590:00-1;24634-

H3C~OK

o

Analysis
Standard response line: Transfer 50.0 mL of Buffer

solutionand 2.0 mL of hydrochloric acid to a beaker, and
add water to make 100 mL. Add a plastic-coated stirring
bar, insert the electrodes into the solution, stir for 15 min,
and read the potential, in mY. Continue stirring, and at
5-min intervals add 100, 100, 300, and 500 J,JL of
Standardsolution, reading the potential 5 min after each
addition. Plot the logarithms of the cumulative fluoride
ion concentrations (0.1, 0.2, 0.5, and 1.0 J,Jg/mL) versus
potential, in mY.
Rinse and dry the electrodes, insert them into the Sample
solution, stir for 5 min, and read the potential in mY.
From the measured potential and the Standard
response line determine the concentration, C(in IJg/mL),
of fluoride ion in the Sample solution.

Calculate the content of fluoride in the portion of
Monobasic Potassium Phosphate taken:

Result = (V x C)/W

V = volume of the Sample solution (mL)
C = concentration of fluoride ion, determined from

the Standardresponse line, in the Sample solution
(J,Jg/mL) .

W = weight of Monobasic Potassium Phosphate taken
to prepare the Sample solution (g)

Acceptance criteria: NMT 10 J,Jg/g

SPECifiC TESTS
• INSOLUBLE SUBSTANCES

Sample solution: 109 in 100 mL of hot water
Analysis: Filter the Sample solution through a tared filtering

crucible, wash the insoluble residue with hot water, and dry
at 105° for 2 h.

Acceptance criteria: NMT 20 mg (0.2%)
• Loss ON DRYING (731)

Analysis: Dry a sample at 105° for 4· h.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USPSodium Fluoride RS

Potassium Sorbate

Potassium Sorbate contains NLT 98.0% and NMT
'#.,02.(j%~ (~Fl=M;y;'i()2~H of potassium sorbate (C6H7KOz),
calculated on the dried basis. .

C6H7KOz
2,4-Hexadienoic acid,
:#.potassi'um (2£,4
Potassium (E,E)-sorbat

61-5].

DEFINITION
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his

Cli

= concentrationof potassium inthe Sampleso/ution
from the Standard curve (J..Ig/ml)

=concentration of Potassium Sorbate in the
Sample solution (J..Ig/ml)

Acceptance 'criteria: 24.5%..;.27;6%.0\ (NF l-Ma~:2(20)

ransfer J.O ml of th~Sample stock
o a100 l volumetric flask. Add2.0 rril ofthe

Sodiu hloride solution and dilute with Oiluent to volume.
The,concentration ofthissolutionis4.6 J..Ig/ml ofPotassium
Sorpate.

Instrumental conditions
(SeeAtomic Absorption Spectroscopy (852).)

Atomic absorptionspectrophotometry
alwavelength: 766.5 nm (potassium emission

ssium hollow-cathode
cetylene

S rYe
S les: Standard solutions
1'10 . Absorbance valuesversus their corresponding, _'

concentrations (J..Ig/ml) of potassium. The correlation
coefficientis NlT 0.995.

Analysis
Sample: Sample solution
From the Standard curve, det~rmine the concentrationof

potassiumin,the Sample solution. "
Calculate the percentage of potassium in the portion of

Potassium Sorbatetaken:

Result == (Cs/Cu) X100

All the four isomers are in their correspondingsorbic
acid forms in tne.HPlC column becauseof the acidic
mobilephase condition.A (NF 1.May-20iO)] ,

ItcJi!t,,;follQWing:

J.;~' PROCEDURE 2:' CONTENT OF 'PoTAssiuM
Diluent: 1% hydrochloric acid solution
SodiLJn1 chloride solution: 0.2 g/ml of sodium chloridein
0' '

81
c 0' , -:__

S

IMPURITIES

A~tI,the followilJg:

:A:....IMITO' LDEHYDE
Decolor" fuchsin s~lution: Dissolve o.rg of b
fuchsin in 60 mLofwater. Adda solution contain' . of
anhydrous sodium sulfite in 10 mL of water. SI '
with c ous shaking add 2 mL ofhydr
Dilute, . ater to 100 mL. Allowto'starid' ., fronl
lightfor at least12 h, decolorize with activatedcharcoal,
and filter. Ifthe solution becomes cloudy, filter before use:

18

1.0

0:83

0.92

O.8~

solutionwitl1U'! irradiation to'generatei: l%'degr:adatiori
of potassi' orbate (base area%).l,

S ' pn:. O.lmgl f USP Potassium"Sorbate'RS

Re ves anda
frompotassiu

Analysis
Samples: Stahddrdsolutio
Calculate the percentage

sample.taken:

Result ='(rdlrsyx:(CHCiJ)'x'1 00

ru =peak area ofpotassiurnsorbat~ f(orntneSdtnple
solution

rs =pe~k area of potassiUrl1sorbate'Jromthe' Standard
sol '

<:'s ::; con tratio'n of
Stan rdsolution

Cu = concentration of Pota. m Soroat~ in~th~
Sample solution (mg/ml)

Acceptance criteria: 98.()o/O':"1()2.0%;or{~ne dried oasis

Table 2

Potassium sorbatecis, cis isomer"

Name

PotasSiLir:ri sorbatetrans, cis isomer<:

:Potassilirrisorba.te
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SPECIFIC TESTS
• ACIDITY ORALKALINITY

Sample solution: 1.1 g of Potassium Sorbate in 20 mL of
water

Analysis: Add phenolphthalein TS to the Sample solution.
Acceptance criteria: If the solution is colorless, titrate with

0.10 N sodium hydroxide to a pink color that persists for
15 s: NMT 1.1 mL of 0.10 N sodium hydroxide is required.
If the solution is pink in color, titrate with 0.10 N
hydrochloric acid to discharge the pink color: NMT 0..80 mL
of 0.10 N hydrochloric acid is required.

'. LOSS.oN DRYING (731)
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light, and avoid exposure to excessive heat.

Povidone-see Povidone General Monographs

Propane
C3Hs 44.10
[74~98-6].

DEFINITION
Propane contains NLT 98.0% of propane (C3Hs) .
[CAUTIoN-Propane is highly flammable and explosive.]

NF 38

IDENTIFICATION
• A. INFRARED ABSORPTION: Exhibits maxima, among others,

at the following wavelengths, in urn: 3.4 (vs), 6.8 (s), and
7.2 (m).

• B.
Sample: Use an empty stainless steel cylinder equipped

with a stainlesssteel valve, having a capacity of NLT
200 mL, and a pressure rating of 240 psi or more. Dry the
cylinder with the valve open at 110° for 2 h, and evacuate
the hot cylinder to less than 1 mm of mercury. Close the
valve, cool, and weigh. Connect one end of a charging line
tightly to the propane container and the other end loosely
to the empty cylinder. Carefully open the propane
container, and allow the propane to flush out the charging
line through the looseconnection. Avoid excessive flushing,
which causes moisture to freeze in the charging line and
connections. Tighten the fitting on the empty cylinder, and
open the empty cylinder valve, allowing the propane to
flow into the evacuated cylinder. Continue sampling until
the desired amount of propane is obtained, then close the
propane container valve, and finally close the sample
cylinder valve. [CAUTION-Do not overload the sample
cylinder; hydraulic expansion due to temperature change
can cause overloaded cylinders to explode.] Weigh the
charged sample cylinder, and determine the weight.

Analysis: Determine the vapor pressureof the Sample at 21°
by means of a suitable pressure gauge.

Acceptance criteria: 820-875 kPa absolute (119
127 psia)

ASSAY
• PROCEDURE

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: s-rn x 3-mm aluminum; packed with 10 weight

percent of liquid phase G30 on support Sl D
Column temperature: 33°
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 2 ~L

'System suitability
Sample: Propane
Suitability requirements: The peak responsesfor Propane

from duplicate determinations agree within 1%.
Analysis: Connect one Propane cylinder to the

chromatograph through a suitable sampling valve and a
flow control valve downstream from the sampling valve.
Flush the liquid specimen throuqhthe sampling valve,
taking care to avoid entrapment of gas or air in the
sampling valve. Calculate the percentage purity by dividing
100 times the propane response by the sum of all of the
responses.

Acceptance criteria: NLT 98.0%

SPECIFIC TESTS
• HIGH-BOILING RESIDUES

Sample: Use the Sample from Identification test B.
Analysis: Prepare a cooling coil from copper tubing (about

6-mm outside diameter x about 6.1-m long) to fit into a
vacuum-jacketed flask. Immerse the cooling coil in a
mixture of dry ice and acetone in a vacuum-jacketed flask,
and connect one end of the tubing to the Sample. Carefully
open the sample cylinder valve, flush the cooling coil with
about 50 mL of the Sample, and discard this portion. of
liquefied sample. Continue delivering liquefied sample from
the cooling coil, and collect it in a previously chilled
1OOO-mL sedimentation cone until the cone is filled to the
1OOO-mL mark. Allow the sample to evaporate, using a
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warm water bath maintained at about 400 to reduce
~vaporating time. When allof the liquid has evaporated,
nnse the sedimentation cone with two 50-mL portionsof
pentane, and combine the rinsings in a tared 150-mL
evaporating dish. Transfer 100 mL of the pentane solvent
to a second tared 150-mL evaporating dish, place both
evaporating dishes on a water bath, evaporate to dryness,
and heat the dishes inan oven at 1000 for 60 min. Cool the
dishes in a desiccator, and weigh. Repeatthe heating for
15-min periods untilsuccessive weighingsare within
0.1 mg, and calculatethe weight of the residueobtained
from the Sample as the difference between the weights of
the residues in the two evaporating dishes.

Acceptance criteria: NMT 5 ~g/mL

• ACIDITY OF RESIDUE
Sample solution: Add 10 mL of water to the residue

obtained in the test for High-Boiling Residues, mix by
swirling for 30 s, add 2 drops of methylorange TS, insert
the stopper in the tube, and shakevigorously.

Acceptance criteria: No pinkor red color appears in the
aqueous layer.

• LIMITOF SULFUR COMPOUNDS
Analysis: Carefully open the container valve to produce a

moderate flowof gas. Do not direct the gas stream toward
the face, but deflect a portion of the stream toward
the nose.

Acceptance criteria: Theodor isfreefromthe characteristic
odor of sulfurcompounds.

• WATER DETERMINATION (921)
Sample: 100 g of the Sample from Identification test B
Analysis: Proceed as directed in the chapter with the

following modifications. (a) Provide the closed-system
titrating vessel with an opening through which passes a
coarse-porosity gas dispersion tube connected to a
sampling cylinder. (b) Dilute the Reagent with anhydrous
methanol to givea water equivalence factor of0.2-1 .0 mg/
mL; age this diluted solutionfor NLT 16 h before
standardization. (c) Introduce the Sample into the titration
vessel through the gas dispersion tube at a rate of about
100 mL/min; if necessary, heat the sample cylinder gently
to maintain this flow rate.

Acceptance criteria: NMT 0.001% .

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight cylinders, and

prevent exposure to excessive heat.

Propanediol

C3Hs0 2 76.09
1,3-Propanediol;
1,3-Dihydroxypropane;
Propane, 1-3-diol;
Trimethylene glycol [504-63-2].

DEFINITION
Propanediol contains NLT 99.7% of 1,3-propanediol

(C3Hs0 2) . It may be of vegetable, other natural source, or
synthetic origin.

IDENTIFICATION

Official Monographs I Propanediol 5983

• B. Th.e retention time of the major peak of the Sample
solutioncorresponds to the 1,3-propanediol peak of the
System suitabilitysolution, as obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: Mix quantities of USP
Propylene Glycol RS and USP 1,3-Propanediol RS to obtain a
solutioncontaining about 5% propylene glycol and 95%
propanediol.

Sample solution: Propanediol (neat)
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m capillary column' bonded

with a 0.25-~m layer of phase G16 '
Temperatures

Detector: 2500

Injection port: 2500

Column: See Table 7.

Table 1

Initial
Hold Time

Temperature Final at Final
Temperature Ramp Temperature Temperature

e) e/min) n (min)

50 15 200 -
200 40 250 17

Carrier gas: Helium
Flowrate: 1.1 mL/min
Injection volume: 0.2 ~L

Split type: Splitratioof 18:1
System suitability

Sample: System suitabilitysolution
[NOTE-The relative re~ention times for propylene

glycol and propanediolare 0.7 and 1.0, respectively.]
Suitability requirements

Resolution: NLT 2.0 between the peaksdue to propylene
glycol and propanediol

Analysis
Sample: Sample solution
Calculate the percentage of propanediol in the portion of

sample taken:

Result = (rulrr) x 100

=peak responsefor propanediol in the Sample
solution

=sum of all peak responses in the Sample solution

Acceptance criteria: NLT 99.7%

IMPURITIES
• LIMITOF RElATED GLYCOL SUBSTANCES

System suitability.solution, Sample solution,
Chromatographic system, and System suitability:
Proceedas directed in the Assay.

Analysis
Sample: Sample solution
Calculate the percentage of each individual impurityin the

portion of Propanediol taken:

Result = (ru/rr) x 100

to = peak response of each individual impurity in the
Sample solution .

rr =sum of all peak responses in the Sample solution
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Acceptance criteria
Each individual impurity: NMT 0.1%
Total impurities: NMT 0.3%

• LIMIT OF ALDEHYDES
Formaldehyde methanol solution:1 A solution containing

37% (w/w) of formaldehyde and 10%-15% (w/w) of
methanol in water

Phenolphthalein solution: Dissolve 0.1 9 of
phenolphthalein in 80 mL of alcohol, and dilute with water
to 100 mL.

Quantification of Formaldehyde methanol solution: To
2.0 9 of Formaldehyde methanol solution, add 100 mL of a
freshly prepared 100 mg/mL solution of sodium sulfite in
carbon-dioxide free water. Add 0.1 mL of Phenolphthalein
solution, and titrate with 0.5 N sulfuric acid until the color
changes from pink to colorless. Carry out a blank titration.
Calculate the percentage content of formaldehyde in

Formaldehyde methanol solution using the following
expression:

Standard stock solution: 1.2 uq/rn], of Formaldehyde
methanol solution in carbon-dioxide free water, prepared
from appropriately diluting Formaldehyde methanol solution
in carbon-dioxide free water

Standard solutions: Introduce into 50-mL volumetric flasks
1.0-, 3.0-, 5.0-, 10.0-, 15.0-, and 25.0-mL of Standard stock
solution, respectively. Calculate the content of
formaldehyde, in ~g, in the Standard solutions using the
following expression. Proceed as directed in the Analysis
below. .

Result (content of formaldehyde) =V x C X PHCHO x 0.01

V =volume of the Standard stock solution added into
the Standard solution (mL)

C =concentration of Formaldehyde methanolsolution
in the Standard stock solution (~g/mL)

PHCHO = percentage content of formaldehyde in
Formaldehyde methanol solution, as determined
above

1 Formaldehyde TScan be used for Formaldehyde methanolsolution.

Result= WHCHO/(C x II)

= content of formaldehyde in the treated Sample
solution, determined from the calibration curve
(~g)

=concentration of Propanediol in the Sample
solution (g/mL)

= volume of the Sample solution in the analysis
(mL)

hydrochloride adjusted with 0.02 N sodium hydroxide
to a pH of 4.0. Allow the solutions to stand for 30 min.
Add 5 mL of a freshly prepared 7 mg/mL solution of ferric
chloride. Cap and swirl the flasks.Allow to stand for 5 min.
Add methanol to each flask, and dilute with methanol to
50.0 mL. Mix thoroughly, then allow to stand for 1 min.

Measure the absorbance of the solutions using the treated
Blank solution as compensation liquid.

Plot the absorbance of the treated Standard solution versus
the content of formaldehyde, in ~g, in the Standard
solution. Obtain the content of formaldehyde W HCHO' in
~g, in the treated Sample solution basedon the calibration
curve.

Calculate the content of aldehydes expressed as
formaldehyde (HCHO) in the portion of Propanediol
taken:

C

V

Acceptance criteria: NMT 0.1 mg/mL, calculated asacetic
acid (CH3COOH)

• WATER DETERMINATION, Method 1c(921): NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Do not store above50°. Protect from moisture.
• LABELING: Label it to indicate whether Propanediol is

derived from vegetable, other natural source, or synthetic
origin.

• USP REFERENCE STANDARDS (11)
USP 1,3-Propanediol RS
USP Propylene Glycol RS

Acceptance criteria: NMT 20 ~g/g, expressed as HCHO.

SPECIFIC TESTS
, • ACIDITY

Sample: 50 mL of Propanediol
Phenolphthalein solution: Dissolve 0.1 9 of

phenolphthalein in 80 mL of alcohol, and dilute with water
to 100 mL.

Titrimetric system
(See Titrimetry (541»
Mode: Direct titration
Titrant: 0.01 N sodium hydroxide VS
Endpoint detection: Visual

Analysis: To 50 mL of water, add 1 mL of Phenolphthalein
solution, then add Titrant until the solution remains pink for
30 s. Add the Sample, and titrate with Titrant until the color
turns back to pink and remains for more than 30 s.
Calculate the acidity, as acetic acid (CH3COOH):

Result= (Vr x N X WMeq)/Vs

=Titrant volume (mL)
=Titrant normality (mEq/mL)
=milliequivalent weight of acetic acid,

60.05 mg/mEq
= volume of Propanediol in the Sample (mL)

Result (PHCHO) ={[(Vs - VB) x N x Mw x F]/W} x 100

=volume of 0.5 N sulfuric acid used in the assay
(mL)

=volume of 0.5 N sulfuric acid used in the blank
(mL)

= normality of the titrant (mEq/mL)
= milliequivalent weight of formaldehyde,

30.03 mg/mEq
= unit conversion factor, 10-3 g/mg
= weight of sample (g)

N
Mw

F
W

Sample solution: Introduce 5.0 mL of 0.2 g/mL of
propanediol in carbon-dioxide free water into a 50-mL
volumetric flask. Proceed as directed in the Analysis below.

Blank solution: Prepare in the same manner as for the
Standard solutions but omitting the Standard stock solution.

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis spectrophotometry

. Analytical wavelength: 655 nm
Analysis

Samples: Blank solution, Standard solutions, and Sample
solution

To each flask of the Blank solution, Standard solutions, and
Sample solution add 2 mL of a freshly prepared 5 mg/mL
solution of methylbenzothiazolone hydrazone
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Propionic Acid
DEFINITION
Propionic Acid contains NLT 99.5% and NMT 100.5%, by

weight, of propionic acid (C3H60 2) .

ASSAY
• PROCEDURE

Sample: 1.5 g of Propionic Acid
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.5.N sodium hydroxide VS
Endpoint detection: Visual

Analysis: Mix the Sample with 100 mL of recently boiled and
cooled water in a 250-mL conical flask. Add
phenolphthalein TSto the Sample solution, and titrate with
Titrant to the first appearance of a faint pink endpoint that
persists for NLT 30 s.
Calculate the percentage of propionic acid (C3H60 2) in the

sample taken:

Result= {[(Vs- V 8) x Nx AIW} x 100

Vs =volume of Titrant consumed by the sample (mL)
VB· = volume of Titrant consumed by the blank (mL)
N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 74.08 mg/mEq
W =weight of the sample (mg)

Acceptance criteria: 99.5%-100.5% by weight

IMPURITIES
··LIMIT OF NONVOLATILE RESIDUE: Evaporate20 g of

Propionic Acid in a tared dish, and dry at 105° for 1 h: the
weight of the residue does not exceed 2.0 mg.

• LIMIT OF ALDEHYDES
Sample solution: Transfer 10.0 mL of Propionic Acid to a

glass-stoppered 250-mL conical flask containing 50 mL of
water and 10.0 mL of sodium bisulfite solution (1 in 80),
insert the stopper, and shakevigorously. AI/ow the mixture
to stand for 30 min. .

Blank: Add 50 mL of water and 10.0 mL of sodium bisulfite
solution (1 in 80) to a glass-stoppered 250-mL conical flask,
insert the stopper, and shakevigorously. Allow the mixture
to stand for 30 min.

Titrimetric system
(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 N iodine VS
Endpoint detection: Visual

Analysis: Titrate the Sample solution and the Blank with
Titrant to the same brownish-yellow endpoint.

Acceptance criteria: The difference between the volume of
0.1 N iodine required for the Blankand that required for
the Sample solution is NMT 1.75 mL.

SPECIFICTESTS
• DISTILLING RANGE, Method I (721): 138.5°-142.5°
• SPECIFIC GRAVITY (841): 0.988-0.993
• READILY OXIDIZABLE SUBSTANCES

Sample solution: Dissolve 15 g of sodium hydroxide in
50 mL of water. Cool, add 6 mL of bromine, stirring to effect
complete solution, and dilute with water to 2000 mL.
Transfer 25.0 mL of this solution to a glass-stoppered,
250-mL conical flask containing 100 mL of water, and add
10 mL of sodium acetate solution (1 in 5) and 10.0 mL of
Propionic Acid. Allow to stand for 15 min, and add 5 rnl, of
potassium iodide solution (1 in 4) and 10 mL of
hydrochloric acid.
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Blank: Dissolve 15 g of sodium hydroxide in 50 mL of water.
Cool, add 6 mL of bromine, stirring to effect complete
solution, and dilute with water to 2000 mL. Transfer
25.0 mL of this solution to a glass-stoppered, 250-mL
conical flask containing 100 mL of water, and add 10 mL
of sodium acetate solution (1 in 5). Allow to stand for
15 min, and add 5 mL of potassium iodide solution (1 in 4)
and 10 mL of hydrochloric acid.

Titrimetric system
(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Titrate the Sample solution and the Blankwith
Titrant just to the disappearance of the brown color.

Acceptance criteria: The difference between the volume of
0.1 N sodium thiosulfate required for the Blankand.that
required for the Sample solution is NMT 2.2 mL.

ADDITIONAL JtIEQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Propyl Gallate

HOVO /'-..../CH3I '..;:; 0

HO h

OH

C1oH120 S ·212.20
Benzoic acid, 3,4,5-trihydroxy-, propyl ester;
Propyl gallate [121-79-9].

DEFINITION
Propyl Gallate contains NLT 98.0% and NMT 102.0% of

propyl gallate \ClOH120 S) , calculated on the dried basis.

IDENTIFICATION

ASSAY
• PROCEDURE

Standard solution: 10 ~g/mL of USP Propyl Gallate RS in
methanol

Sample solution: 10 ~g/mL'of Propyl Gallate in methanol
Blank: Methanol
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: Maximum at about 273 nm
Cell: 1 cm

Analysis .
Samples: Standardsolution and Sample solution
Calculate the percentage of propyl gallate (C1oH120 S) in the

portion of the sample taken:

Result =(A viA s) x (C siC v) x 100
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= absorbance of the Sample solution
= absorbance of the Standard solution
= concentration of USP Propyl Gallate RS in the

Standard solution(~g/mL)
=concentration of the Sample solution (J.lg/mL)

Acceptance criteria: 98.00/0-102.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 146°-150°
• loss ON DRYING (731): Dry a sample at 105° for 4 h: it loses

NMT 0.5% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light, and avoid contact with metals.
• USP REFERENCE STANDARDS (11)

USP Propyl Gallate RS

Propylene Carbonate

C4H603 102.09
4-Methyl-l,3-dioxolan-2-one;
Cyclic propylene carbonate [108-32-7].

DEFINITION
Propylene Carbonate contains NLT 99.0% and NMT 100.5%

of propylene carbonate·(C4H603) .

IDENTIFICATION

ASSAY
• PROCEDURE

Barium hydroxide solution: 75 mg/mL of barium
hydroxide (octahydrate). Filter the solution before use.

Sample: 600 mg
Titrimetric system

(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.5 N hydrochloric acid VS
Endpoint detection: Visual

Analysis: Flusha 250-mL iodine flask with nitrogen to expel
the air, and insert the stopper in the flask to exclude carbon
dioxide. Transfer 50.0 mL of Barium hydroxide solutionand
the Sample to the flask, and loosely reinsert the stopper.
Moisten the stopper with 3 drops of water, and heat the
flask on a steam bath for 10 min. Removethe flaskfrom the
steam bath, add 6 drops of phenolphthalein TS,and titrate
while hot with Titrant until only a trace of pink color
remains. Perform a blank determination, using the same
Barium hydroxide solution. Each mL of 0.5 N hydrochloric
acid consumed is equivalent to 25.52 mg of propylene
carbonate (C4H603).

Acceptance criteria: 99.00/0-100.5% .

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.01%
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SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.203-1.210 at 20°
• pH (791)

Sample solution: Mix 10 mL of propylene carbonate with
0.3 mL of saturated potassium chloride solution in a
1OO-mL borosilicate volumetric flask. Dilute with carbon
dioxide-free water having a pH of 7.0 ± 0.5 to volume.

Analysis: Completely purge the solution by vigorous
nitrogen bubbling, and continue the bubbling during the
pH measurement. Determine the pH potentiometrically
when the reading stabilizes.

Acceptance criteria: 6.0-7.5

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Propylene Carbonate RS

Propylene Glycol-see Propylene Glycol General
Monographs

,Propylene Glycol Alginate
DEFINITION
Propylene Glycol Alginate is a propylene glycol ester of alginic

acid. Each gram yields NLT 0.16 and NMT 0.20 g of carbon
dioxide, calculated on the dried basis.

IDENTIFICATION
• A.

Sample solution: Place20,mL of the saponified solution
obtained in the determination of Esterified Carboxyl Groups
in a 250-mL conical flask. Add 50 mL of a solution of
periodic acid (1 in 50), swirl, and allow to stand for 30 min.
Add 2 g of potassium iodide, titrate with sodium thiosulfate
TSto a faint yellow color, dilute the mixture with water to
200 mL, and mix to obtain the Sample solution for
Identification test A and Identification test B.

Modified Schiff's reagent: Dissolve 200 mg of rosaniline
hydrochloride (C2oH2oCIN3) in 120 mL of hot water. Cool,
add 2 g of sodium bisulfite (NaHS03), followed by 2 mL of
hydrochloric acid, and dilute with water to 200 mL.
[NOTE-Storethis solution in a brown bottle at 15° or lower.]

Analysis: To 10 mL of the Sample solutionadd 5 mL of
hydrochloric acid and 10 mL of ModifiedSchiff's reagent.

Acceptance criteria: A blue to blue-violet color, due to
formaldehyde, develops in about 20 min.

• B.
Analysis: To 10 mL of the Sample solution prepared in

Identification test A add 1 mL of a saturated solution of
piperazine and 0.5 mL of sodium nitroferricyanide TS.

Acceptance criteria: A green color, due to acetaldehyde,
develops.

ASSAY
• CONTENT OF ALGINATE

Analysis: Proceedasdirected for Procedure in Alginates Assay
(311), without preliminary drying of the Propylene Glycol
Alginate.

Acceptance criteria: 0.16-0.20 g of carbon dioxide/g of
Propylene Glycol Alginate, calculated on the dried basis

OTHER COMPONENTS
• FREE CARBOXYL GROUPS

Sample: 1 g
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Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric

Analysis: Transfer the Sample to a 600-mL beaker. Dissolve
in 200 mL of water, stirring by mechanlcal meansfor NLT
30 min. Titrate with 0.1 N sodium hydroxide VS to a pH of
7.0.

Calculate the weight, in g, of free carboxyl groups in the
Sample taken:

Result =[(V x M r x N)/WJ x F

V = Titrant volume consumed (mL)
M r = mEq of CO2, 44 mg/mEq
N ,= actual normality of the Titrant (mEq/mL)
W =Sample weight (g)
F = conversion factor, 10-3 g/mg

Acceptance criteria: The weight of free carboxyl groups
found, calculated on the dried basis, is NMT 35% of the
weight of carbon dioxide yielded by an equal weight of
specimen in the Assay.

• ESTERIFIED CARBOXYL CROUPS
Sample solution: The solution obtained in the test for Free

Carboxyl Groups
Analysis: Transfer the Sample solution with the aid of water

to a 1OOO-mL conical flask. Add phenolphthalein TS and
50.0 mL of 0.1 N sodium hydroxide VS, insert a stopper in
the flask, mix, and allow to stand for 30 min at ambient
temperature. Titrate the excess sodium hydroxide with
0.1 N hydrochloric acid VS to afaint pink endpoint. Transfer
the solution with the aid of water to a 600-mL beaker, and
complete the titration to a pH of 7.0, determining the
endpoint potentiometrically.
Calculate the weight, in g, of esterified carboxyl groups in

the weight, W, in g, of the specimen taken:

Result = [(V x M r x N)/WJ x F

V =volume of 0.1 N sodium hydroxide consumed
(mL)

M r =mEq of CO2, 44 mg/mEq
N =actual normality of 0.1 N sodium hydroxide

(mEq/mL)
W =specimen weight (g)
F =conversion factor, 10-3 g/mg

Acceptance criteria: The weight of esterified carboxyl
groups found, calculated on the dried basis, is 400/0-85%
of the weight of carbon dioxide yielded by an equal weight
of specimen in the Assay.

IMPURITIES
• ARSENIC, Method /I (211): 3 ppm
• LEAD (251)

Standard solution: 5 mL of DilutedStandardLead Solution
Test preparation: Add 1.0 g to 20 mL of nitric acid in a

250-mL conical flask, mix, and heat carefully until the
specimen is dissolved. Continue the heating until the
volume is reduced to 7 mL. Cool rapidly to room
temperature, transfer to a 1OO-mL volumetric flask, dilute
with water to volume, and mix. Usea 50-mL portion.

Analysis: Proceedasdirected in the chapter, using 15 mL of
ammonium citrate solution, 3 mL of potassium cyanide
solution, and 0.5 mL of hydroxylamine hydrochloride
solution for the test. After the first dithizone extractions,
wash the combined chloroform layerswith 5 mL of water,
discarding the water layer and continuing in the usual '
manner by extracting with 20 mL of 0.2 N nitric acid.
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Acceptance criteria: A 50.0-mL portion of this solution
contains NMT 5 IJgof lead (corresponding to NMT 10 ppm
of Pb).

SPECifiC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total bacterial
count does not exceed 200 cfu/g, and the tests for
Salmonella species and Escherichia coli are negative.

• Loss ON DRYING (731): Dry a sample at 105° for 4 h: it loses
NMT 20.0% of its weight.

• ASH
Sample: 3 g
Analysis: Weigh the Sample in a tared crucible, and

incinerate at 650 ± 25° until free from carbon. Cool in a
desiccator, weigh, and deterrnlne the weight of the ash.

Acceptance criteria: NMT 10.0% on the dried basis

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Cli;204 160.17
1,2-propanediol, 1,2~dlacetate;
Propane-1/2-diyl diacetate , [623:-84-7].

NITION
Pr len Iyc:ol Diacetate contains NLT98.0% andNMT

102.0 propylene glycol diacetate (C7H120 4) .

IDENTIfiCATION

the major peak
nt and internal

e , " "ylene glyCOl
eak of the Standardsolution.

dard,soilition: 20 mg/mL of triacetin In

omg!mL each of USP
Sand USP Ben.zyl Akonol.RS

ropylene Glycol

g/mL of Propylene Glycol
ncfard solution
m

hy(621), System.Suitability.)

lame ionization
Colum .53-mm x 30-ni fused silica; coated with a
1.0~lJmfilm of phaseG46
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DEFINITION
Propylene Glycol Dicaprylate/Dicaprate is a mixture of the

propylene glycol mono- and diesters of caprylic acid
(CaH1602)and capric acid (CloH2002), the diesters fraction
being predominant.

IDENTIFICATION

• A.
S

• B. THIN-LAYER CHROMATOGRAPHY IDENTIFICATION TEST
(201)

Standard solution: 50 mg/mL of USP Propylene Glycol
Dicaprylate/Dicaprate RS in methylene chloride

Sample solution: 50 mg/mL of Propylene Glycol
Dicaprylate/Dicaprate in methylene chloride

Application volume: 10 J.lL, as streaks
Developing solvent system: Ether and hexane (7:3)
Spray reagent: 0.1 mg/mL of rhodamine 6G in alcohol
Analysis

Samples: Standard solutionand Sample solution
Develop the chromatogram over a path of 15 em, and dry

the plate in a current of air. Spray the plate with Spray
reagent, and locate the spots on the plate by examination
under UV light at a wavelength of 365 nm.

Acceptance criteria: The RF values of the principal spots
from the Sample solutioncorrespond to those from the
Standard solution.

• C. It meets the requirements of the test for Fats and Fixed
Oils(401), FattyAcidComposition.

IMPURITIES
INORGANIC IMPURITIES
• Articles of Botanical Origin, TotalAsh (561): NMT 0.1%
• ALKALINE IMPURITIES

Sample: 2.0 g of Propylene Glycol Dicaprylate/Dicaprate
Analysis: Dissolve the Sample in a mixture of 1.5 mL of

alcohol and 3.0 mL of ether. Add 0.05 mL of bromophenol
blue TS.

Acceptance criteria: NMT 0.15 mL of O.Ol N hydrochloric
acid is required in order to change the color of the indicator
to yellow.

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 0.2
• FATS AND FIXED OILS, FattyAcidComposition (401):

Propylene Glycol Dicaprylate/Dicaprate exhibits the
composition profile of fatty acids shown in the following
table:

Number of Percentage
Carbon-Chain length Double Bonds (%)

6 0 ~2.0

8 0 50.0-80.0

10 0 20.0-50.0

12 0 ~3.0

14 0 ~1.0

• FATS AND FIXED OILS, Hydroxyl Value (401): NMT 10
• FATS AND FIXED OILS, Iodine Value (401): NMT 1.0
• FATS AND FIXED OILS, Peroxide Value (401): NMT 1.0
• FATS AND FIXED OILS, Saponification Value (401): 320-340
• FATS AND FIXED OILS, UnsaponifiableMatter(401): NMT

0.5%, determined on 5.0 g
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• WATER DETERMINATION, Method la (921): NMT 0.1%,
using a mixture of methanol and methylene chloride (1:1)
in place of methanol in the titration vessel

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and protect from moisture. No storage
requirements specified.

• USP REFERENCE STANDARDS (11)
USP Propylene Glycol Dicaprylate/Dicaprate RS

Propylene Glycol Dilaurate
o

O~CH3
~O~CH3

H,C II
o

C27Hs204
Lauric acid, diester with propane-l,2-diol;
Propane-l,2-diyl didodecanoate 440.70
[22788-19-8].

DEFINITION
Propylene Glycol Dilaurate is a mixture of the propylene glycol

mono- and diesters of lauric acid. It contains NLT 70.0% of
diesters and NMT 30.0% of monoesters.

IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201) _
Standard solution: 50 mg/mL of USP Propylene Glycol

Dllaurate RS in methylene chloride
Sample solution: 50 mg/mL of Propylene Glycol Dilaurate

in methylene chloride
Developing solvent system: Hexane and ether (3:7)
Spray reagent: 0.1 mg/mL of rhodamine 6G in alcohol
Analysis: Apply 200 J.lg of the Standard solutionand Sample

solution. Develop the chromatogram over a path of 15 em,
and dry the plate in a current of air. Spray the plate with
Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The RF values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

• B. FATS AND FIXED OILS, FattyAcidComposition (401):
Meets the requirements

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
Sample solution: 200 mg of Propylene Glycol Dilaurate in

5 mL of tetrahydrofuran
Chromatographic system

(See Chromatography (621), System SUitability.)
Mode: LC
Detector: Refractive index
Column: 7-mm x 60-cm; 5-J.lm packing L21 (100A)

[NOTE-Two 7-rnm x 30-cm L21 columns may be used
in place of one 60-cm column, provided system

. suitability requirements are met.]
Temperature

Column: 40°
Detector: 40°

Flow rate: ·1 mL/min
Injection size: 40 J.lL

System suitability
Sample: Sample solution
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[NOTE-Elution order: diesters, monoesters, propylene
glycol.]

Suitability requirements
Relative standard deviation: NMT 1.0% is determined

from the monoester peak.
Analysis

Sample: Sample solution
Calculate the percentage of monoesters or diesters in the

portion of Propylene Glycol Dilaurate taken:

Result=(ru/rr) x (100 - D)

ru =peak response 'for monoesters or diesters
rr =sum of the responses of the monoester and

diester peaks
D =sum of the percentage content of propylene

glycol and the percentage content of free fatty
acids

Calculate the percentage content of free fatty acids:

Result = (A/561.1) x 200

A =acid value

Acceptance criteria: N~T 70.0% of diesters and NMT
30.0% of monoesters

IMPURITIES
INORGANIC IMPURITIES
• Articles of Botanical Origin, Total Ash(561): NMT 0.1 %
ORGANIC IMPURITIES
• Procedure: Limit of Propylene Glycol
Mobile phase: Proceed as directed in the Assay~

Standard stock solution: 4 mg/mL of USP Propylene
Glycol RS in tetrahydrofuran

Standard solutions: Into four 15-mL flasks, introduce
respectively 0.25, 0.5, 1.0, and 2.5 mL of Standard stock
solution, and dilute with tetrahydrofuran to 5.0 mL. In a fifth
15-mL flask, introduce 5.0 mL of Standard stock solution.

Sample solution: Use the Sample solution from the Assay.
Chromatographic system: Proceed as directed in the Assay.
Analysis .

Samples: Standard solutions and Sample solution
Prepare a standard curve of peak area versus concentration,

in mg/mL, of propylene glycol in the Standard solutions.
Obtain the concentration, C, in mg/mL, of propylene
glycol in the Sample solution from the standard curve.

Acceptance criteria: NMT 2.0% of propylene glycol isfound.

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 4
• FATS AND FIXED OILS, Fatty Acid Composition (401):

Propylene Glycol Dilaurate exhibits the following
composition profile of fatty acids, determined as directed
in the chapter.

Car-
bon-Chain Percentage

Fatty Acids length (%)

Caprylic acid C8 NMTO.5

Capric acid Cl0 NMT2.0

Lauric acid C12 NlT 95.0

Myristic acid C14 NMT 3.0

Palmitic acid C16 NMT 1.0

• FATS AND FIXED OILS, Iodine Value (401): NMT 1
• FATS AND FIXED OILS, Saponification Value (401): 230-250
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• WATER DETERMINATION, Method la (921): NMT 1.0%,
using a mixture of methanol and methylene chloride (1:1)
in place of methanol. in the titration vessel

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and protect from moisture. No storage
requirements are specified.

• USP REFERENCE STANDARDS (11)
USP Propylene Glycol RS
USP Propylene Glycol Dilaurate RS

Propylene Glycol Monocaprylate
Propylene glycol monooctanoate;
Octanoic acid, monoester with l,2-propane diol;
Caprylic acid, monoester with propane-l,2-diol [31565-12

5].

DEFINITION
Propylene Glycol Monocaprylate is a mixture of the propylene

glycol monoesters and diesters of fatty acids composed
predominately of caprylic acid. The requirements for
monoester and diester content differ for the two types of

. Propylene Glycol Monocaprylate, as shown in the table
below.

Content of Monoesters Content of Diesters
(%) (%)

Min. Max. Min. Max.

Type I 55.0 80.0 20.0 45.0

Type II 90.0 - - 10.0

IDENTIFICATION

·A
5

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201 )

Standard solution: 50 mg/mL of USP Propylene Glycol
Monocaprylate Type I RS or USP Propylene Glycol
Monocaprylate Type" RS in methylene chloride

Sample solution: 50 mg/mL in methylene chloride
Chromatographic system

Application volume: 10 IJL
Developing solvent system: Ether and hexane (70:30)
Spray reagent: 0.1 mg/mL of rhodamine 6G in alcohol

Analysis: Develop the chromatogram over a path of 15 em,
and dry the plate in a current of air. Spray the plate with
Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The RF values of the principal spots
from the Sample solution correspond to those from the
Standard solution.

• C. It meets the requirements in Specific Tests for Fats and
Fixed Oils, Fatty Acid Composition (401).

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran. ,
Sample solution: 40 mg/mL of Propylene Glycol

Monocaprylate in tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
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Mode: LC
Detector: Refractive index
Column: 7-mm x 60-cm; 5-lJm packing L21 (100 A).

[NOTE-Two 7-mm x 30-cm L21 columns may be used
in place of one 60-cm column, provided System
suitability requirements are met.]

Temperatures
Column: 40°
Detector: 40°

Flow rate: 1 mL/min
Injection volume: 40 IJL

System suitability
Sample: Sample solution

[NOTE-The relative retention times with reference to
propylene glycol for diesters and monoesters are
about 0.85 and 0.90, respectively.]

Suitability requirements
Relative standard deviation: NMT 2.0% for the

monoester peak
Analysis

Sample: Sample solution
Calculate the percentage of monoesters or diesters in the

portion of Propylene Glycol Monocaprylate taken:

Result=(r vir r) x (100 - D)

r u = peak response for monoesters or diesters
r T =sum of the peak responsesof the monoesters

and diesters
D =sum of the percentage content of propylene

glycol and the percentage content of free fatty
acids

Calculate the percentage content of free fatty acids:

Result=(A/561.1) x 144

A =acid value

Acceptance criteria
Type I .

Monoesters: 55.00/0-80.0%
. Diesters: 20.0%-45.0%
Type II

Monoesters: NLT 90.0%
Diesters: NMT 10.0%

IMPURITIES
• LIMIT OF PROPYLENE GLYCOL

Mobile phase, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.

Standard stock solution: 4 mg/mL of USP Propylene
Glycol RS in tetrahydrofuran

Standard solutions: Into four 5-mL volumetric flasks,
introduce respectively 0.25,0.5, 1.0, and 2.5 mL of
Standard stock solution, and dilute with tetrahydrofuran to
volume. In a fifth 5-mL volumetric flask, introduce 5.0 mL
of Standardstock solution.

Analysis
Samples: Standard solutions and Sample solution
Prepare a standard curve of peak area versusconcentration,

in mg/mL, of propylene glycol in the Standardsolutions.
Obtain the concentration of propylene glycol in the
Sample solution from the standard curve.

Calculate the percentage of free propylene glycol in the
portion of Propylene Glycol Monocaprylate taken:

Result = (C/C v) x 100
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C = concentration of propylene glycol in the Sample
solution from the standard curve

C u = concentration of the Sample solution(mg/mL)

Acceptance criteria
Propylene glycol monocaprylate (Type I): NMT 1.5%
Propylene glycol monocaprylate (Type II): NMT 1.5%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401): NMT 1.5
• FATS AND FIXED OILS, FattyAcidComposition (401):

Propylene Glycol Monocaprylate exhibits the composition
profile of fatty acids shown in Table 7.

Table 1
Carbon-Chain Number of Double Percentage

Length Bonds (0/0)

8 0 ;:::90.0

10 0 ~3.0

12 0 ~3.0

14 0 ~3.0

16 0 ~1.0

• FATS AND FIXED OILS, Iodine Value (401): NMT 1.0
'. FATS AND FIXED OILS, Saponification Value (401)

Propylene glycol monocaprylate (Type I): 285-315
Propylene glycol monocaprylate (Type II): 270-295

• FATS AND FIXED OILS, Peroxide Value (401): NMT 6.0
• WATER DETERMINATION, Method la (921)

Analysis: Usea mixture of methanol and methylene chloride
(1:1) in place of methanol in the titration vessel.

Acceptance criteria: NMT 1.0%
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561):. NMT

0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and protect from moisture. No storage
requirements specified.

• LABELING: Label it to indicate the type (Type I or Type II).
• USP REFERENCE STANDARDS (11)

USP Propylene Glycol RS
USP Propylene Glycol Monocaprylate Type I RS
USP Propylene Glycol Monocaprylate Type II RS

Propylene Glycol Monolaurate

Dodecanoic acid, monoester with 1,2-propanediol;
Lauric acid, monoester with propane-l,2-diol.

DEFINITION
Propylene Glycol Monolaurate is a mixture of the propylene

glycol mono- and diesters of lauric acid. The requirements
for monoester and diester content differ for the two types of
Propylene Glycol Monolaurate, as set forth in the table
below.

Content of Monoesters Content of Diesters
(0/0) (0/0)

Min. Max. Min. Max.

TypeI 45.0 70.0 30.0 5.5.0

TypeII 90.0 - - 10.0
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IDENTIFICATION
• A. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATION TEST

(201)
Standard solution: 50 mg/ml of USP PropyleneGlycol

Monolaurate Type I RS (or USP Propylene Glycol
Monolaurate Type /I RS) in methylene chloride

Sample solution: 50 mg/ml in methylene chloride
Chromatographic system

(See Chromatography(621), Thin-Layer Chromatography.)
Developing solvent system: Etherand hexane (70:30)
Spray reagent: 0.1 mg/ml of rhodamine 6G in alcohol

Analysis: Developthe chromatogram over a path of 15 cm,
and dry the plate in a current of air. Spraythe plate with
Sprayreagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The RFvaluesof the principalspots
from the Sample solution correspond to those from the
Standard solution.

• B. It meets the requirements in Specific Tests for Fats and
Fixed Oils, FattyAcid Composition (401).

ASSAY
• PROCEDURE

Mobile phase: Tetrahydrofuran
Sample solution: 40 mg/ml of Propylene Glycol

Monolaurate in tetrahydrofuran
Chromatographic system

(See Chromatography(621), System Suitability.)
Mode: lC
Detector: Refractive index
Column: 7-mm x 60-cm; 5-lJm packing l21 (100 A)

[NOTE-Two 7-mm x 30-cm l21 columns may be used
in place of one 60-cm column, provided System
sUitability requirements are met.]

Temperatures
Column: 40°
Detector: 40°

Flow rate: 1 ml/min
Injection volume: 40 IJl

System suitability
Sample: Sample solution
Suitability requirements

[NOTE-The order of elution isdiesters, monoesters,
and propylene glycol.]

Relative standard deviation: NMT 1.0% for the
monoester peak

Analysis
Sample: Sample solution
Calculate the percentage of monoesters or diesters in the

portion of PropyleneGlycol Monolaurate taken:

Result =(rulrT) x (100 - D)

ru =peak response for monoesters or diesters
rT =sum of the peak responsesof the monoesters

and diesters
D =sum of the percentage content of propylene

glycol and the percentage content of free fatty
acids

Calculate the percentage content of free fatty acids in the
portion taken:

Result = (A/561.1) x 200

A =acid value

Acceptance criteria
Type I

Monoesters: 45.0%-70.0%
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Diesters: 30.0%-55.0%
Type II

Monoesters: NlT 90.0%
Diesters: NMT 10.0%

IMPURITIES
• LIMIT OF PROPVLENE GLVCOL

Mobile phase, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.

Standard stock solution: 4 mg/ml of USP Propylene
Glycol RS in tetrahydrofuran

Standard solutions: Into four 15-ml flasks introduce,
respectively, 0.25, 0.5, 1.0, and 2.5 ml of Standard stock
solution,and dilutewith tetrahydrofuran to 5.0 ml. Ina fifth
15-ml flask, introduce 5.0 ml of Standard stocksolution.

Analysis
Samples: Standardsolutionsand Sample solution

Prepare a standard curve of peak area versus
concentration, in mg/ml, of propylene glycol in the
Standardsolutions. Obtain the concentration of
propylene glycol in the Sample solution from the
standard curve.

Calculatethe percentage of free propylene glycol in the
portion of PropyleneGlycol Monolaurate taken:

Result =(C/Cu) x 100

C = concentration of propylene glycol in the Sample
solution from the standard curve

Cu =concentration of the Sample solution (mg/ml)

Acceptance criteria .
Propylene glycol monolaurate (Type I): NMT 5.0%
Propylene glycol monolaurate (Type II): NMT 1.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 4
• FATS AND FIXED OILS, Fatty Acid Composition (401):

Propylene Glycol Monolaurate exhibits the composition
profile of fatty acids shown in Table 1.

Table 1
Carbon-Chain Percentage

Fatty Acids length (%)

Caprylic acid C8 NMTO.5

Capric acid C10 NMT2.0

lauric acid C12 NlT 95.0

Myristic acid C14 NMT 3.0

Palmitic acid C16 NMTl.O

• FATS AND FIXED OILS, Iodine Value (401): NMT 1
• FATS AND FIXED OILS, Saponification Value (401)

Propylene glycol monolaurate (Type I): 210-245 .
Propylene glycol monolaurate (Type II): 200-230

• WATE~ DETERMINATION, Methodla (921) .
Analysis: Usea mixtureof methanol and methylene chloride

(1:1) in place of methanol in the titration vessel.
Acceptance criteria: NMT 1.0%

• ARTICLES OF BOTANICAL ORIGIN, Total Ash (561): NMT
0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and protect from moisture. No storage
requirements specified.

• LABELING: label it to indicate the type (Type I or Type /I).
• USP REFERENCE STANDARDS (11)

USP Propylene Glycol RS
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Acceptance criteria: NMT 1.0% free glycerin and
propylene glycol, calculated as propylene glycol

SPECIFIC TESTS .
• CONGEALING TEMPERATURE (651): NLT 45°
• FATS AND FIXED OILS, Acid Value (Free Fa~ty Acids) (401):

NMT4
• FATS AND FIXED OILS, Hydroxyl Value (401): 160-175
• FATS AND FIXED OILS, Iodine Value (401): NMT 3
• FATS AND FIXED OILS, Saponification Value (401): 155-165

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%
• FREE GLYCERIN AND PROPYLENE GLYCOL

Periodic acid solution: Dissolve 5.4 g of periodic acid in
100 mL of water, and add 1900 mL of glacial acetic acid.
Store in a glass-stoppered bottle, protected from light.

Chloroform: Use chloroform that meets the following
additional requirement. To each of three glass-stoppered,
500-mL conical flasks add 50.0 mL of Periodic acidsolution,
then add 50 niL of chloroform and 10 mL of water to two
of the flasks and 50 mL of water to the third flask. To each
flask add 20 mL of potassium iodide TS, mix gently, and
proceed as directed for Analysis, beginning with "allow to
stand for 1-5 min". The difference between the volumes of
0.1 N sodium thiosulfate required in the titrations with and
without the chloroform does not exceed 100 IJL.

Sample solution: Melt the Propylene Glycol Monostearate
at a temperature NMT 55°. Transfer a 3-g portion to a
1OO-mL beaker, and dissolve in 25 rriL of Chloroform.

Analysis: Transfer the Sample solution, with the aid of
another 25-mL portion of Chloroform, to a separator, wash
the beaker with 25 mL of water, and add the washing to
the separator. Insert the stopper, shake vigorously for 30
60 s, and allow the layers to separate, adding 1-2 mL of
glacial acetic acid, if necessary, to break any emulsion.
Transfer the aqueous layer to a glass-stoppered, 500-mL
conical flask, wash the chloroform layer with two 25-mL
portions of water, combining the washings with the
aqueous layer, and discard the chloroform layer. Add, with
swirling, 50.0 mL of Periodic acidsolutionto the solution and
to another glass-stoppered, 500-mL conical flask
containing 75 mL of water to provide the blank. Allow to
stand for 30-90 min. To each flask add 20 mL of potassium
iodide TS,mix gently, and allow to stand for 1-5 min before
titrating. Add 100 mL of water, and titrate with 0.1 N
.sodium thiosulfate VSuntil the brown iodine color fades to
pale yellow, add 3 mL of starch TS, and continue the
titration to the disappearance of the blue color.
Calculate the percentage of free glycerin and propylene

glycol, calculated as propylene glycol, in the portion of
Propylene Glycol Monostearate taken:

Result=[(VB - Vs) x Mr x N]/W

USP Propylene Glycol Monolaurate Type I RS
USP Propylene Glycol Monolaurate Type II RS

Propylene Glycol Monostearate
Octadecanoic acid, monoester with l,2-propanediol;
l,2-Propanediol monostearate [1323-39-3].

DEFINITION
Propylene Glycol Monostearateis a mixture of the propylene

glycol mono- and di-esters of stearic and palmitic acids. It
contains NLT 90.0% of monoesters of saturated fatty acids,
chiefly propylene glycol monostearate (C21H4203) and
propylene glycol monopalmitate (C19H3S03)'

ASSAY
• PROPYLENE GLYCOL MONOESTERS

Sample: 25 g
Analysis: Placethe Sample in a 500-mL, round-bottom flask,

and add 250 mL of alcohol and 7.5 g of potassium
hydroxide. Connect the flask to a suitable condenser, reflux
the mixture for 2 h, cool, and transfer to an 800-mL beaker,
rinsing the flask with 100 mL of water and combining the
rinsing with the mixture in the beaker. Heat on a steam bath
to evaporate the alcohol, adding water occasionally to
replace the alcohol, and continue the evaporation until the
odor of alcohol can no longer be detected. Adjust the
volume, with hot water, to 250 mL, neutralize with a
mixture of equal volumes of sulfuric acid and water, noting
the volume used, and add a 10% excess of the dilute acid.
Heat with stirring until the fatty acid layer separates, and
transfer the fatty acids to a 500-mL separator. Wash the
fatty acids with four 200-mL portions of hot water, and
discard the washings. Dry the fatty acids at 1OSO for 1 h,
cool, and determine the acid value on a 1-g portion, as
directed in Fats and Fixed Oils (401), Acid Value (Free Fatty
Acids).
Calculate the average molecular weight of the monoesters,

in the portion of Propylene Glycol Monostearate taken:

M rAvg =(Mr,/A)+ M r2 - MrJ

MrI = 1000 times the molecular weight of potassium
hydroxide, 56,110

A =acid value
Mr2 =molecular weight of propylene glycol, 76.10
Mr3 = molecular weight of water, 18.02

Calculate F in the portion taken:

F= (Mr4 x G)/Mr5

Mr4 = 10 times the molecular weight of potassium
hydroxide, 561.1

G = content, in percentage, of glycerin and propylene
glycol in propylene glycol monostearate

Mr5 =one-half of the molecular weight of propylene
glycol, 38.05

Calculate the percentage of propylene glycol monoesters:

Result=[(H - F) x MrAvg]/Mr4

H . = hydroxyl value of propylene glycol monostearate

Acceptance criteria: NLT 90.0% of monoesters of saturated
fatty acids, chiefly propylene glycol monostearate and
propylene glycol monopalmitate

Mr

N

W

=volume of sodium thiosulfate consumed by the
blank solution (mL)

= volume of sodium thiosulfate consumed by the
Sample solution (mL)

=molecular weight of propylene glycol divided by
20, 3.805

= actual normality of the sodium thiosulfate
solution

=weight of Propylene Glycol Monostearate taken
(g)
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Propylparaben

ClOH120 3 180.20
Benzoic acid, 4-hydroxy-, propyl ester;
Propyl p-hydroxybenzoate [94-13-3].

DEFINITION
Propylparaben contains NLT 98.0% and NMT 102.0%

of ClOH1203•

IDENTIFICAnON

ASSAY
• PROCEDURE

Mobile phase, Sample solution, Standard solution 8, and
Chromatographic system: Proceed as described in the
procedure for Related Substances.

System suitability
Sample: Standardsolution B
Suitability requirements

Relative standard deviation: NMT 0.85% for 6
injections

Analysis
Samples: Sample solution and Standardsolution B
Calculate the percentage of Propylparaben in the Sample

solution:

Result =P x (ru x Cs)/(rs x Cu)

P =labeled purity of USP Propylparaben RS expressed
as a percentage

ru = peak area of propylparaben from the Sample
solution

Cs = concentration of propylparaben in Standard
solution B

rs = peak area of propylparaben from Standard
solution B

Cu . = concentration of Propylparaben in the Sample
solution

Acceptance criteria: 98.0%-102.0%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1%, determined on

LOg
ORGANIC IMPURITIES
• Procedure: Related Substances
Mobile phase: Methanol and a 6.8 gil solution of potassium

dihydrogen phosphate (65:35 v/v)
Sample solution: Dissolve 50.0 mg of Propylparaben in

2.5 mLof methanol, and dilute with Mobilephaseto 50.0 mL.
Dilute 10.0 mL of this solution with Mobilephaseto
100.0 mL.

Standard solution A: 5.0 J.lg/mL each of p-hydroxy benzoic
acid, USP Ethylparaben RS, and USP Propylparaben RS in
Mobilephase . .

Standard solution B: Dissolve 50.0 mg of USP
Propylparaben RS in 2.5 mL of methanol, and dilute with
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Mobilephaseto 50.0 mL. Dilute 10.0 mLof this solution with
Mobilephaseto 100.0 mL.

Standard solution C: Dilute 1.0 mL of the Sample solution
with Mobilephaseto 20.0 mL. Dilute 1.0 mL of this solution
with Mobilephaseto 10.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-J.lm packing L1
Flow rate: 1.3 mL/min
Injection size: 10 J.lL
Run time: About 2.5 times the retention time of

propylparaben
System suitability

Sample: StandardsolutionA
[NoTE-The retention time of propylparaben is about

4.5 min; the relative retention times for p-hydroxy
benzoic acid and ethylparaben are about 0.3 and 0.7,
respectively.]

Suitability requirements
Resolution: NLT 3.0 between the ethylparaben and

propylparaben peaks
Analysis

Samples: Sample solution and StandardsolutionC
[NOTE-Disregard any limit that is0.2 times the area of the

principal peak in the chromatogram obtained with
Standardsolution C (0.1%).]

Acceptance criteria
p-Hydroxybenzoic acid: The peak area in the Sample

solution, multiplied by 1.4 to correct for the calculation of
content, isNMT the area of the principal peak in Standard
solution C (0.5%).

Unspecified impurities: The peak area of each impurity in
. the Sample solution is NMTthe area of the principal peak in

Standardsolution C (0.5%).
Total impurities: The total peak area for all impurities in the

Sample solution is NMTtwice the area of the principal peak
in StandardsolutionC (1.0%).

SPECIFIC TESTS
• COLOR OF SOLUTION

Sample solution: 100 mg/mL in alcohol
Comparison solution: Mix 2.4 mL of ferric chloride CS,

1.0 mL of cobaltous chloride CS, and 0.4 mL of cupric
sulfate CS with 0.3 N hydrochloric acid to make 10 mL.
Dilute 5 mL of this solution with 0.3 N hydrochloric acid to
make 100 mL. [Nora-Prepare and use this solution

. immediately.]
Analysis

Samples: Alcohol, Sample solution, and Comparison
solution

Make the comparison by viewing the solutions downward in
matched color-comparison tubes against a white surface
(see Colorand Achromicity (631».

Acceptance criteria: The Sample solution is clear and not
more intensely colored than alcohol or the Comparison
solution.

• ACIDITY
Sample solution: To 2 mLof Sample solutionprepared in the

test for Colorof Solution, add 3 mL of alcohol,S mL of
carbon dioxide-free water, and 0.1 mL of bromocresol
green TS.

Analysis: Titrate with 0.10 N sodium hydroxide.
Acceptance criteria: NMT 0.1 mL is required to produce a

blue color. . .

ADDITIONAL REQUIREMENTS ....•••••..
• PACKAGING AND STORAGE: Preserve In Well..closed

containers.
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[NoTE-The retention time of propylparaben is about
4.0 min; the relative retention times for p-hydroxybenzoic
acid, ethyl para ben, and propylparaben are about 004,0.7,
and 1.0, respectively.]

Suitability requirements
Resolution: NLT 3.0 between the ethylparaben and

propylparaben peaks, System sUitabilitysolution
Relative standard deviation: NMT 0.85% for six

injections, Standardsolution
Analysis .

Samples: Standardsolution and Sample solution
Calculate the percentage of propylparaben sodium

(ClOH11Na03) in the portion of Propylparaben Sodium
taken:

Acceptance criteria: 94.0%-102.0% on the anhydrous
basis .

IMPURITIES
• RELATED COMPOUNDS
Mobil~ phase, System suitability solution, Sample

solution, and Chromatographic system: Proceed as
directed in the Assay.

Sta.ndard s.olution: Dilute 1.0 mL of the Sample solution
With Mobilephaseto 20.0 mL. Dilute 1.0 mL of this solution
with Mobile phase to 10.0 mL.

System suitability
Sample: System suitability solution
[NoTE-The retention time of propylparaben is about

4.0 min; the relative retention times for p-hydroxybenzoic
acid, ethylparaben, and propylparaben are about 004,0.7,
and 1.0, respectively.]

Suitability requirements
Resolution: NLT 3.0 between the ethylparaben and

propylparaben peaks
Analysis.

Samples: Standardsolution and Sample solution
Acceptance criteria

p-Hydroxybenzoic acid: NMT 4.0%; the peak area in the
Sample solution, multiplied by 1A to correct for the
calculation of content, is NMT 8 times the area of the
principal peak in the Standardsolution. .

U.nspec.ifi~d impurities: NMT 0.5%; the peak area of each
Impurity In the Sample solution is NMT the area of the
principal peak in the Standardsolution.

Total im.~uri~ies: t:J~T.l.0%; the total peak area for all
unspecified Impurities In the Sample solution is NMT twice
the area of the principal peak in the Standardsolution.

• CHLORIDE AND SULFATE, Chloride (221)
Standard solution: 0.10 mL of 0.020 N hydrochloric acid
Sample: 0.2 g .
Analysis: Proceed as directed in the chapter.
Acceptance criteria: 0.035%; the Sample shows no more

chloride than the Standardsolution.

Result =P x (ru x Cs)/(rs x Cu) x (MrtlMr2)

= labeled purity of USPPropylparaben RS expressed
as a percentage

= peak area of propylparaben from the Sample
solution

= concentration of propylparaben in the Standard
solution

= peak area of propylparaben from the Standard
solution .

= concentration of Propylparaben Sodium in the
Sample solution

=molecular weight of propylparaben sodium
202.20 '

= molecular weight of propylparaben, 180.20

p

Cu

III USP REFERENCE STANDARDS (11)
USP Ethylparaben RS
USP Propylparaben RS

Propylparaben Sodium

ClOH11Na03 202.20
Benzoic acid, 4-hydroxy-, propyl ester, sodium salt;
Propyl p-hydroxybenzoate, sodium salt;
Sodium 4-propoxycarbonylphenolate [35285-69-9].

DEFINITION
Propylparaben Sodium contains NLT 94.0% and NMT102.0%

of propylparaben sodium (Cl0HllNa03), calculated on the
anhydrous basis.

IDENTIFICATION
iliA.

Standard: 0.5 g of USP Propylparaben RS
Sample:. 0.5 g
Analysis: Dissolve the Samplein 5 mL of water. Acidifywith

hydrochloric acid, and filter the resulting precipitate. Wash
the precipitate with water, and dry over silica gel for 5 h.
Repeat with the Standard.

Acceptance criteria: The IR absorption spectrum of a
mineral oil dispersion of the Sample exhibits maxima only
at the same wavelengths as those of a mineral oil dispersion
of the Standard. /

• B.
Sample solution: Ignite 0.3 g of Propylparaben Sodium,

cool, and dissolve the residue in 3 mL of 3 N
hydrochloric acid.

Acceptance criteria: A platinum wire dipped in the Sample
solution imparts an intense, persistent yellow color to a
nonluminous flame.

ASSAY
III PROCEDURE

Mobile phase: Methanol and a 6.8-g/L solution of
potassium dihydrogen phosphate (65:35, v/v)

System suitability solution: 5.0 IJg/mL each of
p-hydroxybenzoic acid, USP Ethylparaben RS, and USP
Propylparaben RS in Mobile phase

Standard solution: Dissolve 50.0 mg of USP
Propylparaben RS in 2.5 mL of methanol, and dilute with
Mobile phase to 50.0 mL. Dilute 10.0 mL of this solution
with Mobilephase to 100.0 mL.

Sample solution: Dissolve 50.0 mg of Propylparaben
Sodium in 2.5 mLof methanol, and dilute with Mobilephase
to 50.0 mL. Dilute 10.0 mL of this solution with
Mobilephase to 190.0 mL.

Chromatographic system
(See Chromatography(621), System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Flow rate: 1.3 mL/min
Injection volume: 10 IJL
Run time: About 2.5 times the retention time of the

propylparaben peak
System suitability

Samples: System suitability solution and Standardsolution
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• CHLORIDE AND SULFATE, Sulfate (221)
Standard solution: 0.30 mL of 0.020 N sulfuric acid
Sample: 0.25 g
Analysis: Proceed as directed in the chapter.
Acceptance criteria: 0.12%; the Sample shows no more

sulfate than the Standardsolution.

SPECIFIC TESTS
• pH (791)

Sample solution: 1 mg/mL
Acceptance criteria: 9.5-10.5

• WATER DETERMINATION, Method I (921): NMT 5.0%
• COMPLETENESS OF SOLUTION (641)

Sample solution: Dissolve 1 g in water.
Acceptance criteria: Meets the requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Ethylparaben RS
USP Propylparaben RS

Protamine Sulfate-see Protamine Sulfate General
Monographs

Pullulan

(C36H60030) n

Poly[6)-a-o-glucopyranosyl-(1 ~4)-a-o-glucopyranosyl

(1~4)-a-o-glucopyranosyl-(1~] [9057-02-7].

DEFINITION
Pullulan is a neutral, simple polysaccharide produced by the

growth of Aureobasidium pullulans. It has a chain structure of
repeated a-1,6-bonds of maltotriose composed of three
glucoses in a-1A-bonds. It may contain some maltotetraosyl
units. It contains NLT 90% of glucan, calculated on the dried
basis.

IDENTIFICATION

• A.
Sample: 10 g
Analysis: Dissolvethe Sample in 100 mLof water by adding

in small portions with stirring.
Acceptance criteria: A viscous solution is produced.

• B.
Pullulanase sample solution: 10 units/mL of pullulanase
Sample solution: The viscous solution obtained in

Identification test A
Analysis: Mix 10 mL of the Sample solutionwith 0.1 mL of

Pullulanase sample solution, and allow to incubate at 25° for
20 min.

Acceptance criteria: A substantial loss of viscosity is
observed.

• C.
Sample solution: 20 mg/mL
Analysis: To 10 mL of the Sample solution add 2 mL of

polyethylene glycol 600.
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Acceptance criteria: A white precipitate is formed
immediately.

ASSAY
• CONTENT OF MONOSACCHARIDE, DISACCHARIDE, AND

OUGOSACCHARIDES
Sample stock solution: 8 mg/mL, on previously dried

material
Sample solution: To 1.0 mLof the Sample stock solutionadd

0.1 mLof saturated potassium chloride solution, and shake
vigorously with 3 mLof methyl alcohol. Centrifuge, and use
the supernatant.

Standard solution: Dilute 1.0 mL of the Sample stock
solution with water to 50 mL.

Blank: Water
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: Vis
Analytical wavelength: 620 nm

Analysis
Samples: Sample solution, Standardsolution, and Blank
Transfer 0.2 mL each of the Standardsolution, Sample

solution,and Blankto a test tube containing 5 mLof a 1-in
500 solution of anthrone in 75% (v/v) sulfuric acid, with
the test tube placed in ice water. Mix each tube
immediately, and then heat the test tube at 90° for
10 min. Remove the tube, and allow it to cool in cold
running water.

Determine the absorbances ofthe resulting solutions at the
specified wavelength.

Determine the percentage of monosaccharide,
disaccharide, and 'ollqosaccharides in the portion of the
sample taken:

. Result = (0 u/O s) x (A u - A B)/(A s - A B) x 100

o u =dilution factor for the Sample solution, 4.1
o s =dilution factor for the Standardsolution, 50
A u =absorbance of the Sample solution
A s =absorbance of the Standardsolution
A B =absorbance of the Blank

Acceptance criteria: The total content of monosaccharide,
disaccharide, and oligosaccharides is NMT 10.0%,
corresponding to NLT 90% of glucan on the dried basis.

IMPURITIES
• RESIDUE OM IGNITION (281)

Sample: 2.0 g
Acceptance criteria: NMT 0.3%

• NITROGEN DETERMINATION, Method /I (461)
Sample: 3 g, previously dried
Analysis: Proceed as directed in the chapter, replacing the

7 mL of sulfuric acid with 12 mL of sulfuric acid for the
decomposition and replacing the 30 mL of sodium
hydroxide solution (2 in 5) with 40 mL of a solution of
sodium hydroxide (2 in 5).

Acceptance criteria: NMT 0.05%

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 102 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cfu/
g.

• pH (791)
Sample: 1.0 g
Analysis: Dissolvethe Sample in 10 mL of freshly boiled and

cooled water.
Acceptance criteria: 4.5-6.5
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• Loss ON DRYING (731)
Analysis: Dry at 90° under vacuum for 6 h.
Acceptance criteria: NMT 6.0%

• VISCOSITY-CAPILLARY METHODS (911)
Sample: Exactly 10.0 g, previously dried
Analysis: Dissolve the Sample in water to make exactly

100 g, and perform the test at 30 ± 0.1° using a
Ubbelohde-type viscometer.

Acceptance criteria: The kinematic viscosity is 100
180 mm2. S-l.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• LABELING: Label it to indicate the viscosity, giving the type

of viscosity parameter, concentration of the solution, and
the type of equipment used.

Pumice-see Pumice General Monographs

Racemethionine

CSH11N02S 149.21
Methionine, DL-;
DL-2-Amino-4-(methylthio);butyric acid [59-51-8].

DEFINITION
Racemethionine contains NLT 99.0% and NMT 101.0%

of CSH11N02S, asDL-methionine, calculated on the dried
basis.

IDENTIFICATION

• A.
sf)

Sample: Dry the substances at 105°.
Acceptance criteria: Meets the requirements

• B. The principal spot from Sample solution8 issimilar in size,
color, and position to the principal spotfrom Standard
solutionA, as obtained in the test for Organic Impurities,
Related Substances.

• C. OPTICAL ROTATION, AngularRotation (781A)
Sample: 50 mg/mL in 1 M hydrochloric acid
Acceptance criteria: -0.05° to +0.05°

• D. PROCEDURE
Analysis: Dissolve O. i 9 of Racemethionine and 0.1 9 of

glycine in 4.5 mL of dilute sodium hydroxide solution
(85 mg/mL). Add 1 mL of sodium nitroferricyanide solution
(25 mg/mL). Heat to 40° for 10 min. Allow to cool, and add
2 mL of a mixture of hydrochloric acid and phosphoric acid
(90:10).

Acceptance criteria: Adeep red color develops.

ASSAY
• 'PROCEDURE

Sample: 140 mg of Racemethionine
Analysis: Dissolvethe Sample in a mixture of 3 mL of formic

acid and 50 mL of glacial acetic acid. Titrate with 0.1 N
perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination, and
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make any necessary corrections (see Titrimetry(541». Each
mL of 0.1 N perchloric acid is equivalent to 14.92 mg
of CSH 11N02S.

Acceptance criteria: 99.0%-101.0% on the dried basis

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1%, determined on

1.0 9
• Chloride and Sulfate, Chloride (221): [Nora-Prepare the

Sample solution and the Standardsolutionat the same time.]
Chloride standard solution (5 ppm CI): 0.824 mg/mL of

NaC!. Justbefore use, dilute 1 mL of this solution with water
to 100 mL.

Standard solution: To 10 mL of Chloride standardsolution
add 10 mL of 0.1 N silver nitrate and 25 mL of water,
and mix.

Sample solution: Dissolve 0.25 9 in 35 mLofwater. Add 5 mL
of dilute nitric acid and 10 mL of 0.1 N silver nitrate. Allow
to stand protected from light for 5 min.

Analysis: Examine the Sample solutionand Standardsolution
laterally against a black background.

Acceptance criteria: Any opalescence in the Sample 'solution
is not more intense than that in the Standardsolution
(200 ppm).

• Chloride and Sulfate, Sulfate (221): [NoTE-Prepare the
, Sample solution and the Controlsolutionat the same time.]
Barium chloride solution: 250 mg/mL
Sulfate standard solution (10 ppm S04): 1.81 mg/mL of

potassium sulfate in 30% alcohol (v/v). Justbefore use,dilute
1 mL of this solution with 30% alcohol (v/v) to 100 mL.

Standard solution: Mix 3 mL of the'Barium chloridesolution
and 4.5 mL of the Sulfate standardsolution, and allow to
stand for 1 min.

Sample stock solution: 50.0 mg/mL, heated to 60°. Cool to
10°, and filter.

Sample solution: To'2.5 mL of the Standardsolution add
15 mL of the Sample stock solutionand 0.5 mL of 5 N
acetic acid.

Control solution: To 2.5 mL of the Standardsolution add
15 mL of the Sulfate standardsolutionand 0.5 mL of 5 N
acetic acid.

Analysis
Samples: Sample solution and Controlsolution

Acceptance criteria: After 5 min, any opalescence in the
Sample solution is not more intense than that in the Control
solution (200 ppm).

• LIMIT OF IRON
Standard stock solution (125 ppm): Dissolve 1.727 9 of

ferric ammonium sulfate [FeNH4(S04)2 . 12H20] in water.
Add 50 mL of 10% hydrochloric acid, dilute with water to
1000 mL, and mix. Dilute 1 mL of this solution with water
to 40 mL. Pipet 5 mL of this solution into a 200-mL
volumetric flask, dilute with water to volume, and mix.

Standard solution: Transfer 2 mL of the Standardstock
solution to a 25-mL volumetric flask. Add 5 mL of 16%
hydrochloric acid, 50 mg of ammonium persulfate, and
3 mL of 30% ammonium thiocyanate, and dilute with water
to volume.

Sample solution: Transfer 1 9 of Racemethionine to a
25-mL volumetric flask.Add 5 mL of 16% hydrochloric acid,
and dissolve.Add 50 mg of ammonium persulfate and 3 mL
of 30% ammonium thiocyanate, and dilute with water to
volume.

Blank: Transfer 5 mL of 16% hydrochloric acid to a 25-mL
volumetric flask. Add 50 mg of ammonium persulfate and
3 mL of 30% ammonium thiocyanate, and dilute with water
to volume.
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Spectrometric conditions
(See Ultraviolet- Visible Spectroscopy (857).)
Mode: UV-Vis
Analytical wavelength: 475 nm
Cell: 1 cm

Analysis
Samples: Standard solution, Sample solution, and Blank

Without delay, concomitantly determine the absorbances
of each sample, correcting for the Blank.

Acceptance criteria: The absorbance of the Sample solution
is NMT that of the Standard solution (NMT 10 ppm).

• LIMIT OF AMMONIUM
Standard solution A: 0.297 mg/mL of USP Ammonium

Chloride RS. This solution contains 0.1 mg/mL or 100 ppm
of NH4 +.

Standard solution B: 0.297 IJg/mL of USP Ammonium
Chloride RS. This solution contains 0.1 IJg/mL or 0.1 ppm
of NH4 +.

Standard solution C: 2.97 IJg/mL of USP Ammonium
Chloride RS. This solution contains 1.0 IJg/mL or 1 ppm
of NH4 +.

Standard solution D: 29.7 IJg/mL of USP Ammonium
Chloride RS. This solution contains 10 IJg/mL or 10 ppm
of NH4 +.

Sample solution: 10 mg/mL of Racemethionine
Electrode system: Use an arnmonla-speclflc,'

ion-indicating electrode connected to a pH meter capable
of measuring potentials (see pH (791».

Analysis
Samples: Standard solution A, Standard solution B, Standard

solution C, Standard solution 0, and Sample solution
Add 100 mL of water to a 150-mL beaker, place the

electrode in the beaker, stir, and 'measure the potential.
Add 1 mL of 10 N sodium hydroxide. Stir, and measure
the potential after stabilization. [NOTE-It may take about
5 min.] The potential difference must be less than 20 mV.

Add 100.0 mL each of Standard solutions A, B, C, and 0 to
four different 150-mL beakers. To each beaker, add 1 mL
of 10 N sodium hydroxide. Place the ammonia electrode
in the beaker, stir, and concomitantly measure the
potential after stabilization. [NOTE-It may take about
5 min.] Draw a calibration curve of the potential, in mV,
versus, the quantity of ammonium (NH4 +), in mg.

Add 100.0 mL of the Sample solution to a 150-mL beaker.
Add 1 mL of 10 N sodium hydroxide. Adjust the pH, if
necessary,with 10 N sodium hydroxide to a pH of NLT
11. Place the ammonia electrode in the beaker, stir, and
measure the potential after stabilization. [NOTE-:lt may
take about 5 min.] Obtain the quantity of NH4 +, in mg, in
the 100 mL of the Sample solution based on the calibration
curve.

Calculate the percentage of ammonium (NH 4 +), in the
portion of Racemethionine taken:

Result = (C/W) x F

C = quantity of ammonium in the Sample solution
from the standard curve (mg)

W =weight of Racemethionine taken to prepare the
Sample solution (mg)

F =conversion factor to IJg/g (ppm), 1 x 106

Acceptance criteria: NMT 200 ppm
ORGANIC IMPURITIES
• Procedure: Related Substances
Standard solution A: 0.40 mg/mL of USP Racemethionine RS
Standard solution B: 40 IJg/mL of USP Racerriethlontne RS

1 Orion 95-12 is suitable.
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Sample solution A: 20 mg/mL of Racemethionine
Sample solution B: 0.40 mg/mL of Racemethionine
Chromatographic system

(See Chromatography (621), Thin-Layer Chromatography.)
'Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture
Application volume: 5 IJL
Developing solvent system: Butyl alcohol, glacial acetic

acid, and water (3:1:1)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl

alcohol and 2 N acetic acid (95:5)
Analysis

Samples: Standard solution A, Standard solution B, Sample
solution A, and Sample solution B
Develop over a path of 10 cm using the Developing solvent

system. After air-drying the plate, spray with Spray
reagent, and heat between 100° and 105° for 15 min.
Examine the plate under white light.

Acceptance criteria: Any spot obtained from Sample solution
A, apartfrom the principal spot, is not more intense than the
spot obtained from Standard solution B (NMT 0.2%).

SPECIFIC TESTS
• pH (791): 5.4-6.1, in a 20 mg/mL solution
• Loss ON DRYING (731): Dry a sample at 105° for 3 h: it loses
. NMT 0.5% of its weight, determined on 1.000 g.

• TRANSMITTANCE
Sample solution: 10% of Racemethionine in 2 N

hydrochloric acid, prepared by sonication
Analysis: Determine the transmittance in a l-cm cell at

430 nm with a suitable spectrophotometer.
Acceptance criteria: Transmittance of NLT 0.98,

corresponding to an absorbance of NMT about 0.009

ADDITIONAL REQUIREMENTS ,
• PACKAGING AND STORAGE: Preserve in well-closed

containers, protected from light.
• USP REFERENCE STANDARDS (11)

USP Ammonium Chloride RS
USPRacemethionine RS

Fully Hydrogenated Rapeseed Oil

Fully hydrogenated rapeseed oil [84681-71-0]~

DEFINITION
Fully Hydrogenated Rapeseed Oil is the product obtained by

refining and hydrogenating oil obtained from the seeds of
Brassica napusand Brassica campestris (Fam. Cruciferae). The
product is a mixture of triglycerides in which the fatty acid
composition is a mixture of saturated fatty acids.

IDENTIFICATION
• A. It meets the requirements of the test for Fats and Fixed

Oils, Fatty Acid Composition (401).

IMPURITIES
• ALKALINE IMPURITIES

Sample solution: Prepare a mixture of 2.0 9 of Fully
Hydrogenated Rapeseed Oil, 1.5 mL of alcohol, and 3.0 mL
of toluene. Dissolve by gentle heating.

Analysis: To the Sample solution add 0.05 mL of
bromophenol blue TS,and titrate with 0.01 N hydrochloric
acid to a yellow endpoint.

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochloric
acid is required.
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• RESIDUE ON IGNITION (281): NMT 0.5%, when a 5-g sample
of Fully Hydrogenated Rapeseed Oil is ignited at an ignition
temperature of 800 ± 2SO

• LIMITOF NICKEL
Sample solution: Weigh 5.0 g of Fully Hydrogenated

Rapeseed Oil into a previously tared platinum or silica
crucible. Cautiously heat the substance, and introduce into
it a wick formed from twisted ashless filter paper. Ignite the
wick. When the substance ignites, stop heating. After
combustion, ignite in a muffle furnace at about 600°.
Continue the incineration until white ash is obtained. After
cooling, transfer the residue, with the aid of two 2-mL
portions of diluted hydrochloric acid, to a 25-mL volumetric
flask. Add 0.3 mL of nitric acid, and dilute with water to'
volume.

Standard stock solution: 0.2 ~g/mL of nickel prepared
from nickel standard solution TSand water. Prepare
immediately before use.

Standard solutions: Into three identical 1O-mL volumetric
flasks introduce 1.0, 2.0, and 4.0 mL of Standardstock
solution, respectively. To each flask add a 2.0-mL portion
of the Sample solution, and dilute with water to volume.

Instrumental conditions
(SeeAtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometer equipped

with a graphite furnace
Absorbance: 232.0 nm
Lamp: Nickel hollow-cathode

Analysis
Samples: Sample solution and Standardsolutions
Concomitantly determine the absorbances of the Samples

at least three times each. Record the average of the steady
readings for each of the Standard solutions and the Sample
solution. Plot the absorbancesof the Standardsolutions
and the Sample solutionversus the added quantity of
nickel. [NoTE-The Sample solutionshould be plotted as if
it had a content of added nickel equivalent to 0 ~g.]

Extrapolate the line joining the points on the graph until
it meets the concentration axis.The distance between this
point and the intersection of the axes represents the
concentration of nickel, C, in ~g/mL, in the Sample
solution.

Calculate the content of nickel in the portion of Fully
Hydrogenated Rapeseed Oil taken: .

Result= (C/W) x V

C = concentration of nickel in the Sample solution(~g/
mL)

W = weight of Fully Hydrogenated Rapeseed Oil (g)
V =volume of the Sample solution, 25 mL

Acceptance criteria: NMT 1 ppm
• LIMITOF ERUCIC ACID: NMT 1.0%, as determined under

Specific Tests, in the test Fats and Fixed Oils, FattyAcid
Composition (401)

SPECIFIC TESTS
• FATS AND FIXED OILS, FattyAcidComposition (401): Fully

Hydrogenated Rapeseed Oil exhibits the fatty acid
composition profile shown in Table 7.

Table 1

Carbon-Chain Number of Percentage
Length Double Bonds (%) .

14 0 <1.0

16 0 3-5

18 0 38-42

OfficialMonographs / Rapeseed 5999

Table 1 (continued)
Carbon-Chain Number of Percentage

length Double Bonds (%)

20 0 8-10

22 0 42-50

24 0 1.0-2.0

18 1 .:::1.0

18 2 <1.0

20 1 <1.0

22" 1 ':::1.0

a Erucicacid.

• FATS AND FIXED OILS, AcidValue (401): NMT 6.0
• FATS AND FIXED OILS, Iodine Value (401): NMT 4
• FATS AND FIXED OILS, Peroxide Value (401): NMT 2.0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

1.5%

ADDITIONAL REQUIREMENTS ,
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No storage requirements specified.

Superglycerinated Fully Hydrogenated
Rapeseed Oil

Superglycerinated f~IIy hydrogenated rapeseed oil.

DEFINITION
Superglycerinated Fully Hydrogenated Rapeseed Oil is the

product obtained by refining, hydrogenating, and
glycerinating oil obtained from the seeds of Brassica napus
and Brassica campestris (Fam. Cruciferae). The product is a
mixture of mono-, dl-, and triglycerides, with triglycerides
as a minor component.

[NOTE-Usecompendial grade glycerin as a starting
material.]

IDENTIFICATION
• A. It meets the requirements of the test for Fats and Fixed

Oils, FattyAcidComposition (401).

COMPOSITION
• CONTENT OF l-MONOGLYCERIDES

Periodic acid solution: Dissolve5.4 g of periodic acid in
100 mL of water, add 1900 mL of glacial acetic acid, and
mix: Preserve in a light-resistant, glass-stoppered bottle.

Chloroform: Use chloroform that meets the following test.
Add 50.0 mL of Periodic acidsolution to each of three
500-mL flasks. Add 50 mL of chloroform and 10 mL of water
to two of the flasks, and add 50 mL of water to the third
flask. Add 20 mL of potassium iodide TS to each flask, mix
gently, and continue asdirected in the Analysis, beginning
with "and allow to stand at least 1 min, but no longer than
5 min, before titrating". The difference between the volume
of 0.1 N sodium thiosulfate VSrequired in the titrations with
and without the chloroform is not greater than 0.5 mL..

Sample solution: Melt Superglycerinated Fully
Hydrogenated Rapeseed Oil at a temperature not higher
than 10° above its melting point, and mix thoroughly.
Transfer an accurately weighed quantity of it, equivalent to
about 150 mg of l-monoglycerides, to a 1OO-mL beaker,
dissolve in 25 mL of Chloroform, and mix.

Analysis: Transfer the Sample solution, with the aid of an
additional 25 mL of Chloroform, to a separator. Wash the
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beaker with 25 mL of water, and add the washing to the
separator. Close the separator tightly with a stopper, shake
vigorously for 30-60 s, and allow the layers to separate.
[NOTE-Add 1-2 mL of glacial acetic acid to break

emulsions due to the presence of soap.]
Collect the aqueous layer in a 500-mL glass-stoppered

Erlenmeyer flask, and again extract the chloroform
solution in the separator with two 25-mL portions of
water. Retain the combined aqueous extracts, which will
be used in the test for Limit of Free Glycerin. Transfer the
chloroform layer to a 500-mL glass-stoppered Erlenmeyer
flask, and add 50.0 mL of Periodic acidsolutionto this flask
and to each of two blank flasks containing a mixture of
50 mL of Chloroform and 10 mL of water. Swirl the flasks
during the addition of Periodic acidsolution, and allow to
stand for at least 30 min, but no longer than 90 min. To
each flask, add 20 mL of potassium iodide TS, and allow
to stand at least 1 min, but no longer than 5 min, before
titrating. Add 100 mL of water, and titrate with 0.1 N
sodium thiosulfate VS, using a magnetic stirrer to keep the
solution thoroughly mixed, to the disappearance of the
brown iodine color. Add 2 mL of starch TS, and continue
the titration to the disappearance of the blue color.

Calculate the percentage of l-monoglycerides in the
portion of Superglycerinated Fully Hydrogenated
Rapeseed Oil taken:

Result = {[M 1 x (V B - Vs) x N]/(W x A)} x 100

M 1 =molecular weight of glyceryl monostearate, 358
V B = volume of sodium thiosulfate VS consumed in the

blank determination (mL)
V s =volume of sodium thiosulfate VS required in the

titration of the SuperglycerinatedFully
Hydrogenated Rapeseed Oil (mL)

N =normality of the sodium thiosulfate VS
W = weight of the Superglycerinated Fully

Hydrogenated Rapeseed Oil taken to prepare the
Sample solution (mg)

A =factor number, 2

Acceptance criteria: 90.0%-110.0% of that indicated on
the label

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%, when a 5-g sample

of Superglycerinated Fully Hydrogenated Rapeseed Oil is
ignited at an ignition temperature of 800 ± 25 0

• LIMIT OF NICKEL
Sample solution: Weigh 5.0 g of .Superglycerinated Fully

Hydrogenated Rapeseed Oil into a previously tared
platinum or silica crucible. Cautiously heat the substance,
and introduce into it a wick formed from twisted ashless
filter paper. Ignite the wick. When the substance ignites,
stop heating. After combustion, ignite in a muffle furnace
at about 600 0

• Continue the incineration until white ash is
obtained. After cooling, transfer the residue, with the aid of
two 2-mL portions of diluted hydrochloric add, to a 25-mL
volumetric flask. Add 0.3 mL of nitric acid, and dilute with
water to volume.

Nickel standard solution: Immediately before use, dilute
10 mL of nickel standard solution TSwith water to 500 mL.
This solution, contains the equivalent of 0.2 pg/mL of nickel.

Standard solutions: Into three identical 1O-mL volumetric
flasks, introduce respectively 1.0, 2.0, and 4.0 mL of Nickel
standardsolution.To each flask, add a 2.0-mL portion of the
Sample solution, and dilute with water to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
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Mode: Atomic absorption spectrophotometer equipped
with a graphite furnace

Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode

Analysis
Samples: Sample solutionand Standard solutions

Concomitantly determine the absorbances at least three
times each, at the wavelength of maximum absorbance.
Record the average of the steady readings for each of the
Standardsolutions and the Sample solution. Plot the
absorbances of the Sample solutionand the Standard
solutionsversus the added quantity of nickel.

[NOTE-The Sample solutionshould be plotted as if it
had a content of added nickel equivalent to 0 J..Ig.]

Extrapolate the line joining the points on the graph until
it meets the concentration axis. The distance between
this point and the intersection of the axes represents the
concentration of nickel, C, in I-Ig/mL, in the Sample
solution.

Calculate the content af nickel in the portion of
Superglycerinated Fully Hydrogenated Rapeseed Oil
taken:

Result=(V x C)/W

V =volume of the Sample solution, 25 mL
. C =concentratlon of nickel in the Sample solution (I-Ig/

mL)
W =weight of Superglycerinated Fully Hydrogenated

Rapeseed Oil taken to prepare the Sample
solution (g)

Acceptance criteria:. NMT 1 J..Ig/g (ppm)
• LIMITOF ERUCIC ACID: NMT 1.0%, asdetermined in the test

for Fats and Fixed Oils(401), FattyAcidComposition
• LIMIT OF FREE GLYCERIN

Periodic acid solution and Chloroform: Prepare asdirected
. in the test for Contentof 1-tyIonoglycerides.
Sample solution: Use the combined aqueous extracts

obtained as directed in the test for Contentof
1-Monoglycerides.

Analysis: Transfer 50.0 mL of Periodic acidsolution to each
of two flasks: a 500-mL glass-stoppered Erlenmeyer flask
containing the Sample solutionand a 500-mL
glass-stoppered Erlenmeyer blank flask containing 75 mL of
water. Continue as directed for Analysis in the test for
Contentof 1-Monoglycerides, beginning with "Swirl the
flasksduring the addition of Periodic acidsolution, and allow
to stand for at least 30 min, but no longer than 90 min".
Calculate the percentage of free glycerin in the portion of

Superglycerinated Fully Hydrogenated Rapeseed Oil
taken:

Result = {[M 1 x (V B - Vs) x N]/(Wx A)} x 100

M 1 =molecular weight of glycerin, 92
V B =volume of sodium thiosulfate VS consumed in the

blank determination (mL)
Vs =volume of sodium thiosulfate VS required in the

titration of the Superqlycerinated Fully
Hydrogenated Rapeseed Oil (mL)

N = normality of the sodium thiosulfate VS
W = weight of the Superglycerinated Fully

Hydrogenated Rapeseed Oil taken to prepare the
Sample solutionasdirected in the test for Content
of 1-Monoglycerides (mg)

A = factor number, 4

Acceptance criteria: NMT 1%
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calculated

DEFINITION
Stronger Rose Water is a saturated solution of the odoriferous

principals of the flowers of Rosa centifolia L. (Fam. Rosaceae)
prepared by distilling the fresh flowers with water and
separating the excess volatile oilfrom the clear, water portion
of the distillate. [NOTE-Stronger Rose Water, diluted with an
equal volume of purified water, may be supplied when "Rose
Water" is required.]

SPECIFICTESTS
• REACTION: Neutral or acidic to litmus
• RESIDUE ON EVAPORATION

Sample: 100 mL
Analysis: Evaporate the sample on a steam bath, and dry the

residue at 105° for 1 h.
Acceptance criteria: NMT 15 mg (0.015%)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: The odor of Stronger RoseWater

is best preserved by allowing a limited access of fresh air to
the container.

Stronger Rose Water

Rose Water Ointment-see Rose WaterOintment
General Monographs

Saccharin.

on the dried basis.

IDENTIFICATION

C7HsN03S 183.18
1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide;
1,2-Benzisothiazolin-3-one 1,1-dioxide [81-07-2].

DEFINITION

• PROCEDURE

ASSAY

Carbon-Chain Number of Percentage
length Double Bonds (%)

14 .0 <1.0

16 0 3-5

18 0 38-42

20 0 8-10

22 0 42-50

24 0 1.0-2.0

18 1 ::s1.0

18 2 <1.0

20 1 <1.0

22a 1 ::s1.0

DEFINITION
Rose Oil is volatile oil distilled with steam from the fresh

flowers of Rosa gallica L, Rosa damascena Miller, Rosa alba L.,
Rosa centifolia L., and varieties of these species (Fam.
Rosaceae).

SPECIFICTESTS
• SPECIFIC GRAVITY (841) .

Analysis: Measure at 30° compared with water at 15°.
Acceptance criteria: 0.848-0.863 .

• OPTICAL ROTATION, AngularRotation (781 A): -1 ° to _4°
• REFRACTIVE INDEX (831): 1.457-1 .463 at 30°
• SOLUBILITY TEST

Analysis: 1 mL is miscible with 1 mL of chloroform without
turbidity. Add 20 mL of 90% alcohol to this mixture.

Acceptance criteria: The resulting liquid is neutral or acid
to moistened litmus paper and, upon standing at 20°,
deposits crystals within 5 min.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-filled, tight

containers.

Rose Oil

• FATS AND FIXED OILS, Hydroxyl Value (401): NLT 90.0% and
NMT 110.0% of that indicated on the label

• FATS AND FIXED OILS, Iodine Value (401): NMT 4
• FATS AND FIXED OILS, Peroxide Value (401): NMT 2.0
• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT

1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:. Preserve in tight, light-resistant

containers. No storage requirements specified.
• LABELING: Label it to indicate the hydroxyl value and the

content of 1-monoglycerides.

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401): NMT 6.0
• FATS AND FIXED OILS, FattyAcidComposition (401):

Superglycerinated FullyHydrogenated Rapeseed Oil
exhibits the fatty acid composition profile shown in Table 1.

Table 1

aErucic acid.
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Standard stock solution: 20.0 ~g/mL of USP
o-Toluenesulfonamide RS and 20.0 ~g/mL of USP
p-Toluenesulfonamide RSin methylene chloride

Standard solution: Evaporate 5.0 mL of the Standard stock
solution to dryness in a stream of nitrogen. Dissolve the
residue in 1 mL of the Internal standard solution.

Sample solution: Suspend 109 of Saccharin in 20 mL of
water, and dissolve using 5-6 mL of 10 N sodium
hydroxide. Ifnecessary, adjust the solutionwith1N sodium
hydroxide or 1 N hydrochloric acid to a pH of 7-8, and
dilute with water to 50 mL. Shakethe solutionwith four
quantities each of 50 mL of methylene chloride. Combine
the lowerlayers, dry over anhydrous sodium sulfate, and
filter. Wash the filter and the sodium sulfatewith 10 mL of
methylene chloride. Combine the solutionand the
washings, and evaporate almost to dryness in a water bath
at a temperature not exceeding 40°. Using a small
quantity of methylene chloride, quantitatively transfer the
residue into a suitable 1O-mL tube, evaporate to dryness
in a stream of nitrogen, and dissolve the residuein 1.0 mL
of the Internal standard solution.

Blanksolution: Evaporate 200 mL of methylene chlorideto
drynessina water bath at a temperature not exceeding40°.
Dissolve the residue in 1 mL of methylene chloride.

Chromatographic system
(See Chromatography (621), System Suitability.)

.: Mode: GC
Detector: Flame ionization
Column: 0.53-mm x 1O-m fusedsilica; coated witha 2-~m

film of phase G3
Temperatures

Injector: 250°
Column: 1800

Detector: 250°
Carrier gas: Nitrogen
Flow rate: 10 mL/min
Injection volume: 1 ~L

Injection type: Splitratio, 2:1
System suitability

Samples: Standard solution and Blank solution
[NoTE-The substances are eluted in the following

order: o-toluenesulfonamide, p-toluenesulfonamide,
and caffeine.]

Suitability requirements: No peaksat the retention times
for the internal standard, o-toluenesulfonamide, or
p-toluenesulfonamide; Blank solution
Resolution: NLT 1.5 between o-toluenesulfonamide and

, p-toluenesulfonamide, Standard solution
Analysis

Samples: Standard solution and Sample solution
Acceptance criteria: See Table 2. Ifany peaksdue to

o-toluenesulfonamide and p-toluenesulfonamide appear in
the chromatogram of the Sample solution, the ratioof their
areas to that of the Internal standard solution is NMT the
corresponding ratio in the chromatogram of the Standard
solution.

OrSa~(;~arln:Jr' Diluent

1),:::S)/stlem:~)l:I'lt~blljty;:)

Suitabili.
Resolu
sacch

railing'
Relative
.. replicate injections, Stan,

Analysis
Samples:' Stannl'1rn ~nlfJTlnn

Calculate, the
Saccharintaken~

Res~lt =(r.~/!s) ~x(CslfjJ)~tQO

rJ ::: peak area ofsaccharirrfronfth~ s(iiripl~sollJtion

rs ~ peClk area6fsaccflarin'from~ln~Jtabqarijsglfl.ticin

Cs

Mobile.phase:$e~~Tablet"

Table 1

Time "5olutlonA Solution'S
(l11h1) (%)' . <%) -

0 ,@~ f~

7.0 90, J()
8c:0 ;5 ~'~

10.0 I .5 95'

10~1 90 l!t
15;0 ~() 1(1

Table 2

,A" . ":: ,-
.&. (NF H?ec-:?Ol9)

• LIMIT OF BENZOATE AND SALICYLATE
Sample solution: 10 mL of a hot, saturated solutionof

saccharin

~1iC~~P!~~~~:~~!~~!I~,
:Ei;,~~~~(I)lFJt"O:~i?Ol?l

Name (ppm)

0- Toluenesulfonamide 10

p-Toluenesulfonamide 10

a: 98:0o/~102~.0%,ontH~ari~p
)

IMPURITIES
• RESIDUE ON IGNITION (281 ):. NMT 0.2%,'using an ignition

temperature of 600 ± 50°

Ch
.j,.(!'1~ .~~DeC-2919)LlMIT OF TOLUENESULFONAMIDES

Internal standard solution: 0.25 mg/mLof caffeinein
methylene chloride .
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Saccharin Calcium-see Saccharin Calcium General
Monographs

• COLOR OF SOLUTION
Diluent A: 200-g/L solution of sodium acetate
Diluent B: 1O-g/Lsolution of hydrochloric acid
Standard stock solution: Ferric chloride CS, cobaltous

chloride CS, cupricsulfate CS, and Diluent 8 (3.0: 3.0: 2.4:
1.6)

Standard solution: Standard stock solution and Diluent8
(1 in 100). [NOTE-Prepare the Standardstocksolutionand
Standardsolution immediately before use.]

Sample solution: Use the Sample solutionfrom the test for
Clarityof Solution.

Analysis
Samples: DiluentA, Standardsolution, Sample solution, and

water
Transfer a sufficient portion of the Sample solution to a test ~

tube ofcolorless, transparent, neutralglasswith a flatbase
and an internal diameter of 15-25 mm to obtain a depth
of 40 mm. Similarly transfer portions of the Standard
solution, DiluentA, and water to separate, matching test
tubes. Comparethe solutions indiffused daylight,viewing
vertically against a white background (see Visual
Comparison (630».

Acceptance criteria: The Sample solution has the
appearance of water or DiluentA, or is not more intensely
colored than the Standard solution.

.ADDITIONAL REQUIREMENTS

(NF1'-D~c~2019)1;PA(:KA,Gn~GAND STORAGE:
W€II-CIOSE!a containers.Store at room
temperature. ~.~ (NF1-Dec-20l9)

• USP REFERENCE STANDARDS (11)
USP Saccharin RS
USP o-Toluenesulfonamide RS
USP p-Toluenesulfonamide RS

Saccharin Sodium-see Saccharin Sodium General
Monographs

Safflower Oil~seeSafflower Oil General Monographs

DEFINITION
SesameOil is the refined fixed oilobtained from the seed of

one or more cultivated varieties of Sesamum indicum L. (Fam.
Pedaliaceae). It may contain suitable antioxidants.

IDENTIFICATION
• A. IDENTITY BV TRIGLVCERIDE PROFILE
Analysis: Proceedas directed in the test for Triglyceride

Composition.
Acceptance criteria: The peak responsesof the eight major

triglycerides-LLL, aLL, PLL, DOL, POL, ODD, SOL, and

Sesame Oil

• Loss ON DRVING (731)
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 1.0%

Analysis: Add ferric chlorideTS dropwiseto the Sample
solution.

Acceptance criteria: No precipitateor violetcolorappears
in the liquid.

SPECIFIC TESTS

• READILV CARBONIZABLE SUBSTANCES TEST (271)
I~~
. 9~1
~"~)

Sample solution: mg/mL in sulfuric acid ~~0;1~~)jj#6~~J~~t~5
'maintained at 48°-50° for 10 min

Acceptance 'criteria: The Sample solutionhas no more color
than Matching fluid A, when viewedagainst a white
background.

• CLARITV OF SOLUTION
[NOTE-The Sample solution is to be compared to

Reference suspension A in diffused daylight5 min after
preparation of Reference suspension A]

Diluent: 200-g/L solutionof sodium acetate
Hydrazine solution: 10.0 mg/mL of hydrazine sulfate.

[NOTE-Allow to stand for 4-6 h.]
Methenamine solution: .Transfer 2.5 g of methenamine

to a 1OO-mL glass-stopperedflask, add 25.0 mL of water,
insert the glassstopper, and mix to dissolve.

Primary opalescent suspension: Transfer 25.0 mL of
Hydrazine solution to the Methenamine solution in the
1OO-mL glass-stopperedflask. Mix, and allow to stand for
24 h. [NOTE-This suspension is stable for 2 months,
provided it isstored in a glasscontainer free from surface
defects. The suspension must not adhere to the glassand
must be well mixed before use.]

Opalescence standard: Dilute 15.0 mL of the Primary .
opalescent suspension with water to 1000 mL. [NOTE-This
suspension should not be used beyond 24 h after
preparation.]

Reference suspenslon A: Opalescence standard and water
(1 in 20)

Reference suspension B: Opalescence standard and water
(1 in 10)

Sample solution: 200 mg/mL in Diluent
Analysis

Samples: Diluent, Reference suspension A, Reference
suspension 8, Sample solution, and water

Transfer a sufficient portion of the Sample solution to a test
tube ofcolorless, transparent, neutralglasswitha flat base
and an internaldiameter of 15-25 mm to obtain a depth
of 40 mm. Similarly transfer portions of Reference
suspension A, Reference suspension 8, water, and Diluentto
separate matching test tubes. Compare the solutions in
diffused daylight, viewing vertically against a black
background (see Visual Comparison (630». [NoTE-The
diffusion of light must be such that Reference suspension A
can readily be distinguished from water, and that
Reference suspension 8 can readily be distinguished from
Reference suspension A.]

Acceptance criteria: The Sample solutionshows the same
clarity as that of water or Diluent, or itsopalescenceisNMT
that of Reference suspension A
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POO-elute between 0 and about 40 min, in the order
specified, and at relative retention times of about 0.55,
0.65,0.69,0.77,0.82,0.93,0.97, and 1.0, respectively, as
obtained in the Sample solution in the test for Triglyceride
Composition.

ASSAY
- TRIGLYCERIDE COMPOSITION

[NOTE-Thefatty acid radicals are designated as linoleic
(L), oleic (0), palmitic (P), and stearic (S), and the
common abbreviations for triglycerides used are as
follows: trilinolein (lll), 1,2-dilinoleoyl
3-0Ieoyl-rac-glycerol (Oll), 1,2-dilinoleoyl
3-palmitoyl-rac-glycerol (Pll), 1,2-dioleoyl
3-linoleoyl-rac-glycerol (OOl), I-palmltoyl-z-oleoyl
3-linoleoyl-rac-glycerol (POL), triolein (000),
l-linoleoyl-2-0Ieoyl-3-stearoyl-rac-glycerol (SOL),
and 1,2-dioleoyl-3-palmitoyl-rac-glycerol (POO).]

Mobile phase: Acetonitrile and methylene chloride
(60:40)

System suitability solution: 3.0 mg/mL each of USP
Sesame Oil Related Compound A RS and USP Sesame Oil
Related Compound B RS in Mobilephase. [NOTE-USP
Sesame Oil Related Compound A RS is Oll, and USP
Sesame Oil Related Compound B RS is PlL.]

Sample solution: 20 mg/ml of Sesame Oil in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: lC
Detector: Refractive index
Columns: Two 4.6-mm x 25-cm in series; packings II
Column temperature: 30°
Flow rate: 1.0 ml/min
Injection volume: 20 IJl

System suitability I

Sample: System sUitability solution
[NoTE-The relative retention times for Oll and Pll are

about 0.93 and 1.0, respectively.]
Suitability requirements

Resolution: NlT 1.8 between ou and Pll
Relative standard deviation: NMT 1.5% determined
from peak areas; NMT 2.2% determined' from the peak
area ratio of Oll to Pll

Analysis
[NOTE-The relative retention times for the eight major

triglyceride peaks are listed in Table 1.]
Sample: Sample solution
Calculate the percentage of each of these triglycerides in

the portion of the Sample taken:

Result = (AI B) x 100

A =peak area of each individual triglyceride
8 =sum of the areas of all the peaks, excluding the

solvent peak .

Table 1
Relative

Retention Composition
Triglyceride Time (%)

III 0.55 7.0-19.0

all 0.65 13.0-30.0

Pll 0.69 5.0-9.0

OOl 0.77 14.0-25.0

pal 0.82 8.0-16.0

000 0.93 5.0-14.0

NF 38

Table 1 (continued)

Relative
Retention Composition

Triglyceride Time (%)

Sal 0.97 2.0-8.0

POO 1.0 2.0-8.0

IMPURITIES
- ALKALINE IMPURITIES

Sample: 10 ml of Sesame Oil
Analysis: Mix 10 ml of freshly opened acetone and 0.3 ml

of water, and add 0.05 rnl, of bromophenol blue TS.Add .
the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS to change the color of the upper layer
to yellow.

Acceptance criteria: NMT 0.1 ml of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
- SPECIFIC CRAVITY (841): 0.912-0.921
- FATS AND FIXED OILS (401), AcidValue (Free FattyAcids)

Sample: 10 9
Acceptance criteria: NMT 2.0 rnl, of 0.020 N sodium

hydroxide is required for neutralization.
- FATS AND FIXED OILS (401), Iodine Value: 103-116
-. FATS AND FIXED OILS (401), Saponification Value: 188-195
- FATS AND FIXED OILS (401), Solidification Temperature of

FattyAcids: 20°-25°
- FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
- FATS AND FIXED OILS (401), Unsaponifiable Matter: NMT

1.5%
- COTTONSEED OIL

Sample: 5 ml
Analysis: Mix the Sample in a- test tube with 5 ml of a .

mixture of equal volumes of amyl alcohol and a10-mg/ml
solution of sulfur in carbon disulfide. Warm the mixture
carefully until the carbon disulfide isexpelled, and immerse
the tube to one-third of its depth in a boiling saturated
solution of sodium chloride.

Acceptance criteria: No reddish color develops within
15 min.

- WATER DETERMINATION, Method Ie(921): NMT 0.1 %

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and prevent exposure to excessive heat.
- LABELING: label it to indicate the name and quantity of any

addedantioxidant. Where Sesame Oil is intended for use in
the manufacture of injectable dosage forms, it is so labeled.

- OTHER REQUIREMENTS: For Sesame Oil intended for use in
injectable dosage forms, which is specified in the labeling,
the requirements must be met for Unsaponifiable Matter,
AcidValue, Peroxide Value, and Water, MethodIc, under
Specific Tests in Injections and ImplantedDrugProducts (1),
Vehicles and addedsubstances, Nonaqueous vehicles.

- USP REFERENCE STANDARDS (11)
USP Sesame Oil Related Compound A RS
USP Sesame Oil Related Compound B RS
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Table 1

AcidValue loss on Dry-
(on dried ing Wax

basis) (%) (%)

Orange Shellac 68-76 NMT 2.0 NMT 5.5

Refined Orange Shellac 68-79 NMT 2.0 NMTO.2

Regular Bleached Shellac 73-89 NMT6.0 NMT 5.5

Refined Bleached Shellac 75-91 NMT 6.0 NMTO.2

IDENTIFICATION

• A.
~» ..•••. )

degree of polymerization, the intensity of some absorption
bands may vary.

Use USP Regular Bleached Shellac RS for the following two
types:

• Orange Shellac
• Regular Bleached Shellac

Use USP Refined Bleached Shellac RS for the following two
types:

• Refined Bleached Shellac
• Refined Orange Shellac

• B. IDENTIFICATION OF ALEURITIC ACID AND SHELLOLIC ACID
BY THIN-LAYER CHROMATOGRAPHY

Standard solution: 6 mg/mL of USP Aleuritic Acid RS in
methanol, heating slightly if necessary. "

Sample solution: Weigh and finely powder 500 mg of
Shellac.Transfer 500 mg of the finely powdered Shellacto a
test tube and heat with 4 mL of 85-mg/mL sodium
hydroxide solution in a vigorously boiling water bath for
5 min. Cool, add 10 mL of ethyl acetate, and transfer the
content to a separatory funnel. With stirring, add slowly
4 mL of a 120-mg/mL solution of glacial acetic acid to the
funnel. Shakethe solution thoroughly and withdraw the
lower layer. Transfer the upper layer to a small flask, add
anhydrous sodium sulfate, and pass through a membrane
disk syringe of 0.45-lJm pore size. Collect the filtrate and
use it as the sample.

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Plate: 10-cm x 20':cm or 20-cm x 20-cm; silica gel 60 F254

Application volume: 10 IJL, as 8-mm bands. [NoTE-An
automated apparatus may be used.] "

Developing solvent system: Ethyl acetate, methylene
chloride, methyl alcohol, and acetic acid (60:32:8:1)

Spray reagent: Prepare the anisaldehyde solution by
mixing in the following order. In 0.5 mL of anisaldehyde,
add 10 mL of glacial acetic acid, 85 mL of methyl alcohol,
and 5 mL of sulfuric acid.

Analysis
Samples: Standardsolution and Sample sotution
Development: Apply the Samptesu: different bands to the

previously marked starting point on a TLC plate, and
develop the plate two times over a path of 15 em. 'Dry the
plate in air.

Detection: Spray with the Spray reagent. Heat the plate at
100°-105° for 10min, and examine in daylight (or white
light).

[NOTE-The principal band of aleuritic acid shows strong
intensity and purple color. The retardation factor (R F)
for the principal band of aleuritic acid is 0.41. A

HO

HO

R R'

Jalaricacld ~H ./'<)1< wl1hA1auriticacid

Shallolicacld .J--.OH
./'<)1< withAleoriticacid

lakshollcacid ""-"'-<)1< ./'<)1< withAlauriticacid

laccijalaricacid J-H
-CH, wilhA1auriticacid

laccishallollcacid J-OH -CH, withA1auritic acid

laccilakshcllcacid ""-"'-OH -CH,
wilhAIeoriticacid

Corresponding aplmarsof aboveacids
withA1euritic acid

Shellac

[9000-59-3].

DEFINITION
Shellac is obtained by the purification of lac, the resinuous

secretion of the insect Kerria lacca (Kerr) Lindinger
(Laccifer lacca Kerr) (Fam. Coccideae). Shellac is a polyester
resin consisting of inter- and intra-esters of polyhydroxyl
carboxylic acids formed from certain hydroxyl acids and
sesquiterpenic acids, and also contains variable amounts of
wax. There are four types of Shellacdepending on the nature
of the treatment of crude secretion (seedlac). "
1. Orange Shellac is produced by a process of filtration in

the molten state and/or by a process of solvent
extraction. Orange Shellac retains most of its wax.

2. Refined (Dewaxed) Orange Shellac is produced by
filtration of the wax in a solvent process. It may also be
decolorized by activated carbon.

3. Regular Bleached (white) Shellac is prepared by
dissolving the lac in an alkaline solution and bleaching
the solution with sodium hypochlorite. It is precipitated
by dilute acid and dried.

4. Refined Bleached Shellac is prepared by dissolving the
lac in an alkaline solution and bleaching the solution
with sodium hypochlorite. During the process, wax is
removed by filtration. It is precipitated by dilute acid
and dried.

Shellac conforms to the specifications in Table 7.
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blue-grayband with mediumintensity at RFO.22 could
be assignedto shellolic acid.]

Acceptance criteria: The chromatogram from the Sample
solutionshowsseveral colored bands. One of the colored
bands issimilar in positionand color to the band in the
chromatogram from the Standard solution, and it is
assigned to aleuritic acid. Below the aleuritic acid band, a
blue-grayband isassigned to shellolic acid.

IMPURITIES
• LIMIT OF CHLORIDE,

Dilute nitric acid: Dilute 10.5 mL of nitricacid with water
to 100 mL (10%).

Silver nitrate solution: Dissolve 1.75 g of silver nitrate in
water to 100 mL (0.1 rnol/t),

Sample: 0.4 g
Sample solution: Shake and dissolve the Sample in 5 mL of

alcoholwhilewarming.Add40 mL of water, and cool.Add
12 mL 'ofDilutenitric acid and water to make 100 mL, and
filter. Perform the analysis using50-mL of the filtrate as the
Sample solution.

Control solution: 0.8 mL of 0.01 M hydrochloric acidVS,
2.5 mL of alcohol, 6mL of Dilutenitricacid, and water to
make 50 mL

Analysis: Add 1 mL of Silver nitrate solution to the Sample
solutionand Control solution, mixwell, and protect from
light for 5 min. Compare the opalescence developed in
both solutions against a black background by viewing
downward or transversely.

Acceptance criteria: Theopalescenceof the Sample solution
is NMT that of the Controlsolution, corresponding to
NMTO.14%.

• TOTAL ASH'
Sample: 1 g ;' .
Analysis: Before sampling, ignite a crucibleof platinum,

quartz, or porcelain at 500°-550° for 1 h. Cooland weigh
the crucible. Transfer the Sample to this crucible. Take off
the lid or open slightly ifnecessary. Heat the crucible at a
lowtemperature at first, then gradually heat to 5000-?50°.

Ignite to incinerate the residuefor more than 4 h until no
carbonized substance remains in the ash. Cool and weigh
the ash. Incinerate repeatedly to constant 'weight, cool,
weigh accurately, and determine the percentage of total
ash. Ifa carbonized substance remains and a constant
weight cannot be obtained, extract the charred masswith
hot water, collectthe insoluble residueon filter paper for
assay, and incinerate the residueand filter paper until no
carbonized substance remains in the ash. Then add the
filtrate, evaporate to dryness, and incinerate.Cool, weigh
accurately, and determine the percentage of the total ash.
Ifa carbon-freeash still cannot be obtained, moisten the
ash with a small amount of alcohol (ethanol). Breakup the
ash with a glassrod, and wash the rod with a small amount
of alcohol. Evaporate carefully, and determine the massof
the total ash as described above. Adesiccator (silica gel) is
used for cooling.

Acceptance criteria: NMT 1.0%
• ETHANOL-INSOLUBLE SUBSTANCES

Sample: 5 g
Analysis: Dissolve the Sample in 50 mL of alcohol (ethanol)

ina water bath whileshaking.Transfer the ethanol solution
to a tared extractionthimble that was previously dried at
105°for 2 h ina Soxhletextractor, and extract with alcohol
for 3 h. Dry the extraction thimble at 105° for 3 h. Weigh
the residue in the thimble.

Acceptance criteria: The massof the residue is NMT 2.0%.

SPECIFIC TESTS
• Loss ON DRYING (731)
Analysis: Dryat 41 ± 2° in a well-ventilated oven for 24 h.
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Acceptance criteria: See Table 1.
• ACID VALUE

Sample solution: Dissolve 2 g of finely ground Shellac in
50 mL of alcoholthat has been neutralized to
phenolphthalein with 0.1 N sodium hydroxide.

Analysis: Add additional phenolphthalein TS ifnecessary
and titrate with 0.1 N sodium hydroxide VS to a pink
endpoint, or determine the endpoint potentiometrically.
Express the acid value in terms of the number of mg of
potassium hydroxide required per g of dried Shellac, and
calculatethe acid valueas directed in Fats and Fixed Oils
(401), AcidValue.
[NOTE-For orange Shellac titrate slowly, stirring

vigorously, untila glass rod dipped into the titrated
solution produces a color change when touched to a
drop of thymol blue TS on a spot plate.]

Acceptance criteria: See Table 1.
• WAX

Sample: 109 of finely ground Shellac
Analysis: Transfer the Sample and 2.50 g of sodium

carbonate to a 200-mL, tall-form beaker.Add 150 mL of
hot water, immersethe beakerin a boiling water bath, and
stiruntildissolved. Coverthe beakerwith a watch glass, and
maintain the heat for more than 3 h without agitation.
Remove the beakerto a coldwater bath. Whenthe wax has
floated to the surface, pass the solution through
medium-speedquantitativeashless filterpaper, transferring
the wax to the paper, and wash the filterwith water. Pour
5-10 mL of alcohol onto the filter to facilitate drying. Wrap
the paper loosely ina largerpieceoffilterpaper, bindwitha
piece of fine wire, and dry with the aid of gentle heat.
Extract with chloroform in a suitablecontinuous'extraction
apparatus for 2 h, usinga weighed flask to receive the
extracted wax and solvent. Evaporatethe solvent, and dry
the wax at 105° to constant weight.

'Acceptance criteria: See Table 1.
• ROSIN

Sample solution: 200 mg/mL in dehydrated alcohol
Analysis: To 10 mL of Sample solutionadd slowly, with

shaking, 50 mL ofsolventhexane,washwith two successive
50-mLportions of water, filter the washed alcohol-solvent
hexane solution,and evaporate to dryness. To the residue
add 2 mL of a mixtureof liquefied phenol, dehydrated
alcohol, and solvent hexane (1:0.5: 2). Stir, and transfera
portion of the solution to the cavity of a color-reaction
plate. Fill an adjacent cavity with a mixtureof bromine and
solvent hexane (1 :4), and cover both cavities with an
inverted watch qlass.

Acceptance criteria: No purpleor deep indigo-bluecolor is
produced in or above the liquid containing the residue.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed
, containers. Store in a dry place below 15°. Protectfrom

light. '. ' '
• LABELING: Label it to indicatethe type of Shellac.
• USP REFERENCE STANDARDS (11)

USP Aleuritic Acid RS
USP Refined Bleached Shellac RS
USP Regular Bleached Shellac RS

Dental-Type Silica
DEFINITION "
Dental-Type Silica isobtained from sodiumsilicate solutionby

destabilizing with acid in such a way as to yieldveryfine
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particles. The sum of the Assay valuesfor Silicon Dioxide and
Sodium Sulfate is NLT 98.0%.

ASSAY
• SILICON DIOXIDE

Sample: 1 g
Analysis: Ignite the Sample at 1000° for 1 h, cool in a

desiccator, and weigh. Carefully wet with water, and add
10 mL of hydrofluoric acid, in small increments. Evaporate
on a steam bath to dryness, and cool. Add about 10 mL of
hydrofluoric acid and about 0.5 mL of sulfuric acid, and
evaporate to dryness. Slowly increasethe temperature until
all of the acids have been volatilized, and ignite at 1000°.
Cool in a desiccator, and weigh. The difference between
the final weight and the weight of the initially ignited
portion represents the weight of SiOz.

e SODIUM SULFATE
Sample: 1 g
Analysis 1: In a platinum dish, wet the Sample with a few

drops of water, add 15 mL of perchloric acid, and place the
dish on a hot plate. Add 10 mL of hydrofluoric acid. Heat
until copious fumes are evolved. Add 5 mL of hydrofluoric
acid, and again heat to copious fumes. Add 5 mL of boric
acid solution (1 in 25), and heat to fumes. Cool, and transfer
the residue to a 400-mLbeaker with the aid of 10 rnl, of
hydrochloric acid. Adjust the volume with water to about
300 mL, and bring to boiling on a hot plate. Add 20 mL of
hot barium chloride TS. Keep the beaker on the hot plate
for 2 h, maintaining the volume above 200 mL. After
cooling, transfer the precipitate and solution to a dried,
tared crucible with a filter of 0.8-lJm pore size. Wash the
filter and precipitate 8 times with hot water, dry the crucible
at 105° for 1 h, and weigh. The weight, multiplied by
0.6085, is the sodium sulfate content of the amount of
specimen taken.

Acceptance crlterla 1: NMT 4.0%
Analysis 2: Calculate the sum of the Assay values for the

silicon dioxide and the sodium sulfate, and calculate the
percentage in the Dental-Type Silica taken.

Acceptance criteria 2: NLT 98.0%

SPECIFICTESTS
• pH (791)

Sample solution: 50 mg/mL of slurry
Acceptance criteria: 4.0-8.5

e Loss ON DRYING (731)
Analysis: Dry a sample at 105° for 2 h.
Acceptance criteria: It loses NMTthe maximum

percentage of its weight as indicated in the labeling.
• Loss ON IGNITION (733)

Sample: 1 g, previously dried
Analysis: Ignite the Sample at 1000° for NLT 1 h.
Acceptance criteria: NMT 8~5%

• CHLORIDE AND SULFATE, Chloride (221)
Sample solution: Boil 5 g in 50 mL of water under a reflux

condenser for 2 h, cool, and filter.
Control: 1.0 mL of 0.020 N hydrochloric acid
Analysis: Use a 7-mL portion of Sample solution.
Acceptance criteria: 0.1%; the Sample solution shows no

more chloride than the Control.
• ARSENIC, Method I (211)

Sample solution: Transfer 4.0 g of Dental-Type Silica to a
platinum dish, add 5 mL of nitric acid and 35 mL of
hydrofluoric acid, and evaporate on a steam bath. Cool,
add 5 mL of perchloric acid; 10 mL of hydrofluoric acid, and
10 mL of sulfuric acid, and evaporate on a hot plate to the
production of heavy fumes. Cool, cautiously transfer to a
1OO-mL beaker with the aid of a few mL of hydrochloric
acid, and evaporate to dryness. Cool, add 5 mL of
hydrochloric acid, dilute with water to about 40 mL, and
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heat to dissolve any residue. Cool, transfer to a 100-mL
volumetric flask, and dilute with water to volume.

Analysis: Usea 25.0-mL portion of Sample solution.
Acceptance criteria: NMT 3 ppm

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
e LABELING: Label it to indicate the maximum percentage of

losson drying.

Hydrophobic Colloidal ,Silica

[68611-44-9].

.DEFINITION
Hydrophobic Colloidal Silica is prepared by partial alkylation

for hydrophobation. It contains NLT 99.0% and NMT
101.0% of silicon dioxide (SiOz), calculated on the ignited
basis.

IDENTIFICATION
• A.

Sample: 25 mg ,
Analysis: Add the Sample to a platinum crucible, and ignite

at 900° for 2 h. Using a copper wire, mix the ignited
substance with 10 mg of sodium fluoride and a few drops
of sulfuric acid to give a thin slurry. Cover the crucible with a
thin, transparent plate of plastic under which a drop of
water is suspended, and warm gently.

Acceptance criteria: Within a short time, a white ring is
rapidly formed around the drop of water. ,

• B. It meets the requirements for Water-Dispersible
Substances in Specific Tests.

ASSAY
• PROCEDURE

Sample: The residue obtained in the test for Loss on Ignition
Analysis: To the Sample add sufficient alcohol to moisten

the residue completely, and then add 0.2 mL of sulfuric
acid. Add 6 mL of hydrofluoric acid, and evaporate to
dryness on a hot plate at about 100°, taking care to avoid
lossfrom sputtering. Wash down the sides of the platinum
crucible with 6 mL of hydrofluoric acid, and evaporate to
dryness. Ignite at 900° for 2 h, cool in a desiccator, and
weigh. The difference between the weight of the residue
obtained in the test for Loss on Ignition and the weight of
the final residue gives the amount of silicon dioxide (SiOz)
in the quantity of the substance to be examined.

Acceptance criteria: 99.00/0-101.0% on the ignited basis

IMPURITIES
• Loss ON IGNITION (733)

Sample: ,0.2 g
Analysis: Ignite the Sample in a platinum crucible at 900° for

2 h. Cool in a desiccator before weighing. [NOTE-It is
advisable to place the crucible in a cold oven and then heat
up the oven.]

Acceptance criteria: NMT 6.0%
• LIMIT OF LEAD

Select reagents having as Iowa lead content as practicable,
and store all solutions in containers of borosilicate glass.
Rinse all glassware thoroughly with warm, dilute nitric
acid (1 in 2) followed by water. ,

Ammonium acetate buffer solution, pH 3.5: Weigh 25.0 g
of ammonium acetate, and dissolve in 25 mL of water. Add
38.0 mL ofdilute hydrochloric acid. Adjust the pH, if
necessary, with dilute hydrochloric acid or weak ammonia
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solution (containing 460 mL/L of strong ammonia
solution). Dilute with water to 100.0 mL.

Thioacetamide solution: Prepare immediately before use.
To 0.2 mL of thioacetamide TSadd 1 mL of a mixture of
5 mL of water, 15 mL of 1 N sodium hydroxide, and 20 mL
of 85% glycerol. Heat in a water bath for 20 s.

Sample solution: Suspend2.5 g of Hydrophobic Colloidal
Silica in 30 mL of methanol, stir, and add 30 mL of weak
ammonia solution (containing 460 mL/L of strong
ammonia solution). With frequent stirring, evaporate on a
water bath, and dry the residue in an oven at 140°. When
the dried substance iswhite, break up the masswith a glass
rod. Reduce the residue to a powder, and add 15 mL of
methanol and 25 mL of 1 N hydrochloric acid. Boil gently
for 5 min, stirring frequently with the glassrod. Centrifuge
for 20 min, and pass the supernatant through a membrane .
filter. To the residue in the centrifuge tube add 3 mL of
dilute hydrochloric acid and 9 mL of water, and bring to a
boil. Centrifuge for 20 min, and pass the supernatant
through the same membrane filter. Wash the residue with
small quantities of water, combine the filtrates and
washings, and dilute with water to 50 mL. To 20 mL of this
solution add 50 mg of ascorbic acid and 1 mL ofstrong .
ammonia solution. Neutralize with diluted weak ammonia
'solution (containing 160 mL/L of strong ammonia
solution). Dilute with water to 25 mL.

Reference solution: Pipet 10 mL of standard lead solution
TS, and mix with 2 mL of the Sample solution.

Blank solution: A mixture of 10 mL of water and 2 mL of
the Sample solution

Analysis: To the Sample solution, Reference solation, and
Blank solution add 2 ml.of Ammoniumacetatebuffer
solution, pH 3.5. Mix, and add 1.2 mL of Thioocetamide
solution. Mix immediately. Examine the solutions after
2 min. The test is invalid if the Reference solution does not
show,a slight brown color compared to the Blanksolution.

Acceptance criteria: The brown color in the Sample solution
, is not more intense than that in the Reference solution (25
J.,Jg/g). [NOTE-If the result is difficult to judge, passthe
solutions through a membrane filter of 3-J.,Jm pore size,and
carry out the filtration slowly and uniformly: Compare the
spots on the filters obtained with the different solutions.]

• LIMIT OF CHLORIDE
Standard solution: Add 10 mL of 0.15 mM sodium chloride

and 5 mL of water. Add 1 mL of dilute nitric acid, arid pour
into a test tube containing 1 mL of silver nitrate TS.

Sample solution: To 1 g of Hydrophobic Colloidal Silicaadd
30 mL of methanol and 20 mL of dilute nitric acid. Heat
on awater bath for 15 min with frequent stirring. Cool,
dilute with water to 50 mL, and filter. Dilute 10mL of the
filtrate with water to 15 mL. Add 1 mL of dilute nitric acid,
and pour into a test tube containing 1 mL of silver
nitrate TS.

Analysis: Examine the tubes laterally against a black
background. "

Acceptance criteria: After standing for 5 min protected
from light, any opalescence in the Sample solution is not
more intense than that in the Standardsolution (0.025%).

SPECIFIC TESTS
• WATER-DISPERSIBLE SUBSTANCES

Sample: 0.4 g , .
Analysis: Placethe Sample in a 500-mL separating funnel,

add 100 mL of water, and shake for 1 min. Allow to stand
fo.r 1 h. Allow 90 mL of the aqueous phase to run out
dropwise without filtration into a suitable dish dried at
140°, and cool in a desiccator. Evaporateto dryness at 140°,
starting at a low temperature to avoid splashing. Cool in a
desiccator.
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Acceptance criteria: NMT 3.0%; the weight of the residue
does not exceed 12 mg.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Purified Siliceous Earth

DEFINITION
Purified Siliceous Earth is a form of silica (Si0 2) consisting of

the frustules and fragments of diatoms, purified by calcining.

IMPURITIES
• Loss ON IGNITION (733)

Sample: 1.g, previously dried
Analysis: Ignite the Sample at 980 ± 25° for 1 h in a tared

platinum or porcelain crucible.
Acceptance criteria: NMT 2.0%

• LEACHABLE ARSENIC
.Sample solution: To 10.0 g in a 250-mL beaker add 50 mL

of 0.5 N hydrochloric acid, cover with a .watch glass, and
heat at 70° for 15 min. Cool, and decant through a
Whatman No.3 filter paper into a 1OO-mL vok.Jmetric flask.
Wash the slurry with three 1O-mLportions of water,
preheated to 70°, and dilute with water to volume.

Analysis: A 3.0-mL portion of the Sample solutionmeets the
requlrernents'In Arsenic, Method 1 (211).

Acceptance criteria: NMT 10 J.,Jg/g
• LEACHABLE LEAD

Sample: A 1O.O-mL portion of the Sample solutionprepared
in the test for Leachable Arsenic

Control: 10 mL of DilutedStandardLead Solution in Lead
·(251)

Analysis: The Sample meets the requirements in Lead (251).
Acceptance criteria: NMT 10 J.,Jg/g

• LIMIT OF NONSILICEOUS SUBSTANCES
Sample: 200 mg
Analysis: Transfer the Sample to a tared platinum crucible,

add 5 mL of hydrofluoric acid and 2 drops of dilute sulfuric
acid (1 in 2), and evaporate gently to dryness. Cool, add
5 mL of hydrofluoric acid, evaporate again to dryness, and
ignite to constant weight.

Acceptance criteria: The weight of the residue is NMT
50 mg.

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry a sample at 105° for 2 h.
Acceptance criteria: NMT 0.5%

• ACID-SOLUBLE SUBSTANCES
Sample: 10.0 g
Analysis: Digest the Sample with 50 mL of 0.5 N

hydrochloric acid at 70° for 15 min, and filter. Wash the
residue, adding the washings to the filtrate to obtain a total
volume of 100 mL. Evaporate at 110° in a tared porcelain
dish to dryness. .

Acceptance criteria: NMT 2.0% (weight of the dried
residue is NMT 200 mg) .

• WATER-SOLUBLE SUBSTANCES
Sample: 12.5 g
Analysis: Placethe Sample in a 500-mL conical flask, add

250 mL of water, and shakefor 2 h at room temperature.
Filter with the aid of vacuum, and again filter if necessary
to obtain a clear filtrate. Evaporate in atared platinum or
porcelain dish, and dry at 110°. '

Acceptance criteria: NMT 0.2% (weight of the residue is
NMT 25 mg)
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Silicon Dioxide

Si02·xH20
Anhydrous 60.08

DEFINITION
Si.licon ,?ioxi~~ is obtain~d by insolubilizing the dissolved silica

In sod~um s~l~cate solutlo~. Wher~ obtained by the addition
~f.sodium silicate to a minerai acid, the product is termed
slllca gel. Where obtained by the destabilization of a solution
of s~dium silicate in such manner as to yield very fine
par::I~les, the product is termed precipitated silica. After
Ignition at 1000° for NLT 1 h, it contains NLT 99.0% of Si02•

IDENTIFICATION
• PROCEDURE

Sample: 5 mg
An~lysis: Transfer the Sample to a platinum crucible, mix

with 200 mg of anhydrous potassium carbonate, ignite at a
red heat over a burner for 10 min, and cool. Dissolve the'
melt in 2 mL of recently distilled water, warming if
necessary, and slowly add 2 mL of ammonium
molybdate TS.

Acceptance criteria: A deep yellow color is produced.

ASSAY
• PROCEDURE

Sample: 1 g
Analysis: Ignite the Sample in a tared platinum dish at 1000°

for 1 h, cool in a desiccator, and weigh. Carefully wet with
water, and add 10 mL of hydrofluoric acid in small
Increments. Evaporate on a steam bath to dryness, and
cool. Add 10 mL of hydrofluoric acid and 0.5 mL of-sulfuric
acid, and evaporate to dryness. Slowly increasethe
temperature until all of the acids have been volatilized, and
iQnite at 1000°. Cool in a desiccator, and weigh. The
?'!f~ren~e ~etween .the final weight and the weight of the
Initially Ignited portion represents the weight of.Si0 2•

Acceptance criteria: NLT 99.0% on the previously ignited
basis

IMPURITIES
INORGANIC IMPURITIES
• Loss on Ignition (733)
Sample: 1 g
Analysis: Ignite the Sample, previously dried and weighed at

1000° for NLT 1 h. '
Acceptance criteria: It losesNMT 8.5% of its weight.
• Chloride and Sulfate, Chloride (221): BoilS g in 50 mL of

water under a reflux condenser for 2 h, cool, and filter. A
7-mL portion of the filtrate shows no more chloride than
corresponds to 1.0 mL of 0.020 N hydrochloric acid (0.1%).

• Chloride and Sulfate, Sulfate (221): A 1O-mLportion of the
filtrate from the test for Chloride shows no more sulfate than
corresponds to 5.0 mL of 0.020 N sulfuric acid (0.5%).

• Arsenic, Method I (211)
Sam~l~ sol~tion: Transfer 4.0 g to a platinum dish. Add 5 mL

of nitric acid and 35 mL of hydrofluoric acid, and evaporate
on a steam b~th. ~ool. Add 5 mL of perchloric acid, 10 mL
of hydrofluoric acid, and 10 mL of sulfuric acid, and
evaporate ~:m a hot plate to the production of heavy fumes.
Cool. Cautiously transfer to a 1OO-mL beakerwith the aid of a
few mL of hydrochloric acid, and evaporate to dryness.Cool.
Add 5 mL of hydrochloric acid, dilute with water to 40 mL,
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and heat to dissolve any residue. Cool. Transfer to a 100-mL
volumetric flask, and dilute with water to volume.

Analysis: Use a 25.0-mL portion of the Sample solution.
Acceptance criteria: Meets the requirements of the test

(NMT 3 ppm)

SPECIFIC TESTS
• pH (791): 4-8 in a slurry (1 in 20)
• loss ON DRYING (731): Dry a sample at 14SO for 4 h: it loses

NMT 5.0% of its weight. '

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers

protected from moisture. '
• LABELING: Label it to state whether it is silica gel or

precipitated silica. .

Colloidal Silicon Dioxide

Si0 2 60.08
Silica [7631-86-9]_

DEFINITION
Colloidal Silicon Dioxide is a submicroscopic fumed silica

prepared by the vapor-phase hydrolysis of a silicon .
compound. When ignited at 1000° for 2 h, it contains NLT
99.0% and NMT 100.5% of Si0 2 •

IDENTIFICATION
• A. PROCEDURE

Analysis: Transfer5 mg to a platinum crucible and mix with
200 mg of anhydrous potassium carbonate. 'Heat the
crucible to a red color with the aid of a Bunsen burner for
10 min, and cool. Dissolvethe melt in 2 mL of freshly
distilled w~ter, warming if necessary, and slowly add 2 rnl,
of ammonium molybdate TS to the solution.

Acceptance criteria: A deep yellow color is produced.
• B. PROCEDURE .

[N~TE-Avoid contact with o-tolidine when performing
this test, and conduct the test in a
well-ventilated hood.]

Analysis: Place1 drop of the yellow silicomolybdate solution
from Identification test A on a filter paper,' and evaporate
the solvent. Add 1 drop of a saturated solution of o-tolidine
in glacial acetic acid to reduce the silicomolybdate to ,
molybdenum blue, and place the paper over ammonium

, hydroxide.
Acceptance criteria: A greenish blue spot is produced.

ASSAY
• PROCEDURE

Sample: 500 mg
Analysis: Ignite the Sample in a tared platinum crucible at

1000 ± 25° for 2 h, cool in a desiccator, and weigh. Add 3
drops of sulfuric acid, and add enough alcohol to just
moisten the sample completely. Add 15 mL of hydrofluoric
acid, and in a ~ell-ven!i1ated hood evaporate on a hot plate
to dryness, usmq medium heat (95°-105°) and taking care
that the sam~le does not spatter ~s dryness is approached.
Heat the crucible to a red color With the aid of a Bunsen
burner. Ignite the residue at 1000 ± 25° for 30 min cool
in a de.siccat~r, ~nd ~eig~. If a residue remains, repeat the
Analys/~, beginning With Add 15 mL of hydrofluoric acid".
The weight lost by the assay specimen, previously ignited
at 1000 ± 25°, represents the weight of Si0 2 in the portion
taken.

Acceptance criteria: 99.00/0-100.5% on the previously
ignited basis
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IMPURITIES
INORGANIC IMPURITIES
• Loss on Ignition (733): Ignitethe portion of Colloidal

Silicon Dioxide, retainedfrom the test for Loss on Drying, at
1000 ± 25° to constant weight: the previously dried Colloidal
Silicon Dioxide loses NMT 2.0% of itsweight. .

• Arsenic, Method 1(211)
Sample solution: To 2.5 g add 50 ml of 3 N hydrochloric

acid, and reflux for 30 min usinga water condenser. Cool,
filterwith the aid of suction, and transferthe filtrate to a
1OO-ml volumetric flask. Wash the filter and flask withseveral
portions of hot water, and add the washingsto the'flask.
Cool, and dilute with water to volume.

Analysis: A15.0-mL portionofSample solution, to which3 ml
of hydrochloric acidhas been added, meets the requirements
of the test, the addition of the 7 N sulfuric acid being
omitted.

Acceptance criteria: NMT 8 ppm

SPECIFIC TESTS
• pH (791): 3.5-5.5, in a (1 in 25) dispersion
• loss ON DRYING (731): Dry in a tared platinum crucible at

105° for 2 h: it loses NMT 2.5% of itsweight. Retain the
dried specimen in the cruciblefor the test for Loss on
Ignition.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Simethicone-see Simethicone General Monographs

Simethicone EmulSiOn-see Simethicone Emulsion
General Monographs

Soda Lime

DEFINITION
Soda lime isa mixtureof Calcium Hydroxide and Sodiumor

Potassium Hydroxide or both. It maycontain an indicator
that isinert toward anesthetic gases such as Ether,

. Cyclopropane,and Nitrous Oxide and that changes color
when the Soda lime can no longer absorb Carbon Dioxide.

IDENTIFICATION
• A.,
Analysis: Place a granule on a pieceof moistened red litmus 

paper.
Acceptance criteria: The paper turns blue immediately.

• B. IDENTIFICATION TESTS-GENERAL, Calcium (191)
Sample solution: Asolution in 6 N acetic acid
Acceptance criteria: Meets the requirements. It also

imparts a yellowcolor to a nonluminous flame that, when
viewed through cobalt glass, mayshow a violet color.

SPECIFIC TESTS
• loss ON DRYING (731)

Sample: 109 ._..
Analysis: Dryat 105°for 2h. . .
Acceptance criteria: 12:0%-19.0%

• CARBON DIOXIDE ABSORIlENCY
Analysis: Fill the lowertransverse section of aU-shaped

drying tube of 15-mm internaldiameter and 15-cm height
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with loosely packed glasswool. In one arm of the tube,
place5 g of anhydrous calcium chloride, and weigh the
tube and the contents. In the other arm, place 9.5-10.5 g
of Soda lime, and again weigh. Insertstoppers in the open
armsofthe tube, and connect the sidetube ofthe armfilled
with Soda lime to a calcium chloridedrying tube, which in
turn is connected to a suitablesource of supplyof carbon
dioxide. Pass the carbon dioxide through the tube at
75 ml/min for 20 min, accuratelytimed. Disconnect the
tube, cool to room temperature, remove the stoppers, and
weigh.

Acceptance criteria: NLT 19.0% increase in weight of the
Soda lime used for the test

• HARDNESS
Sample: 200 g
Analysis: Screen the Sample on a mechanical sieve shaker

(see Particle Size Distribution Estimation by AnalyticalSieving
(786») havinga.frequency of oscillation of 285 ± 3 cycles/
min,for 3 min, to remove granules both coarserand finer
than the labeled particle size. Weigh 50 g of the granules
retained on the screen, and place them in a hardnesspan'
that hasa diameterof 200 mm and a concavebrassbottom
7.9 mm thickat the circumference and 3.2 mm thickat the
center, with an insidespherical radiusof curvatureof
109 em. Add 15 steel balls of 7.9-mm diameter, and shake
on a mechanical sieveshakerfor 30 min. Remove the steel
balls, brush the contents of the hardness pan onto a sieve
of the fine-mesh size designated on the label, shakefor
3 min on the mechanical sieve shaker, and weigh.

Acceptance criteria: NLT 75;0%ofSoda lime isretainedon
the screen. .

- •. MOISTURE ABSORPTION
Sample: 109 .
Analysis: Place the Sample in a tared 50-ml weighingbottle

havinga diameter of 50 mm and a height of 30 mm, and
weigh.Then place the bottle, with cover removed,for 24 h
ina closedcontainer inwhichthe atmosphere ismaintained
at 85% relative humidityby being in equilibrium with
sulfuric acid havinga specific gravity of 1.16. Weigh again.

Acceptance criteria: The weight increase is NMT 7.5%.
• PARTICLE SIZE DISTRIBUTION ESTIMATION BY ANALYTICAL

SIEVING, Method I (786)
Sample: 100 g
Analysis: Screenthe Sample for 5 min as directed, usinga

mechanical shaker.
Acceptance criteria: It passescompletelythrough a No.2

standard-meshsieve, and NMT 2.0% passesthrough a No.
40 standard-mesh sieve. NMT7.0% is retained on the
coarse-mesh sieve, and NMT 15.0% passesthrough the
fine-mesh sieve designated on the label.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tlght containers.
• LABELING: If an indicatorhas been added, the name and

colorchange of such indicatorare stated on the container
label. The container labelalso indicates the mesh sizein
terms of standard-mesh sievesizes (see Powder Fineness
(811».

Sodium Acetate-see Sodium Acetate GenerClI
Monographs
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144.10

ASSAY
• ALGINATES

(SeeAlginates Assay (311).)
Sample: 250 mg
Analysis: Each milliliter of 0.2500 N sodium hydroxide

consumed is equivalent to 27.75 mg of sodium alginate.
Acceptance criteria: 90.80/0-106.0% on the dried basis

IMPURITIES
• ARSENIC (211), Procedures, Method1/: NMT 1.5 ppm
• LEAD (251)

Standard solution: 5 mL of Dilutedstandardleadsolution
Test preparation: Add 1.0 g to 20 mL of nitric acid in a

250-mL conical flask, mix, and heat carefully until the
Sodium Alginate is dissolved. Continue heating until the
volume is reduced to 7 mL. Cool rapidly to room
temperature, transfer to a 1OO-mL volumetric flask, and
dilute with water to volume.

Analysis: Proceed asdirected in the chapter, using 15 mL of
ammonium citrate solution, 3 mL of potassium cyanide
solution, and 0.5 mL of hydroxylamine hydrochloride
solution. After the first dithizone extraction, wash the
combined chloroform layerswith 5 mL of water, discarding' ,
the water layer and continuing in the usual manner by
extracting with, 20 mL of 0.2 N nitric acid.

Acceptance criteria: A 50-mL portion of the Test
preparation contains NMT 5 J.lg of lead (corresponding to
NMT 10 ppm).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total bacterial
COUJlt does not exceed 200 du/g. The tests for Salmonella
speciesand Escherichia coli are negative.

• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 15.0%

• ARTICLES OF BOTANICAL ORIGIN, (561), Methods of Analysis,
TotalAsh

Analysis: Proceed asdirected in the chapter, carefully
igniting 3 g in a tared platinum dish until the residue is
thoroughly carbonized (5 min), and then igniting in a
muffle furnace at a temperature of 800 ± :25° until the
carbon is completely burned off (approximately 75 min).

Acceptance criteria: 18.0%-27.0% of ash on the dried
basis

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Sodium Benzoate

Sodium Ascorbate
-see Sodium Ascorbate General Monographs

Acc~

is for
Sample solution (1 in 100)
Analysis To 10 mL of Sample solution

.to2.. add 1 mL of 4 N sulfuric acid.
Acceptance criteria A heavy, gelatinous

precipitate is

~
- Na' 0- Na' Rt-Na' 0- Na'

o 0 o:={ 0-<
~_ 009--\0o->=t

HO OH HO OH HO OH n HO OH
'12

Sodium Alginate

(C6H7Na06)n
Alginic acid, sodium salt;
Sodium alginate [9005-38-3].

DEFINITION

Sodium Alginate is the purified carbohydrate product
extracted from brown seaweeds by the useof dilute alkali.

the sodiLJrTls~ltg(AI il"li<::,~cid, a

IDENTIFICATION
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Benzoic acid, sodium salt;
Sodium benzoate [532-32-1].

DEFINITION
Sodium Benzoatecontains NLT 99.0% and NMT 101.0% of

sodium benzoate (C7Hs!'Ja02), calculated on the anhydrous
basis.

IDENTIFICATION

381.37

201.22

Result = [(V - B) x N x FJ x 100I,W.

.V =volume of Titrant consumed by the Sample (mL)
B = volume of Titrant consumed by the Blank(mL)
N = actual normalityof the Titrant (mEq/mL)
F =equivalencyfactor, 190.7 mg/mEq

Sodium Borate

Na2B40 7 • 10H20

Na2B407

Borax [1 303-96-4].
Anhydrous [1330-43-4].

DEFINITION
Sodium Boratecontains an amount of Na2B407equivalent to

NLT 99.0% and NMT 105.0% of Na2B407·1 OH20.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Sodium (191)

Sample solution: 1 in 20
Acceptance criteria: Meets the requirements

• B. IDENTIFICATION TESTS-GENERAL, Borate (191)
Sample solution: 1 in 20
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 3 9 of Sodium Borate
Titrimetric system

(See Titrimetry(541).) .
Mode: Directtitration
Titrant: 0.5 N hydrochloric acid VS
Blank: 50 mLof water
Endpoint detection: Visual

Analysis: Dissolve the Sample in 50 mLofwater, add methyl
red TS, and titrate with 0.5 N hydrochloric acid VS.
[NOTE-Heating on a steam bath may be required initially
to effect solution.]
Calculate the percentage of sodium borate (Na2B407.

10H20) in the Sample taken:

Acceptance criteria: 99.0%-101.0% on the anhydrous
basis

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 1.5%
• ALKALINITY

Sample solution: 2 9 in 20 mL of hot water
Analysis: To the Sample solutionadd 2 drops of

phenolphthalein TS.
Acceptance criteria: The pink color produced, if any, is

discharged by the addition of 0.20 mLof 0.10 N
sulfuric acid. .

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Benzoic Acid RS
USP Salicylic Acid RS
USP Sodium Benzoate RS

Sodium Bicarbonate-see Sodium Bicarbonate
.General Monographs .

= peal< area of benzoic acid from the Sample solution
= peak area of benzoic acid from the Standard

solution .
= concentration of benzoic acid in the Standard

solution, corrected for purity (mg/mL)
= concentration of Sodium Benzoatein the

Sample solution (mg/mL)
=molecularweight of sodium benzoate, 144.10
= molecularweight of benzoic acid, 122.12

M rl

M r2

·A
s

S2ullpie: Undriedsample
Acceptance criteria: Meets the requirements

• B. IDENTIFICATION TESTS-GENERAL, Sodium (191):· Meets
the requirements '

• C. The retention time of the major peak of the Sample
solution corresponds to.that of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Solution A: Adjusta 20-mM solution of monobasic
potassium phosphate with phosphoric acid to a pH of 2.5.

Mobile phase: Solution A and acetonitrile (70:30)
Diluent: Water and acetonitrile (50:50)
System suitability solution: 0.1 mg/mL of USP Salicylic

Acid RS and 0.1 mg/mL of USP Benzoic Acid RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzoic Acid RS in

Diluent
Sample solution: 0.1 mg/mL of Sodium Benzoatein Diluent
Chromatographic system .

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm x 15-cm; 5-lJm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 IJL

System suitability .
Samples: System suitability solution and Standardsolution

[NOTE-The relative retention times for benzoic acid
and salicylic acid are approximately 1.0 and 1.2,
respectively.]

Suitability requirements
Resolution: NLT 3.0 between benzoic acid and.sallcylk

acid, System suitability solution
Relative standard deviation: NMT 0.5% for benzoic

acid, Standardsolution
Tailing factor: NMT 2.0 for benzoic acid, Standard

solution .
Analysis'

Samples: Standardsolution and Sample solution
Calculatethe percentage of sodium benzoate (C7HsNa02)

in the portion of Sodium Benzoate taken:

Result = (r vir s) x (C siC v) x (M rTIM r2) X 100
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W = weight of the Sample (mg)

Acceptance criteria: 99.0%-105.0%

IMPURITIES
• CARBONATE AND BICARBONATE

Sample solution: To 5 mL of a solution (1 in 20), contained
in a test tube, add 1 mL of 3 N hydrochloric acid.

Acceptance criteria: No effervescence is observed.

ADDITIONAL·REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Sodium Caprylate
o

H'C~ON.
C8H1SNaOz
Sodium octanoate [1984-06-1].

DEFINITION
Sodium Caprylate contains NLT99.0% and NMT 101.0% of

sodium caprylate (C8H15NaOz), calculated on the anhydrous
basis.

IDENTIFICATION
• A. The retention time of the major peak of Sample solution

A corresponds to that of the Standardsolution, as obtained
in the test for Chromatographic Purity in Impurities.

• B•.
Methoxyphenylacetic reagent: Dissolve 2.7 9 of

methoxyphenylacetic acid in 6 mL of 10% .
tetramethylammonium hydroxide solution in methanol,
and add 20 mL of alcohol: Store in a polyethylene
container. .

Sample solution: 20 mg
Analysis: Dissolvethe Sample in 0.5 mLof water, add 1.5 mL

of Methoxyphenylacetic reagent, and cool in ice water for
30 min. A voluminous, white, crystalline precipitate is
formed. Place in water at 20°, and stir for 5 min. The
precipitate does not disappear. Add 1 mL of ammonia TS.
The precipitate dissolves completely. Add 1 mL of
ammonium carbonate solution (160 mg/mL).

Acceptance criteria: No precipitate is formed.

ASSAY
• PROCEDURE

Sample: 150 mg .
Blank: Glacial acetic acid
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis: Transfer the Sample to a 125-mL volumetric flask,
and dissolve in 50 mL of glacial acetic acid. Titrate with
Titrant. Perform a blank determination, and make any
necessary correction. Each mL of 0.1 N perchloric acid is
equivalent to 16.62 mg of sodium caprylate (C8H1SNaOz).

Acceptance criteria: 99.0%-101.0% on the anhydrous
basis

IMPURITIES
• CHROMATOGRAPHIC PURITY

Standard solution: 1.0 mg/mL of USP Caprylic Acid RS in
ethyl acetate

Sample solution A: Dissolve 116 mg of Sodium Caprylate
in 5 mL of water, add 1 mL of dilute sulfuric acid (1 in 35),
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and extract with 10 mL of ethyl acetate. Separate the
organic layer, and dry it over anhydrous sodium sulfate.

Sample solution B: Dilute 1.0 mLof Sample solutionA with
ethyl acetate to 100 mL, transfer 5.0 mL of the solution
obtained, and dilute with ethyl acetate to 50 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica; coated with a
0.25-~m layer of phase G25

Temperatures
Injection port: 250°
Detector: 250°
Column: See Table 1.

Table 1

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e> e/min) e) (min)

100 - 100 1

100 5 220 10

Flow rate: 1.5 mL/min
Carrier gas: Helium
Injection volume: 1 ~L

Injection type: Split ratio, 100:1
System suitability

Sample: Sample solution B
Suitability requirements

Signal-to-noise ratio: NLT 5'
Analysis' . .

Samples: Standardsolution, Sample solutionA, and Sample
solution B .

Disregard any peaks with an area less than half of the area
of the principal peak from Sample solutionBand any peak
due to the solvent.

Calculate the percentage of each impurity in the portion of
Sodium Caprylate taken:

Result= (r vir r) x 100.

r u = peak response of the individual impurity
r t = sum of all the peak responses

Acceptance criteria
Individual impurities: NMT 0.3%
Total impurities: NMT0.5%

SPECIFICTESTS
• ApPEARANCE OF SOLUTION

Standard stock solution: Combine 30.0 mL of ferric
chloride C·S, 30.0 mLof cobaltous chloride CS, and 24.0 mL
of cupric sulfate CS, and dilute with 1% (w/v) hydrochloric
acid to 100.0 mL.

Standard solution: Dilute 1.0 mL of Standardstocksolution
with 1% (w/v) hydrochloric acid to 100.0 mL.

Sample solution: Dissolve2.5 9 of Sodium Caprylate in
25.0 mL of freshly boiled and cooled water. .

Acceptance criteria: The Sample solution is clear and
. colorless, or not more intensely colored than the Standard

solution.
• pH (791)

Sample solution: Use the Sample solution in the test for
Appearance of Solution.

Acceptance criteria: 8.0-10.5
• WATER DETERMINATION, Method I (921): NMT 3.0%
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ADDITIONAL REQUIREMENTS
• USP REFERENCE STANDARDS (11)

USP Caprylic Acid RS

Sodium Carbonate

NazC0 3 (anhydrous)

NazC03 • HzO
Carbonic acid, disodium salt;
Disodium carbonate [497-19-8].
Monohydrate [5968-11-6].

DEFINITION
Sodium Carbonate is anhydrous or contains one molecule of

water of hydration. It contains NlT 99.5% and NMT 100.5%
of NazC0 3, calculated on the anhydrous basis.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Sodium (191): Meets

the requirements
• B. IDENTIFICATION TESTS-GENERAL, Carbonate (191):

Meets the requirements

ASSAY
• PROCEDURE

Sample: 2 g of Sodium Carbonate, previously dried, from
the test for WaterDetermination

Blank: 50 ml of water
Titrimetric system,

(See Titrimetry,<541 ).),
Mode: Direct titration
Titrant: 1 N sulfuric acid VS,
Endpoint detection: Visual

Analysis: 'Transfer the Sample to a flaskwith the aid of 50 nil
of water. Add methyl red TS, and titrate with 1 N sulfuric '
acid VS. Add the acid slowly, with constant stirring, until
the solution becomes faintly pink. Heat the solution to
boiling, cool, and continue the titration. Heat again to
boiling, and titrate further as necessary until the faint pink
color is no longer affected by continued boiling.
Calculate the percentage of sodium carbonate (NazC03) in

the Sample taken. '

Result=[(V - B) x N x F x 100]/W

V = Titrant volume consumed by the Sample (ml)
B =Titrant volume consumed by the Blank (mL)
N = Titrant actual normality (mfiq/rnl)
F =equivalency factor, 52.99 mg/r:nEq
W =weight of the Sample (mg)

Acceptance criteria: 99.5%-100.5% on the anhydrous
basis

SPECIFIC TESTS
• WATER DETERMINATION, Method III (921)

Sample: 2 g
Analysis: Dry the Sample at 105° for 4 h.
Acceptance criteria: The anhydrous form loses NMT 0.5%

of its weight, and the hydrous form loses 12.00/0-15.0% of
its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: label it to indicate whether it is anhydrous or

hydrous.
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Sodium Cetostearyl Sulfate

DEFINITION
Sodium Cetostearyl Sulfate is a mixture of sodium cetyl sulfate

and sodium stearyl sulfate. It contains NlT 40.0% of sodium
cetyl sulfate (C,6H33NaS04), and the sum of the sodium cetyl
sulfate content and sodium stearyl sulfate (C,sH37NaS04)
content is NlT 90.0% (both contents calculated on the
anhydrous basis). It may contain a suitable buffer.

IDENTIFICATION
• A. The retention times of the two major peaks of Sample

solution C correspond to those of the System suitability
solution, as obtained in the Assay.

• B. Sodium Cetostearyl Sulfate imparts an intense yellow
color to a non luminous flame.

• C.
Sample solution: 1.0 mg/ml in alcohol
Analysis: Heat 10 ml of-the Sample solution to boiling on a

water bath, shaking frequently. Filter immediately, and
evaporate to dryness. Dissolvethe residue in 7 ml of water,
add 3 mL of diluted hydrochloric acid, and evaporate the
solution to half its volume. Allowto cool, and filter. To the
filtrate add 1 ml of barium chloride solution (60 mg/ml).

Acceptance criteria: A white crystalline precipitate is
formed. '

ASSAY
• PROCEDURE

System suitability solution: 5 mg/ml each of USP Cetyl
Alcohol RS and USP Stearyl Alcohol RS in alcohol

Internal standard solution: 4 mg/ml of 1-heptadecanol in
alcohol "

Sample solution A: Dissolve 300 mg of Sodium Cetostearyl
Sulfate in 50 ml of alcohol, and add 2 ml of the Internal
standardsolution and 48 ml of water. Extract the solution
with four 25-mL portions of pentane, adding 10-15 mL of
saturated sodium chloride solution, ifnecessary, to facilitate
the separation of the layers; Combine the organic layers,
and reserve the hydroalcoholic layers for the preparation of
Sample solutionC and Sample solutionD. Wash the organic
layer with two 30-ml portions of water, dry over anhydrous
sodium sulfate, and filter.

Sample solution B: Dissolve 300 mg of Sodium Cetostearyl
Sulfate in 50 ml of alcohol, and add 50 ml of water. Extract
the solution with four 25-ml portions of pentane, adding
,10-15 mL of saturated sodium chloride solution, if
necessary, to facilitate the separation of the layers. Combine
the organic layers, wash with two 30-mL portions of water,
dry over anhydrous sodium sulfate, and filter.

Sample solution C: Transfer 25 ml of the hydroalcoholic
solution obtained in the preparation of Sample solutionA
to a 200-ml flask that can be fitted with a reflux condenser.
Add 20 ml of hydrochloric acid and 10 ml of the Internal
standardsolution, and boil under reflux for 2 h. Allowto
cool. Extract with four 20-ml portions of pentane. Wash the
combined organic layer with two 20-mL portions of water,
dry over anhydrous sodium sulfate, and filter. '

Sample solution 0: Transfer 25 ml of the hydroalcoholic
solution obtained in the preparation of Sample solutionA
to a 200-mL flask that can be fitted with a reflux condenser.
Add 20 mL of hydrochloric acid and 10 rritofalcohol, 'and
boil under reflux for 2 h. Allow to cool. Extract with four
20-ml portions of pentane. Wash the combined organic
layer with two 20-ml portions of water, dry over anhydrous
sodium sulfate, and filter.

Chromatographic system ';,
- (See Chromatography (621), System Suitability.)
Mode: GC
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Si

Sca

chromatograms of the Sample solutions by
comparison with the System suitabilitysolution.]

Calculate the percentage of sodium cetyl sulfate
(C,6H33NaS04) in the portion of Sodium Cetostearyl
Sulfate taken:

Result =(re x WCH)/(Sc(eorr) x WC> x Fx 100

=peak response of cetyl alcohol from Sample
solution c

=weight of the internal standard added in the
preparation of Sample solution C (mg)

= corrected area of the peak corresponding to the
internal standard of Sample solution(

= weight of Sodium Cetostearyl Sulfate taken to
prepare Sample solution C, calculated on the
anhydrous basis (mg)

=correction factor, 1.421

Calculate the percentage of sodium stearyl sulfate
(C'SH37NaS0 4) in the portion of Sodium ·Cetostearyl
Sulfate taken:

Result = (Be x WCH)/(~C(eorr) x WC> x Fx 100

=peak response of stearyl alcohol from Sample
solution (

= weight of the internal standard added in the
preparation of Sample solutionC (mg)

= corrected area of the peak corresponding to the
internal standard of Sample solution ( .

=weight of Sodium Cetostearyl Sulfate taken to
prepare Sample solutionC, calculated on the .
anhydrous basis (mg)

=:: correction factor, 1.377

F

SC(eorr)

F

Sc(eorr)

Acceptance criteria .
Sodium cetyl sulfate: ,NLT 40.0% on the anhydrous basis

. Sum of sodium cetyl sulfate and sodium stearyl sulfate:
NLT90.0% on the anhydrous basis

IMPURITIES
• LIMIT OF SODIUM CHLORIDE AND SODIUM SULFATE

Sodium chloride
Sample: 5 g
Titrimetric system

Mode: Direct titration
Titrant: 0.1 N silver nitrate VS
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in 50 mL of water, and add
diluted nitric acid dropwise until the solution is neutral to
blue litmus paper. To the resulting sol.ution add 1 mL of
potassium chromate TS and titrate with Titrant.

Calculate the percentage of sodium chloride (NaCI) in the
portion of Sodium Cetostearyl Sulfate taken:

Result =(V x N)/W x F

V =volume of the Titrant (mL)
N = actual normality of the Titrant
W = weight of Sodium Cetostearyl Sulfate (g)
F =equivalence factor for sodium chloride, 5.844

Sodium sulfate
Dichloroacetic acid solution: Dilute 67 mL of

dichloroacetic acid with water to 300 mL, and neutralize
to blue litmus paper using ammonia T$. Cool, add
33 mL of dichloroacetic acid, and dilute with water to
600 mL.

Sample: 0.5 g

R=Sca/S,

=peak response of cetyl alcohol from Sample
solution B

=peak response with the same retention time as the
internal standard of Sample solution B

If R is less than 300, calculate the corrected area, SA(COrr), of
the peak corresponding to the internal standardof Sample
solutionA:

Inject Sample solution C and Sample solution0 into the
chromatograph, record the chromatograms, and measure
the areas for the major peaks. Carry out the Correction for
interference in the same manner as for Sample solutionA,
and calculate the corrected area of the peak
corresponding to the internal standard of Sample solution
C, SC(eorr)' .

Samples: System suitabilitysolution, Sample solutionC, and
Sample solution 0
[NoTE-The substances are eluted in the following

order: cetyl alcohol, l-heptadecanol (internal
standard), and stearyl alcohol. Identify the cetyl
~lcohol and stearyl alcohol peaks in the

Table 1

Carrier gas: Nitrogen
Flow rate: 1 mL/min
Injection volume: 1 ~L

Injection type: Split ratio 100:1
System suitability

Sample: System suitability solution
Suitability requirements

Resolution: NLT 4.0 between cetyl alcohol and stearyl
alcohol .

Relative standard deviation: NMT 1.5%
Analysis

Correction for interference: Inject Sample solutionA and
Sample solution B into the chromatograph, record the
chromatograms, and measure the areas for the major
peaks.

IfSample solutionBshows a peak at the same retention time
as the internal standard peak of Sample solutionA,
calculate the ratio, R:

Detector: Flame ionization
Column: 0.25-mm x 25-m fused silica capillary; phase G2
Temperatures

Injection port: 250 0

Detector: 2500

Column: See Table 7.

SA(COrr) = SHA - (5, x SCA/Sca)

SHA =peak response of the internal standard from
Sample solutionA

5, = peak response with the same retention time as the
internal standard of Sample solutionB

SCA =peak response of cetyl alcohol from Sample
solutionA

Sca = peak response of cetyl alcohol from Sample
solution B

Hold Time at
Initial Temperature Final Final

Temperature Ramp Temperature Temperature
(0) e/min) e) (min)

Duration of anal-
150 5 250 ysis
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Titrimetric system
Mode: Direct titration
Titrant: 0.01 M lead nitrate VS
Endpoint detection: Visual

Analysis: Dissolvethe Sample in 20 mL of water, warming
gently if necessary, and add 1 mL of a solution containing
0.5 gil of dithizone in acetone. If the solution is red, add
1 N nitric acid dropwise until a bluish-green color is
obtained. To the resulting solution add 2.0 mL of
Dichloroacetic acidsolutionand 80 mL of acetone, and
titrate with Titrant until a persistent orange-red color is
obtained.

Calculate the percentage of sodium sulfate (Na2S04) in the
portion of Sodium Cetostearyl Sulfate taken:

Result=(V x M)/W x F

Sodium Chloride Injection-see Sodium Chloride
Injection General Monographs

Sodium Chloride Injection,
Bacteriostatic
-see Bacteriostatic Sodium Chloride Injection General

Monographs '

Sodium Citrate-see Sodium Citrate General
Monographs

V
M
W
F

=volume of Titrant (mL)
=actual molarity of Titrant
=weight of Sodium Cetostearyl Sulfate (g)
=equivalence factor for sodium sulfate, 14.20 Sodium Dehydroacetate

W

SA(cOrr)

CSH7Na04 190.13
2H-Pyran-2,4(3H)-dione, 3-acetyl-6-methyl-,

monosodium salt [4418-26-2].

DEFINITION
Sodium Dehydroacetate contains NLT 98:0% and NMT

100.5% of sodium dehydroacetate (CSH7Na04), calculated
on the anhydrous basis.

IDENTIFICATION
- A. MELTING RANGE OR TEMPERATURE (741)

Sample solution: 150 mg/mL
Analysis: 1010 mL of the Sample solution add 5 mL of 3 N

hydrochloric acid" collect the crystals by filtration with
suction, wash with 10 mL of water, and dry at 80° for 4 h.
Determine the melting point as directed in the chapter..

Acceptance criteria: 1090-111
0 .

- B. IDENTIFICATION TESTS-GENERAL, Sodium (191)
Sample solution: 1 in 20
Acceptance criteria: Meets the requirements

ASSAY
- PROCEDURE

Sample: 500 mg
Blank: 25 mL of glacial acetic acid containing

p-naphtholbenzein TS, which has been previously
neutralized to a blue color

Titrimetric system
(See Titrimetry(541).) .
Mode: Direct titration'
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual .

Analysis: Transferthe Sample to a 125-mL conical flask, and '
dissolve it in 25 mL of glacial acetic acid containing
p-naphtholbenzein TS, which has been previously
neutralized to a blue color. Titrate with 0.1 N perchloric
acid VSto the original blue color. Perform a blank
determ ination.
Calculate the percentage of dehydroacetate (CSH7Na04} in

the Sample taken:

Result= {[(Vs -:- Va) x N x Fj/W} x 100

= volume of the Titrant consumed by the Sample
(mL) " ,

=volume of the Titrant consumed by the Blank
(mL)

= actual normality of the Titrant (mEq/mL)
= equivalency factor, 190.1 mg/mEq

N
F

Acceptance criteria: The sum of the percentages of sodium
chloride and sodium sulfate is NMT 8.0%.

- LIMIT OF FREE CETOSTEARVLALCOHOL
Analysis: Examine the chromatogram of Sample solutionA, .

obtained as directed in the Assay.
Calculate the percentage of free cetostearyl alcohol in the

portion of Sodium Cetostearyl Sulfate taken:

Result = 1OO(rA + ra) x W/S/(SA(Corr) x W)

=peak responseof the cetyl alcohol peak from
Sample solutionA . ,

= peak responseof stearyl alcohol from Sample
solutionA

=weight of the internal standard added in the
preparation of Sample solutionA (mg)

= 'corrected peak areacorresponding to the internal
:standard of Sample solutionA (seeAssay)

= weight of Sodium Cetostearyl Sulfate taken to
prepare Sample solution A (mg) .

Sodium Chloride-see Sodium Chloride General
Monographs

Acceptance criteria: NMT 4.0%

SPECIFIC TESTS
- ACIDITY OR ALKALlNITV

Sample: 500 mg
Analysis: Dissolve the Sample by heating in a mixture of
'10 mL of water and 15 mL of 90% alcohol. Add 0.1 mL of
phenolphthalein TS. .

Acceptance criteria: The resulting solution is colorless.Add
0.1 mL of 0.1 N sodium hydroxide, and the resulting
solution becomes red.

-WATER DETERMINATION (921)~ Method I: NMT 1.5%

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
- LABELING: Label it to indicate the name and concentration

of any added buffer.
- USP REfERENCE STANDARDS (11)

. USP Cetyl Alcohol RS
USPStearyl AlcoholRf
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W = weight of the Sample (mg)

Acceptance criteria: 98.0%-100.5% on the anhydrous
basis

SPECIFIC TESTS
It WATER DETERMINATION, Method I (921): 8.5%-10.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Sodium formaldehyde Sulfoxylate

CH3Na03S
CH3Na03S . 2H20
Methanesulfinic acid, hydroxy-, monosodium salt;
Monosodium hydroxymethanesulfinate [149-44-0].
Dihydrate [6035-47-8].

DEFINITION
Sodium Formaldehyde Sulfoxylate contains an amount of

sodium formaldehyde sulfoxylate (CH3Na03S) equivalent to
NLT 45.5% and NMT 54.5% of S02, calculated on the dried
basis. It may contain a suitable stabilizer, such as sodium
carbonate.

IDENTIFICATION
• A.

Sample solution: Dissolve 4 g in 10 mL of water in a
. test tube.
Analysis: To the Sample solution add 1 mL of silver

ammonia-nitrate TS.
Acceptance criteria: Metallic silver is produced, either as a

finely divided,.gray precipitate or asa bright metallic mirror
on the inner surface of the tube.

• B.
Sample solution: Dissolve40 mg of salicylic acid in 5 mL of

sulfuric acid, and add 50 mg of Sodium Formaldehyde
Sulfoxylate. .

Analysis: Warm very gently.
Acceptance criteria: A permanent, deep red color appears.

ASSAY
• PROCEDURE

Sample: 1 g .
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N iodine VS. [Nors-Prepare an adequate'

amount for both the Assay and the test for Sodium Sulfite.]
Endpoint detection: Visual

Analysis: Transfer the Sample to a 50-mL volumetric flask,
dissolvein 25 mL of water, and dilute with water to volume.
Reserve a portion of this solution for the test for Sodium
Sulfite. Transfer 4.0 mL of the remaining solution to a
conical flask containing 100 mL of water. Titrate with
Titrant, adding 3 mL of starch TSas the endpoint is
approached. Each mL of 0.1 N iodine is equivalent to
1.602 mg of S02-

Acceptance criteria: 45.5%-54.5% of S02 on the dried
basis
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IMPURITIES
• SULFIDE

Analysis: Dissolve6 g in 14 mL of water in a test tube, and
wet a strip of lead acetate test paper with the clear solution.

Acceptance criteria: No discoloration is evident within
5 min.

·IRON
Standard solution: Dissolve43.2mg of ferric ammonium

sulfate in 10 mLof 2 N sulfuric acid, and add water to make
1000 mL, each mL representing 5 I-Ig of Fe.

Sample solution: Transfer 1.0 g of Sodium Formaldehyde
Sulfoxylate to a suitable crucible, and carefully ignite,
initially at a low temperature until thoroughly charred, and
finally, preferably in a muffle furnace, at 500°-600° until the
carbon is all burned off. Cool, dissolvethe residue in 2 mL
of hydrochloric acid, and dilute with water to 50 mL.

Analysis: To 5.0 mL of the Standardsolution and 50 mL of
the Sample solution add 50 mg of ammonium persulfate .
and 5 mL of ammonium thiocyanate TS, and transfer each
to a separate color comparison tube.

Acceptance criteria: 0.0025%; the color of the Sample is
not deeper than that of the Standardsolution.

• SODIUM SULFITE
Sample solution: 4.0 mL of the solution prepared for the

Assay in a conical flask containing 100 mL of water
Titrimetric system .

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N iodine VS, prepared in the Assay
Endpoint detection: Visual

Analysis: Add 2 mL of formaldehyde TSto the Sample
solution, and titrate with the Titrant, adding 3 mL of starch
TSas the endpoint is approached. .
Calculate the percentage of sodium sulfite (Na2~03) in the

Sodium Formaldehyde Sulfoxylate taken:

Result= (V2 - VI) x (N/W) x (Fx 1.25)

V2 = volume of 0.1 N iodine VSconsumed in the
titration performed in the Assay (mL)

V, = volume of 0.1 N iodine VSconsumed in this
titration (mL)

N = actual normality of the Titrant (mEq/mL)
W = weight of the Sample in the Assay (g)
F = equivalency weight of sodium sulfite,

63.02 mg/mEq

Acceptance criteria: NMT 5.0% on the dried basis

SPECIFIC TESTS
• pH (791)

Sample solution: 20 mg/rriL
Acceptance criteria: 9.5-10.5

• Loss ON DRYING (731)
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 27.0%

• ALKALINITY
Sample solution: 1.0 g of Sodium Formaldehyde

Sulfoxylate in 50 mL of water
Analysis: To the Sample solution add phenolphthalein TS,

and titrate with 0.10 N sulfuric acid.
Acceptance criteria: NMT 3.5 mL is required for

neutralization.
• CLARITY AND COLOR OF SOLUTION

Sample solution: 1 g of Sodium Formaldehyde Sulfoxylate
in 20 mL of water

,Analysis: Transfer 10 mL of the Sample solution to a 20- x
150-mm test tube. Compare with water in a similar
test tube.
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Acceptance criteria: The Sample solutionand the water are
equally clear and, when viewed transverselyby transmitted
light, exhibit no apparent difference in color.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers, and store at controlled room
temperature.

Sodium Hydroxide

NaOH 40.00
Sodium hydroxide [1310-73-2].

DEFINITION
Sodium Hydroxide contains NLT 95.0% and NMT 100.5% of

total alkali, calculated as sodium hydroxide (NaOH), ,
including NMT 3.0% of sodium carbonate (Na2C03) . It also
contains NLT 54.0% and NMT 59.8% of sodium.

[CAUTION-Exercise great care in handling sodium
hydroxide, because it rapidly destroys tissues.]

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL (191), Chemical

Identification Tests, Sodium: A solution (1 in 25) meets the
requirements.

• B. pH (791)
Sample solution: 0.1 mg/mL of Sodium Hydroxide
Acceptance criteria: NLT 11.0

ASSAY
• TOTAL ALKALI

Sample: 1.5 g
Blank: 40.0 mLof carbon dioxide-free water
Titrimetrk system

(See, Titrim'etry (541).)'
Mode: Direct titration
Titrant: 1 N sulfuric acid VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 40 mL of carbon
dioxide-free water. Cool the solution to room temperature,
and add phenolphthalein TS.Titrate with 1 N sulfuric
acid VS.At the discharge of the pink color of the indicator,
record the volume of Titrant (V 57)' Add methyl orange TS,
and continue the titration until a persistent pink color is
produced. Record the volume of Titrant (V 52)' Perform a
blank determination, and make'any necessary corrections.
Calculate the percentage of total alkali, calculatedas

sodium hydroxide (NaOH), in the Sample taken:

Result= {[(V52 - V's)'xN x F7]/W} X 100

,V 52 =volume of Titrant consumed by the Sample to the
second endpoint (mL)

V 8 =volume of Titrant consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F7 = equivalency factor, 40.00 mg/mEq
W = weight of the Sample (mg)

Calculate the percentage of sodium carbonate (Na2C03) in
the Sample taken:

Result=,{[(V 52 - V57) x N x F2]/W} x'100

V 52 =volume' of Titrant consumed by the Sample to the
second endpoint (rnt)

V 57 = volume of Titrant consumed by the Sample to the
first endpoint (mL)
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N =actual normality of the Titrant (mEq/mL)
F2 = equivalency factor, 106.0 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 95.0%-100.5% of total alkali; NMT
3.0% of sodium carbonate (Na2C03)

• CONTENT OF SODIUM
Diluent: 1% hydrochloric acid solution
Standard stock solution: 25.41 IJg/mL of sodium chloride

in Diluent.This solution contains 10 IJg/mL of sodium.
Standard solutions: Transfer 6.0-, 7.5-, and 9.0-mL

portions of Standardstock solution to separate 1OO-mL
volumetric flasks. Dilute the content of each flask with
Diluent to volume, and mix to obtain solutions havinq
known concentrations of 0.6~ 0.75, and 0.9 IJg/mL of
sodium, respectively.

Sample stock solution: 1.303 mg/mL of Sodium Hydroxide
in Diluent

Sample solution: Transfer 0.1 mL of Sample stocksolution
to a 1OO-mL volumetric flask and dilute with Diluent to
volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 589.0 nm (sodium emission line) ,
Lamp: Sodium hollow-cathode
Flame: Air-acetylene
Blank: Diluent

Standard curve
Samples: Standardsolutions
Plot: Absorbance values versus their corresponding
'concentration (lJg/mL) of sodium. The correlation
coefficient is NLT 0.995.

-Analysls
Sample: Sample solution
From the Standardcurve, determine the concentration of

sodium in the Sample solution. ,
Calculate the percentage of sodium in the portion of

Sodium Hydroxide taken:

Result= (C siC u) x 100

C 5 = concentration of sodium in the Sample solution
from the Standardcurve(lJg/mL)

C u =concentration of Sodium Hydroxide in the
Sample solution (lJg/mL) ,

Acceptance criteria: 54.00/0-59.8%

IMPURITIES
• POTASSIUM

Diluent: 1% hydrochloric acid solution
Standard stock solution: 1.907 mg/mLof potassium

chloride, previously 'dried at 105° for 2 h, in water. Transfer
5.0 mL of this solution to a 1.0-L volumetric flask and
dilute with Diluent to volume. This solution contains 5
1J9/mL of potassium.

Standard solutions: Transfer 2.0-, 5.0-, and 10.0-mL
portions of the Standardstocksolution to separate 100-mL
volumetric flasks. Dilute the content of each flask with
Diluent to volume, and mix to obtain solutions having
known concentrations of 0.10, 0.25, and 0.50 1J9/mLof
potassium, respectively.

Sample stock solution: 0.5 mg/mL of Sodium Hydroxide
Sample solution: 50 IJg/mL ofSodium Hydroxide in

Diluent, prepared from the Sample stock solution
Instrumental conditions

(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
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Analytical wavelength: 766.5 nm (potassium emission
line)

Lamp: Potassium hollow-cathode
Flame: Air-acetylene
Blank: Diluent

Standard curve
Samples: Standardsolutions
Plot: Absorbance values versus their corresponding

concentration (lJg/mL) of potassium. The correlation
coefficient is NLT 0.99.

Analysis
Sample: Sample solution
From the Standardcurve, determine the concentration of

potassium in the Sample solution.
Calculate the percentage of potassium in the portion of

Sodium Hydroxide taken:

Result= (C siC u) x 100

C s = concentration of potassium in the Sample solution
from the Standardcurve(lJg/mL)

C u =concentration of Sodium Hydroxide in the
Sample solution (lJg(mL) .

Acceptance criteria: NMT 0.5%

SPECIFICTESTS
• INSOLUBLE SUBSTANCES AND ORGANIC MATTER: A solution' .

(1 in 20) is complete, clear, and colorlessto slightly colored.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Sodium Lauryl· Sulfate
Portions of this monograph that are national USP text, and are
not part of the harmonized text, are marked with symbols
( ••) to specify this. .

Sulfuric acid monododecyl ester sodium salt;
Sodium monododecyl sulfate [151-21-3].

DEFINITION
Sodium Lauryl Sulfate is a mixture of sodium alkyl sulfates

consisting chiefly of sodium lauryl sulfate (C12H2SNa04S). It
contains NLT 85.0% of sodium alkyl sulfates calculated as
sodium lauryl sulfate (C'2H2sNa04S),

IDENTIFICATION

• ·A.
~p~

• B. SODIUM
Potassium pyroantimonate solution: To 2 g of potassium

pyroantimonate add 100 mL of water. Boil the solution for'
about 5 min, cool quickly, and add 10 mL of a solution of
potassium hydroxide (3 in 20). Allow to stand for 24 h, and
filter.

Sample: 2.5 g .
Analysis: Placethe Sample in a silica or platinum crucible,

and add 2 mL of 10 N sulfuric acid. Heat on a water bath,
then cautiously raisethe temperature progressively over an
open flame. Ignite, preferably in a muffle furnace, at 600
± 25°. Continue heating until all black particles have
disappeared. Cool, add a few drops of 2 N sulfuric acid, and
heat and ignite as above. Add·a few drops of ammonium
carbonate TS, evaporate to dryness, and ignite as above.
Cool, dissolve the residue in 50 mL of water, and mix. To a
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2-mL portion of this solution, add 4 mL of Potassium
pyroantimonatesolution. If necessary, rub the inside of the
test tube with a glassrod.

Acceptance criteria: A white, crystalline precipitate is
formed.

• C. SULFATE
Sample: Solution (1 in 10)
Analysis: After acidification with hydrochloric acid and

boiling for 20 min, no precipitate is formed. Add barium
chloride TS; a white precipitate is produced.

Acceptance criteria: Meets the requirements
• D.

Sample: 0.1 g
Analysis: Dissolve the Sample in 10 mL of water and shake.
Acceptance criteria: A copious foam is formed.

• E.
Sample: Solution prepared for Identification D
Analysis: To 0.1 mL of the Sample, add 0.1 mL of a 1 giL

solution of methylene blue and 2 mL of sulfuric acid,
diluted. Add 2 mL of methylene chloride and shake.

Acceptance criteria: An intense blue color develops in the
methylene chloride layer.

'ASSAY .
• CONTENT OF SODIUM ALKYL SULFATES

Methylene blue solution: Dissolve 0.003 g of methylene
. blue, 5.0 g of anhydrous sodium sulfate, and 1.2 g of

sulfuric acid in 100 mL of water. .
[NoTE-Anhydrous sodium sulfate is the emulsion

breaker.]
Sample: 1.5 g of Sodium Lauryl Sulfate
Titrimetricsystem

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.004 M benzethonium chloride VS
Endpoint detection: Visual .

~a~ili .
Dissolvethe Sample in water, warming if necessary, and

dilute with water to exactly 1000.0 mL. To 10.0 mL of the
solution, add 25 mL of Methylene bluesolution, 15 mLof
methylene chloride, and 20 mL of water. Titrate with
Titrant, shaking vigorously and allowing the layers to
separate before each addition, until the two layers are
almost the same blue color. One mL of Titrantis
equivalent to 1.154 mg of sodium alkyl sulfates,calculated
assodium lauryl sulfate (C12H2SNa04S)..

Acceptance criteria: NLT 85.0%, calculated assodium
lauryl sulfate (C'2H2sNa04S)

IMPURITIES
• SODIUM CHLORIDE

Fluorescein sodium solution: Diss~lve 0.2 g of fluorescein
sodium in water to 100 mL.

Dilute nitric acid: Dilute 105 mL of nitric acid with water to
1000 mL. .

Sample solution: 100 mg/mL of Sodium Lauryl Sulfate in
water

Analysis: Neutralize 50 mL of Sample solution with Dilute
nitric acid, using litmus paper as the indicator, if necessary.
Add exactly 5.0 mL of 0.1 N sodium chloride and titrate
with 0.1 N silver nitrate VS (indicator: 2 drops of Fluorescein
sodium solution) to the first appearance of turbidity with
solution color change from yellow-green to orange through
yellow. Perform a blank determination, and make any
necessary correction. Each milliliter of 0.1 N silver nitrate is
equivalent to 5.844 mg of sodium chloride.

Acceptance criteria: The combined content of sodium
chloride and sodium sulfate is NMT 8.0%.
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Sodium Metabisulfite

• SODIUM SULFATE
Sample solution: 100 mg/mL of Sodium lauryl Sulfate in

water
Analysis: To 10 ml of Sample solution, add 100 mL of

alcohol and heat at a temperature just below the boiling
point for 2 h. Pass through a glassfilter (pore sizeequivalent
to 5-10 I-Im)while hot, and wash with 100 mL of boiling
alcohol. Dissolve the precipitate by washing with 150 mL
of water, collecting the washings in a beaker. Add 10 mL of
hydrochloric acid, diluted, heat to boiling, add 25 mL of
barium chloride TS, and allow to stand overnight. Collect
the precipitate and wash with water until the last washing
shows no opalescence with 0.1 N silver nitrate. Dry the
precipitate, ignite to constant massbetween 500 0 and 600 0

by raising the temperature gradually, and weigh as barium
sulfate (BaS04; 233.39).

Amount (mg) of sodium sulfate (Na2S04)= amount (mg) of
barium sulfate (BaS04) x 0".6086

it PROCEDURE
Sample: 200 mg of Sodium Metabisulfite
Blank: 50.0 ml of 0.1 N iodine VS, accurately measured
Titrimetric system

(See Titrimetry(541).)
Mode: Residualtitration
Titrant: 0.1 N iodine VS
Back-titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Add the Sample to 50.0 mL of 0.1 N iodine VSin a
glass-stoppered conical flask, and swirl to dissolve. Allow to
stand for 5 min, protected from light. Add 1 mL of
hydrochloric acid, and titrate the excessiodine with
Back-titrant, adding 3 mL of starch TS as the endpoint is
approached. Perform a blank>~.~!~~~i.Q~.!l;()n.
Calc~I~.~~t~~.B~~~~ntage of ;~~~lt,~~;;~i,~~ig~ .
(~g.2t1.(~RBld(jn'-~Qr~j in the portion of Sodium Metablsulflte
taken:

.' Result= {[(VB - Vs) x N XF]/W} x 100

VB = Back-titrantvolume consumed by the Blank
(mL)

Vs = Back-titrantvolume consumed by the Sample
(mL)

N = Back-titrantnormality (mEq/ml)
F = equivalency factor, 32.03 mg/mEq
W = Sample weight (mg)

Acceptance criteria: 65.0%-67.4% of S02

IMPURITIES
•. LIMITOF CHLORIDE

Standard solution: 0.71 mL of 0.020N hydrochloric acid in
100 mL of water

Sample solution: 1.0 g in 10 mL of water. [NOTE-Pass
through a small chloride-free filter, if necessary.] Add 6 mL
of 30% hydrogen peroxide. Add 1 N sodium hydroxide
until the solution isslightly alkaline to phenolphthalein, and
dilute with water to 100 mL.

Analysis .' .
Samples: Standardsolutionand Sample solution
Dilute 2.0 mL of the Samples with water to 20mL. Add 1 ml

of nitric acid and 1 mL of silver nitrateTS. Allow to stand
for 5 min protected from direct sunlight, and compare the
turbidity from the Samples (see Nephelometry, '
Turbidimetry, and Visual Comparison (855».·

Acceptance criteria: Any turbidity produced by the
Sample solution does not exceed that of the Standard
solution (0.05%).

• LIMIT OF THIOSULFATE
Standard solution: Mix 0.10 ml of 0.1ON sodium

thiosulfate with 10 ml of 1 N hydrochloric acid.
Sample solution: Mix 2.2 g with 10 mL of 1 N,

hydrochloric acid.

Disulfurous acid, disodium salt;
Disodium pyrosulfite [7681-57-4].

DEFINITION
Sodium Metabisulfite contains an amount of sodium

metabisulfite (Na2S20S) equivalent to NLT 65.0% and NMT
67.4% of S02.

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Sodium (191) and

Sulfite (191): A solution (1 in 20) meets the requirements.

. ASSAY

190.11

Acceptance criteria: The combined content-of sodium
chloride and sodium sulfate is NMT 8.0%.

SPECIFIC TESTS
• ALKALINITY

Sample solution: Dissolve 1.0 g in 100 mL of water, add
0.1 mL of phenol red TS, and titrate with 0.10 N
hydrochloric acid.

Acceptance criteria: NMT 0.5 mL for neutralization
• tTOTALALCOHOLS: Transfer 5 g to an 800-mL Kjeldahl flask,

and add 150 mL of water, 50 mL of hydrochloric acid, and a
few boiling chips. Attach a reflux condenser to the Kjeldahl
flask, heat carefully to avoid excessivefrothing, and boil for .
4 h. Cool the flask, rinse the' condenserwith ether, ..
collecting the ether in the flask, and transfer the contents
to a 500-mL separator, rinsing the flasktwice with ether and '
adding the washings to the separator. Extract the solution
with two 75-mL portions .of ether, evaporate the combined
ether extracts in a tared beaker on a steam bath, dry the
residue at 105 0 for 30 min, cool, and weigh.

Acceptance criteria: The residue represents the total
alcohols and is NlT 59.0% of the weight of Sodium Lauryl
Sulfate taken. t

• UNSULFATED ALCOHOLS
Sample solution: Dissolve 109 in 100 mL of water, and add

100 mL of alcohol.
Analysis: Transfer the solution to a separator, and extract

with three 50-ml portions of petroleum ether. If an
emulsion forms, sodium chloride may be added to promote
separation of the two layers. Wash the combined petroleum
ether extracts with three 50-mL portions of water, and dry
with anhydrous sodium sulfate. Filter the petroleum ether
extract into a tared beaker. Evaporate on a waterbath until
the odor of petroleum ether no longer is perceptible, dry

. the residue at 105° for 30 min, cool, and weigh.
Acceptance criteria: The weight of the residue isNMT 4.0%

of the weight of Sodium Lauryl Sulfate taken. .

ADDITIONAL REQUIREMENTS
• tPACKAGING AND STORAGE: Preserve in well-closed

containers. t

• USP REFERENCE STANDARDS (11) ,
USP Sodium Lauryl Sulfate RS
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Analysis
Samples: Standardsolution and Sample solution
Gently boil the Samples for 5 min. Cool, then transfer each

solution to a small test tube.
Acceptance criteria: Any turbidity produced by the

Sample solution does not exceed that of the Standard
solution (0.05%).

• IRON (241)
Test preparation: Dissolve500 mg of Sodium Metabisulfite

in 14 mL of dilute hydrochloric acid (2 in 7), and evaporate
on a steam bath to dryness. Dissolve the residue in 7 mL of
dilute hydrochloric acid (2 in 7), and again evaporate to
dryness. Dissolve the resulting residue in a mixture of 2 mL
of hydrochloric acid and 20 mL of water. Add 3 drops of
bromine TS, and boil to expel the bromine. Cool, then
dilute with water to 47 mL.

Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 20 ppm

ADDITIONAL REQUIREMENTS
GIl PACKAGING AND STORAGE: Preserve in well-filled, tight

containers, and avoid exposure to excessive heat.

Analysis: Transfer the Blank to a 400-mL beaker, and titrate
with the Titrant to the endpoint at a pH of 7.0. Record as
the volume consumed, and designate as A. Transfer the
Sample to a 400-mL beaker, add 100.0 mL of 1 N
hydrochloric acid, and stir until dissolved. Pass a stream of
carbon dioxide-free air, in fine bubbles, through the
solution for 30 min to expel carbon dioxide, covering the
beaker loosely to prevent any loss by spraying. Wash the
cover and sides of the beaker with a few mL of water.
Titrate the excess acid potentiometrically with the Titrant

to the inflection point at a pH of 4. Record the buret
reading, and designate as B. Protect the solution from
carbon dioxide absorbed from the air, and continue the
titration with 1 N sodium hydroxide VS to the inflection
point at a pH of 8.8. Record the buret reading, and
designate as C.

Calculate the amount of Titrant consumed by the Sample
to the first inflection point, correcting for the Blank (V 1 =
A - B)and the amount of Titrant consumed by the Sample
between the two inflection points (V 2 =C - B). If V I is
equal to or greater than 2V 2, calculate the amount
of Na3P04 in the portion of Sample taken:

D=V 2xNxF

Sodium Phosphate, Dibasic-see DibasicSodium
Phosphate General Mon?graphs

N
F

= volume of Titrant consumed between the two
inflection points (mL)

= actual normality of the Titrant (mEq/mL)
= equivalency factor, 163.9 mg/mEq

Sodium Phosphate, Monobasic
-see Monobasic Sodium Phosphate General Monographs

If V 1 is less than 2V 2, calculate the amount of Na3P04 in
the portion of Sample taken:

0= (V 1- V2) x N x F

380.1 J

163.94 .
181.96 Calculate the percentage of Na3P04on the ignited basis in

the portion of Tribasic Sodium Phosphate taken: .

Result = [10/(100 - L)] x (DIW)

L =percentage calculated in the test for Loss on
Ignition (733) ,

o =amount of Na3P04found (mg)
W =weight of the Sample (g)

Acceptance criteria: NLT 97.0% of Na3P04 on the ignited
basis. Na3P04. 12HzO (dodecahydrate)' contains NLT
92.0% of Na3P04 on the ignited basis. .

IMPURITIES
GIl Loss ON IGNITION (733)

Sample: 2 g
Analysis: Dry the Sample at 110 0 for 5 h, and then ignite at

8000 for 30 min.
Acceptance criteria: The anhydrous form loses NMT 2.0%

of its weight, the monohydrate loses 8.0%-11.0% of its
weight, and the dodecahydrate loses 45.0%-57.0% of its
weight.

• ARSENIC, Method I (211)
Test preparation: Dissolve a portion equivalent to 1.0 g of

anhydrous tribasic sodium phosphate in 35 mL of water.
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 3 ppm

= volume of the Titrant consumed to the first
inflection point, correctlnq for the Blank(mL)

=actual normality of the Titrant (mEq/mL)
=equivalency factor, 163.9 mg/mEq

VI

N
FNa3P04 (anhydrous)

Trisodium phosphate, monohydrate .
Phosphoric acid; trisodium salt, dodecahydrate;
Trisodium phosphate, dodecahydrate
[10101-&9-0].
Anhydrous [7601-54-9].

DEFINITION
Tribasic Sodium Phosphate is anhydrous or contains one to .

twelve molecules of water of hydration. Na3P04(anhydrous)
and Na3P04· H20 (monohydrate) contain NLT97.0%
of Na3P04, calculated on the ignited basis. Na3P04. 12H20

(dodecahydrate) contains NLT 92.~A> of Na3P04, calculated
on the ignited basis.

IDENTIFICATION
GIl A. IDENTIFICATION TESTS-GENERAL, Sodium (191) and

Phosphate (191): A solution (1 in 20) meets the
requirements.

ASSAY
• PROCEDURE

Sample: 5.5 g of Tribasic Sodium Phosphate, on the
anhydrous basis .

Blank: 100.0 mL of 1 N hydrochloric acid, accurately
measured

Tltrlmetrlc system
(See Titrimetry(541 ).)
Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Potentiometric

Tribasic Sodium Phosphate
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SPECIFIC TESTS
-INSOLUBLE .SUBSTANCES

Sample solution: Dissolve a portion equivalent to 10.0 g of
anhydrous tribasic sodium phosphate in 100 ml, of hot
water.

Analysis: Filter the Sample solution through a tared filtering
crucible. [NOTE-Do not use qlass.] Wash the insoluble
residue with hot water, and dry at 105° for 2 h.

Acceptance criteria: The weight of the residue so obtained
does not exceed 20 mg (0.2%).

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified. .
- LABELING: Label it to indicate whether it is anhydrous, the

monohydrate, or the dodecahydrate.

Sodium Propionate
~ONa

. H,C /I •
o

C3HsNa02 • xH20

C3HsNa02 96.06
Propanoic acid, sodium salt, hydrate;
Sodium propionate hydrate [6700-17-0].
Anhydrous [137-40-6].

DEFINITION
Sodium Propionate, dried at 105° for 2 h, contains NLT99.0%
. and NMT 100.5% of sodium propionate (C3HsNa02) .

IDENTIFICATION

- A•. ~~~.~~
~Pt!gttq$ .........• ~

Analysis: Perform 'test on an undried sample.
Acceptance criteria: Meets the requirements

- B. IDENTIFICATION TESTS-GENERAL, Sodium (191.)
Sample solution: 1 in 20
Acceptance criteria: Meets the requirements

ASSAY
- PROCEDURE .
. Sample: 200 mg of Sodium Propionate, previously dried at

105° for 2 h
Titrimetric system

(See Titrimetry (541 ).)
Mode: Direct titration ,
Titrant: 0.1 N perchloric acid VS
Blank: 50 mL of glacial acetic acid
Endpoint detection: Visual·

Analysis: Dissolve the Sample in 50 mL of glacial acetic acid,
and add 1 drop of crystal violet TS. Titrate with 0.1 N
perchloric acid VS to a green endpoint. Perform a blank
determination, and make any necessary correction.
Calculate the percentage of sodium propionate

(C3HsNa02) in the Sample taken:

Result = [(V s - V8) x N x Fx 100]/W

Vs =volume of the Titrant consumed by the Sample
(mL)

V 8 =volume of the Titrant consumed by the Blank
(mL)

NF 38

N =actual normality of the Titrant (mEq/mL)
F =equivalency factor, 96.06 mg/mEq
W = weight of the Sample (mg)

Acceptance criteria: 99.0%-100.5% on the dried basis

SPECIFICTESTS
- WATER DETERMINATION, MethodI (921): NMT 1.0%
- ALKALINITY .

Sample solution: 2.0 g of Sodium Propionate in 20 mL of
water

Analysis: Add phenolphthalein TS to the Sample solution.
Acceptance criteria: Ifa pink color is produced, it is

discharged by 0.60 mL of 0.10 N sulfuric acid.

ADDITIONAL REQUIREMENTS
- PACKAGING AND STORAGE: Preserve in tight containers..
- USP REFERENCE STANDARDS ,(11) .

USP Sodium Propionate RS

Sodium Starch Glycolate
Portions ofthis monograph that are national USP-NFtext, and,

are not part of the harmonized text, are marked with
. symbols (+ .) to specify this fact.

Starch carboxymethyl ether, sodium salt.

DEFINITION
Sodium Starch Glycolate is the sodium salt.of a carboxymethyl

ether of starch or 'of a cross-linked carboxymethyl ether of
starch. It may contaln NMT7.0% of Sodium Chloride. The

.pH and assay requirements for Type A and Type B are set
forth in the accompanying table. .

% Sodium, Combined as So-
pH dium Starch Glycolate

Type Min. Max. Min. Max.

A 5.5 7.5 2.8 4.2

B 3.0 5.0 2.0 3.4

IDENTIFICATION

[NOTE-Disregar any pea S at about 845, 1285, and
1305 crrr", which are attributed to the presence of
citrate.]

•
- B. An acidified solution of it is colored blue to violet by the

addition of iodine and potassium iodide TS 1. .
- C.

Potassium pyroantimonate solution: Dissolve 2 g of
potassium pyroantimonate in 85 mL of hot water. Cool
quickly, and add 10 mL of a solution of potassium' .. ' .~

hydroxide (3 in 20). Allowto stand for 24 h, filter, and dilute
with water to' 100 mL.

Analysis: To a 2-mL portion of the Sample solution prepared
for the test for Limitof Iron, add 2 mL of 15% potassium
carbonate, and heat to boiling. No preclpltate is formed.
Add 4 mL of Potassium pyroantimonate solution, and heat
to boiling. Allow to cool in ice water and, ifnecessary,rub
the inside of the test tube with a glass rod.

Acceptance criteria: A dense precipitate is formed.
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• ·D. Sodium Starch Glycolate imparts an intense yellow color
to a nonluminous flame .•

ASSAY
• PROCEDURE

Sample: 1 g
Analysis: Transfer the Sample to a conical flask, add 20 mL

of 80% alcohol, stir for 10 min, and filter. Repeat the
extraction until the chloride hasbeen completely extracted,
as shown by a test with silver nitrate. Dry the insoluble
portion at 105° to constant weight, and transfer an
accurately weighed portion (700 mg) of the dried 80%
alcohol-insoluble portion to a suitable flask.Add 80 mL of
glacial acetic acid, and heat the mixture under reflux on a .
boiling water bath for 2 h. Cool to room temperature, and
titrate with 0.1 N perchloric acid VS, determining the
endpoint potentiometrically.
Calculate the percentage of sodium combined in the form

of sodium starch glycolate:

Result= 100 x,22.99 x V x (N/W)

V =volume of perchloric acid consumed (mL)
N =normality of the perchloric acid
W =weight of the dried alcohol-insoluble residue

taken for the Assay (mg)

Acceptance criteria: 2.80/0-4.2% for Type A; 2.0%-3.4%
for Type B

OTHER COMPONENTS
• LIMIT OF SODIUM CHLORIDE

Sample: 500 mg of Sodium Starch Glycolate
Titrimetric system

(See Titrimetry(54'1 ).)
Mode: Direct titration
Titrant: 0.1 N silver nitrate Vs
Endpoint detection: Potentiometric
Electrodes

Indicator: Suitable silver-based
Reference: Double junction electrode containing a 10%

potassium nitrate filling solution in the outer jacket,
and a standard filling solution in the inner jacket

Analysis: Transfer the Sample to a beaker, and suspend in
100 mL of water. Add 1 mL of nitric acid. Titrate 'with the
Titrant. Each mL of 0.1 N silver nitrate is equivalent to
5.844 mg of sodium chloride.

Acceptance criteria: NMT 7.0%
• LIMIT OF SODIUM GLYCOLATE

[NoTE-Conduct this test without exposure to daylight.
Use low-actinic glassware.]

Solution A: 0.1 mg/mL of 2,7-dihydroxynapt;1thalene in
sulfuric acid; allow to stand until decolorized, and use
within 2 days. . . .

Standard solution: Transfer 310 mg of glycolic acid,
previously dried over phosphorus pentoxide in a desiccator
at room temperature overnight, to a 500-mL volumetric
flask. Dissolve in and dilute with water to volume. Transfer
5.0 mL of this solution to a 1OO-mL beaker, add 4 mL of 6 N
acetic acid, and allow to stand for about 30 min. Add 50mL
of acetone and 1 g of sodium chloride, mix, and pass
through fast filter paper moistened with acetone into a
1OO-mL volumetric flask. Rinse the beaker and the filter
paper with acetone. Combine the filtrate and washings,
dilute with acetone to volume, and mix. Allow to stand for
24 h without shaking. Use the clear supernatant as the
Standardsolution.

Sample solution: Tran.sfer 200 mg to a 1OO-m~ beak.er. Add
4 mL of 6 N acetic acid and 5'mL of water. Stlr until
dissolution is complete (about 10 min). Add 50 mL of
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acetone and 1 g of sodium chloride, mix, and passthrough
fast filter paper moistened' with acetone into a 100-mL
volumetric flask. Rinse the beaker and filter paper with
acetone. Combine the filtrate and washings, dilute with
acetone to volume, and mix. Allow to stand for 24 h
without shaking. Use the clear supernatant as the Sample
solution.

Analysis: Treat the Sample solutionand the Standard
solution as follows. Heat 2.0 mL of the solution on a water
bath for 20 min to remove the acetone. Cool to room
temperature. Add 20.0 mL of Solution A to the solution
under test, mix, and heat on a water bath for 20 min. Cool
under running water, and quantitatively transfer to a 25-mL
volumetric flask. Maintain the flask under running water,
and dilute with sulfuric acid to volume. Within 10 min,
determine the absorbance of the solution at 540 nm with a
suitable spectrophotometer, using water as the blank.

Acceptance criteria: The absorbance of the Sample solution
is, NMT that of the Standardsolution(2.0%).

IMPURITIES
• LIMIT OF IRON

Standard solution: Dissolve 863.4 mg of ferric ammonium
sulfate [FeNHiS04)z . 12HzO] in water, add 25 mL of 2 N
sulfuric acid, dilute with water to 500.0 mL, and mix. Pipet
10 mL of this solution into a 1OO-mL volumetric flask, dilute
with water to volume, and mix. Pipet 5 ml of this solution
into a 1OO-mL volumetric flask, dilute with water to volume,
and mix. This solution contains the equivalent of 1.0 IJg/mL
of iron.

Sample solution: Place2.5 g in a silica or platinum crucible,
and add 2 ml of 10 N sulfuric acid. Heat on.a water bath,
then cautiously raise the temperature progressively over an
open flame. Ignite, preferably in a muffle furnace, at 600
± 25°. Continue heating until all black particles have
disappeared. Cool, add a few drops of 2 N sulfuric acid, and
heat and ignite as above. Add a few dropsof 2, M . .
ammonium carbonate, evaporate to dryness, and ignite as
above. Cool, dissolve the residue in 50 mL of water,
and mix.
[NOTE-Reservea portion of this solution for Identification

test C.] .
Analysis: Treat the Sample solutionand the Standard

solution as follows. Transfer 10 mL of the' solution to a
suitable beaker, add 2 mL of citric acid solution (1 in 5) and
0.1 mL of thioglycolic acid, and mix. Render the solution
alkaline, using litmus paper asan external indicator, by the
addition of ammonium hydroxide. Dilute with water to
20 mL, and mix. Allow the solutions to stand for 5 min.

Acceptance criteria: The color of the solution from the
Sample solution is a shade of pink no deeper th~n that of

. the solution from the Standardsolution(0.002%).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli.

• pH (791): Disperse 1.g in 30 mL of water. The pH of the
resulting suspension is either 5.5-7.5 for Type A or 3.0
5.0 for Type B.

• Loss ON DRYING (731)
Analysis: Dry at 130° for 90 min.
Acceptance criteria: NMT 10.0%

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers, 'preferably protected from wide variations in
temperature and humidity, which may cause caking .•
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• tLABELlNG: Label it to indicate the botanical source of the
starchfrom which it was derived, the cross-linking agent (if
used), the pH range, and whether it isTypeAor Type B. t

• USP REfERENCE STANDARDS (11)
USP Sodium StarchGlycolate TypeA RS
USP Sodium StarchGlycolate Type BRS

Sodium Stearate

Octadecanoic acid, sodium salt;
Sodiumstearate [822-16-2].

DEFINITION
Sodium Stearate isa compound of sodium with a mixtureof

solid organic acidsobtained from sourcesof vegetable or
aniF!lal origin and consists mainly of variable proportionsof
sodium stearate (ClsH3sNa02) and sodium palmitate
(C16H31Na02)' The content of stearicacid in the fatty acid
fraction isNLT 40.0% of the total content. Thesum ofstearic
acid and palmitic acid in the fatty acidfraction is NLT 90.0%
ofthe total content. Sodium stearate containssmall amounts
of the sodium saltsofother fattyacids.

IDENTIFICATION
• A.
Analysis: Heat a small quantity of Sodium Stearate in a

crucibleover a flame until it fuses. Continue heating the
sample until it decomposes with emission of flammable
vapors that should burn when ignited. Moisten the residue
with water, and test with red litmus paper. The paper must
turn blue.Add a small amount of acid to the crucible and
ob~erve the solutioneffervesce. The solution must fmpart
an Intenseyellowcolor to a nonlurninous flame. , '

Acceptance criteria: Meets the requirements '
• B. Th~ retention times of the major peaksofthe Sample

solution correspond to those of the Standardsolution as
obtained in the Assay. ' ,

ASSAY
• PROCEDURE

Boron trifluoride-methanol solution: 140 gILof boron
trifluoride in methanol

Sample solution: Dissolve 100 mg of Sodium StearateIn a
small conical flask, fitted with a suitable reflux attachment
with 5 mL of Boron trifluoride-methanolsolution. Boil unde~
reflux for 10 min. Add4.0 mL of n-heptane through the
condenser, and boilagain under reflux for 10 min.Allow to
cool.Add20 mL ofa saturated solutionofsodiumchloride.
Shake, and allowthe layers to separate. Remove about 2 mL
'ofthe organic'layer, and-dry it over 0.2 g of anhydrous
sodium sulfate. Dilute 1.0 mL of this solutionwith
n-heptane to 10.0 mL. '

Standard solution: Prepareas directed in the Sample
solution using 50 mg of USP Stearic Acid RS and 50 mg of
USP Palmitic Acid RS.

Chromatographic system .
(See Chromatography (621), System Suitability.)
Mode: GC '
Detector: Flame ionization
Column: 30-m x 0.32-mmfused silica; 0.5-J..Im layerof

phase G16
Temperatures

Injector: 220°
Detector: 260°
Column: See Table 1.
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Table 1

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

70 - 70 2

70 5 240 5

Carrier gas: Helium, passed through a bed of molecular
sievefor drying, ifnecessary

Flowrate: 2.4 mL/min
Injection type: Splitless
Injection volume: 1 J..IL

System suitability
Sample: Standardsolution
Suitability requirements

Resolution: NLT 5.0 between the methyl palmitate and
methyl stearate peaks. [NoTE-The relative retention
timesfor methyl palmitateand methylstearate are about
0.9 and 1.0, respectively.]

Relativestandard deviation: NMT 3.0% for the methyl
stearate and methyl palmitate peaks; NMT 1.0% for the
ratio of'the peakareas of methyl palmitate to the peak
areas of methylstearate, from 6 replicateinjections

Analysis: Calculate the percentage ofstearicacid (ClsH3602)
in the fatty acid fraction of the sample taken:

Result =(rufrr) x 100

to =peak area due to methyl stearate
rr = sum of all the peak areas, excludingthe

sol~ent peak '

Calculate the percentage of palmitic acid '(C16H3202) in the
fatty acid fraction of the sample taken: .

Result = (rulrr) x 100

t» =peak area due to methyl palmitate
rr =sum of all the peak areas, excludingthe

solvent peak

Acceptance criteria
Stearic acid: NLT 40.0%
Sum of stearic acid and palmitic acid: NLT 90.00/0

SI'ECIFIC TESTS
• ACIDITY

Sample solution: Heat50 mL of alcohol to the same
~emperatu~e, ±5°,.ast~at attained when the pinkendpoint
IS reached In the titration of the sample-specimen. Add 3
drops of phenolphthalein TS and sufficient 0.020 Nsodium
hyd~oxide to produce a faint pinkcolor.Add 2.00 g of
.Sodlurn Stearate, and dissolve with the aid of a small
amount of heat. No pinkcolor is produced.

Analysis: Titratethe solution with 0.020 N sodium
hydroxide untila pinkcolor is produced.

Acceptance criteria: 1.00-4.25 mL of 0.020 N sodium
hydroxide is required (0.280/0-1.2% as stearic acid).

• Loss ON DRYING (731) .
Sample: Tare a beakercontaining 1 g of washed sand

previously dried at 105°,add 500 mg of Sodium Ste;rate
and again weigh. '

Analysis: To the Sample add 10 mL of alcohol, and
evaporate at 80° to dryness. Dry at 105° for 4 h.

Acceptance criteria: NMT 5.0% '
• FATS AND FIXED OILS, AcidValue (401)

Sample: 1 g of the fatty acids obtained as follows. Dissolve
25 g of Sodium Stearatein 300 mL of hot water/add 60 mL
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of 2 N sulfuric acid, and heat the solution, with frequent
stirring, until the separated fatty acid layer is clear. Wash
the fatty acids with boilingwater until they are free from
sulfate, collect in a smallbeaker, and warm on a steam bath
until the water has settled and the fatty acids are clear.
Allow the acids to cool, pour off the water layer, then melt
the acids, filter into a dry beaker while hot, and dry at 105°
for 20 min.

Acceptance criteria: 196-211
• FATS AND FIXED OILS, Iodine Value (401)

Sample: The fatty acids obtained in Fats and Fixed Oi/s, Acid
Value (401)

Acceptance criteria: NMT 4.0
• ALCOHOL-INSOLUBLE SUBSTANCES

Sample: 1.0 g of Sodium Stearate
Analysis: Reflux the Sample with 25 mLof alcohol until it

dissolves completely. .
Acceptance criteria: The resulting solution is clear or NMT

slightlyopalescent.

ADDITIONAL REQUIREMENrS
• PACKAGING AND STORAGE: Preserve in well-closed,

light-resistant containers.
• LABELING: Label it to indicate the content of stearlcacld in
, the fatty acid fraction and to indicate the fatty acids used

to produce sodium stearate are from sources of veqetable
or animal origin.

• USP REFERENCE STANDARDS (11)
USP Palmitic Acid RS
USP StearicAcid RS

Sodium Stearyl Fumara~e
DEFINITION
Sodium Stearyl Fumarate contains NLT.99.00/0 and NMT

101.5% of sodium stearylfumarate (C22H39Na04), calculated
on the anhydrous basis.

IDENTIFICATION

• ~~·~~~I~~~~O]
$P~¢ff9~ggp 1

Analysis: Performtest on an undried specimen (1 in 300).
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 250 mg
Blank: 10 ml, of chloroform
Titrimetric system

(See Titrimetry(541).)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a 50-mLconical flask, mix
with 10 mLof chloroform, and add 20 mLof glacial acetic
acid to dissolve. Add quinaldine red TS, and titrate with
0.1 N perchloric acid VS. .
Calculate the percentage of sodium stearyl fumarate

(C22H39Na04) in the Sample taken:

Result = {[(Vs - V8) x N x AIW} x 100

Vs = volume of Titrant consumed by the Sample (mL)
V 8 = volume of Titrant consumed by the Blank(mL)
N = actual normalityof the Titrant (mEq/mL)
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F = equivalencyfactor, 390.5 mg/mEq
W =weight of the Sample (mg)

Acceptance criteria: 99.0%-101.5% on the anhydrous
basis

OTHER COMPONENTS
• LIMIT OFSODIUM STEARVL MALEATE AND STEARVL ALCOHOL

Solvent: Chloroform and glacial acetic acid (4:1)
Standard monostearyl maleate stock solution: 1 rnq/rnl,

of USP Monostearyl Maleate RS in Solvent
Standard monostearyl maleate solution: Pipet 5.0 mLof.

Standardmonostearyl maleate stocksolution, and dilute with
chloroform to 50 mL.

Standard stearyl alcohol stock solution: 1 mg/mL of USP
Stearyl Alcohol RS in Solvent

Standard stearyl alcohol solution: Pipet 5.0 mLof
Standard stearylalcoholstock solution, and dilute with
chloroform to 50 mL.

Sample solution:' Transfer200 mg of Sodium Stearyl
Fumarate to a small, glass-stoppered conicalflask. Add
10.0 mLof Solvent. Dissolve by placing the flask in an
ultrasonic bath for 10 min.

Chromatographic system
(See.Chromatography (621)/ Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layerof chromatographic silica gel
. (TLC plates)
Spray reagent: Sulfuric acid and alcohol(1:9). [NOTE-Add

cautiouslyand with stlrrtnq.]
Developing solvent system: Hexanes,toluene, and glacial

acetic acid (5:5:1)
Analysis , .

Samples: Standardmonostearyl maleatesolution; Standard
stearylalcoholsolution, and Sample solution
Apply 5 IJL of Standardmonostearyl maleate solution and

10 IJL each of Standardstearylalcoholsolution and
Sample solution to the plate. Immerse the plate in a tank

. containing a layerof 10 mm of chloroform on the
bottom. Allow the solvent front to reach the upper edge
of the spots. Withdraw the plate, and dry in a current of
cold air. Repeat the immersion, development, and
drying. This results in spots having a linearshape.
Developthe chromatograph in a saturated chamber
containing the Developing solventsystem until the
solvent front has moved 15 cm, and remove the plate
fr.om the chamber. Allow to dry for 10 min, and heat in
an oven at 90° for 2 min. Allow to cool to room
temperature. Replace the plate in the chamber for
another 15-cm development, remove the plate, and
allowto dry at room temperature for 15 min. Spraythe
plate with Spray reagent. Drythe plate inan oven at 150°
for 15 min. Darkspots appear on a light backgroUnd.
Allow to cool. Faintspots at an RFvalueof 0.9 may result
from traces of distearyl maleate and distearyl fumarate.

Acceptance criteria: The intensity of any spot from the
Sample solution is not greater than that from the
corresponding spot from the Standardmonostearyl
maleatesolution and Standard stearylalcoholsolution
(NMT0.25% sodium stearyl maleate, NMT 0.5% stearyl
alcohol).

IMPURITIES
• LEAD (251): NMT 10 ppm

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 5.0%
• FATS AND FIXED OILS, Saponification Value (401)

Sample: 450 mg
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Ethanolic potassium hydroxide: Dissolve 5.5 g of
potassium hydroxide in absolute alcohol, heating if
necessary to dissolve, and dilute with absolute alcohol to
about 1000 mL. Preparefresh daily, and filter if necessary
to remove carbonate.

Titrimetric system
(See Titrimetry(541).)
Mode: Residual titration
Titrant: 0.1 N hydrochloric acid VS
Blank: 50.0 mLof Ethanolic potassium hydroxide
Endpoint detection: Visual

Analysis: Transferthe Sample to a 300-mL conicalflask, and
add 50.0 mLof Ethanolic potassium hydroxide, rinsingdown
the insideof the flask during the addition. Gently reflux the
mixture on a steam bath for NLT 2 h, occasionally swirl
gently, but avoid splashing the mixture up into the
condenser. Rinse the condenser with 10 mLof 70% alcohol,
followed by three 1O-mL portions of water, collecting the
rinsings in the flask. Cool, rinse the sides of the flask with
two 1O-mL portions of 70% alcohol, add phenolphthalein
TS, and titrate with.0.1 N hydrochloric acidVS to the
disappearance of any pink color. Perform a blank
determination.
Calculate the Saponification Value for Sodium Stearyl

Fumarate in the Sample taken:

Result =[(V B -' V s).x N x Fj/W

V B =volume of the Titrant consumed by the Blank
(mL)

V s = volume of the Titrant consumed by the Sample
(mL) .

N .=actual normalityof.the Titrant (ti1Eq/mL)
F ;:: molecular weight of potassium hydroxide, 56.1l
W == weight of.the Sample (g) .

Acceptance criteria: 142.2-146.0, calculated on the
anhydrous basis

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (1'1)

USP Monostearyl Maleate RS
USP Sodium Stearyl Fumarate RS
USP Stearyl Alcohol RS

.Sodium Succinate

x = 0 or 6

NaOOC-CH2CH2-COONa (C4H4Na204) 162.05
Anhydrous disodium l,4-butimedioate;
Anhydrous butanedioic acid disodium salt 050-90-3].
NaOOC-CH2CH2-COONa . 6H20 (C4H4Na204. 6H20) 270.14
Disodium 1,4-butanedioate hexahydrate;
Butanedioicacid disodium salt hexahydrate [6106-21-4].

DEFINITION
Sodium Succinate, when dried at 1200 for 2 h, contains NLT

98.0% and NMTl 02.0% of disodium succinate
(C4H4Na20 4) ·
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IDENTIFICATION

•A'J~~~
Sp'~qJ!5QAg(;)R",·
AnhydrousSodium Succinateor Sodium
Hexahydrate sample at 1200 for 2 h before use.

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solutioncorresponds to that of the Standard
solution.

• C. SODIUM
Analysis: Proceedas directed in Identification Tests-General

(191.), Sodium. .
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE .
, Solution A: Dissolve 6.8 g of monobasic potassium

. phosphate in 2 Lof water. Adjust with phosphoric acid to a
pH of 2.3. Passunder vacuum through an HNWP (nylon
hydrophilic) membrane filter of-0.45-Jjm pore size.Thisisa
25 mM potassium phosphate bufferwith a pH of 2.3.

Mobile phase: Add 100 mL of methanol to 1900 rnl,of
Solution A and mixwell.Sonicatefor 30 min and cool to
room temperature.

Diluent: Add 10 mL of phosphoric acid to 1 L of water arid
mix well. This is a 1% phosphoric acid solution.

System suitability solution: 3.0 mg/mL of USP Anhydrous
Sodium SuccinateRS and 2.2 Jjg/mL of USP FumaricAcid RS
in Diluent

Standard 'solution: 3.0 nig/mL of USP Anhydrous Sodium
Succinate RS in Diluent .

Sample solution: 3.0 mg/mL of Anhydrous Sodium .
Succinateor SodiumSuccinateHexahydratein Diluent. Dry
AnhydrousSodium Succinateor Sodium Succinate
Hexahydrate at 1200 for 2 h before use.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 204 nm
Column: 4.6-mm x 15-cm; 3-Jjm packing L1
Column temperature: 300

Flow rate: 1.0 mL/min
Injection volume: 10 Jjl
Run time: 10 min

System suitabiUty
. Samples: System suitabilitysolution and Standardsolution

[NOTE-The relative retention times for succinicacid
and fumaric acid are 1.0 and 1.2, .respectively.]

Suitability requirements
Resolution: NLT 2.0 between succinic acid and fumaric

acid, System suitabilitysolution
Tailing factor: 0.8-2.0, Standard solution .
Relative standard deviation: NMT 0.5%, Standard
.solution .

Analysis
Samples; Standard solution and Sample solution
Calculatethe percentage of sodium succinate (C4H4Na204)

in the portion of sample taken:

Result =(rufrs) x (CslC~) x 100

t» = peak response from the Sample solution
rs =peak response from the Standard solution
Cs =concentration of USP Anhydrous Sodium

Succinate RS in the Standard solution (mg/mL)
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Cu =concentration ofAnhydrousSodium Succinateor
Sodium Succinate Hexahydrate in the Sample
solution (mg/mL)

Acceptance criteria: 98.0%-102.0%

IMPURITIES
• LIMIT OF SODIUM ACETATE, SODIUM MALEATE, AND SODIUM

FUMARATE
Solution A,Mobile phase, Diluent, and Chromatographic

system: Proceed as directed in the Assay.
Acetic acid stock solution: Transfer37.5 mg of USP Glacial

Acetic Acid RS to a 25-mLvolumetricflask that contains
10 mLof Diluent. Dissolve and dilute with Diluent to
volume. Transfer1.0 mLof this solution to a 10-mL
volumetric flask and dilute with Diluent to volume. This
solution is equivalent to 200 J.,Jg/mL of sodium acetate in
Diluent.

Maleic acid stock solution: Transfer36.5 mg of USP Maleic
Acid RS to a 50-mLvolumetricflask. Dissolve and dilutewith
Diluent to volume. Transfer l .O mLof this solution to a
1O-mL volumetricflask and dilute with Diluent to volume.
This. solution is equivalent to 100 J.,Jg/mLof sodium
maleate in Diluent.

. Fumaric acid stock solution: Transfer 36.5 mg of USP
Fumaric Acid RS to a 50-mLvolumetricflask. Dissolve and
dilute with Diluentto volume. Transfer1.0 mLof this

. solution to a 1O-mL volumetricflask and dilute with Diluent
to volume. Thissolution is equivalent to 100 J.,Jg/mL of
sodium fumarate in Diluent.

System suitability solution: 10 mg/mL of USP Anhydrous
Sodium Succinate RS, 15 J.,Jg/mL of USP Glacial Acetic
Acid RS, and 7.3 J.,Jg/mL each .ofUSP MaleicAcid RS and
USPFumaric Acid RS in Diluent

Standard solution: Transfer1 mLeach of Acetic acidstock
solution, Maleicacidstock solution, and Fumaric acidstock'
solution to a 1O-mL volumetricflask and dilute with Diluent
to volume.

Sample solution: 10 mg/mL of AnhydrousSodium
Succinate orSodium Succinate Hexahydrate in Diluent

System suitability .
.Samples: System suitabilitysolutionand Standard solution.

[NOTE-The relative retention times for acetic acid,
maleic acid, succinicacid, and fumaric acid are 0.7,
0.8, 1.0, and 1.2, respectively.]

Suitability requirements
Resolution: NLT 1.5 between acetic acid and maleicacid;

NLT 2.0 betweensuccinic acid and fumaric acid, System
sUitability solution .

Relative standard deviation: NMT 5.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution
Based on the Standard solution, identifythe peaksofacetic
acid, maleicacid, and fumaric acid. Compare peak, areas
of acetic acid, maleic acid, and fumaric acid in the
Standard solutionand the Sample solution.

Acceptance criteria .
Sodium acetate: The peakarea of acetic acid in the Sample

solutionisNMT the peakarea ofacetic acid inthe Standard
solution, corresponding to NMT 0.2% of sodium acetate
in Sodium Succinate.

Sodium maleate: The peak area of maleic acid in the
Sample solution is NMT the peak area of maleicacid in the
Standard solution, corresponding to NMT 0.1% of sodium
maleate in Sodium Succinate.

Sodium fumarate: The peak area of fumaric add in the
Sample solution is NMT the peak area of fumaric acid in
the Standard solution, corresponding to NMT 0.1% of
sodium fumarate in Sodium Succinate.
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• LIMIT OF SULFATE
Standard solution: 0.4 mLof 0.005 mol/Lsulfuric acid
Sample solution: Dissolve 1.0 9 of Anhydrous Sodium

Succinate or Sodium Succinate Hexahydrate in 30 mL of
water and neutralize with a diluted hydrochloricacid (1 in
40).

Analysis: Proceed as directed in Chloride and Sulfate (221),
Sulfate.

Acceptance criteria: NMT 0.019% as S04

SPECIFIC TESTS
• ACIDITY AND ALKALINITY
. Sample solution: Dissolve 1.0 9 of Anhydrous Sodium

Succinate or Sodium Succinate Hexahydrate in carbon
dioxide-free water and dilute with water to 20 mL.

Analysis: Proceedas directed in pH (791). .
Acceptance criteria: 7.0..:.9.0

• Loss ON DRYING (731)
Analysis: Proceed as directed in Loss on Drying(731). Dryat

1200 for 2 h. .
Acceptance criteria

Anhydrous Sodium Succinate: NMT 2.0%
Sodium Succinate Hexahydrate: 37.0%-41.0%

ADDITIONAL REQUIREMENTS .
• PACKAGING AND STORAGE: Preserve in tight containers.

Store at room temperature.
4. LABELING: Label it to state, as part of the official title,

anhydrous or hexahydrate for sodium succinate.
• USP REFERENCE STANDARDS (11)

USP Anhydrous Sodium Succinate RS
USP Fumaric Acid RS
USP Glacial Acetic Acid RS
USP Maleic Acid RS

Sodium Sulfite

Na2S03 126.04
[7757-83-7].

DEFINITION
Sodium Sulfite contains NLT 95.0% and NMT 100.5% of

sodium sulfite (Na2S03) .

. IDENTIFICATION
,. A.

Sample 'solution: 50 mg/mL ofSodium Sulfite..
[NOTE-Reserve portions of the solution so obtained for
use in Identification test Band in the test for ColorandClarity
ofSolution.] .

Analysis: Add a drop ofphenolphthalein TS,
Acceptance criteria: A pink color is produced. ,

• B. IDENTIFICATIONTESTS-GENERAL (191), Sulfate
Analysis: To 5 mL of the solution from Identificationtest A

add 0.5 mLof iodine TS.
Acceptance criteria: The solution iscolorless and meets the

requirements of test A
• C. IDENTIFICATIONTESTS-GENERAL (191), Sodium: Meets

the requirements of test A

ASSAY
• PROCEDURE

Sample: 250 mg
Titrimetric system

(See Titrimetry (541 ).)
Mode: Residual titration
Titrant: 0.1 N iodine VS
Backtitrant: 0.1 N sodium thiosulfate VS
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Blank: 50.0 mL of 0.1 N iodine VS, accurately measured
Endpoint detection: Colorimetric

Analysis: Add the Sample to a 500-mL beaker, add 50.0 mL
of 0.1 Niodine VS, accurately measured, and shake to
dissolve. Add 1 mL of starch TS, and titrate with 0.1 N
sodium thiosulfate VS to a clear endpoint. Perform a blank
determination, and make any necessary correction.
Calculate the percentage of sodium sulfite (Na2S03) in the
.Sample taken:

Result=[(8 - V) x N x Fx 100]/W

8 = 0.1 N sodium thiosulfate VS volume consumed
by the Blank

V =0.1 N sodium thiosulfate VS volume consumed
by the Sample

N = actual normality of the Back titrant (mEq/mL)
F .= equivalency factor, 63.0 mg/mEq
W =weight of Sample (mg)

Acceptance criteria: 95.0%-100.5%

IMPURITIES
• LIMIT OF IRON

Standard solution: Immediately before use,dilute 1 volume
of StandardIron Solution, prepared asdirected under Iron
(241), to 10 mL with water. [NOTE-;This solution contains

, the equivalent of 1 IJg/mL of iron.]
Sample solution: 10.0 9 of Sodium Sulfite,in 25 mL of

water. Shake until mostly dissolved, and add 15 mt, of
hydrochloric acid. Heat to boiling. Cool, and dilute with
water to 100.0 mL. Use a 1O-mL portion.

Analysis: To the Standardsolution and the Sample solution,
separately add 2 mL of C! citric acid solution (200 gil), and
then add 0.1 ml of thloqlycollc acid. Make alkaline with
stronger ammonia water, arid dilute with water to 20 mL.
Allow to stand 'for 5 min. '

Acceptance criteria: .Any pink color in the Sample solution
is not more intense than that in the Standardsolution(NMT
10 ppm).

• LIMIT OF SELENIUM
[CAUTION-Selenium is toxic; handle with care.]

Selenium standard solution: 100 IJg/mL of selenium is
prepared as follows. Dissolve 0.1 9 of metallic selenium in
2 mL of nitric acid. Evaporate to dryness, add 2 mL of water,
and evaporate to dryness. Repeat the addition of water and
the evaporation to dryness three more times. Dissolve the
residue so obtained in 50 mL of.diluted hydrochloric acld,
Transfer to a 1000-mL volumetric flask, and dilute with
diluted hydrochloric acidto volume. _

Standard solution: To 1.0 9 of Sodium Sulfite add 0.2 mL
of Selenium, standardsolution and 10 mL of formaldehyde
'lS, and slowly add 2 mL of hydrochloric .acld. Heat ina
water bath for 20 min.

Sample solutlon: To 3.0 9 of Sodium Sulfite add 10 mL of
formaldehyde TS,and slowly add 2 mL of hydrochloric acid.

Analysis: Heat the Standardsolutionand the Sample solution
in a water bath for 20 min.

Acceptance criteria: Any pink color in the Sample solution
is not more intense than that in the Standardsolution(NMT
10 ppm).

• LIMIT'OF THIOSULFATES
Sample solution: 20 .mg/mL of Sodium Sulfite
Analysis: To 100 mL of the Sample solution, add 10 mL of

formaldehyde TS and 10 mL of acetic acid. Allow to stand
for 5 min. Add 0.5 mL of starch TS, and titrate with 0.1 N
iodine VS. Perform a blank determination (see Titrimetry
(541), Residual Titrations), and note the difference in
volumes required.
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Acceptance criteria: The difference in volumes is NMT
0.15 mL (NMT 0.1%).

• LIMIT OF ZINC
Zinc standard stock solution: A solution of 1 mL of acetic

acid and the amount of zinc sulfate equivalent to 0.440 9
of lnS04 • 7H20 in 100.0 mL of water. [NOTE-This solution
contains the equivalent of 1000 IJg/mL of In.]

Zinc standard solution: 25 IJg/mL of zinc from Zinc
standardstocksolution

Standard solutions: Transfer 1.0-, 2.0-, and 4.0-mL
portions of Zinc standardsolution to separate 100-mL
volumetric flasks. Dilute the contents of each flask with
water to volume, and mix to obtain solutions having known
concentrations of 0.25, 0.5, and 1.0 IJg/mL of zinc. '

Sample stock solution: 100 mg/mL of Sodium Sulfite is
prepared asfollows. To lO.O 9 of Sodium Sulfite add 25 mL
of water. Shakeuntil mostly dissolved, and slowly add
15 mL of hydrochloric acid. Heat to boiling. Cool, and dilute
with water to 100.0 mL. .

Sample solution: 20.0 mg/mL of Sodium Sulfite from the
Sample stock solution

Instrumental conditions
, (SeeAtomicAbsorption Spectroscopy (852).)

Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at213.9 nm
Lamp: linc hollow-cathode
Flame: Air-acetylene

Analysis
Samples: Standardsolutions and the Sample solution

Plot,the absorbances of the Standardsolutions versus
concentration of zinc, in IJg/mL, and draw the straight
line best fitting the plotted points. From the graph so
obtained, determine the conce'ritration of zinc; in' ,
IJg/rnL, in the Sample solution.

Acceptance criteria: NMT 25 ppm.

SPECIFIC'-TESTS
• COLOR AND CLARITY OF SOLUtiON

Analysis: Examine the solution prepared for Identification
test A.

Acceptance criteria: The solution is clear and colorless.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Store at room temperature.

Sodium Tartrate

C4H4Na206 • 2H20 23.0.08
Disodium L-tartrate;
Disodium (+)-2, 3-dihydroxybutanedioic acid [868-1. 8-8].

DEFINITION '
Sodium Tartrate contains NLT 99.0% and NMT 100.5% of

sodium tartrate (C4H4Na206) , calculated 0':1' the dried basis.

IDENTIFICATION' ,.
• A. IDENTIFICATION TESTS-GENERAL, Sodiurri(191): Meets

the requirements . ",.,., ..'
• B. IDENTIFICATION TESTS-GENERAL, Tartrate n91): Meets

the requirements . , .

ASSAY·
• PROCEDURE

Sample: 250 mg, previously dried at 150° for 3 h
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C~

Result =(rv/rs) x (CsiCiJ) x"100

== peakar~a of sorbic acid from the Sample solution
:::: p~ak area ofsorbic acidfrom th~ Standardsolution
=concentration of USP Sorbic AcidRSin tile

St rd solution(mg/mL)
= c n ofSorbicAcid in the Sample

s g/ml)

Acceptance'criteria: 98.0%-1 02~0% on the anhydrOus
basis

uitability solLitionandStandardsolution
relative retention times of

listed in table 2.] ,
s

Resoluti. . between sorbic acid arid sorbic acid
tt: cis isomer, System suitabilitysolution. ..

Taili factor: NMT 2.0, determined from sorbic acid,
Standardsolution '

Rela tandard deviation: NMT 2.0%, determined
fro ic acid, Standard solution

Analysis'
Samples: Standard solution and Sample solution
Calculate the percentage of sorl;>ic acid in the sample

taken:,

Table 1

Diluent: Water and'methanol (1:1, v/v)
System suitability solution: Prepare 0.1 mg/mL of USP

SorbiC Acid RS in Diluentfirst and then treat the solution
with UV irradi~tion to generate -1 % degradation ofsorbic
acid (based on area%)~l ,

Standard solution: 0.1 mg/mlof USP SorbicAcidRS in
DiJuent '

'Samplesoluti,on: 0.1 mg(ml of Sorbic,Acid in Diluent
Chromatographic system

(See Chromatography (621)/ System SuItability.)
Mode:'lC
DeteCtor:"UV 264 nm "
Column: 4.6-.mm x1S-cm; 3.5~!Jm packing II
Co erature: 400

min
10 JJl ,

Time Solution A Solution B
(min) (%) (%)

0 /'5 25

1/'.0 75 25

18~0 5 95

23.0 5 95

23.1 75 25

30.0 75 25

lUVI!radia~ion conditions of w~velengthsof i54/,:300~ and 3'65'n'mat 18
Watts' for 2 h have been used for the :solution.'Other equivalent UV
conditions,are also suitable as long as -1 % degradation, of sorbic add
(based onarea%) can beachieved after the irradiation. Quartz glassware
is preferred.

change to read:

• A••SPECTIiOSCOP
Spectroscopy: 197 .

• B. A 1-in-400,OOO solution in isopropyl alcohol exhibits an
absorbance maximum at 254 ± 2 nm.

ASSAY

C6H s0 2 112.13
2,4-Hexadienoic acid, (E,E)-; A(2E,4E)-:-Hexa-2,4";dtenoic

acid; j;,'(NF l-Dec-2019)
(E,E)-Sorbic acid • ~ (NF l-Dec;-2019) [110-44-1].

DEFINITION

Sorbic Acid

H3C~OH
'7 '7 /I

o

Sodium Thiosulfate-see Sodium Thiosulfate General ,
Monographs

Titrimetric system
(See Titrimetry (541).)
Mode: Direct titration
Titrant: 0.1 N Perchloric acid VS (in glacialacetic acid)
Endpoint detection: Potentiometric

Analysis: Dissolve the Sample in150 ml of glacialacetic acid
by stirring and heating to near the boiling point. Cool to
room temperature. Titratewith 0.1 N perchloricacid VS (in
glacialacetic acid) to a potentiometric endpoint. Performa
blank determination, and make any necessaryadjustments.
Each ml of 0.1 N perchloricacid isequivalent to 9.703 mg
of sodium tartrate (C4H4Na20 6) .

Acceptance criteria: 99.00/0-100.5%on the dried basis

SPECIFIC TESTS
• pH (791): 7-9 (1 in 10 solution)
• LossON DRYING (731): Drya sample at 1500 for 3 h: it loses

14.0%-17.0% of itsweight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preservein a tight container. No

storage requirements specified.

Chan9.e to read:

• PROCEDURE
;A:S'ohit" . "~b.

Solutio ;'1
'Mobile ph~se:· ee Table 1.

Change to read:, .
-""; ,

Sorbic Acid contains NlT 'A98.0%A(NF1-Det-2019) and NMT
·'02.00/0.. (NF 1-0ec-2019) of sorbic acid (C6Hs0 2) , calculated
on the anhydrous basis.

'IDENTIFICATION
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IMPURITIES

OH

~O~CH3
Ho \ 0

bH

Sorbitan, esters, monododecanoate;
Sorbitan monolaurate [1338-39-2].

DEFINITION
Sorbitan Monolaurate is a partialester of lauricacid with

Sorbitol and its mono- and dianhydrides. It yields, upon
saponification, NLT 55.0% and NMT 63.0% of fatty acids,
and NLT 39.0% and NMT.45.0% of polyols (w/w).

IDENTIFICATION
• A.

Sample: Residue obtained in the Assay for FattyAcids
Acceptance criteria

Fats and Fixed Oils, AcidValue (401): 260-280 on 1-g
sample ,

Fats and Fixed Oils, Iodine Value (401): NMT 5
• B.

Standard solution: 33 mg/mL of USP Isosorbide RS,
25 mg/mL of USP l,4-Sorbitan RS, and,.25 mgfmL of '
sorbitol '

Sample solution: 250 mg/mLof the polyols from the Assay'
for Polyols , ' '

Chromatographic system' ,
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC '
'Adsorbent: 0.25-mm layerof chromatographic silica gel
Application volume: 2 IJL '
Developing 'solvent system: Acetone and glacial acetic

acid (50:1)
Spray reagent: Sulfurlc acid and water (50:50)

.Analysls
Sampfes: Standardsolutionand Sample solution

Applythe Standardsolutionand Sample solution,and allow
, the spots to dry. Developthe chromatogram until the

solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the
developing chambet, mark the solvent front, and allow
the solvent to evaporate. Sprayevenlywith Spray
reagent until the surface is uniformly wet (do not
overspray), and immediately place the sprayed plate
on a 200? hot plate in a weir-ventilated hood. Char until
white fumes Of sulfurtrioxide cease, and cool.

Acceptance criteria: The R F valuesof the spots of the
Sample solutioncorrespond to those of the spots of the
.Siandardsolution. '

ASSAY
• FATTY ACIDS ..

Sample: 109' , , '
Analysis: Transferthe Sample to a 500-mLconical. flask.

Cautiously add 100 mL of alcohol and g.o g of potassium
hydroxide, and a few glass beads. Connect a suitable
condenser to the flask, reflux the mixtureon a hot plate for
2 h, add 100 mLof water, and heat on a, steam bath to
evaporate the alcohol,adding water occasionally to replace
the alcohol. Continue the evaporation until the odor of
alcohol can no longer be detected, and transfer the
saponification mixture,with the aid of 100 mLc>f hot water,
to a 500-mLseparator. Using extreme caution/neutralize
to litmus paper with a mixture of equal volumE!sof sulfuric
acid and water, noting the volume used, and add a '1 0%
excess of the dilute acid. Allow the solution to cool. lfsalts
appear, add sufficient water to produce a clear solution.
Cautiously add 100 mL of solvent hexane, shake

Sorbitan Monolaurate

0.91

2'.> ~CT •••.. i9)
• RESIJ;lUE ON IGNITION (281): NMT 0.2%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 132°-135°
• WATER DETERMINATION (921), Method I: NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light, and avoid exposure to excessive heat.
• USP REFERENCE STANDARDS (11)

USP Sorbic Acid RS

!\tame
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thoroughly, and withdraw the lower layer into a second
500-mLseparator. Similarly extract with two more 100-mL
portions of solvent hexane. Extract the combined hexane
layerswith 50-mL portions of water until neutral to litmus
paper. Combine the extracts with the originalaqueous
phase to use for the Assay for Po/yols. Evaporate the solvent
hexane in a tared beaker on a steam bath nearlyto dryness,
dry under vacuum at 600 for 1 h, cool in a desiccator, and
weigh the fatty acids.

Acceptance criteria: 55.0%-63.0%
• POLYOLS

Sample solution: Aqueoussolution retained from the Assay
for FattyAcids

Analysis: Neutralizethe Sample solutionwith potassium
hydroxide solution (1 in 10) to a pHof 7, using a pH meter.
Evaporateon a steam bath to a moist residue, extract the
polyolsfrom the salts with three 150-mLportions of
dehydrated alcohol, boiling the salt residue for 3 min, and
crushing it, as necessary, with the flattened end of a stirring
rod during each extraction; filtering each extract while hot
through a medium-porosity sintered-glass funnel provided
with a sheet of retentive filter paper on which a layerof
purifiedsiliceous earth has been superimposed; and
receiving the filtrates ina 1-L suctionflask. Transferthe clear
alcoholic polyols solution to a tared beaker, evaporate the
alcohol on a steam bath, dry under vacuum at 600 for 1 h,
cool in a desiccator, and weigh the polyols.:

Acceptance criteria: .39.00/0-45.0% .(w/w)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5,%

SPECIFIC TESTS .
• WATER DETERMINATION, MethodI (921): NMT .1.5%
• FATS AND FIXED OILS, AcidValue (401): NMT 8
• FATS AND FIXED OILS, Hydroxyl Value (401): 330-358
• FATS AND FIXED OILS, Saponification Value (401): 158-170

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REfERENCE STANDARDS (11)

USP Isosorbide RS
USP 1A-Sorbitan RS

C6H 120 S 164.16

Sorbitan Monooleate
CH.'

<;lH

IO~o

HO)---...( ~H 0

bH

Sorbitan, esters, mono(Z)-9-octadecenoate;
Sorbitan monooleate [1338-43-8].

DEFINITION
Sorbitan Monooleate isa partialoleate ester of Sorbitoland its

mono- and dianhydrides. Ityields, upon saponification, NLT
72.0% and NMT 78.0% of fatty acids, and NLT 25.0% and
NMT.31.0% of polyols (w/w).

IDENTIFICATION
• A.

Sample: Residue obtained in the Assay for FattyAcids

Official Monographs / Sorbitan 6031

Acceptance criteria
Fats and Fixed Oils,Acid Value (401): 192-204 on 1-g

sample
Fats and Fixed Oils, Iodine Value (401): 75-95

• B.
Standard solution: 33 mg/mL of USP Isosorbide RS,

25 mg/mL of USP 1A-Sorbitan RS, and 25 mg/mL of
sorbitol

Sample solution: 250 mg/mLofthe polyols, obtained inthe
Assay for Polyols

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.) .
Mode: TLC
Adsorbent: 0.25-mm layerof chromatographic silica gel
Application volume: 2 IJL
Developing solvent system: Acetone and glacial acetic

acid (50:1)
Spray reagent: Sulfuric acid and water (50:50)

Analysis
Samples: Standard solutionand Sample solution

Apply the Standard solutionand Sample solution, and allow
the spots to dry. Developthe chromatogram until the
solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow
the solvent to evaporate. Sprayevenlywith Spray
reagent until the surface is uniformly wet (do not
overspray), and immediately place the sprayed plate
on a 2000 hot plate in a well-ventilated hood. Char until
white fumes of sulfurtrioxide cease, and cool,

Acceptance criteria: The RFvaluesof the spots from the
Sample solutioncorrespond to those of the spots from the
Standard solution. . . " , .

ASSAY
• FATTY ACIDS

Sample: 10 g . .
Analysis: Transferthe Sample to a 500-mLconicalflask..

Cautiously add 100 mLof alcohol and 3.5 g of potassium
hydroxide, and a few glass beads. Connect a suitable
condenser to the flask, reflux the mixture on a hot plate for
2 h, add 100 mLof water, and heat on a steam bath to
evaporate the alcohol,adding water occasionally to replace
the alcohol. Continue the evaporation until the odor of
alcohol can no longer be detected, and transfer the
saponification mixture,with the aid of 100 mLof hot water,
to a 500-mLseparator. Using extreme caution, neutralize
to litmus paper with a mixture of equal volurriesof sulfuric .
acid and water, noting the volume used, and add a 10%
excess of the dilute acid. Allow the solution to cool. Ifsalts
appear, add sufficient water to produce a clear solution.
Cautiously add 100 mLof solvent hexane, shake .
thoroughly, and withdraw the lower layer into a second
500-mLseparator. Similarly extract with two more 100-mL
portions of solvent hexane. Extract the combined hexane
layers with 50-mLportions of water until neutral to litmus
paper. Combine the extracts with the original aqueous
phase to use for the Assay for Polyols. Evaporate the solvent
hexane in a tared beaker on a steam bath nearlyto dryness,
dry under vacuum at 600 for lh, cool in a desiccator, and
weigh the fatty acids.

Acceptance criteria: 72.0%-78.0%
• POLYOLS

Sample solution: Aqueoussolution retained from the Assay
for FattyAcids

Analysis: Neutralize the Sample solutionwith a potassium
hydroxidesolution (1 in 10) to a pHof 7, using a pH meter.
Evaporate on a steam bath to a moist residue, extract the
polyols from the salts with three 150-mL portions of
dehydrated alcohol, boiling the salt residue for 3 min, and
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crushing it, as necessary, with the flattened end of a stirring
rod during each extraction; filtering each extract, while hot,
through a medium-porosity, sintered-glass funnel provided
with a sheet of retentive filter paper on which a layer of
purified siliceous earth has been superimposed; and
receiving the filtrates in a 1-Lsuction flask.Transfer the clear
alcoholic polyols solution to a tared beaker, evaporate the
alcohol on a steam bath, dry under vacuum at 60° for 1 h,
cool in a desiccator, and weigh the polyols.

Acceptance criteria: 25.0%-31.0% (w/w)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 1.0%
• FAT AND FIXED OILS, Acid Value (401): NMT 8
• FAT AND FIXED OILS, Hydroxyl Value (401): 190-215
• FAT AND FIXED OILS, Iodine Value (401): 62-76
• FAT AND FIXED OILS, Saponification Value (401): 145-160

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Isosorbide RS
USP 1,4-Sorbitan RS
. C6H 120 S 164.16

Sorbitan Monopalmitate
OH

._.JJ<v0~CH3
HO'

b H
0 ...

Sorbitan, esters, rnonohexadecanoate:
. Sorbitan monopalmitate [26266-57-9].

DEFINITION
Sorbitan Monopalmitate is a partial ester of palmitic acid with

Sorbitol and its mono- and dian hydrides. It yields, upon
saponification, NLT 63.0% and NMT 71.0% of fatty acids,
and NLT32.0% and NMT 38.0% of polyols (w/w).

IDENTIFICATION

• A.
Sample: Residue obtained in the Assay for FattyAcids
Acceptance criteria '.

Fats and Fixed Oils, Acid Value (401): 210-225 on 1~g
sample .

. Fats and Fixed Oils, Iodine Value (401): NMT 4
• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST

(201 )
Standard solution: 33 mg/mL of USP Isosorbide RS,

25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of
sorbitol

Sample solution: 250'mg/mL ofthe polyols, obtained in the
.Assay for Polyols

Chromatographic system .
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC . .
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 I-IL
Developing solvent system: Acetone and glacial acetic

acid (50:1)
Spray reagent: Sulfuric acid and water (50:50)

Analysis
Samples: Standard solutionand Sample solution

NF 38

Apply the Standardsolutionand Sample solution, and allow
the spots to dry. Develop the chromatogram until the
solvent front has moved about three-fourths of the
length of the. plate. Remove the plate from the
developing chamber, mark the solvent front, and allow
the solvent to evaporate. Spray evenly with Spray
reagentuntil the surface is uniformly wet (do not
overspray), and immediately place the sprayed plate
on a 200° hot plate in a well-ventilated hood. Char until
white fumes of sulfur trioxide cease, and cool.

Acceptance criteria: The R F values of the spots of the
Sample solution correspond to those of the spots of the
Standard solution.

ASSAY
• FATTY ACIDS

Sample: 10 g
Analysis: Transfer the Sample to a 500-mL conical flask.

Cautiously add 100 mL of alcohol and 3.0 g of potassium
hydroxide. Connect a suitable condenser to the flask, reflux .
the mixture on a hot plate for 2 h, add 100 mL of water,
and heat on a steam bath to evaporate the alcohol, adding
water occasionally to replace the alcohol. Continue the
evaporation until the odor of alcohol can no longer be
detected, and transfer the saponification mlxture, with the
aid of 100 mL of hot water, to a 500-mL separator. Using
extreme caution, neutralize to litmus paper with a mixture
of equal volumes of sulfuric acid and water, noting the
volume used, and add a 10% excess of the dilute acid. Allow
the solution to cool. If.salts appear, add sufficient water to
produce a clear solution. Cautiously add 100 mL of solvent
'hexane, shake thoroughly, and withdraw the lower layer.
into a second 500-mL separator. Similarly extract with two
more l-OO-mL portions of solvent hexane. Extract the
combined hexane layers 'with 50-mL portions of water until
neutral to litmus paper. Combine the extracts with the
original aqueous phase to Lise for the Assay for Polyols.
Evaporate the solvent hexane in a tared beaker on a steam
bath nearly to dryness, dry under vacuum at 60° for 1 h,
cool in a desiccator, and weigh the fatty acids.

Acceptance criteria: 63.00/0-71.0%
• POLYOLS

Sample solution: Aqueous solution retained from the Assay
for FattyAcids .

Analysis: Neutralize the Sample solutionwith a potassium
hydroxide solution (1 in 10) to a pH of 7, using a pH meter.
Evaporate on a steam bath to a moist residue, extract the
polyols from the salts with three l50-mL portions of
dehydrated alcohol, bolllnq the salt residue for 3 min, and
crushing-it, as necessary, with the flattened end of a stirring.
rod during each extraction; filtering each extract while hot
through a rnedlum-poroslty, sintered-glass funnel provided
with a sheet of retentive filter paper on which a layer. of
purified siliceous earth has been superimposed; and
receiving the filtrates in a 1-Lsuction flask. Transfer the clear
alcoholic polyols solution to a tared beaker, evaporate the
alcohol on a steam bath, dry under vacuum at 60° for 1 h,
cool in a desiccator, and weigh the polyols.

Acceptance criteria: 32.00/0-38.0% (w/w)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%

SPECIFIC TESTS
• WATER DETERMINATION, Method1(921): NMT 1.5%
• FATS AND FIXED OILS, AcidValue (401): NMT 8
• FATS AND FI)(ED OILS, Hydroxyl Value (401): 275-305 ~

• FATS AND FIXED OILS, Saponification Value (401): ~ 40-150
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• .USP REFERENCE STANDARDS (11)

USP Isosorbide RS
USP 1,4-Sorbitan RS

C6H120s 164.16

Sorbitan Monostearate
~H

~o
HO \ 0

PH
Sorbitan, esters, monooctadecanoate;
Sorbitan Monostearate [1338-41-6].

DEFINITION
Sorbitan Monostearate is a partial ester of Stearic Acid with

Sorbitol and its mono- and dian hydrides. It yields, upon
saponification, NLT 68.0% and NMT 76.0% of fatty acids,
and NLT 27.0% and NMT 34.0% of polyols (w/w).

IDENTIFICATION
• A.

Sample: Residue obtained in the Assay for FattyAcids
Acceptance criteria .

Fats and Fixed Oils, Acid Value (401): 200-215 on 1-g
sample

Fats and Fixed Oils, Iodine Value (401): NMT 4
• B.

Standard solution: 33 rnq/rn], of USP Isosorbide RS,
. 25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of

sorbitol
Sample solution: 250 mg/mL of the polyols, 'obtained in the

Assay for Polyols
Chrornatoqraphlc system

(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC'
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 ~L '. ,
Developing solvent system: Acetone and glacial acetic

acid (50:1)
Spray reagent: Sulfuric acid and water (50:50)

Analysis' .
Samples: Standard solutionand Sample solution

Apply the Standardsoiution and Sample solution, and allow
the spots to dry. Develop the chromatogram until the
solvent front has moved about three-fourths of the
length .of the plate. Remove the plate from the .
developing chamber, 'mark the solvent front, and allow
the solvent to evaporate. Spray evenly with Spray
reagentuntil the surface is uniformly wet (do not
overspray), and immediately place the sprayed plate
on a 200° hot plate in a well-ventilated hood. Char until
white fumes of sulfur trioxide cease, and cool.

Acceptance criteria: The R F values of the spots from the
Sample solution correspond to those of the spots from the
Standard solution.

ASSAY
• FATTY ACIDS

Sample: 10 g
Analysis: Transfer the Sample to a 500-mL conical flask.

Cautiously ado 100 mL of alcohol, 3.0 g of potassium
hydroxide, and a few glass beads. Connect a suitable
condenser to the flask, reflux the mixture on a hot plate for
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2 h, add 100 mL of water, and heat on a steam bath to
evaporate the alcohol, adding water occasionally to replace
the alcohol. Continue the evaporation until the odor of
alcohol can no longer be detected, and transfer the
saponification mixture, with the aid of 100 mLof hot water,
to a 500-mL separator. Using extreme caution, neutralize
to litmus paper with a mixture of equal volumes of sulfuric
acid and water, noting the volume used, and add a 10%
excess of the dilute acid. Allow the solution to cool. Ifsalts
appear, add sufficient water to produce a clear solution.
Cautiously add 100 mL of solvent hexane, shake
thoroughly, and withdraw the lower layer into a second
500-mL separator. Similarlyextract with two more 100-mL
portions of solvent hexane. Extract the combined hexane
layers with 50-mL portions of water until neutral to litmus
paper. Combine the extracts with the original aqueous
phase to use for the Assay for Polyols. Evaporate the solvent
hexane in a tared beaker on a steam bath nearly to dryness,
dry under vacuum at 60° for 1 h, cool in a desiccator, and
weigh the fatty acids.

Acceptance criteria: 68.0%-76.0%
• POLYOLS

Sample solution: Aqueous solution retained from the Assay
for Fatty~cids .

Analysis: Neutralize the Sample solutionwith a potassium
hydroxide solution (1 in 10) to a pH of 7, using a pH meter.
Evaporate on a steam bath to a moist residue, extract the
polyols from the salts with three 150-mL portions of
dehydrated alcohol, boiling the salt residue for 3 min, and
crushing it, as necessary, with the flattened end of a stirring
rod, during each extraction; filtering each extract while hot
through a medium-porosity, sintered-glass funnel provided
with a sheet of retentive filter paper on which a layer of
purified siliceous earth" has been superimposed; and' .
receiving the filtrates in a 1-Lsuction flask. Transfer the clear
alcoholic polyols solution to a tared beaker, evaporate the
alcohol on a steam bath, dry under vacuum at 60° for 1· h,
cool in a desiccator, and weigh the polyols.

Acceptance criteria: 27.00/0-34.0% (w/w)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 1.5%
• FATS AND FIXED OILS, Acid Value (401): NMT 10

. • FATS AND FIXED OILS, Hydroxyl Value (401)~ 235-260
• FATS AND FIXED OILS, Saponification Value (401):.147-157

AD.DITIONAL REQUIREMENTS:' .
• PACKAGING AND STORAGE: Preserve in well-closed

.containers .
• USP REFERENCE STANDARDS (11)

USP Isosorbide RS
USP 1,4-Sorbitan RS

C6H120s 164.16

Sorbitan Sesquioleate
DEFINITION
Sorbitan Sesquioleate is a partial oleate ester of Sorbitol and

its mono- and dian hydrides. It yields, upon saponification,
NLT 74.0% and NMT 80.0% of fatty acids, and NLT 22.0%
and NMT 28.0% of polyols (w/w).
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IDENTIFICATION
• A. FATTY ACID COMPOSITION OF CONSTITUTING OLEIC ACID:

It meets the requirements of the test for Fats and Fixed Oi/s,
FattyAcidComposition (401). .

• B. IDENTIFICATION OF CONSTITUTING POLYOLS BY
THIN-LAYER CHROMATOGRAPHY

Standard solution: 33 mg/mL of USP Isosorbide RS,
25 mg/mLof USP 1A-Sorbitan RS, and 25 mg/mL of USP
Sorbitol RS

Sample solution: 250 mg/mL of polyols, obtained in the
Assay for Polyols

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: ·2 IJL
Developing solvent system: Acetone and glacial acetic

acid (50:1)
Spray reagent: Sulfuricacid and water (50:50)

Analysis
Samples: Standard solutionand Sample solution

Apply the Standard solutionand Sample solution, and allow
the spots to dry. Develop the chromatogram until the
solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow
the solvent to evaporate. Spray evenly with Spray
reagentuntil the surface is uniformly wet (do not
overspray), and immediately place the sprayed plate
on a 200° hot plate in a well-ventilated hood. Char until
white fumes of sulfur trioxide cease, and cool.

Acceptance criteria: The R F values of the spots from the
Sample solution correspond to those of the spots from the
Standard solution. '

ASSAY
• FATTY ACIDS

Sample: 10 g
Analysis: Transfer the Sample to a 500-mL conical flask.

Cautiously add 100 mL of alcohol, 3.5 g of potassium
hydroxide, and a few glass beads. Connect. a suitable .
condenser to the flask, reflux the mixture on a hot plate for

. 2 h, add 100 rnl, of water, and heat on a steam bath to .
evaporate the alcohol, adding water occasionally to replace
the alcohol. Continue the evaporation until the odor of
alcohol can no longer be detected, and transfer the

. saponification mixture, with the aid of 10'0 ml of hot water,
to a 500-mL separator. Using extreme caution, neutralize
to .litmus paper with a mixture of equal volumes of sulfuric
add and water, noting the volume used, and add a 10%·
excess of the dilute acid. Allow the solution to cool. Ifsalts
appear, add sufficient water to' produce a clear solution.
Cautiously add 100 ml of solvent hexane, shake
thoroughly,. and withdraw the lower layer into a second
500-mL separator. Similarly extract with two more 100-ml
portions of solvent hexane. Extract the combined hexane
layers with 50-mL portions of water until neutral to litmus
paper. Combine the extracts with the original aqueous
phase to use for the Assay for Polyols. Evaporate the solvent
hexane in a tared beaker on a steam bath nearly to dryness,
dry under vacuum at 60° for 1 h, cool in a desiccator, and
weigh the fatty acids.

Acceptance criteria: 74.00/0-80.0%
• POLYOLS

Sample solution: Aqueous solution retained from the Assay
for FattyAcids

Analysis: Neutralize the Sample solutionwith a potassium
hydroxide solution (1 in 10) to a pH of 7, using a pH meter.
Evaporate on a steam bath to a moist residue, extract the
polyols from the salts with three 150-mL portions of
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dehydrated alcohol, boiling the salt residue for 3 min and
crushing it, as necessary, with the flattened end of a stirring
rod during each extraction; filtering each extract while hot
through a medium-porosity, sintered-glass funnel provided
with a sheet of retentive filter paper on which a layer of
purified siliceous earth has been superimposed; and
receiving the filtrates in a I-Lsuction flask.Transfer the clear
alcoholic polyols solution to a tared beaker, evaporate the
alcohol on a steam bath, dry under vacuum at 60° for 1 h,
cool in a desiccator, and weigh the polyols.

Acceptance criteria: 22.0%-28.0% (w/w)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 1.4%

SPECIFIC TESTS
• FATS AND FIXED OILS, FattyAcidComposition (401): It

exhibits the composition profiles of fatty acids shown in
Table 1.

Table 1
Number of Double Percentage

Carbon-Chain Length Bonds (%)

14 0 ~5.0

16 0 ~16.0

16 1 ~8.0

18 0 ~6.0

18 1 ~65.0

18 2 ~18.0

i8 3 ~.O

20,22" 0 ~4.0

a The sum ofthese fatty acids should be NMT4.0%.

.'WATER DETERMINATION, Method I (921): NMT1.0%
• FATS AND FIXED OILS, AcidValue (401):. NMT14
• FATS AND FIXED OILS, Hydroxyl Value (401): 182-220
• FATS AND FIXED OILS, Peroxide Value (401): NMT 10.0
• FATS AND FIXED OILS, Saponification Value (401): 143-·:..165

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Isosorbide RS
USP 1A~Sorbitan RS

C6H 120 s ; 164.16
USP Sorbitol RS

Sorbitan Trioleate

DEFINITION
Sorbitan Trioleate is the triester of Oleic Acid and Sorbitol and

its mono- and dianhydrides. It yields, upon saponification,
NLT 85.5% and NMT 90.0% of fatty acids, and NLT 13.0%
and NMT 19.0% of polyols (w/w).

IDENTIFICATION

• A.
Sample: Residue'obtained in the Assay for FattyAcids
Acceptance criteria '

Fats and Fixed Oils, Acid Value (401): 192...;2040n1;.g
sample .

Fats and Fixed Oils, Iodine Value (401): 75-95 '
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It B. THIN-LAVER CHROMATOGRAPHIC IDENTIFICATIONTEST
(201 )

Standard solution: 33 mg/mL of USP Isosorbide RS,
25 mg/mL of USP 1,4-Sorbitan RS, and 25 mg/mL of
sorbitol

Sample solution: 250 mg/mL of polyols, obtained in the
Assay for Polyols

Chromatographic system
(See Chromatography (621), Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 ~L

Developing solvent system: Acetone and glacial acetic
acid (50:1)

Spray reagent: Sulfuric acid and water (50:50)
Analysis

Samples: Standardsolution and Sample solution
Apply the Standardsolution and the Sample solution, and

allow the spots to dry. Develop the chromatogram until
the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow
the solvent to evaporate. Spray evenly with Spray
reagent until the surface is uniformly wet (do not
overspray), and immediately place the sprayed plate
on a 200° hot plate in a well-ventilated hood. Charuntil
white fumes of sulfur trioxide cease, and cool.

Acceptance criteria: The R F values of the spots of the
Sample solution correspond to those of the spots of Lhe
Standardsolution. .

ASSAY
It FArrY ACIDS

Sample: 8.6 g
Analysis: Transfer the Sample, to a 500-rnL conical flask.

Cautiously' add 100 mL of alcohol arid 3.5 g of potassium
hydroxide, then add a few glass beads, and mix. Connect a
suitable condenser to the flask, reflux the mixture on a hot
plate for 2 h, add 100. mL of water, and heat on a steam
bath to evaporate the alcohol, adding water occasionally to
replace the alcohol. Continue the evaporation until the .
odor of alcohol can no longer be detected, and transfer the
saponification mixture, with the aid of 100 mLof hot water,
to a 500-mL separator. Using extreme caution, neutralize
to litmus paper with a mixture of equal volumes of sulfuric
acid and water, noting the volume used, and add a 10%
excess of the dilute acid. Allow the solution to cool. Ifsalts
appear, add sufficient water to produce a dear solution. .
Cautiously add 100 mLof solvent hexane, shake
thoroughly, and withdraw the lower layer into a second .
500-mL separator. Similarlyextract with two more 100-mL
portions of solvent hexane. Extract the combined hexane
layers with 50-mL portions of water until neutral to litmus
paper. Combine the extracts with the original aqueous
phase to use for the Assay for Polyo/s. Evaporate the solvent
hexane in a tared beaker on a steam bath nearly to dryness,
dry under vacuum at 60° for 1 h, cool in a desiccator, and
weigh the fatty acids. ,

Acceptance criteria: 85.5%-90.0%
• POLVOLS

Sample solution: Aqueous solution of polyols retained from
the Assay for FattyAcids

.Analysis: Neutralize the Sample solutionwith potassium
hydroxide solution (1 in 10) to a pH of 7, using a pH meter.
Evaporate on a steam bath to a moist residue. Extract the
polyols from the salts with three 150-mL portions of
deliydrated alcohol, boiling the salt residue for 3 min, and
crushing it, as necessary, with the flattened end of a stirring
rod during each extraction. Filter each extract while hot
through a medium-porosity, slntered-qlass funnel,
provided with a sheet of retentive filter paper on which a
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layer of purified siliceous earth has been superimposed, and
receiving the filtrates in a 1-Lsuction flask. Transfer the clear
alcoholic polyols solution to a tared beaker, evaporate the
alcohol on a steam bath, dry under vacuum at 60° for 1 h,
cool in a desiccator, and weigh the polyols.

Acceptance criteria: 13.0%-19.0% (w/w)

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.25%

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921): NMT 0-.7%
It FATS AND FIXED OILS, Acid Value (401): NMT 17
• FATS AND FIXED OILS, Hydroxyl Value (401): 50-75
• fATS AND FIXED OILS, Iodine Value (401): 77-85
• fATS AND fiXED OOLS, Saponification Value (401): 169-183

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Isosorbide RS
USP 1,4-Sorbitan RS

C6H120s 164.16

.Sorbitol

»<: H~ )ZH ,OH

HO' X X "
HOHHOH

C6H140 6 182.1. 7
D-Glucitol [50-70-4].

DEFINITION
Sorbitol contains NLT 91 .0% and NMT 100.5% of o-sorbitol,

calculated on the anhydrous basis. The amounts of total
sugars, 'other polyhydric alcohols, and any hexitol
anhydrides, ifdetected, are not included in the requirements,
nor in the calculated amount under General Notices, 5.60.70
Other Ir:npurities in USP and NFArticles

IDENTIFICATION

• A.
Sample solution: 1 g of Sorbitol in 75 mL of water
Analysis: Transfer 3 mL of Sample solution to a 15-cm test

tube, and add 3 mL of freshly prepared catechol solution
(1 in 10),' and mix. Add 6 mL ofsulfuric acid, then gently
heat the tube in a flame for 30 s..

Acceptance criteria: Adeep pink or wine-red 'color appears.
• B. The retention time of the major peak of the Sample

solution corresponds to that from the Standardsolution, as
obtained in the Assay. ,

ASSAY
• PROCEDURE
'Mobile phase: Use degassed water.
System suitability solution: Prepare a solution containing

4.8 mg/g of each USP Sorbitol RS and mannitol
Standard solution: 4.8 mg/g of USP Sorbitol RS "
Sample solution: Dissolve 0.10 g of Sorbitol in water, and

dilute with water to 20 g. Record the final solution weight,
and mix thoroughly.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector:' Refractive index
Column: 7.8-mm x 10-cm; packing L34
Temperature

Column: 50 ± 2°

www.webofpharma.com

https://nhathuocngocanh.com/



6036 Sorbitol/Official Monographs

Detector: 35°
Flow rate: 0.7 mL/min
Injection size: 10 IJL

System suitability
Samples: System suitabilitysolution and Standardsolution

[NoTE-The relative retention times for mannitol and
sorbitol are about 0.6 and 1.0, respectively.]

Suitability requirements
Resolution: NLT2.0 between sorbitol and mannitol,

System suitability solution
Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standardsolution and Sample solution

Calculate the percentage, on the anhydrous basis, of
D-sorbitol in the portion of Sorbitol taken:

Result =(r vir s) x (C siC v) x (100/(100 - IN) x 100

r u = peak response from the Sample solution
r s = peak response from the Standard solution
C s =concentration of USP Sorbitol RS in the Standard

solution (mg/g)
Cu = concentration of Sorbitol in the Sample solution

(mg/g)
W ' = percentage obtained in the test for Water

Determination .

Acceptance criteria: 91 .00/0-100'.5% on the anhydrous
~~ . .

IMPURITIES
• LIMIT OF NI(:KEL

Sample solution: Dissolve 20.0 9 of Sorbitol in diluted
acetic acid, and dilute with diluted acetic acid to 150 mL.

. Blank solution: 150 mL of diluted acetic acid '
Standard solutions: Prepare three solutions by adding 0.5,

1.0, and 1.5 mL ofnickel standard solution TS to 20.0 g of
Sorbitol dissolved in diluted acetic acid, and dilute with the
same solvent to 150 mL. .

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).) ,
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode
Flame: Air-acetylene

Analysis . . .
Samples: Standardsolutibnsand Sample solution

To each sample add 2.0 mL of a saturated ammonium
pyrrolldlnedlthlocarbarnate solution (containing 10 giL
of ammonium pyrrolidinedithiocarbamate) and 1a.o mL
of methyl, isobutyl ketone, and shake for 30 S. Protect
from bright light. Allow the two layers to separate, and
use the methyl isobutyl ketone layer. Set the instrument

. to zero using the organic; layer from the Blank solution.
Concomitantly determine the absorbances of the
organic layer from the Samples at least three times each.
Record the average of the steady readings for each of the
Standardsolutions and the Sample solution. Between
each measurement, aspirate the organic layer from the
Blank solution, and ascertain that the reading returns to
zero. Plot the absorbances of the Standardsolutions and
the Sample solution versus the added quantity of nickel.
Extrapolate the line joining the points on the graph until
it meets the concentration axis. The distance between
this point and the intersection of the axes represents the
concentration of nickel in the Sample solution.

Acceptance criteria: NMT 1 ppm
• RESIDUE ON IGNITION (281): NMT 0.1 %, determined on a

1.5-g portion
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• REDUCING SUGARS
[NoTE-The amount determined in this test is not

included in the calculated amount under General
Notices, 5.60.10 Other Impurities in USP and NF
Articles.]

Sample solution: Dissolve 3.3 g of Sorbitol in 3 mL of water
with the aid of gentle heat. Cool, and add 20.0 mL of cupric
citrate TS and a few glass beads. Heat sothat boiling begins
after 4 min, and maintain boiling for 3 min. Cool rapidly,
and add 40 mL of diluted acetic acid, 60 mL of water, and
20.0 mL of 0.05 N iodine VS.With continuous shaking, add
25 mL of a mixture of 6 mL of hydrochloric acid and 94 mL
of water. ,

Analysis: When the precipitate has dissolved, titrate the
excess of iodine with 0.05 N sodium thiosulfate VS using
2 mL of starch TS, added toward the end of the titration, as
an indicator.

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium
thiosulfate VS is required, corresponding to NMT 0.3% of
reducing sugars, as glucose.

• CHLORIDE AND SULFATE, Chloride (221) (if labeled for use in
preparing parenteral dosage forms)

Sample: 1.5 g ,
Acceptance criteria: The Sample shows no more chloride

than corresponds to 0.10 mL of 0.020 N hydrochloricacid
. (NMT 0.0050%). ,

• CHLOR,DE AND SULFATE, Sulfate (221) (if labeled for use in
preparing parenteral dosage forms)

Sample: 1.0 g .
Acceptance criteria: The.Sample shows no moresulfate

than corresponds to 0.10 mL of 0.020 Nsulfuric acid (NMT
0.01%). ' , ",

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORCANISMS (62): The total aerobic count.
using the Plate Method is NMT 1000 cfu/g, and the total
combined molds and yeasts count is NMT 100 du/g; .

• pH (791): 3.5-7.0, in a 10% (w/w) solution in carbon
dioxide-free water

• WATER DETERMINATION, Method I (921): NMT 1.5%
• C:LARITY AND COLOR OF SOLUTION (if labeled for use in·

preparing parenteral dosage forms)
Sample: 10.0 g ,
Analysis: Dissolve the Sample in 100.0 mL of carbon
. dioxide-free water. : , .
Acceptance criteria: The-solution is clear and colorless.

·,BACTERIAL ENDOTOXINS T~ST (85) (if labeled for use in
preparing parenteral dosage forms): NMT 4 USP
Endotoxin Units/g for parenteral dosage forms having a
concentration of less than 100 giL of sorbitol, and NMT
2.5 USP Endotoxin Units/g for parenteral dosage forms
having a concentration of 100 giL or more of sorbitol

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.
• LABELING: Sorbitol intended for use in preparing parenteral

dosage forms is so labeled. .
• USP REFERENCE STANDARDS (11)

USP Sorbitol RS

Noncrystallizing Sorbitol Solution-'

DEFINITION
Noncrystallizing Sorbitol Solution is an aqueous solution

containing NLT45.0% of n-sorbltol (C6H140 6) (1I:'/w). The
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amounts of total sugars, other polyhydric alcohols, and any
hexitol anhydrides, if detected, are not included in the
requirements nor in the calculated amount under General
Notices, 5.60.7O. Other Impurities in USP and NFArticles.

IDENTIFICAnON
• A. PROCEDURE

Sample solution: Dissolve 1.4 g of Noncrystallizing Sorbitol
Solution in 75 mL of water.

Analysis: Transfer 3 mL of Sample solution to a 15-cm test
tube. Add 3 mL of freshly prepared catechol solution (1 in
10), and mix. Add 6 mL of sulfuric acid, mix again, and
gently heat the tube in a flame for 30 s.

Acceptance criteria: A deep pink or wine-red color appears.
• B. The retention time of the major peak from the Sample

solution corresponds to that of the Standardsolution, as
obtained in the Assay.

• C. LIMIT OF DIETHYLENE GLYCOL AND ETHYLENE GLYCOL
Diluent: Acetone and water (96:4)
Standard solution: 0.08 mg/mL of USP Diethylene

Glycol RS and 0.08 mg/mL of USP Ethylene Glycol RS in
Diluent.

Sample solution: Transfer 2.0 g of Noncrystallizing Sorbitol
Solution to a 25-mL volumetric flask.Add 1.0 mL of Diluent
to the flask, and mix on a vortex mixer for 3 min. Add the
remaining Diluent to the flask to volume in three equal
portions. Mix on a vortex mixer for about3 min after each
addition of Diluent. Pass a portion of the supernatant layer
obtained through a 0.45-~m nylon filter. Discard the first
2 mL of the filtrate, and collect the rest of the filtrate for
analysis..

[NOTE-Acetone is used to precipitate sorbitol.]
Chromatographic system '.

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 15-m fused-silica capillary 'column;
0.25-~m layer of phaseG46 .

Temperature
Detector: 3000

Injector port: 240 0
.

Column: See the temperature program table below.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) . , elm in) e) (min)

70 - 70 2

70 50 300 5

Carrier gas: Helium
Flow rate: 3.0 mL/min
Injection size: 1.0 ~L

Injection type: Split injection. The split ratio isabout 10:1.
[NOTE-A split liner, deactivated with glasswool, is used.]

System suitability
Sample: Standardsolution

[NOTE-Diethylene glycol elutes after ethylene glycol
in the chromatogram]

Suitability requirements
Resolution: NLT 30 between ethylene glycol and

diethylene glycol
Analysis

Samples: Standardsolution and Sample solution
Based on the Standardsolution, identify the peaks of

ethylene glycol and diethylene glycol. Compare the peak
areas of ethylene glycol and diethylene glycol in the
Standardsolution and the Sample solution.
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Acceptance criteria
Diethylene glycol: The peak area of diethylene glycol in

the Sample solution is NMT the peak area of diethylene
glycol in the Standardsolution, corresponding to NMT
0.10% of diethylene glycol in Noncrystallizing Sorbitol
Solution.

Ethylene glycol: The peak area of ethylene glycol in the
Sample solution is NMT the peak areaof ethylene glycol in
the Standardsolution, corresponding to NMT 0.10% of
ethylene glycol in Noncrystallizing Sorbitol Solution.

ASSAY
• PROCEDURE

Mobile phase: Usedegassed water.
System suitability solution: 4.8 mg/g each of mannitol and

USP Sorbitol RS
Standard solution: 4.8 mg/g of USP Sorbitol RS
Sample solution: Weigh 0.20 g of Noncrystallizing Sorbitol

Solution, and dissolve in and dilute with water to 20 g.
Record the final solution weight.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 10-cm; packing L34
Temperature

Detector: 350

Column: 50 ± 20

Flow rate: 0.7 mL/min
Injection size: 10 ~L

System suitability
Samples: System SUitability solution and Standardsolution

[NoTE-The relative retention times for mannitol and
sorbitol are about 0.6 and 1.0, respectively, System
suitability solution.]

Suitability requirements
Resolution: NLT 2.0 between sorbitol and mannitol,'

System SUitability solution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of D-sorbitol (C6H"406) in the

portion of Noncrystallizing Sorbitol Solution taken:

Result =(ru/rs) x (Cs/Cu) x 100

ru =peak response from the Sample solution ..
rs =peak responsefrom the Standardsolution
Cs. =concentration of USP Sorbitol RS in the Standard

solution (mg/g)
Cu = concentration of Noncrystallizing Sorbitol

Solution in the Sample solution (mg/g)

Acceptance criteria: NLT 45.0%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1%, calculated on the

anhydrous basis, determined on a 2-g portion
• Limit of Nickel
Solution A: A saturated ammonium pyrrolidine

dithiocarbamate solution (containing 10 mg/mL of
ammonium pyrrolidine dithiocarbamate)

Sample solution: Dissolve 20.0 g of Noncrystallizing Sorbitol
Solution in diluted acetic acid, and dilute with diluted acetic
acid to 100.0 mL. Add 2.0 mL of Solution A and 10.0 mL of
methyl isobutyl ketone, and shakefor 30 s. Protect from
bright light. Allow the two layersto separate, and use the
methyl isobutyl ketone layer.
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Blank solution: Prepare as directed for the Sample solution,
except omit the use of the Noncrystallizing Sorbitol Solution.

Standard solutions: Prepare as directed for the Sample
solution, except prepare three solutions by adding 0.5, 1.0,
and 1.5 mL of nickel standard solution TS.

Spectrometric conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 232.0 nm (maximum absorbance)
Lamp: Nickel hollow-cathode
Flame: Air-acetylene

Analysis
Samples: Standardsolutions, Sample solution, and Blank

solution
Set the instrument to zero using the Blank solution.

Concomitantly determine the absorbances of the
Standardsolutions and the Sample solution at least three
times each. Record the average of the steady readings for
each of the Standard solutions and the Sample solution.
Between each measurement, aspirate the Blank solution,
and ascertain that the reading returns to zero. Plot the
absorbances of the Standardsolutions and the Sample
solution versus the added quantity of nickel. Extrapolate

_the line joining the points on the graph until it meets the
concentration axis. The distance between this point and
the, intersection of the axes represents the concentration
of nickel in the Sample solution. ,

Acceptance criteria: NMT 1 IJg/g on the anhydrous basis
ORGANIC IMPURITIES
• Procedure: Reducing Sugars
Sample: An amount of Noncrystallizing Sorbitol Solution,
, equivalent to 3.3 g on the anhydrous basis. .

, An.alysis: To the Sample, addS mL of water, 20.0 mL of cupric
citrate TS, and a few glass beads. Heat so that boiling begins
after 4 min, and maintain boiling for 3 min. COQI rapidly,' and
add 40 mL of diluted acetic acid, 60 mLof water,' and
20.0 mL of 0.05 N. iodine VS. With continuous shaking, 'add
25 mL of a mixture of 6 mL of hydrochloric acid and 94 rnl,
of water. When the precipitate has dissolved, titrate the
excess of iodine with 0.05 N sodium thiosulfate VS using
2 mL of starch TS, added towards the end of.the titration, as
an indicator.

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium
thiosulfate VS is required corresponding to NMT 0~3% of
reducing sugars, on the anhydrous basis, as glucose. The
amount determined in this test is not included in the
calculated amount under General Notices, 5.60. 7O. Other
Impurities in USP and NFArticles.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count using the Plate Method is NMT
1000 cfu/mL, and the total combined molds and yeasts
count is NMT 100 cfu/mL.

• pH (791): 5.0-7.5, in a 14% (w/w) solution of
Noncrystallizing Sorbitol Solution in carbon dioxide-free
water

• WATER DETERMINATION, Method I (921): 28.5%-31.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements are specified.
• USP REFERENCE STANDARDS (11)

USP Sorbitol RS
USP.oiethylene Glycol RS
USP Ethylene Glycol RS
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Sorbitol Sorbitan Solution

Former Title: Anhydrized Liquid Sorbitol

DEFINITION
Sorbitol Sorbitan Solution is a water solution containing, on

the anhydrous basis, NLT 25.0% of D-sorbitol (C6H140 6) and
NLT15.0% of 1A-sorbitan (C6H 120 S) ' The amounts of total
sugars, other polyhydric alcohols, and any other hexitol
anhydrides, ifdetected, are not included in the requirements
or in the calculated amount under General Notices, 5.60.7 O.
Other Impurities in USP and NFArticles.

IDENTIFICATION
• A. PROCEDURE

Sample: 1.4 g of Sorbitol Sorbitan Solution in 75 mL of
water

Analysis: Transfer 3 mL of Sample to a 15-cm test tube. Add
3 mL of freshly prepared catechol solution (1 in 10), and
mix. Add 6 mL of sulfuric acid, mix again, then gently heat
the tube in a flame for about 30 s.

Acceptance criteria: A deep pink or wine-red color appears.
• B. The retention times of the Sample solutioncorrespond to

those of the Standardsolution, as obtained in the Assay.
• C. LIMIT OF DIETHYLENE GLYCOL AND ETHYLENE GLYCOL

Diluent: Acetone and water (96:4)
. Standard solution: 0.08 mg/mL of USP Diethylene

Glycol RS and 0.08 mg/mL of USP Ethylene Glycol RS in
Diluent

Sample solution: Transfer 2.0 g of Sorbitol Sorbitan
Solution to a25-ml volumetric flask. Add 1.0 mL of Diluent
to the flask, and mix on a vortex mixer for about 3 min. Add
the rernalnlnq Diluent to the flask to volume in three equal
portions. Mix on a vortex mixer for about 3 min after each
addition of Diluent-Passe a portion of the supernatant layer
obtalned through a 0.45:-lJm nylon triter. Discard the first
2 mL of the filtrate, arid collect the rest of the filtrate for
analysis. [NOTE-Acetone is used to precipitate sorbitol.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 15-';' fused-silica capillary column;

0.25-lJm layer of phase G46
, Temperature

Detector: 3000

I~jector port: 2400
,

Column: See the temperature program table below.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

70 - 70 2

70 50 300 5

Carrier gas: Helium
Flow rate: 3.0 mL/min
Injection size: 1.0 IJL
Injection type: Split injection. The split ratio is about 10:1.

[NOTE-A split liner, deactivated with glass wool,is used.]
System suitability

Sample: Standardsolution
[NOTE-Diethylene glycol elutes after ethylene glycol'

in the chromatogram.]
Suitability requirements
Resolution: NLT 30 between ethylene glycol and

diethylene glycol
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Analysis
Samples: Standardsolution and Sample solution

Based on the Standardsolution, identify the peaks of
ethylene glycol and diethylene glycol. Compare peak
areas of ethylene glycol and diethylene glycol in the
Standardsolution and the Sample solution.

Acceptance criteria
Diethylene glycol: The peak area of diethylene glycol in

the Sample solution is NMT the peak area of diethylene
glycol in the Standardsolution, corresponding to NMT
0.10% of diethylene glycol in Sorbitol Sorbitan Solution.

Ethylene glycol: The peak area of ethylene glycol in the
Sample solution is NMT the peak area of ethylene glycol in
the Standardsolution, corresponding to NMT 0.10% of
ethylene glycol in Sorbitol Sorbitan Solution.

ASSAY
• PROCEDURE

Mobile phase: Water
System suitability solution: 10 mg/g of sorbitol, 4 mg/g of

1,4-sorbitan, 4 mg/g of isosorbide, and 1 mg/g of mannitol
in water

Standard solution: 10 mg/g of USP Sorbitol RS and
4 mg/g of USP 1,4-Sorbitan RS in water .

Sample solution: Dissolve 0.40 g of Sorbitol Sorbitan
Solution in water, and dilute with water to about 20 g.
Recordthe weight of the final solution, and mix thoroughly.

Chromatographic system.
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 1O-crrupecklnq L34
Temperature

Detector: 35°
Column: 50 ± 2°

Flow rate: 0.6 mL/min
Injection size: 10 ~L

System suitability .
Samples: System 'suitabilitysolution and Standardsolution

[NoTE-The relative retention times for l,4-sorbitan,
isosorbide, mannitol, and sorbitol are about 0.35,
0.43, 0.7, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between l,4-sorbitan and
.isosorbide, System suitabilitysolution

Relative standard deviation: NMT 2.0% for each
analyte, Standardsolution

Analysis
Samples: Standardsolution and Sample solution

Separately calculate the percenta9,es, ~m the an~ydrous
basis, of l,4-sorbitan and o-sorbltol In the portion of
Sorbitol Sorbitan Solution taken:

Result = (ru/rs) x (Cs/Cu) x [100/(100 - W)] x 100

ru = peak responses of the corresponding analyte
from the Sample solution

rs = peak responses of the corresponding analyte
from the Standardsolution

Cs =concentration of the appropriate USP Reference
Standard in the Standardsolution (mg/g)

Cu = concentration of Sorbitol Sorbitan Solution in the
Sample solution (mg/g)

W =percentage from the test for WaterDetermination

Acceptance criteria: NLT 25.0% of C6H140 6 and NLT 15.0%
of C6H120 S on the anhydrous basis
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IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.20%, calculated on the

anhydrous basis on a 2-g portion
• Limit of Nickel
Solution A: A saturated ammonium pyrrolidine

dithiocarbamate solution (10 mg/mL of ammonium
pyrrolidine dithiocarbamate)

Sample solution: 200 mg/mL of Sorbitol Sorbitan Solution in
diluted acetic acid. To 100 mL of this solution add 2.0 mL of
Solution A and 10.0 mL of methyl isobutyl ketone, and shake
for 30 s. Protect from bright light. Allow the two layers to
separate, and use the methyl isobutyl ketone layer.

Standard solutions: Prepare as directed for the Sample
solution, except to prepare three solutions by adding 0.5,
1.0, and 1.5 mL of nickel standard solution TS.

Blank solution: Prepare as directed for the Sample solution,
except to omit the use of Sorbitol Sorbitan Solution.
Quantities should be increased five fold to ensure that a
sufficient volume of Blank solution is available.

Spectrometric conditions
(See AtomicAbsorption Spectroscopy (852).) .
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 232.0 nm (maximum absorbance)
Lamp: Nickel hollow-cathode
Flame: Air-acetylene

Analysis
Samples: Blank solution, Standard solutions, and Sample

solution
Set the instrument to zero, using the Blank solution.

Concomitantly determine the' absorbances of the
Standardsolutions and the Sample solution at least three
times each. Record the average of the steady readings for.
each of the Standardsolutions and the Sample solution.
Between each measurement, aspirate the Blank solution,
and ascertain that the reading returns to zero. Plot the
absorbances of the Standardsolutions. and the Sample
solution versus the added quantity of nickel. Extrapolate
the line joining the points on the graph until it meets the
concentration axis. The distance between this point and
the intersection of the axes represents the concentration
of nickel in the Sample solution. .

Acceptance criteria: NMT 1 ppm, calculated on the
anhydrous basis

ORGANIC IMPURITIES
• Procedure: Reducing Sugars
Sample: An amount of Sorbitol Sorbitan Solution equivalent

to 3.3 g, on the anhydrous basis. '. .
Analysis: To the Sample, add 3 mLof water, 20.0 mL of CUpriC

citrate TS, and a few glass beads. Heat so that boiling begins
after 4 min, and maintain boiling for 3 min. Cool rapidly, and
add 40 mL of diluted acetic acid, 60 rnl, of water, and
20.0 mL of 0.05 N iodine VS. With continuous shaking add
25 mL of a mixture of 6 mL of hydrochloric acid and. 94 mL
of water. When the precipitate has dissolved, titrate the
excess of iodine with 0.05 N sodium thiosulfate VS, using
2 mL of starch TS, added toward the end of the titration, as
an indicator.

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium
thiosulfate VS is required, corresponding to NMT 0.3% of
reducing sugars, on the anhydrous basis, as glucose.
[NoTE-The amount determined in this test is not included in
the calculated amount under General Notices, 5.60.7O. Other
Impurities in USP and NFArticles.]

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED ORGANISIMS (62): The total aerobic microbial
count using the Plate Method is NMT 1000 cfu/mL. The
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total combined molds and yeasts count is NMT 100 cfu/
mL.

• pH (791): 4.0-7.0, in a 14% (w/w) solution of Sorbitol
Sorbitan Solution in carbon dioxide-free water

• WATER DETERMINATION, Method I (921): NMT 31.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• LABELING: The labeling indicates the percentage content,

on the anhydrous basis, of D-sorbitol and 1,4-sorbitan.
• USP REFERENCE STANDARDS (11)

USP Diethylene Glycol RS
USP Ethylene Glycol RS
USP 1,4-Sorbitan RS

C6H120 S 164.16
USP Sorbitol RS

So.rbitol Soiution-see SorbitolSolution General
Monographs

Soybean Oil-see Soybean ot General Monographs

Hydrogenated Soybean Oil

, [8016-70-4].

DEFINITION
'Hydrogenated Soybean Oil is-the product obtained by

refining, bleaching, hydrogenation, and deodorization of oil
obtained from seeds of the soya plant Glycine max Merr.
(Fabaceae). The product consists mainly of triglycerides of
palmitic and stearic acids.

IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and

Fixed Oi/s, FattyAcidComposition (401). "
• B. It meets the requirements in Specific Tests for Melting

Range or Temperature, Class /I (741).

IMPURITIES
. • LIMITOF NICK'EL

Nickel standard solution: Immediately before use, prepare
the equivalent of 0.2 I-Ig/g of nickel by diluting 10 mL of
nickel standard solution TS with water to 500 mL.

Sample solution: Weigh 5.0 g of Hydrogenated Soybean
Oil into a previously tared platinum or silica crucible.
Cautiously heat, and introduce into the substance a wick
formed from twisted ash less filter paper. Ignite the wick.
When the substance ignites, stop heating. After
combustion, ignite in a rnufflefurnace at 600°. Continue
the incineration until white ash is obtained. After cooling,
transfer the residue, with the aid of two 2-ml portions of
diluted hydrochloric acid, to a 25-mL volumetric flask, add
0.3 mL of nitric acid, and dilute with water to volume.

Standard solutions: Into three identical 1O-mL volumetric
flasks introduce 1.0, 2.0, and 4.0 mL of Nickelstandard
solution. To each flask add a 2.0-mL portion of the Sample
solution, and dilute with water to volume.

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption, equipped with a graphite

furnace

NF 38

Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode

Analysis
Samples: Sample solution and Standardsolutions

Determine the absorbances of the Samples at least three
times each. Record the average of the steady readings
for each of the Samples. Plot the absorbances of the
Standardsolutions and the Sample solutionversus the
added quantity of nickel, and draw the straight line best
fitting the three plotted points. Extrapolate the line until
it meets the concentration axis. The distance between
this point and the intersection of the axes represents the
concentration of nickel in the Sample solution.

Acceptance criteria: NMT 1 I-Ig/g
• ALKALINE IMPURITIES

Sample: 2.0 g
Analysis: Dissolvethe Sample by gently heating in a mixture

of 1.5 mL of alcohol and 3.0 mL of toluene. Add 0.05 rnl,
of bromophenol blue TS, and titrate with 0.01 N
hydrochloric acid VS to a yellow endpoint.

Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochloric
acid VS is required.

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE, Class /I (741): 66°-72°
• FATS AND FIXED OILS, Acid Value (401)
.Sample: 109 of Hydrogenated Soybean Oil
Analysis: Dissolve the Sample in 50 mL of a hot mixture of

neutralized alcohol and toluene (1:1). Add 0.5 mL of .
phenolphthalein TS, and immediately titrate, while still hot,
with 0.1 N potassium hydroxide VS. to produce a
permanent, faint pink color.

Acceptance criteria: NMT 0.5
• FATS AND FIXED OILS, FattyAcidComposition (401):

Hydrogenated Soybean Oil exhibits the composition profile .
, of fatty acids in Table 1.

Table 1

Carbon-Chain Number of Percentage.
Length' Double Bonds (%)

<14 0 :::0.1

14 0 :::0.5

16 0 9-16

18 O. 79-89

20 0 :::1.0

22 0 :::1.0

18 1 :::4.0

18 2 :::1.0

18 3 :::0.2

• FATS AND FIXED OILS, Peroxide Value (401): NMT 5.0
• FATS AND FIXED OILS, Unsaponltlable Matter (401)

Sample: 5.0 g
Acceptance criteria: NMT 1.0%

• WATER DETERMINATION, Method I (921): NMT 0.3%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. No storage requirements are specified.
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Table 1

Suitability requirements
Resolution: NLT 5 between the peaks due to methyl

erucate and squalane, System suitability solution
Relative standard deviation: NMT 2%, Standard

solution
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of squalane (C30H6Z) in the portion

of Squalane taken:

Result = (r vir s) x (C siC v) x 100

r u = peak area from the Sample solution
r s = peak area from the Standardsolution
Cs = concentration of USP Squalene RS in the Standard

solution (mgjmL)
C u = concentration of Squalane in the Sample solution

(mg/mL)

Acceptance criteria: 97.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%

SPECifiC TESTS
• SPECIFIC GRAVITY (841): 0.807-0.810 at 20 0

• fATSAND fiXED OILS (401), Procedures, AcidValue: NMT0.2
• fATS AND fiXED OILS, Iodine Value (401): NMT 4
• fATS AND fiXED OILS, Saponification Value (401): NMT 2
• REFRACTIVE INDEX (831): 1.4510-1.4525 at 20 0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label to indicate whether it is derived from

animal or plant sources.
• USP REFERENCE STANDARDS (11)

USP Squalane RS

Stannous· Chloride
SnClz·2HzO 225.65
Tin chloride (SnClz) dihydrate [10025-($9-1].

DEfiNITION .
Stannous Chloride contains NLT 98.0% and NMT 102.0% of

stannous chloride (SnClz •2HzO).

IDENTifiCATION
• A.

Sample solution: To 0.40 g of Stannous Chloride add 1 mL
of dilute hydrochloric acid solution (236 mL/Lof
hydrochloric acid), and dilute with water to 20 mL.
[NOTE-Keep a portion for the Limit of Sulfate test.]

Analysis: To 1 mL of the Sample solution add a mixture of
5 mL of water and 0.05 ml of mercuric chloride TS.

Acceptance criteria: A blackish-gray precipitate forms.
• B.

Sample: 1.0 g . .
Analysis 1: Dissolve the Sample in 3.0 rnl, of water. Add

0.5 mL of dilute sodium hydroxide solution (85 mg/mL of
sodium hydroxide) to the cloudy solution.

Acceptance criteria 1: Ayellowish, flocculent precipitate is
formed.

Analysis 2: Add 6.5 mL of water to the solution resulting
from Analysis 1. To 1.0 mL of the previously shaken
suspension add 1.0 ml of sodium hydroxide solution
(420 mg/mL of sodium hydroxide).

CH,CH,

H,C

Carrier gas: Helium
Flow rate: 1.7 mL/min
Injection volume: 1 IJl
Injection type: Split; split ratio, 12:1
liner: General purpose split/splitless liner with

deactivated wool
System suitability

Samples: System suitability solutionand Standardsolution
[NOTE-The relative retention times for methyl erucate

and squalane are 0.9 and 1.0, respectively.]

C30H6Z 422.81
Tetracosane, 2,6,1 O,15,19,23-hexamethyl-;
2,6,10,15,19,23-Hexamethyltetracosane [111-01-3].

DEfiNITION
Squalane is a saturated hydrocarbon that contains NLT 97.0%

and NMT 102.0% of
2,6,1 O,15,19,23-hexamethyltetracosane (C30H6Z) ' It is
obtained either by hydrogenation of squalene, an aliphatic
triterpene derived from certain fish oils, particularly shark
liveroil, or from ~-farnesene, a fermentation product of plant
sugars.

IDENTIfiCATION

• A.
~p«,

Sample:Undried specimen
Acceptance criteria: Meets the requirements

• B. CHROMATOGRAPHIC IDENTITY
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution, excluding the solvent peak,
corresponds to that of the Standardsolution, as obtained in
the Assay.

ASSAY
• PROCEDURE .

Diluent: n-Heptane .
System suitability solution: 4 rnq/rnl, of U~P Squalane R~

and 4'IJL/mL of methyl erucate in Diluent .
Standard solution: 4 mg/mL of USP Squalane RS inDiluent
Sample solution: 4 mg/mL of Squalane in Diluent
Chromatographic system .'

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization .
Column: 0.32-mm x 30-m fused silica capillary; coated

with a I-urn film of phase G2
Temperatures

Injection port: 275 0

Detector: 300 0

Column: See Table 1.

Squalane

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
e) e/min) e) (min)

60 5.9 290 11
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Acceptance criteria 2: The precipitate dissolves, and the
resulting solution is clear and colorless.

• C. IDENTIFICATION TESTS-GENERAL, Chloride (191>
Sample solution: Dissolve 10 mg of StannousChloride in

2 mL of 20% nitric acid.
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Sample: 0.1 9 of Stannous Chloride
Titrimetric system

(See Titrimetry (541>.)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Blank: 50 mL of water
Endpoint detection: Colorimetric

Analysis: Dissolvethe Sample in 50 mL of water freed from
oxygen by purging with carbon dioxide or nitrogen for
15 min prior to the addition. Add 1.5 mL of 0.8 N
hydrochloric acid, 5 9 of potassium sodium tartrate, 109
of sodium bicarbonate, and 1 mL of starch TS.Titrate the
resulting solution immediately with Titrant. Perform a blank
determination.
Calculate the percentage of stannous chloride (SnCI2 •

2H20 ) in the Sample:

Result=n(Vs - VB) x N x FJ/W} x 100

Vs =Titrant consumed by the Sample (mL)
VB = Titrant consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F =equivalency factor, 112.8 mg/mEq
W =Sample welqht (mg) .

Acceptance criter~a: 98.0%-102.0%

IMPURITIES
• LIMIT OF SULFATE

Acetic acid solution: Dilute 30mL of glacial acetic acid with
water to 100 mL.

30% Alcohol: Dilute 30 mL of alcohol with water to 100 mL.
Potassium sulfate solution 1: 1.8 mg/mL of potassium

sulfate in 30%Alcohol. Immediately before use, dilute with
30%Alcohol to obtain a solution having a known
concentration of about 18 ~g/mL.

Potassium sulfate solution 2: 1.8 mg/mL of potassium
sulfate in water. Immediately before use, dilute with water

, to obtain a solution having a known concentration of about
18 ~g/mL.. . . ' '

,Standard solution: Mix 3 mL of barium chloride solution
(250,mg/mL) and 4.5 mL of Potassium sulfate solution 1.
Shake, and let stand for 1 min. To 2.5 mL of this solution
add 15 mL of Potassium sulfate solution 2 and 0.5 mL of
Acetic acidsolution. Allow to stand for 5 min.

Sample solution: Use15 mL of the solution prepared in
Identification test A.

Analysis: Mix 3 mL of barium chloride solution
(250 mg/mL) and 4.5 mL of Potassium sulfate solution 1.
Shake and let stand for 1 min. To 2.5 mL of this solution
add the Sample solution and 0.5 mL of Acetic acidsolution.
Allow to stand for 5 min.

Acceptance criteria: Any opalescence in the Sample.solution
is not more intense than that in the Standard solution
(500 ppm). '

• LIMIT OF IRON
Standard iron solution: Prepare asdirected in Iron (241>,

Special Reagents.
Standard solution: Immediately before use, dilute 1 mL of

Standard iron solution with water to 10 mL. This solution
contains the equivalent of 1 ~g/mL of iron.

NF 38

Sample solution: Dilute 5 mL of the Sample solution,
prepared asdirected in Substances Not Precipitated by
Thioacetamide, with water to 10 mL.

Analysis: To 10 mL each of the Standard solution and the
Sample solution add 2 mL of dilute citric acid (200 mg/mL)
and 0.1 mL of thioglycolic acid, and mix. Make alkaline
with a dilute ammonia solution (620 mL/L of ammonium
hydroxide). Dilute with water to 20 mL. Allow the treated
Standard solution and the treated Sample solution to stand
for 5 min.

Acceptance criteria: Any pink color in the Sample solution
is not more intense than that in the Standard solution
(100 ppm).

• LIMIT OF LEAD ,
Dilute thioacetamide solution: [Nora-Prepare

immediately before use.] To 0.2 mL of thioacetamide TS
add 1 mL of a mixture of 5 mL of water, 15 mL of 1 N
sodium hydroxide, and 20 mL of 85% glycerin. Heat in a
water bath for 20 s.

Standard solution: On the day of use, mix 1.0 mL of
standard lead solution TS, 6 mL of water, 3 mL of sodium
hydroxide solution (420 mg/mL of sodium hydroxide), and
0.5 mL of Dilute thioacetamide solution.

Sample solution: Dissolve 1.0 9 of Stannous Chloride in
2 mL of a mixture of nitric acid and hydrochloric acid (1:3).
Heat the solution on a water bath until nitrous vapor is no '
longer evolved. Dissolve-the residue in water, and dilute
with water to 25 mL. To 5 mL of this solution add 3 mL of
sodium hydroxide solution (420 mg/mL of sodium
hydroxide) and2 mL of water. Heat until a clear solution is
obtained, and cool. Add 0.5 mL of Dilute thioacetamide .

, solution, and allow to stand for 2 min.
Analysis: Compare the Standard solution and the Sample
.solution. ' .

Acceptance criteria: Any color in the Sample solution is not
more intense than that in the Standard solution (50 ~g/g).

SPECIFIC TESTS
• ApPEARANCE OF SOLUTION

Standard stock solution: Pipet 30.0 mL of ferric chloride '
CS, 30;0 mL of cobaltous chloride CS,and 24.0 mL of cupric
sulfate CS into a 1OO-mL volumetric flask. Dilute.with 1%
(w/v) hydrochloric acid to volume. ,

Standard solution: Dilute 1.0 mL of the Standard stock
solution with 1% (w/v) hydrochloric acid to 100 mL.

,Sample solution: Dissolve 10.0 9 of Stannous Chloride in
dilute hydrochloric acid solution, and dilute with dilute
hydrochloric acid solution to 20 mL.

Acceptance criteria: The Sample solution is clear and
colorless, or if not, not more intensely colored than the
Standard solution.

• SUBSTANCES NOT PRECIPITATED BY THIOA~ETAMIDE ,
Samplesolution: Dissolve1.0 9 of Stannous Chloride in

dilute hydrochloric acid solution, and dilute with the same
acid to 30 mL. Heat to boiling. Add 30'mL of thioacetamide
TS, and boil for 15 min to produce Solution A. Filter 5 mL
of Solution A, and heat the filtrate to boiling. Add 5 mL of
thioacetamide TS, and boil forl S min. If a precipitate is
formed, add the remainder of Solution A to the mixture to
produce Solution A1. Add 10 mL of thioacetamide TS, and
boil. Repeat the series of operations from "Filter 5 mL"
until a precipitate is no longer formed on addition of
thioacetamide TSto the filtrate obtained from the 5mL of
Solution A(Solution A1, Solution A2,and soon, respectively).
If no precipitate is formed, or if no more precipitate is
formed, combine the solution obtained with the
remainder of Solution A(Solution A1, Solution A2,andso on,
respectively), filter, and wash the precipitate with 10 mL of
water. Heat the filtrate until the resulting vapor no longer
turns a moistened piece of lead acetate test paper
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blackish-gray. Allowto cool, and dilute with water to 50 mL.
[Note-Keep a portion for the Limitof Iron test.]

Analysis: Evaporate 25 mLof the Sample solution to dryness,
and ignite at 600°.

Acceptance criteria: The residue weighs NMT1 mg (0.2%).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Table 1

[68952~43-2].

DEfiNITION
Star Anise Oil is the volatile oil distilled with

dried, ripe fruit of Illicium verum Hook. f. I
86% and NMT 93% of trans-anethole.

[NOTE lid material has separated, carefu
Star Oil until it is completely Hquefie
before using.]

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Peak ification and sensitivity solutio .
USP hole RS, 1 mg/mlof USP Foenic
0.1 ml each of USP Pseudoisbeugenyl . . .
2-m butyrate RS and USP Safrole RS in n-hexane

Standar : USP Star Anise Oil RS
Sample: Star Anise Oil ,.
Chromatographic system . ..,.

(See Chromatography (621), System Suitability.) ,
Mode: GC
Detector: Flame ionization
CO,lumn: 0.25~mm x 30-micoated with a'0;25~J.lmfilmor

phase G16
Temperatures

Injection port: 200~

Detector: 220°
Column: See Table 1.

ish

COHOt:l volume dissolves ,in 361:' . . " .
1):·1.553~1.5S6~atLbo

Result d (rulfT) x 'l 00

tv :; peak area oftrans.:anetholefronl tpe Sat11pfe
rt = peak areas, eXclu~ingthe

A~ceptan~e criteria: '860/0:::-93%

Initial Temperature Final
Temperature Ramp Tem.perature

CO) elmin) e)

60 60 .8

60 2 210 ~;5
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Figure 1

In this test, the sulfurdioxide is released from the sample
. in a boiling acid medium and is removed by a stream of
carbon dioxide.The separated gas is collected in a dilute
hydrogen peroxide solution where the sulfurdioxide is
oxidized to sulfuric acid and titrated with standard alkali.
The apparatus consistsessentially of a 500-mLthree-neck,
round-bottom boilingflask, A; a separatory funnel, B,
having a capacityof 100 mL or greater; a gas inlet tube of
sufficient length to permit introduction of the carbon
dioxidewithin2.5 em of the bottom of the boilingflask;a
reflux condenser, C, having a jacket length of 200mm,
and a delivery tube, E, connecting the upper end of the
reflux condenser to the.bottom of a receiving test tube,
D. Apply a thin film of stopcock grease to the sealing
surfacesof all of the joints except the joint between the
separatory funnel and the boilingflask, and clamp the
joints to ensure tightness.

Sample: 25.0 g of Corn Starch

E

Sample solution: Shake1.5 g of Corn Starch with 15 mL of
2 N hydrochloric acid, and filter. Transfer 10 mLof the
filtrate to a test tube, add 2 mLof citric acid solution (2 in
10), and 0.1 mL of thioglycolic acid. Add 10 N ammonium
hydroxide until the solution is distinctlyalkaline to litmus,
and dilute with water to 20 mL.

Acceptance criteria: After 5 min, any pink color in the
Sample solution is not more intense than that in the
Standard iron solution, corresponding to a limitof 10 ppm
of iron.

• LIMIT OF SULFUR DIOXIDE
Carbon dioxide: Use carbon dioxide, with a flow regulator

that will maintain a flow of 100 ± 10 mL/min.
Bromophenol blue indicator solution: 0.2 mg/mL of

bromophenol blue in dilute alcohol. Filter if necessary.
Hydrogen peroxide solution: Dilute 30% hydrogen

peroxide with water to obtain a 3% solution. Just before
use, add 3 drops of Bromophenol blueindicatorsolution,and
neutralize to a violet-blue endpoint with 0.01 N sodium
hydroxide. Do not exceed the endpoint.

Apparatus: See Figure 1.
Corn Starch

Portlons of the monograph text that are national USPtext,and
are not part of the harmonized text, are marked with

_symbols (+.) to specifythis fact.

DEFINITION
Corn Starch consistsof the starch granules separated from the

mature grain of corn [ZeamaysL. (Fam. Gramineae)].

IDENTIFICATION
• A.

Analysis: Examine' under a microscope, using a mixture of
glycerinand water (1;1) as a mounting agent. .

Acceptance criteria: It appears either as angular polyhedral
- granules of irregular sizes with diameters ra~ging from 2
23 urn, or as rounded or spheroidal granules of irregular

. sizeswith diameters ranqinq from 25-35 IJm. The central
hilum consistsof a distinct cavityor two- to five-rayed cleft,
and there are no concentric striations. Between
orthogonally oriented polarizing platesor prisms,the starch
granules show a distinct blackcross intersecting at the
hilum. .

• B.
Sample solution: 20 mg/mL in water
Analysis: Boil for 1 min, and cool.
Acceptance criteria: Athin, cloudy mucilage isformed.. -. c. . .
Sample solution: 1,mLof the rnucllaqe obtained in

Identification test B
Analysis: Add 0.05 mLof iodine and potassium iodide TS

2 to the Sample solution.
Acceptance criteria: Anorange-red to dark blue color is

produced, which disappears upon heating.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample': 1.0 g
Acceptance criteria: NMT 0.6%

• LIMIT OF IRON
Standard iron stock solution A: Equivalent to 10 J..lg/mL of

iron prepared as directed in Iron (241)
Standard iron stock solution B: 1 J..lg/mL of iron from

Standardiron stock solution A in water
[NOTE-Prepare immediately before use.]

Standard iron solution: Transfer10 mLof Standardiron
stock solutionB to a test tube, and add 2 mLof citric. acid
solution (2 in 10) and 0.1 mLof thioglycolic acid. Add 10 N
ammonium hydroxide untilthe solutionisdistinctlyalkaline
to litmus, and dilute with water to 20 mL.
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Hydroxypropyl Corn Starch

• pH (791)
Sample solution: Prepare a slurry by weighing 5.0 g of Corn

Starch, transferring to a suitable nonmetallic container, and
adding 25.0 mL of freshly boiled and cooled water.

Analysis: Agitate continuously at a moderate rate for 1 min.
Stop the agitation, and allow to stand for 15 min.
Determine the pH to the nearest 0.1 unit.

Acceptance criteria: 4.0-7.0

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified .•
• ·LABELlNG: Where Corn Starch is intended for use in

preparing Absorbable Dusting Powder, it is so labeled, and
the label states that it must be subjected to further
processing during the preparation of Absorbable Dusting
Powder.•

,For the Amylose derivative, m is about 300-1000.

DEFINITION ' ,
Hydroxypropyl Corn Starch is partially substituted .

2-hydroxypropylether obtained from corn starch by a
chemical modification of etherification with propylene oxide.
In addition, this starch may be partially hydrolyzed using ,
acids or enzymes to obtain thinned starch. It contains NLT
2.0% and NMT 7.0% of hydroxypropyl groups on the dried
basis. '

IDENTIFICATION
• A. PROCEDURE

Analysis: Examine under a microscope, usfng NLT20x
magnification and a mixture of glycerin and water (1:1) as a
rnountinq agent.

Acceptance criteria: It presents either as angular polyhedral
granules of irregular sizes with diameters of 2......23 IJm, or as
rounded or spheroidal granules of irregular sizes with
diameters of 25-35 IJm.The central hilum consists of a
distinct cavity or 2- to 5-rayed cleft, and there are no
concentric striations. Between crossed nicol prisms, the
Hydroxypropyl Corn Starch granules show a distinct black
cross intersecting at the hilum.

• B. PROCEDURE
Sample solution: Suspend 1 g of Hydroxypropyl Corn

Starch in 50 mL of water, boil for 1 min, and cool.
Acceptance criteria: A translucent or clear rnucilaqe is

formed.
• C. PROCEDURE

Analysis: To 1 mL of the Sample solution obtained in
Identification test B add 0.05 mL of iodine and potassium
iodide TS 2.

Acceptance criteria: An orange-red to dark blue color is
produced, which disappears upon heating.

• D. PROCEDURE
Ninhydrin solution: Dissolve3 g of ninhydrin in 100 mLof a
45.5-g/L solution of sodium metabisulfite.

[

OR' J
. "o_Q-o"

RO OR n

OH

R'=Hor '~CH,

Amyloseaerlveilv»: OH

R=Hor '~CH'
OH

R'=Hor .~
CH,

AmylopactlnderivBtlvB'!OR' J
" O_~_O"

RO OR m

Analysis: Add 150 ml of water to the boiling flask. Close the
stopcock of the separatory funnel, and begin the flow of
carbon dioxide at a rate of 100 ± 5 ml/min through the
Apparatus. Start the condenser coolant flow. Add 10 ml of
Hydrogen peroxide solution to a receiving test tube. After
15 min, without interrupting the flow of carbon dioxide,
remove the separatory funnel from the boiling flask, and
transfer the Sample into the boiling flask with the aid of
100 ml of water. Apply stopcock grease to the outer joint
of the separatory funnel, and replace the separatory funnel
in the boiling flask. Close the stopcock of the separatory
funnel, and add 80 ml of2 N hydrochloric acid to the
separatory funnel. Open the: stopcock of the separatory
funnel to permit the hydrochloric acid solution to flow into
the boiling flask, guarding against the escape of sulfur
dioxide into the separatory funnel by closing the stopcock
before the last few ml of hydrochloric acid drain out. Boil
the mixture for 1 h. Remove the receiving test tube, and
transfer its contents to a 200-ml wide-necked, conical flask.
Rinse the receiving test tube with a small portion of water,
add the rinsing to the 200-mL conical flask, and mix. Heat
on a water bath for 15 min, and allow to cool.
Add 0.1 mL of Bromophenol blue indicatorsolution, and

titrate the contents with 0.1 N sodium hydroxide VS until
the color changes from yellow to violet-blue. Perform a
blank determination, and make any necessary correction
(see Titrimetry(541».

Calculate the content, in ppm, of sulfur dioxide in the
Sample taken:

Result=(V x N x F)IW x 1000

V = volume of titrant consumed (mL)
N =normality of the titrant
F = rnllllequivalent weight of sulfur dioxide, 32.03

,W = weight of the Sample (g)

Acceptance .criteria: NMT 50 ppm
• LIMIT OF OXIDIZING SUBSTANCES

Sample solution: Transfer 4.0 g to a glass-stoppered,
125-mL conical flask, and add 50.0 mL of water. Insert the
stopper, and swir-l for 5 min. Transfer to a glass-stoppered,
50-mL centrifuge tube, and centrifuge to clarify. Transfer
30.0 mL of the clear supernatant to a glass-stoppered,
125-mL conical flask. Add lmL of glacial acetic acid and
0.5-1.0 g of potassium iodide. Insert the stopper, swirl, and
allow to stand for 25-30 min in the dark. Add 1 mL of
starch TS.

Analysis: Titrate with 0.002 N sodium thiosulfate VS to the
disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each
mL of 0.002 N sodium thiosulfate is equivalent to 34 IJg of
oxidant, calculated as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate is required (20 ppm, calculated as HZ0 2) .

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g; the total
combined molds and yeasts count does not exceed 102 cful
g; and it meets the requirements of the test for the
absence of Escherichia coli. ·Where it is intended for use in
preparing Absorbable Dusting Powder, it also meets the
requirements of the tests for absence of Staphylococcus
aureus and Pseudomonas aeruginosa.•

• Loss ON DRYING (731)
Sample: 1 g
Analysis: Dry the Sample at 130° for 90 min.
Acceptance criteria: NMT 15.0%
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Diluted sulfuric acid: 98 gil of H2S04

Sample: 100 mg of Hydroxypropyl Corn Starch
Analysis: Transfer the Sample to a 1OO-mL volumetric flask,

and add 12.5 mL of Dilutedsulfuric acid. Placethe flask in a
water bath, and heat until the Sample is dissolved. Cool,
and dilute'~ith water to 100 mL. [CAUTIoN-When sulfuric
acid is rnlsclble with water, it produces intense heat.]
Pipet 1 mL of this solution to a glass-stoppered, 25-mL

graduated test tube and, with the tube immersed in cold
water, add drop-wise 8 mL of sulfuric acid. Mix well, and
place the tube in a boiling water bath for exactly 3 min.
Immediately transfer the tube to an ice bath until the
solution is chilled. Add 0.6 mL of Ninhydrinsolution,
carefully allowing the reagent to run down the walls of the
test tube. Immediately shakethe tube well, and place it
in a water bath at 25° for 100 min. Dilute with sulfuric acid
to 25 mL [CAUTIoN-Usesulfuric acid cautiously.] , and mix
by inverting the tube several times. Do not shake.

Acceptance criteria: A violet color develops within 5 min
due to the presence of hydroxypropyl groups (starch
ether).

ASSAY
• PROCEDURE FOR HVDROXYPROPYL GROUPS

Deuterium chloride solution: Dilute 1 mL of deuterium
chloride (38% w/w) with 5 mL of deuterium oxide.

Internal standard solution: Disperse 50.0 mg of sodium
3-trimethylsilyl-1-propane sulfonate in about 5 g of
deuterium oxide, weighed to the nearest0.1 mg. Store in a
sealed bottle. '

Sample solution: Disperse 20 g of Hydroxypropyl Corn
Starch in 200.0 mL of carbon dioxide-free water at room
temperature. Agitate for 15 min; and filter. Repeat the
operation two more times. If poordlspersiblllty or slow
filtration is observed, use.refrigerated carbon dioxide-free
water for the washing operation. Dry the washed starch for
NLT 4 h in.vacuum at 30 ± 5°. Deterrnlnethernoisture
content (B) on 5 g of the washed and dried starch

, following the Loss on Drying test, Weigh 12.0 mg of the
washed and dried starch in a 5-mm NMR tube. Add
0.75 mL of deuterium oxide and 0.1 mL of Deuterium
chloride solution. Cap the tube, mix, and place it in a boiling
water bath until a clear solution is obtained. [NOTE-This
may take 3 min to 1 h.] When a clear solutionlsobtalned,
allow to cool to room temperature. Dry the exterior of the
tube, and weigh to the-nearest ,0.1 mg. Add 0.05 rnl, of ,
Internalstandardsolution, and weigh to the nearest0.1 mg.
Determine the massof the Internalstandardsolutionadded.
Mix thoroughly. '

Nuclear magnetic resonance spectrometry
(See NuclearMagneticResonance Spectroscopy (761),
.ouantttative Applications.) ,

Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of'H NMR spectra: The following parameters

may be used.
Sweep width: 8 ppm (about -1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90 degree
Pulse delay: lOs
Dummy scans: 0
Number of scans: 8

Usethe CH3 signal of the internal standard for shift
referencing. Set the shift of the peak of the singlet to
o'ppm. Record the FID signal.

Analysis
Samples: Internalstandardsolutionand Sample solution
Call the integration sub-routine after phasecorrections and

baseline correction between -0.5 and +6 ppm.
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Measure the peak areas of the doublet from the methyl
groups of the hydroxypropyl function at +1.2 ppm (A2) ,

and of the methyl groups at 0 ppm of the internal
standard (A,) without BC-satellites.

Measure the signal coming from the 3 protons of the
methyl group in the hydroxypropyl function.

Calculate the content of hydroxypropyl groups as a
percentage (w/w, dried basis):

Result=(N x A2/A,) x (Cj x W/W) x (MriMr,) x [100/(100
- B)] x 100

N =numerical value representing the 3 methyl groups
in the internal standard (sodium 3-trimethylsilyl
l-propane sulfonate), 3

A2 =area of the methyl groups of hydroxypropyl in
Hydroxypropyl Corn Starch

A, =areaof the methyl groups in the internal standard
(sodium 3-trimethylsilyl-1-propane sulfonate)

Cj =concentration of the internal standard in the
Internalstandardsolution (mg/g)

Wi =weight of the Internalstandardsolution in the
NMR tube (g)

W =weight of the washed and dried Hydroxypropyl
Corn Starch in the NMR tube (mg)

Mr, = molecular weight of the internal standard,
218.32 g/mol

M r2 =molar mass of hydroxypropyl group, 59.09 g/mol
B =moisture content of the washed and dried

Hydroxypropyl Corn Starch used in the Sample
solution, asapercentage (w/w)

Acceptance criteria: The content of hydroxypropyl groups
is 2.00/0-7.0% on the dried basis.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.6%, determined on a

1.O-g test specimen '
• Limit of Iron
Standard iron stock solution: Prepare a solution containing

the equivalent of 10 I-Ig/mL of iron, as directed under Iron '
(241).

Diluted standard iron solution: Immediately before use,
dilute an accurately measured volume of Standard iron stock
solutionquantitatively with water to obtain a solution
containing the equivalent of 1 IJg/mL of iron. ,

Standard solution: Transfer 10 mL of the Dilutedstandard
iron solutionto a test tube. Add 2 mL of citric acid solution
(2 in 1.0) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Sample solution: Shake 1.0 g of Hydroxypropyl Corn Starch
with 20 mL of 2 N hydrochloric acid, and filter. Transfer
10 ml, of the filtrate to a test tube. Add 2,mL of citric acid
solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix.
Add 10 N ammonium hydroxide until the solution is
distinctly alkaline to litmus, dilute with water to 20 mL,
and mix. '

Acceptance criteria: After 5 min, any pink color in the Sample
solution is not more intense than that in the Standard '
solution, corresponding to a limit of 20 I-Ig/g of iron.

• limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm
ORGANIC IMPURITIES
• Procedure 1: limit of Oxidizing Substances
Sample: 4.0 g of Hydroxypropyl Corn Starch
Analysis: Transfer the Sample to a glass-stoppered, 125-mL

conical flask, and add 50.0 mL of water. Insert the stopper,
and swirl for 5 min. Transfer to a glass-stoppered, 50-mL
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL
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of the clear supernatant to a glass-stoppered, 125-mL conical
flask. Add 1 mL of glacial acetic acid and 0.5-1.0 g of
potassium iodide. Insert the stopper, swirl, and allow to stand
for 25-30 min in the dark. Add 1 mL of starch TS, and titrate
with 0.002 N sodium thiosulfate VS to the disappearance of
the starch-iodine color. Perform a blank determination, and
make any necessary correction. Each mL of 0.002 N sodium
thiosulfate VSis equivalent to 34 IJgof oxidant, calculated as
hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (20 IJg/g, calculated as HzOz).

• Procedure 2: Foreign Matter
Sample: 50 mg/mL of Hydroxypropyl Corn Starch in a

mixture of glycerin and water (1:1)
Analysis: Examine under a microscope, using NLT 20x

magnification and a mixture of glycerin and water (1:1) asa
mounting agent.

Acceptance criteria: NMT traces of matter other than
Hydroxypropyl Corn Starch granules are present.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeastscount does not exceed 1oz cfu/
g. It meets the requirements of the test for the absence of
Escherichia coli.

• pH (791)
Sample solution: Suspend 5.0 g of Hydroxypropyl Corn

Starch in 25.0 mL of carbon dioxide-free water, and shake
for 60 s. Allow to stand for 15 min.

Acceptance criteria: 4.5-8.0 .
• L9SS ON DRYING (731): Dry about 1 g at 130° for 90 min:

it loses NMT 15.0% of its weight.

.ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.

Pregelatinized Hydroxypropyl Corn
Starch
DEFINITION
Pregelatinized Hydroxypropyl Corn Starch is prepared from .

Hydroxypropyl Corn Starch by mechanical processing in the
presence of water, with or without heat, to rupture all or

.sorne of the starch granules, and is subsequently dried. It
contains NLT 2.0% and NMT 7.0% of hydroxypropyl groups
on the dried basis.

IDENTIFICATION
• A. TEST FOR PREGELATINIZED STATE

Sample: 1 g
Analysis: Disperse the Sample in 50 mL of water at a

temperature NMT 25°. Shakevigorously until lumps
completely disperse/solubilize or until lumps disappear.
Allow to stand for 20 min.

Acceptance criteria: A translucent or clear mucilage
without precipitate is formed. ,

• B. TEST FOR STARCH
Analysis: Disperse 0.5 g in 2 mL of water without heating,

and add 0.05 mL of iodine and potassium iodide TS2.
Acceptance criteria: A reddish-violet or blue color is

produced.
• C. NINHYDRIN TEST

Ninhydrin solution: Dissolve3 g of ninhydrin in 100 mL of a
45.5-g/L solution of sodium metabisulfite.
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Diluted sulfuric acid: 98 gil of HZS04

Sample: 100 mg
Analysis: Transfer the Sample to a 1OO-mL volumetric flask,

and add 12.5 mL of Dilutedsulfuric acid. Placethe flask in a
water bath, and heat until the Sample is dissolved. Cool,
and dilute with water to 100 mL. [CAUTION-When sulfuric
acid is miscible with water, it produces intense heat.]
Pipet 1 mL of this solution toa glass-stoppered 25-mL

graduated test tube and, with the tube immersed in cold
water, add dropwise 8 mL of sulfuric acid. Mix well, and
place the tube in a boiling water bath for exactly 3 min.
Immediately transfer the tube to an ice bath until the
solution is chilled. Add 0.6 mL of Ninhydrin solution,
carefully allowing the reagent to run down the walls of the
test tube. Immediately shake the tube well, and place it
in a water bath at 25° for 100 min. Dilute with sulfuric acid
to 25 mL. [CAUTION-Use sulfuric acid cautiously.] Mix by
inverting the tube several times. Do not shake.

Acceptance criteria: A violet color develops within 5 min
due to the presence of hydroxypropyl groups (starch
ether).

ASSAY
• ASSAY FOR HYDROXYPROPYL GROUPS

Deuterium chloride solution: Dilute 1 mL of deuterium
chloride (38% w/w) with 5 mL of deuterium oxide.

Internal standard solution: Disperse 50.0 mg of sodium
3-trimethylsilyl-l-propane sulfonate in about 5 g of
deuterium oxide, weighed to the nearest 0.1 mg. Store in a
sealed bottle.

Sample solution: Determine the moisture content (8) of 5 g
of Pregelatinized Hydroxypropyl Corn Starch following the
Loss on Drying test. Weigh 12.0 mg of Pregelatinized
Hydroxypropyl Corn Starch in a 5-mm NMR tube.Add
0.75 mL of deuterium oxide and 0.1 mL of Deuterium
chloride solution.C;ap the tube, mix-and place it in a boiling
water bath until a clear solution is obtained. [NOTE-This
may take from 3 min to r h.] When a clear solution is
obtained, allow it to cool to room temperature. Dry the
exterior of the tube, and weigh to the nearest 0.1 mg. Add
0.05 mL of Internal standardsolution. Weigh to the nearest
0.1 mg. Determine the mass of the Internalstandard
solutionadded. Mix thoroughly.

Instrumental conditions
(SeeNuclearMagneticResonance Spectroscopy (761),

QuantitativeApplications.)
Mode: Nuclear magnetic resonance spectrometry
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of 'H NMR spectra: Thefollowing parameters

may be used:
Sweep width: 8 ppm (about -1.0. to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90°
Pulse delay: lOs
Dummy scans: 0
Number of scans: 8

Use the CH3 signal of the internal standard for shift
referencing. Set the shift of the peak of the singlet to
oppm. Record the FID signal.

Analysis
Samples: Internal standardsolutionand Sample solution
Call the integration subroutine after phase corrections and

baseline correction between -0.5 and +6 ppm.
Measure the peak areasof the doublet from the methyl

groups ofthe hydroxypropyl function at +1.2 ppm (A2) ,

and of the methyl groups at 0 ppm of the internal
standard (At) without BC-satellites.
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Measure the signal originating from the 3 protons of the
methyl group in the hydroxypropyl function.

Calculate the content of hydroxypropyl groups as a
percentage (w/w, dried basis):

Result =(N x AiAI) x (C, x W/W) x (M,iM'I) x [100/(100
- B)] x 100

N =numerical value representing the 3 methyl groups
in the internal standard (sodium 3-trimethylsilyl
1-propane sulfonate), 3

A2 = area of the methyl groups of hydroxypropyl in
Pregelatinized Hydroxypropyl Corn Starch

AI = area of the methyl groups in the internal standard
(sodium 3-trimethylsilyl-1-propane sulfonate)

C, = concentration of the internal standard in the
Internal standard solution (mg/g)

W, = weight of the Internal standard solution in the
NMR tube (g)

W = weight of the Pregelatinized Hydroxypropyl Corn
Starch in the NMR tube (mg)

M'2 =molar mass of hydroxypropyl groups,
59.09 g/mol ° °

M'I = molecular weight of the internal standard,
218.32 g/mol

B =moisture content of the Pregelatinized
Hydroxypropyl Corn Starch used in the Sample
solution, as a percentage (w/w) .

Acceptance criteria: 2.0%-7.0% of hydroxypropyl groups
on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.6%, determined on ao

1.0-g test specimen .
• LIMIT OF- IRON

Standard iron stock solution: Prepare a sotutioncontaining
the equivalent of 10 J.Ig/mL of [ron, as directed under Iron
(241). .. . °

Diluted standard iron solution: Immediately before use,
dilute an accurately measured volume of the S.tandardir:on
stock solution quantitatively with water to.obtain a solution
containing the equivalent of 1 J.Ig/mL of Iron. .

Sample solution: Shake the residue obtained from t~e t~st

° for Residue on Ignition with 20 mL of 2 N hydrochloric acid,
and filter. Transfer 10 mL of the filtrate to a test tube.Add
Z mL of citric acid solution (2 in 10) and 0.1 mL of . .
thioglycolic acid, and mix. Add 10 N ammonium ~ydrox~de
until the solution is distinctly alkaline to litmus, dilute with .
water to 20 mL, and mix. .

Standard solution: Transfer 10 mL of the Diluted standard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1 m~ of thi<?9lycolic a~id, .an~ ~ix. Add 1~ N
ammonium hydroxide until the solution ISdistinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Acceptance criteria: After 5 min, any pink colC;>f in the
Sample solution is not more Intense than that In the
Standard solution, corresponding to a limit of 20 ppm
of iron.

• LIMIT OF SULFUR DIOXIDE, Method IV (525): NMT 50 ppm
• LIMIT OF PROPYLENE GLYCOL

Internal standard solution: 0.5 mg/mL of 1,3-propanediol
in anhydrous pyridine

Standard stock solution: 0.5 mg/mL of USP Propylene
Glycol RS in Internal standard solution

Standard solution: Transfer 0.1 mL of the Standard stock
solution to a 2-mL vessel with a screw cap fitted with a
septum. Add 0.9 mL of anhydrous pyridine, 0.2 mL o.f
hexamethyldisilazane, and 0.1 mL of trir:'ethylchlc;>r?sll~ne.
Close, and mix. Allow to stand for 15 min before inJection.
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Sample stock solution: Transfer 200 mg of Pregelatinized
Hydroxypropyl Corn Starch to a 1OO-mL volumetric flask.
Add 1.0 mL of the Internal standard solution and 9.0 mL of
anhydrous pyridine. Boil under reflux using a water bath for
20 min. Allow to cool to room temperature.

Sample solution: Transfer 1.:0 mL of the Sa'!'ple st~ck
solution to a 2-mL vessel with a screw cap fitted with a
septum. Add 0.2 mL of hexamethyldisilazane and 0.1 mL
of trimethylchlorosilane. Close, and mix. Allow to stand for
15 min before injection.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary column;

0.25-J.Im layer of phase G1
Temperature

Detector: 250°
Injection port: 250°
Column: 70°. [NoTE-The column must be desorbed

regularly. Conditions: Program from 70° to 300° at r 1
min, and maintain 10 min at 300°.]

Carrier gas: Helium
Flow rate: 3 mL/min
Injection type: Split ratio of 1:30
Injection size: 1 J.IL

..System suitability
Sample: Standard solution

[NoTE-The relative retention times for the
trimethylsylilated derivative of propylene glycol and
the trimethyl sylilated derivative of 1,3-propanediol
are 1.0 and lA, respectively.] .

.. Suitability requirements ._
Resolution: NLT2.0 between the peaks due to the

trimethyls}tlilated derivative of propylene glycol and the.
trimethyls-ylilated derivative of l,3-propanediol

Analysis . . .
-Samples: Standard solution and Sample solut[on .
Calculate the percentage of propylene glycol In the portion

of Preqelatlnized Hydroxypropyl Corn Starch taken:

Result = (RuIRs) x (CslCu) x 100

= internal standard ratio (peak response of
propylene glycol/peak response of
'1,3-propanediol) from the Sample solution

= internal standard ratio (peak response of
propylene qlycol/peak response of .
l,3-propanediol) from the Standard solution

= concentration of USP Propylene Glycol RS in the
Standard solution (mg/mL).

= concentration of Pregelatinized Hydroxypropyl
Corn Starch in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.1 %
• LIMIT OF OXIDIZING SUBSTANCES

Sample: 4.0 9 .
Analysis: Transfer the Sample to a glass-stoppered 125-mL

conical flask, and add 50.0 mL of a mixture of water and
methanol (1:1). Insert the stopper, and swirl for 5 min.
Transfer to a glass-stoppered 50-mL centrifuge tube, and
centrifuge to clarify. Transfer 30.0 mL of the clear
supernatant to a glass-stoppered 125-mL conical fl~sk. Add
1 mL of glacial acetic acid and 0.5-1.0 g of potassium
iodide. Insert the stopper, swirl, and allow to stand for 25
30 min in the dark. Add 1 mL of starch TS, and titrate with
0.002 N sodium thiosulfate VS to the disappearance of the
starch-iodine color. Perform a blank determination, and
make any necessary correction. Each mLof 0.002 Nsodium
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thiosulfateVS isequivalent to 34 ~g of oxidant, calculated
as hydrogen peroxide.

Acceptance criteria: NMT 1.4 ml of 0.002 N sodium
thiosulfate VS is required (20 ppm, calculated as H20 2) .

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, the total
combined molds and yeasts count does not exceed 102 cfu/
g, and it meets the requirements of the test for the
absence of Escherichia coli.

• pH (791)
Sample solution: Progressively suspend 3.0 g of

Pregelatinized Hydroxypropyl Corn Starch in 100.0 ml of
carbon dioxide-freewater, stirring continuously.
Determine the pH when all the solid iswetted.

Acceptance criteria: 4.5-8.0
• Loss ON DRYING (731): Dryabout 1 gat 1300 for 90 min:

it loses NMT 15.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
• USP REFERENCE STANDARDS (11)

USP Propylene Glycol RS

Hydrogenated Starch Hydrolysate

OH [OH J OH

HO.•..~o\ .•..0 .• .••S~~O\ ....0 •.••••••.••~OHK X ····OH
Ho bH HO bH /I HO····

HO

Hydrogenated Polysaccharides

C12H24011 (C6H100s)n
Polyglucitol;
Polyglycitol syrup [68425-17-2].

DEFINITION
Hydrogenated Starch Hydrolysate is a 'mixturethat contains

NlT 50% of hydrogenated polysaccharides containing more
than 3 D-glucopyranosyl units terminated with a D-glucityl
unit, calculated on the anhydrous basis. Other ingredients
can include sorbitol, maltitol, and other sugar polyols,

IDENTIFICATION
• A. It meets the requirements of the test for Contentof

Maltitol and Sorbitol.
• B. It meets the requirements of the test for Contentof

Hydrogenated Polysaccharides.
• C. LIMIT OF DIETHYLENE GLYCOL AND ETHYLENE GLYCOL

[NOTE-Perform this test for liquid products of
Hydrogenated Starch Hydrolysate.]

Diluent: Acetone and water (96:4)
Standard stock solution: 0.5 mg/ml of USP Diethylene

Glycol RS and 0.5 mg/ml of USP Ethylene Glycol RS in
Diluent

Internal standard stock solution: 0.5 mg/ml of
1,3-butanediol (internal standard) in Diluent

Standard solution: 0.04 mg/ml of USP Diethylene
Glycol RS, 0.04 mg/ml of USP Ethylene Glycol RS, and
0.04 mg/ml of 1,3-butanediol (internal standard), in
Diluent, prepared from the Standardstocksolution and the
Internal standard stocksolution
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Sample solution: Transfer 1.0 g of Hydrogenated Starch
Hydrolysate to a 25-ml volumetricflask. Add 1.0 mL of
water to the flask, and mixon a vortex mixerfor 3 min.Add
2.0 ml of the Internal standard stocksolution, and add the
remaining Diluent to the flask in three equal portions to
volume. Mix the contents for about 3 min after each
addition of Diluent. Pass a portion of the supernatant layer
through a nylonfilterof 0.45.;.~m pore size. Discard the first
2 rnl, of the filtrate, and collect the rest of the filtrate for
analysis. [NOTE-Acetone is used to precipitate sugar
alcohols.]

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 15-m fused-silica capillary; 0.25-~m

layerof phase G46
Temperature

Detector: 3000

Injection port: 2400

Column: See Table 7.

Table 1

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") ("1m in) (") (min)

70 - 70 2

70 50 300 5

Carrier gas: Helium
Flow rate: 3.0 ml/min
Injection slze: 1.0 ~l
Injection type: Splitinjection.The split ratio isabout 10:1.
. [NOTE-A general-purpose split/splitless, tapered.vqlass
wool, deactivated liner is used.]

System suitability
Sample: Standardsolution

[NOTE-See Table 2. Relative retention times are
provided for information only, and the standards
should be used to ensure appropriate peak
identification.]

Table 2
Relative

Name Retention Time

Ethylene glycol 1.0

1,3-Butanediol
(internal standard) 2.0

Diethylene glycol 2.5

Suitability requirements
Resolution: NLT 15 between ethylene glycol and

l,3-butanediol
Analysis

Samples: Standardsolution and Sample solution
Based on the Standardsolution, identifythe peaks of

ethylene glycol, 1,3-butanediol (internal standard), and
diethylene glycol. Compare peak area ratios of ethylene
glycol to the internal standard and of diethylene glycol to
the internal standard in the Standardsolution and Sample
solution, respectively.

Acceptance criteria
Diethylene glycol: The peak area ratio ofdiethylene glycol

to the internal standard in the Sample solution is NMT the
peak area ratio of diethylene glycol to the internal
standard in the Standardsolution, corresponding to NMT
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0.10% of diethylene glycol in Hydrogenated Starch
Hydrolysate.

Ethylene glycol: The peak area ratio of ethylene glycol to
the internal standard in the Sample solution is NMT the
peak area ratio of ethylene glycol to the internal standard
in the Standard solution, corresponding to NMT 0.10% of
ethylene glycol in Hydrogenated Starch Hydrolysate.

ASSAY
• CONTENT OF MALTITOL AND SORBITOL

Mobile phase: Degassed water
Standard solution: Dissolve accurately weighed quantities

of USP Maltose Monohydrate RS, USP Maltitol RS, USP
Dextrose RS, and USP Sorbitol RS in water to obtain a
solution having known concentrations of about 1.0 mg/mL
for each, calculated on the anhydrous basis.

Sample solution: Transfer a quantity of Hydrogenated
Starch Hydrolysate, equivalent to 100 mg on the anhydrous
basis, to a 1OO-mL volumetric flask. Dilute with water to
volume, and mix. Transfer approximately 10 mL of the
solution into a separate container, shake the solution for
30 s, pass through a filter of 0.45-lJm orfiner pore size into a
suitable autosampler vial, and seal.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.7-mm x 30-cm; packing L58
Temperature

Detector: 40°
Column: 80°, controlled within ±2°

Flow rate: 0.3 mL/min
Injection size: 50 IJL

System .suitability .
Sample: Standard solution . .

[NoTE-See Table 3 forrelative retention tirries.]

Table 3
Relative

Name Retention Time

Maltose 0.81

Maltitol 0.84

Dextrose 0.94

Sorbitol 1.00
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W = weight of Hydrogenated Starch Hydrolysate that
was taken to prepare the Sample solution (mg),
calculated on the anhydrous basis

Acceptance criteria: Lessthan'50% of total maltitol and
sorbitol and less than 1% of total maltose and dextrose, on
the anhydrous basis

• CONTENT OF HYDROGENATED POLYSACCHARIDES
Mobile phase,Standard solution, Sample solution, and

Chromatographic system: Prepare as directed in the test
for Content of Maltitol and Sorbitol.

Analysis
Samples: Standard solution and Sample solution
Inject a volume (about 50 IJL) of the Sample solution, and

measure all the peak areas. The elution pattern includes
the higher-molecular-weight hydrogenated
polysaccharides containing more than 11 o-gluco
pyranosyl units, followed by some individual peaks
representing hydrogenated polysaccharides containing
NMT 10 o-glucopyranosyl units, if this hydrogenated
species is present. The higher-molecular-weight
hydrogenated polysaccharides contalnlnq more than 11
o-glucopyranosyl units can be integrated into one peak;
the relative retention time is about 0.29 relative to the
peak of sorbitol. The relative retention times for
hydrogenated polysaccharides containing NMT 10
o-glucopyranosyl units are given in Table 4.

Table 4
Hydrogenated Species for Relative

Degree of Polyrnerlzatlon (DP) Retention Time

Sorbitol(HOP 1) 1.00

Maltitol (HOP 2) 0.84

.Maltotriitol(HDP 3) 0.72

Maltotetraitol (HOP 4) 0.64

Maltopentaitol(HOP 5) 0.58

Maltohexaitol (HOP 6) 0.53

Maltoheptaitol(HOP 7) 0.48

Maltooctaitol (HOP 8) 0.45

Maltononaitol (HOP 9) 0.42

Maltodecaitol (HOP 10) 0040

[Nors-Sorbltol is the last peak to elute.]
System suitability requirements .

Relative standard deviation: NMT 2.0% for the
maltitol peak .

. Analysis .
Samples: Standard solution and Sample solution
Calculate the percentage of each component, maltose

(PM 1) , maltitol (PM2) , dextrose (Po), and sorbitol (Ps), in the
solid portion of Hydrogenated Starch Hydrolysate taken:

Result = V x (rufrs) x (C/W) x 100

C

=volume of the Sample solution, 100 mL
= peak response for the respective component

(maltose, maltitol, dextrose, sorbitol) from the
Sample solution

=peak response for the respective component
(maltose, maltitol, dextrose, sorbitol) from the
Standard solution

=concentration of the respective component
(maltose, maltitol, dextrose, sorbitol) in the
Standard solution (mg/mL)

Calculate the percentage of hydrogenated polysaccharides
containing more than 3 o-glucopyranosyl units in the
solid portion of Hydrogenated Starch Hydrolysate taken:

Result ='(rufrT) x 100

=sum of peak areas of hydrogenated
polysaccharides containing more than 3
o-glucopyranosyl units from the Sample solution

=sum of all the peak areas from the Sample solution

Acceptance criteria: NLT 50% of hydrogenated
polysaccharides containing more than 3 o-glucopyranosyl
units, on the anhydrous basis

IMPURITIES
• RESIDUE ON JGNITION (281): NMT 0.15%, ignition of a

quantity of Hydrogenated Starch Hydrolysate equivalent to
1.0 g of solid, on the anhydrous basis

• LIMIT OF CHLORIDE
Sample solution: Transfer a quantity of Hydrogenated

Starch Hydrolysate, equivalent to 25 g on the anhydrous

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

basis, to a beaker, add 100 mL of water, and stir until the
Hydrogenated Starch Hydrolysate is completely dissolved.

Analysis: Add 1.0 mL of potassium chromate indicator
solution (1 in 20) to the Sample solution. Slowly titrate with
0.1 N silver nitrate VSuntil a reddish-orange color persists.
Calculate the quantity, in ~g, of chloride in each g of

Hydrogenated Starch Hydrolysate taken:

Result= (F x Mr x N x V)IW

F =factor converting mg to I-Ig, 103 ~g/mg
Mr =molar massof chloride, 35.45
N =exact normality of the silver nitrate solution
V =volume of the silver nitrate solution consumed in

the titration (mL) .
W =weight of Hydrogenated Starch Hydrolysate

taken to prepare the Sample solution (g)

Acceptance criteria: NMT 50 ~g/g (ppm) of chloride
• CHLORIDE AND SULFATE, Sulfate (221): 1.0 g of the solid

portion of Hydrogenated Starch Hydrolysate shows no
more sulfate than corresponds to 0.10 mL of 0.020 N
sulfuric acid: NMT 100 ~g/g (ppm) of sulfate is found.

• LIMIT OF NICKEL
[NOTE-When water is specified as the diluent, use

deionized ultra-filtered water.]
Digester solution (aqua regia): Add 360 mL of

hydrochloric acid and 240 mL of nitric acid to 1200 rnL of
water.

Blank solution: Add 40 mL of nitric acid to a 2-L volumetric
flask, dilute with water to volume, and mix well.

Internal standard solution: Transfer 2.0 mL of
commercially prepared yttrium reference standard solution
(1000 ppm) to a l-L volumetric flask, dilute with Blank
solution to volume, and mix well. The Internal standard
solution contains 2 I-Ig/mL of yttrium:

Standard stock solution: [NoTE-Prepare this solution fresh
every two months.] Quantitatively dilute an accurately
measured volume of a commercially prepared nickel ICP
standard (1000 ppm) with Blank solution to obtain a
solution containing 10 ~g/mL of nickel (Standardstock
solution 70 ppm).

Standard solutions: [Nora-Prepare these solutions fresh
weekly.] Separately pipet 1.0, 2.0, and 4.0 mL of Standard
stocksolution, respectively, into three 200-mL volumetric
flasks. Dilute the content in each flask with Blank solution to
volume, and mix well. Theseare, respectively, the Standard
nickelsolution50ppb, Standardnickelsolution 700ppb, and
Standardnickelsolution200 ppb.

Sample solution: Transfer a quantity of Hydrogenated
Starch Hydrolysate, equivalent to 10.0 g on the anhydrous
basis, into a 125-mL conical flask. Add 40 mL of Digester
solution, and place on a hot plate. Heat the solution for
about 20 min, being careful to prevent the solution from
boiling over. Pull the sample off the hot plate just before it
turns a dark caramel color. [NOTE-Do not overburn the
sample.] Transfer the flask's contents into a clean, dry,
50-mL volumetric flask with washings of Blanksolution.
Dilute with Blank solutionto volume. Filter the sample into a
15-mL centrifuge tube, using a 1O-mL BD syringe fitted
with a syringe filter of 0.45-~m pore size.

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: Inductively coupled plasma-optical emission

spectroscopy (ICP-OES) configured in an axial optical
alignment

Detector: Set a UV detector to scan nickel at 232.005 nm
and yttrium at 371.029 nm, and set the sample read time
to lOs minimum and 50 s maximum.
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Analysis
Samples: Blanksolution, Standardsolutions, and Sample

solution
Take three replicate scans with the integration set to one

point per peak. Setforward power from the RF generator
to 1500 watts. The argon plasma feed gas flows at
15 L/min with the auxiliary gas (shear gas) set to flow at
0.5 L/min. Use a gem cone nebulizer with a nebulization
gas flow rate of 0.55 L/min. Deliver the sample to the
spray chamber with a multichannel peristaltic pump set
to deliver sample at a rate of 1.00 mL/min. Add the
Internal standard solution in-line via a mixing block
between the sample probe and the spray chamber. Flush
the samples through the system for 30 s at a rate of
4.0 mL/min before analysis. Program a 60-s read delay
into the sampling routine to allow for fluid flow
equilibration after the high-speed flush, before the first
analytical read of the sample. Between samples, wash the
pumping system by flushing the Blanksolution for 30 sat a
rate of 4.0 mL/min.

Instrument performance must be verified to conform to the
manufacturer's specifications for resolution and
sensitivity. Before analyzing samples, the instrument must
passa suitable performance check.

Generate the calibration curve using the Blank solution,
Standardnickelsolution50 ppb, Standardnickelsolution
700 ppb, and Standardnickelsolution 200 ppb asfollows.
Scan the Internal standardsolution while running the
Blanksolution to measure the intensity of the yttrium
emission. Hold this value constant throughout the
remainder of the test. Separatelyscan the Blanksolution,
Standardnickelsolution50 ppb, Standardnickelsolution
700 ppb, and Standardnickelsolution 200 ppb for nickel
and yttrium. [NOTE-Add the Internal standard solution via

. an in-line mixing chamber.] Normalize the yttrium
intensity to the value of the Internal standard solution.
Apply this normalization factor to the nickel intensity,
which is then referred to asthe corrected nickel intensity.
Construct a calibration curve by plotting the corrected
nickel intensity versus' the known concentrations, in
ng/mL, of the nickel: the linear regression coefficient is
NLT 0.999.

Similarly, analyze the Sample solution on the ICP. Plot the
intensity of the emission of the Sample solution on the
calibration curve. Obtain the concentration of nickel, C,
in ng/mL, in the Sample solution through the calibration
curve.

Calculate the content, in ~g/g, of nickel in the.solid portion
of Hydrogenated Starch Hydrolysate taken:

Result= Fx Vx (C/W)

F = factor converting ng to ~g, 10-3 ~g/ng

V = volume of the Sample solution, 50 mL
C = concentration of nickel in the Sample solution (ng/

mL)
W =weight of Hydrogenated Starch Hydrolysate

calculated on the anhydrous basis (g)

Acceptance criteria: Nickel content is NMT 1 ~g/g (ppm).
• LIMIT OF REDUCING SUGARS

Analysis: Dissolve a quantity of Hydrogenated Starch
Hydrolysate, equivalent to 1.0 g on the anhydrous basis, in
6 mL of water with the aid of gentle heat, if necessary. Cool,
and add 20.0 mL of cupric citrate TSand a few glassbeads.
Heat so that boiling begins after 4 min, and maintain
boiling for 3 min. Cool rapidly, and add 40 ml, of diluted
acetic acid, 60 mL of water, and 20.0 mL of 0.05 N iodine
VS.With continuous shaking, add 25 mL of a mixture of
6 mL of hydrochloric acid and 94 mL of water. When the
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precipitate has dissolved, titrate the excess of iodine with
0.05 N sodium thiosulfate VS, using 2 mL of starch TS as an
indicator, added toward the end of the titration.

Acceptance criteria: NLT 12.8 mL of 0.05 N sodium
thiosulfate, corresponding to NMT 1% of reducing sugars

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cfu/
g. It meets the requirements of the tests for absence of
Salmonella species and Escherichia coli. ,

• pH (791): 3.0-7.0, in a 20% (w/w) solution in freshly boiled
and cooled water

• WATER DETERMINATION, MethodI (921)
For dried powder product: NMT 6.0%
For liquid product: Within ±1.5 units of the labeled value

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified for liquid
product; protect from moisture for dried powder product.

• LABELING: Label it to indicate Watercontent, as the
percentage of water, for liquid product.

• USP REFERENCE STANDARDS (11)
USP Dextrose RS
USP Diethylene Glycol RS
USP Ethylene Glycol RS
USP Maltitol RS
US" Maltose Monohydrate RS
USPSorbitol RS

Modified Starch
DEFINITION .
Modified Starch is Starch modified by chemical means. Food

Starch may be acid-modified, bleached, oxidized, esterified,
etherified, or treated enzymatically to change its functional
properties (21 CFR 172.892).

IDENTIFICATION

• A.
Corn starch: Polygonal, rounded, or spheroidal granules up
. to 35 IJm in diameter and usually having a circular or

several-rayed central cleft
. Tapioca starch: Spherical granules with one truncated side,

typically 5-351Jm in diameter and usually having a circular
or several-rayed central cleft .

Potato starch: Irregularly shaped, ovoid, or pear-shaped
granules, usually 30-100 IJm in size but occasionally
exceeding 100 IJm; or rounded, 10-35 IJm in size. There
are occasional compound granules having two to four
components. The ovoid and pear-shaped granules have an
eccentric hilum, and the rounded granules have an
accentric or slightly eccentric hilum. All granules show
clearly visible concentric striations.

Wheat starch: Large and small granules, usually 10....:60 IJm
in diameter. The central hilum and striations are visible or
barely visible.

• B.
Sodium hydroxide solution: 2% (w/w)
Sample: 0.6 g
Analysis: Transfer the Sample to a 25-mL glass vial with a

plastic cap. Add 9.4 g of water, cap, and shake vigorously
to evenly disperse the starch. Add 109 of the Sodium
hydroxide solution, cap, and shake vigorously for 1 min to
create a smooth mixture. Evaluate within 1 min.
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Acceptance criteria: The final solution is translucent to
opaque with a fluid consistency. A yellow tint of the final
solution is acceptable.

• C. A water slurry of the Modified Starch is colored
orange-red to deep blue by iodine TS.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 2.0 ± 0.1 g
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 1.5%

• IRON (241)
Test preparation: Dissolve the residue obtained in the test

for Residue onIgnition in 8 mLof hydrochloric acid with the
aid of gentle heating. Dilute with water to 100 mL in a
volumetric flask, and mix. Dilute 25 mLof this solution with
water to 47 ± 1 mL.

Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT20 ppm

• LIMIT OF SULFUR DIOXIDE
Sample: 20.0 ± 0.1 g
Analysis: Mix the Sample with 200 mL of 5% alcohol until a

smooth suspension is obtained, and vacuum-filter through
paper (Whatman No.1 or equivalent). To 100 mL of the
filtrate add 3 mLof starch TS,and titrate with 0.01 N iodine
VS to the first permanent blue color.

Acceptance criteria: NMT 1.7 mL of 0.01 N iodine VS is
consumed, which corresponds to NMT 50 ppm of sulfur
dioxide being found.

• OXIDIZING SUBSTANCES
Sample: 4.0 g
Titrimetric system

Mode: Direct titration
Titrant: 0.002 N sodium thiosulfate VS
Blan~: 30.0 rn], of water, accurately measured
Endpoint detection: Visual

Analysis: Transfer the Sample to a glass-stoppered, 125-mL
conical flask, and add 50.0 mL of water. Insert the stopper,
and swirl for 5 min. Transfer to a glass-stoppered, 50-mL
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL
of the clear supernatant to a glass-stoppered, 125-mL
conical flask. Add 1 ml of glacial acetic acid and 0.5-1.0 g
of potassium iodide. Insert the stopper, swirl, and allow to
stand for 25-30 min in the dark. Add 1 mLof starch TS, and
titrate with Titrant to the disappearance of the starch
iodine color. Perform a blank determination, and make any
necessary correction. Each mL of 0.002 N sodium
thiosulfate is equivalent to 34 IJg of oxidant, calculated as
hydrogen peroxide. -

Acceptance criteria: NMT 12.6 mL of 0.002 N sodium
thiosulfate is required (180 ppm, calculated as H20 2) , which
corresponds to NMT 0.018% of oxidizing substances

SPECI.FIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The totalaerobic
microbial count does not exceed 10 3 cfu/g, and the total
combined molds and yeasts count does notexceed 102 cfu/
g. It meets the requirements of the tests for absence of
Salmonella species and Escherichia coli. -

• pH (791)
Sample: 20.0 ± 0.1 g -. '
Analysis: Transfer the Sample to a suitable nonmetalhc

container, and add 100 mL of water to obtain a slurry. Stir
using a magnetic stirrer at a moderate rate for 5 min, and
determine the pH to the nearest 0.1 unit. '

Acceptance· criteria: 3.0-9.0
• Loss ON DRYING (731)

Analysis: Dry a sample at 120 0 for 4 h.
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Acceptance criteria
Corn starch and Wheat starch: NMT 15.0%
Tapioca starch: NMT 18.0%
Potato starch: NMT 21.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Pea Starch

Potassium metabisulfite solution: Transfer 0.87 g of
potassium metabisulfite (K2S20 S) and 0.2 g of edetate
disodium to a 1OOO-mL volumetric flask. Dilute with water to
volume before mixing. [NoTE-Edetate disodium is used to
protect the sulfite ion from oxidation.]

Apparatus: In this test, the sulfur dioxide is released from the
sample in a boiling acid medium and is removed by a stream
of carbon dioxide. The separated gas is collected in a dilute
hydrogen peroxide solution where the sulfur dioxide is
oX.idized to sulfuric acid and titrated with standard alkali. A
suitable apparatus for sulfur dioxide determination is shown
in the accompanying diagram (Figure 1).

Result=(F x MW x V x N)/Vp

F =factor for conversion of mg to IJg, 1000
MW =milliequivalent weight of sulfur dioxide, 32.03
V = volume of titrant consumed (mL)
N =normality of the titrant
Vp =volume of the Potassium metabisulfite solution

taken for the test (mL)

Figure 1

The apparatus consistsof a 500-mL three-neck,
rou~d-bottom ~oiling flask, A; a separatory funnel, B,
havinq a capacity of 100 mL or greater; a gas inlet tube of
sufficient length to permit introduction of the carbon dioxide
within 2.5 cm of the bottom of the boiling flask; a reflux
co~denser, C, having a jacket length of 200 mm; and a
delivery tube, E, connecting the upper end of the reflux
co.nd~nser to the bottom of a receiving test tube, D. Apply a
thin film of stopcock greaseto the sealing surfaces of all the
joi~~ except the joint betwe~n.the separatory funnel and the
bolltnq flask, and clamp the JOInts to ensure tightness.

System suitability test
Test A: Using the Potassium metabisulfite solutionas the

standard, proceed asdirected in Analysis, except for
replacing the 25.0 g of Pea Starch with 20 mL of the
Potassium metabisulfite solution.
Calculate the content, in IJg/mL, of sulfur dioxide in the

Potassium metabisulfite solution taken:

D

EDEFINITION
Pea Starch is obtained from the seeds of Pisum sativum L.

IDENTIFICATION
• A. Examined under a microscope using a mixture of equal

vo.lumes of glycerin and water, it presentsa majority of large
elliptical granules, 25-45 IJm in size, sometimes irregular, or
reniform. It also presents a minority of small rounded
granules, 5-8 IJm in size. Granules can present cracksor
irregularities. Sometimes, granules show barely visible
concentric striations. Exceptionally, granules show a slit
along the main axis. Between orthogonally oriented
polarizing plates or prisms, the granules show a distinct
black cross.

• B. Suspend 1 g of it in 50 mL of water, boil for 1 min, and
cool: a thin, cloudy mucilage is formed.

• C. To 1 mL of the mucilage obtained in Identification test B
add 0.05 mL of iodine and potassium iodide TS 2: an
orange-red to dark blue color is produced, which .
disappears on heating.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.6%, determined on a

1.0-g sample
• Limit of Iron
Standard iron stock solution: Preparea solution containing

the equivalent of 10 IJg/mL of iron, asdirected under Iron
(241). .

Diluted standard iron solution: Immediately before use,
dilute a measured volume of Standard iron stock solution
quantitatively with water to obtain a solution containing the
equivalent of 1 IJg/mL of iron.

Standard solution: Transfer 10 mL of the Dilutedstandard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Sample solution: Shake1.0 g of Pea Starchwith 50 mL of 2 N
hydrochloric acid, and filter. Transfer10 mL of the filtrate to a
test tube. Add 2 mL of citric acid solution (2 in 10) and 0.1 mL
of thioglycolic acid, and mix. Add 10 N ammonium
hydroxide until the solution is distinctly alkaline to litmus,
dilute with water to 20 mL, and mix.

Acceptance criteria: After 5 min, any pink color in the Sample
solution is not more intense than that in the Standard
solution, corresponding to a limit of 50 IJg/g of iron.

• Limit of Sulfur Dioxide
[NOTE-Perform either Test 1 or Test 2.]

Test 1
Carbon dioxide: Usecarbon dioxide with a flow regulator

that will maintain a flow of 100 ± 10 mL/min.
Hydro~en peroxide solution: Dilute 30% hydrogen

peroxlde with water to obtain a 3% solution. Neutralize the
solution with 0.01 N sodium hydroxide to a pH of 4.1,
determined potentiometrically.
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Forthe Amylose derivative, m isabout 300-1000.

DEFINITION
Hydroxypropyl Pea Starch is partially substituted 2-hydroxy

propylether obtained from pea starch by a chemical
modification of etherification with propylene oxide. In
addition, this starch may be partially hydrolyzed using acids

ORGANIC IMPURITIES
e Procedure 1: Limitof Oxidizing Substances
Sample: 4.0 g of Pea Starch
Analysis: Transferthe Sample to a glass-stoppered, 125-ml

conical flask, and add 50.0 ml of water. Insert the stopper,
and swirl for 5 min. Transfer to a glass-stoppered 50-ml
centrifuge tube, and centrifuge to clarify. Transfer30.0 ml
of the clearsupernatant to a glass-stoppered 125-mLconical
flask. Add 1 rnl, of glacial acetic acid and 0.5-1.0 g of
potassium iodide. Insertthe stopper, swirl, and allowto stand
for 25-30 min in the dark. Add1 mLof starch TS, and titrate
with 0.002 N sodium thiosulfateVS to the disappearance of
the starch-iodine color. Perform a blank determination, and
make any necessarycorrection. Each ml of 0.002 N sodium
thiosulfateVS isequivalent to 34 J.Ig of oxidant, calculated as
hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (20 JJg/g, calculated as H20 2) .

• Procedure 2: Foreign Matter
Analysis: Examine under a microscope, using a mixture of

equal volumes of glycerin and water.
Acceptance criteria: NMT traces of matter other than starch

granules are present. No starch grainsof any other originare
present.

SPECIFIC TESTS
e MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1000 du/g, the total
combined molds and yeasts count does not exceed
100 cfu/g, and it meets the requirements of the test for the
absence of Escherichia coli.

epH(791)
Sample solution: Prepare a slurryby weighing 5.0 9 ofPea

Starch, transferringto a suitable nonmetalliccontainer, and
adding 25.0 mLof freshly boiled and cooled water.

Analysis: Agitatecontinuously' at a moderate rate for 1 min.
Stop the agitation, allowto stand for 15 min, and shake
again. Determine the pH to the nearest 0.1 unit: the pH is
determined potentiometrically.

Acceptance criteria: 5.0-8.0 .
• Loss ON DRYING (731): Dryabout 1 g at 130°for 90 min:

itloses NMT 16.0% of its weight

ADDITIONAL REQUIREMENTS
e PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.

Hydroxypropyl Pea Starch
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Test B: Ina 1OO-mL conicalflask, add 20 mLof0.02 N iodine
solution and 5 mL of 2 N hydrochloric acid. Add 1 mLof
starch TS, and titrate with Potassium metabisulfite solution
until the firstdiscoloration isobserved.
Calculatethe content, in JJg/ml, of sulfurdioxide-in

Potassium metabisulfite solution:

Result =(F x MW x VI x NI)/Vp

F = factor for conversion of mg to JJg, 1000
MW =milliequivalent weight of sulfurdioxide, 32.03
VI =the volume of the iodine solution used in the test

(mL)
NI = normalityof the iodine solution
Vp =volume of the Potassium metabisulfite solution

consumed (mL)

The differencebetween the sulfurdioxide contents
obtained from Test A and Test 8 is NMT 5% of their mean
value. Test 8 shall be performed within 15 min after the
completion of Test A. [NOTE-This time limitavoids
potential variation in the sulfurdioxide content of the
Potassium bisulfite solutionwhen stored at room
temperature.]

Analysis: Add 150 mL of water to the boilingflask (A) (see
Figure 7). Closethe stopcock of the separatory funnel, and
begin the flow of carbon dioxide through the apparatus at a
rate of 100 ± 5 mL/min. Start the condenser coolant flow.
Place10 mLof Hydrogen peroxide solutionin the receiving test
tube (D). After15 min, without interrupting the flowof
carbon dioxide, remove the separatory funnel (8) from the
boilingflask, and transfer 25.0 g of Pea Starch to the boiling
flask with the aid of 100 mLof water. Apply stopcock grease
to the outer joint Of the separatory funnel, and replace the
separatory funnel in the boilingflask. Closethe stopcock of
the separatory funnel, and add 80 ml of 2 N hydrochloric
acid to the separatory funnel. Open the stopcock of the
separatory funnel to permit the hydrochloric acid solutionto
flow into the boilingflask, guarding against the escape of
sulfurdioxide into the separatory funnel by closing the
stopcock before the last few mLof hydrochloricacid drain
out. Boil the mixturefor 1 h. Open the stopcockofthe funnel,
stop the flow of carbon dioxide, discontinue heating the
flask, and turn off the cooling water in the condenser.
Remove the receiving test tube, and transfer its contents to a
200-mLwide-necked conical flask. Rinse the receiving test
tube with a small portion of water, add the rinsingto the
-200-mLconicalflask, and mix. Heat on a water bath for
15 min, and allowto cool. Titrate the contents with 0.1 N
sodium hydroxideVS until the pH reaches 4.1, determined
potentiometrically. Perform a blank determination, and
make any necessarycorrection (see Titrimetry (541».
Calculatethe content, in JJg/g, of sulfurdioxide in the Pea

Starch taken:

Result = (F x MWx V x N)/W

F = factor for conversion of mg to JJg, 1000
MW = milliequivalent weight of sulfurdioxide, 32.03
V = volume of titrant consumed (mL)
N =normalityof the titrant
W =weight of the Pea Starch taken (g)

Test i: Determine the content of sulfurdioxide as directed
under Sulfur Dioxide (525), Method I. Use 200 mLof water
as a solvent. Then, to 100 ml of the clear filtrate, add 3 ml
of starch TS, and titrate with 0.01 N iodine VS to the first
permanent blue color.

Acceptance criteria: NMT 50 JJg/g of sulfurdioxide
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or enzymes to obtain thinned starch. It contains NLT 2.0%
and NMT 7.0% of hydroxypropyl groups, on the dried basis.

IDENTIFICATION
• A. PROCEDURE
Analysis: Examine under a microscop~, using NLT 20x

magnification and a mixture of glycenn and water (1:1) asa
mounting agent. . . . .

Acceptance criteria: It presentsa rnalorlty of large ell!ptlcal
granules 25-45 IJm in size,sometimes irregular or reniform.
It also presents a minority of small rounde~ granul~s. 5-8
IJm in size. Granules can present cr~~ks or Irregul~ntles.

Sometimes, granules show barely visible c?ncentnc ..
striations. Exceptionally, granules show aslit along the main
axis. Between orthogonally oriented polarizing plates or
prisms, the granules show a distinct black cross.

• B. PROCEDURE
Sample solution: Suspend 1 g of Hydroxypropyl Pea Starch

in 50 mL of water, boil for 1 min, and cool.
Acceptance criteria: A translucent or clear mucilage is

formed.
• C. PROCEDURE
Analysis: To 1 mL of the Sample solu.tio,! obtained in .

Identification test B add 0.05 mL of Iodine and potassium
iodide TS 2.

Acceptance criteria: An orange-red to ~ark blue color is
produced, which disappears upon heating.

• D. PROCEDURE
Ninhydrin solution: Dissolve3 g of ninhydrin in 100 mL of a

45.5-g/L solution of sodium metabisulfite.
Diluted sulfuric acid: 98 giL of H2S04

Sample: 100 mg of Hydroxypropyl Pea Starch .
Analysis: Transfer the Sample to a 1OO-mL volumetric fl~sk,

and add 12.5 mL of Dilutedsulfuricacid. Place the flask In a
water bath, and heat until the Sample is dissolved. Cool, .
and dilute with water to 100 mL. [CAUTIoN-When sulfunc
acid is miscible with water, it produces intense heat.]
Pipet 1 mL of this solution to a glass~stoppered, 25-~L

graduated test tube and, with the t~be I~me~sed In cold
water, add drop-wise 8 mL of sulfuric acid. MIX well, ~nd
place the tube in a boiling water bath for.exactly 3 min.
Immediately transfer the tube to an.ice b~th unti.1 the
solution is chilled. Add 0.6 mL of Nmhydnn solution,
carefully allowing the reagent to run down the walls of ~he
test tube. Immediately shakethe tube well, and place It
in a water bath at 25° for 100 min. Dilute with sulfuric acid
to 25 mL [CAUTIoN-Use sulfuric acid cautiously.] ,and mix
by inverting the tube several times. Do not s.ha~e. .

Acceptance criteria: A violet color develops Within 5 min
due to the presence of hydroxypropyl groups (starch
ether).

ASSAY
• PROCEDURE FOR HVDROXVPROPVL GROUPS

Deuterium chloride solution: Dilute 1 mL of deuterium
chloride (38% w/w) with 5 mL of deuterium oxide..

Internal standard solution: Dissolve50.0 mg of sodium
3-trimethylsilyl-l-propane sulfonate in about 5 g of .
deuterium oxide, weighed to the nearest0.1 mg. Store In a
sealed bottle.

Sample solution: Disperse 20 g of Hydroxypropyl Pea
Starch in 200.0 mL of carbon dioxide-free water at room
temperature. Agitate for 15 min, an~ filte~. ~.epeat the
operation two more times. If poor dlsperslbllrt~ or.slow
filtration is observed, use refrigerated carbon dioxide-free
water for the washing operation. Dry the washed starch for
NLT 4 h in vacuum at 30 ± 5°. Weigh 12.0 mg of this sample
in a 5-mm NMR tube. Add 0.75 mL of deuterium oxide and
0.1 ml, of Deuterium chloride solution. Cap the tube, mix,
and place it in a boiling water bath until a clear solution is
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obtained. [NOTE-This may take 3 min to 1 h.] When a clear
solution is obtained, allow to cool to room temperature.
Dry the exterior of the tube, and weigh to the nearest
0.1 mg. Add 0.05 mL of Internal standardsolution, and
weigh to the nearest 0.1 mg. Determine the massof the
Internal standardsolutionadded. Mix thoroughly.

Nuclear magnetic resonance spectrometry
(See NuclearMagneticResonance Spectroscopy (761),

QuantitativeApplications .)
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of lH NMR spectra: The following parameters

may be used.
Sweep width: 8 ppm (about -1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90 degree
Pulse delay: lOs
Dummy scans: 0
Number of scans: 8

Usethe CH3 signal of the internal standard for shift
referencing. Set the shift of the peak of the singlet to
oppm. Record the F1D signal.

Analysis
Samples: Internalstandardsolution and Sample solution
Call the integration sub-routine after phasecorrections and

baseline correction between -0.5 and +6 ppm.
Measure the peak areas of the doublet from the methyl

groups of the hydroxypropyl function at +1.2 ppm (A2) ,

and of the methyl groups at 0 ppm of the internal
standard (A,) without BC-satellites.

Measure the signal coming from the 3 protons of the
methyl group in the hydroxypropyl function.

Calculate the content of hydroxypropyl groups as a
percentage (w/w, dried basis):

Result= (N x A2/A,) x (C, x WlW) x (MriMr1) x [100/(100
- B)] x 100

N = numerical value representing the 3 methyl groups·
in the internal standard (sodium 3-trimethylsilyl
l-propane sulfonate), 3

A2 = area of the methyl groups of hydroxypropyl in
Hydroxypropyl Pea Starch

A1 = areaof the methyl groups in the internal standard
(sodium 3-trimethylsilyl-l-propane sulfonate)

C, = concentration of the internal standard in the
Internal standardsolution (mg/g) .

Wi = weight of the Internal standardsolution in.the
NMR tube (g)

W = weight of the washed and dried Hydroxypropyl
Pea Starch in the NMR tube (mg)

Mr1 = molecular weight of the internal standard,
218.32 g/mol

Mr2 = molar massof hydroxypropyl group, 59.09 g/mol
B = moisture content of the washed and dried .

Hydroxypropyl Pea Starch used in the Sample
solution, as a percentage (wIw)

Acceptance criteria: The content of hydroxypropyl groups
is 2.00/0-7.0%.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.6%, determined on a

1.O-g test specimen
• Limit of Iron
Standard iron stock solution: Prepare a solution containing

the equivalent of 10 IJg/mL of iron, as directed under Iron
(241).
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DiI~ted standard iron solution: Immediately before use,
dilute an accurately measured volume of Standard iron stock
solution quantitatively with water to obtain a solution
containing the equivalent of 1 IJg/mL of iron. ..:

Standard solution: Transfer 10 mL of the Diluted standard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1.mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Sa~ple solution: Shake1.0 g of Hydroxypropyl PeaStarch
with 50 mL of 2 N hydrochloric acid, and filter. Transfer
10 mL of the filtrate to a test tube. Add 2 mL of citric acid
solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix.
Add 10 N ammonium hydroxide until the solution is
distinctly alkaline to litmus, dilute with water to 20 mL
and mix. '

Accep~an.ce criteria: ~fter5 min, any pink color in the Sample
solution IS not more Intense than that in the Standard
solution, corresponding to a limit of 50 IJg/g of iron.

e limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm
ORGANIC IMPURITIES
• Procedure 1: limit of Oxidizing Substances
Sample: 4.0 g of Hydroxypropyl Pea Starch
Analysis: Transfer the Sample to a glass-stoppered 125-mL

conical flask, and add 50.0 mL of water. Insert th~ stopper
and s:virl for 5 min. Transfer to a glass-stoppered, 50-mL '
centnfuge tube, and centrifuge to clarify. Transfer 30.0 mL
of the clear supernatant to a glass-stoppered, 125-mL conical
flask. Add 1 mL of glacial acetic acid and 0.5-1 .0 g of
potassium iodide. Insert the stopper, swirl, and allow to stand
for 25-30 min in the dark. Add 1 mL of starch TS and titrate
with 0.002, N ~odium thiosulfate VS to the disappearance of
the starch-Iodine color. Perform a blank determination, and
make any necessarycorrection. Each mL of 0.002 N sodium
thiosulfate VS is ~quivalent to 34 IJgof oxidant, calculated as
hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (20 IJg/g, calculated as H202) .

• Procedure 2: Foreign Matter
Sample: 50 mg/mL of Hydroxypropyl Pea Starch in a mixture

of glycerin and water (1:1) .
Analysi.s; E~amine und~r a microscope, using NLT 20x
magnl~lcatlonand a mixture of glycerin and water. (1:1) as a
mounting agent.

Acceptance criteria: NMT traces of matter other than
Hydroxypropyl Pea Starch granules are present.

SPECIFIC TESTS "
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g the total
combined molds and yeastscount does not'exceed 102 du/
g, and it meets the requirements of the test for the
absence of Escherichia coli.

• pH (791)
Sample solution: Suspend 5.0 g of Hydroxypropyl Pea

Starch in 25.0 mL of carbon dioxide-free water, and shake
for 60 s. Allow to stand for 15 min.

Acceptance criteria: 4.5-8.0
• Loss ON DRYING (731): Dry about 1 gat 130° for 90 min:

it loses NMT 15.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
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Pregelatinized Hydroxypropyl Pea
Starch
DEFINITION
Pregelatinized Hydroxypropyl Pea Starch is prepared from

Hydroxypropyl Pea Starch by mechanical processing in the
presence of water, with or without heat, to rupture all or
some.of the starch granules, and is subsequently dried. It
contains NLT 2.0% and NMT 7.0% of hydroxypropyl groups
on the dried basis.

IDENTIFICATION
• A. TEST FOR PREGELATINIZED STATE

Sample: 1 g
Analysis: Disperse the Sample in 50 mL of water at a

temperature NMT 25°. Shakevigorously until lumps
completely disperse/solubilize or until lumps disappear.
Allow to stand for 20 min.

Acceptance criteria: A translucent or clear mucilage
without precipitate is formed.

• B. TEST FOR STARCH
Analysis: Disperse 0.5 g in 2 mL of water without heating,

and add 0.05 mL of iodine and potassium iodide TS2.
Acceptance criteria: A reddish-violet or blue color is

produced.
• C. NINHYDRIN TEST

Ninhydrin solution: Dissolve3 g of ninhydrin in100 mL of a
45.5-g/L solution of sodium metabisulfite.

Diluted sulfuric acid: 98 gil of H2S04
Sample: 100 mg
Analysis: Transfer the Sample to a 1OO-mL volumetric flask

and add 12.5 mL of Dilutedsulfuricacid. Placethe flask in a
water bath, and heat until the Sample is dissolved. Cool
and dilute with water to 100 mL. [CAUTION-When sulfJric
acid is miscible with water, it produces intense heat.]
Pipet 1 mL of this solution to a glass-stoppered 25-mL

graduated test tube and, with the tube immersed in cold
water, add dropwise 8 mL ofsulfuric acid. Mix well and
place the tube in a boiling water bath for exactly 3 'min..
Immediately transfer the tube to an.ice bath until the
solution is chilled. Add 0.6 mL of Ninhydrin solution
carefully allowing the reagent to run down the walls ~f the
~est tube. Immediately shake the tube well, and place it
In a water bath at 25° for 100 min. Dilute with sulfuric acid
to 25 mL. [CAUTION-Use sulfuric acid cautiously.] Mix by
inverting the tube several times. Do not shake.

Acceptance criteria: A violet color develops within 5 min
due to the presence of hydroxypropyl groups (starch
ether). .

ASSAY
• ASSAY FOR HYDROXYPROPYL GROUPS

Deuterium chloride solution: Dilute 1 mL of deuterium
chloride (38% w/w) with 5 mL of deuterium oxide.

Inter~al stan~ard solution: Disperse 50.0 mg of sodium
3-tnmethylsllyl-l-propane sulfonate in about 5 g of
deuterium oxide, weighed to the nearest 0.1 mg. Store in a
sealed bottle.

Sample solution: Determine the moisture content (8) on
5 g of Pregelatinized Hydroxypropyl Pea Starch following
the Loss on Drying test. Weigh 12.0 mg of the Pregelatinized
Hydroxypropyl Pea Starch in a 5-mm NMR tube. Add
0.75 mL of deuterium oxide and 0.1 mL of Deuterium
chloride solution.Cap the tube, mix, and place it in a boiling
water bath until a clear solution is obtained. [NOTE-This
may take from 3 min to 1 h.] When a clear solution is
obtained, allow to cool to room temperature. Dry the
exterior of the tube, and weigh to the nearest 0.1.mg. Add
0.05 mL of the Internal standardsolution. Weigh to the
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nearest 0.1 mg. Determine the massof the Internal
standard solution added. Mix thoroughly.

Instrumental conditions
(See NuclearMagnetic Resonance Spectroscopy (761)/

Quantitative Applications .)
Mode: Nuclear magnetic resonance spectrometry
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of "H NMR spectra: The following parameters

may be used:
Sweep width: 8 ppm (about -1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90°
Pulse delay: lOs
Dummy scans: 0
Number of scans: 8

Usethe CH3 signal of the internal standard for shift
referencing. Set the shift of the peak of the singlet to
oppm. Record the FID signal.

Analysis
Samples: Internal standard solution and Sample solution
Call the integration subroutine after phase corrections and

baseline correction between -0.5 and +6 ppm.
Measure the peak areas of the doublet from the methyl

groups of the hydroxypropyl function at +1.2 ppm (A2 ) ,

and of the methyl groups at 0 ppm of the internal
standard (AI) without BC-satellites.

Measure the signal originating from the 3 protons of the
methyl group in the hydroxypropyl function.

Calculate the content of hydroxypropyl groups as a
percentage (w/w, dried basis):

Result= (N x A2IAI ) x (C, x W/W) x (M,iMr1) x [100/(100
., B)] -roo

N = numerical value representing the 3 methyl groups
in the internal standard (sodium 3':trimethylsilyl
l-propane sulfonate), 3

A2 =area of the methyl groups of hydroxypropyl in
Pregelatinized Hydroxypropyl Pea Starch

Al = areaof the methyl groups in the internal standard
(sodium 3-trimethylsilyl-l-propane sulfonate)

C, =concentration of the internal standard in the
Internal standard solution (mg/g)

W, = weight of the Internal standard solution in the
NMR tube (g)

W =weight of the Pregelatinized Hydroxypropyl Pea
Starch in the NMR tube (mg)

M'2 = molar massof hydroxypropyl groups,
59.09 g/mol .

M" = molecular weight of the internal standard,
218.32 g/mol .

B =moisture content of the Pregelatinized
Hydroxypropyl Pea Starch used in the Sample
solution, as a percentage (w/w) .

Acceptance criteria: 2.0%-7.0% of hydroxypropyl groups
on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.6%, determined on a

1.O-g test specimen
• LIMIT OF IRON

Standard iron stock solution: Preparea solution containing
the ,equivalent of 10 I-Ig/mL of iron, as directed under Iron
(241).

Diluted standard iron solution: Immediately before use,
dilute an accurately measured volume of the Standardiron
stocksolutionquantitatively with water to obtain a solution
containing the equivalent of 1 I-Ig/mL of iron.
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Sample solution: Shake the residue obtained from the test
for Residue on Ignition with 50 mL of 2 N hydrochloric acid,
and filter. Transfer 10 mL of the filtrate to a test tube. Add
2 mL of citric acid solution (2 in 10) and 0.1 mL of
thioglycolic acid, and mix. Add 10 N ammonium hydroxide
until the solution is distinctly alkaline to litmus, dilute with
water to 20 mL, and mix.

Standard solution: Transfer 10 mL of the Dilutedstandard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution isdistinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Acceptance criteria: After 5 min, any pink color in the
Sample solution is not more intense than that in the
Standardsolution, corresponding to a limit of 50 I-Ig/g
(ppm) of iron.

• LIMIT OF SULFUR DIOXIDE, Method IV (525): NMT 50 ppm
• LIMIT OF PROPYLENE CLYCOL

Internal standard solution: 0.5 mg/mL of 1,3-propanediol
in anhydrous pyridine

Standard stock solution: 0.5 mg/mL of USP Propylene
Glycol RS in Internal standardsolution

Standard solution: Transfer 0.1 mL of the Standardstock
solution to a 2-mL vessel with a screw cap fitted with a
septum. Add 0.9 mL of anhydrous pyridine, 0.2 mL of
hexamethyldisilazane, and 0.1 mL of trimethylchlorosilane.
Close, and mix. Allow to stand for 15 min before injection.

Sample stock solution: Transfer 200 mg of Pregelatinized
Hydroxypropyl Pea Starch to a 1OO-mL volumetric flask.
Add 1.0 mL of the Internal standardsolution and 9.0 mL of
anhydrous pyridine. Boil under reflux using a water bath for
20 min. Allow to cool to room temperature. .

Sample solution: Transfer 1.0 mL of the Sample stock
solution to a 2-mL vessel with a screw cap fitted with a
septum. Add 0.2 mL of hexamethyldisilazane and 0.1 mL
of trimethylchlorosilane. Close, and mix. Allow to stand for
15 min before injection.

Chromatographic system
, (See Chromatography(621)/ System Suitability).

Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary column;

0.25-l-Im layer of phase Gl
Temperature

Detector: 250°
Injection port: 250°
Column: 70°. [NOTE-The column must be desorbed

regularly. Conditions: Program from 70° to 300° at r 1
min, and maintain 10 min at 300°.]

Carrier gas: Helium
Flow rate: 3 mL/min
Injection type: Split ratio of 1:30
Injection size: 1 I-IL

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for the
trimethylsylilated derivative of propylene glycol and
the trimethylsylilated derivative of 1,3-propanediol
are 1.0 and 1.4, respectively.]

Suitability requirements
Resolution: NLT 2.0 between the peaks due to the

trimethylsylilated derivative of propylene glycol and the
trimethylsylilated derivative of 1,3-propanediol

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of propylene glycol in the portion

of Pregelatinized Hydroxypropyl Pea Starch taken:

Result= (RuIRs) x (CslCu) x 100
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Ru = internal standard ratio (peak response of
propylene glycol/peak response of
1,3-propanediol) from the Sample solution

R, = internal standard ratio (peak response of
propylene glycol/peak response of
1,3-propanediol) from the Standardsolution

C, =concentration of USP Propylene Glycol RS in the
Standardsolution (mg/mL)

Cu = concentration of Pregelatinized Hydroxypropyl
Pea Starch in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.1%
• LIMIT OF OXIDIZING SUBSTANCES

Sample: 4.0 g
Analysis: Transfer the Sample to a glass-stoppered 125-mL

conical flask, and add 50.0 mL of a mixture of water and
methanol (1 :1). Insert the stopper, and swirl for 5 min.
Transfer to a glass-stoppered 50-mL centrifuge tube, and
centrifuge to clarify. Transfer 30.0 mL of the clear
supernatant to a glass-stoppered 125-mL conical flask. Add
1 mL of glacial acetic acid and 0.5-1 .0 g of potassium
iodide. Insert the stopper, swirl, and allow to stand for 25
30 min in the dark. Add 1 mL of starch TS, and titrate with
0.002 N sodium thiosulfate VSto the disappearance of the
starch-iodine color. Perform a blank determination, and
make any necessary correction. Each mL of 0.002 N sodium
thiosulfate VS is equivalent to 34 IJg of oxidant, calculated
as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (20 ppm, calculated as H20 2) .

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 du/g, the total
combined molds and yeastscount does not exceed 102 du/
g, and it meets the-requirements of the test for the , .
absence of Escherichia coli.

.. pH (791) ,
Sample solution: Progressivelysuspend 3.0 g of ,

Pregelatinized Hydroxypropyl Pea Starch i,n 100.0 mL of
carbon dioxide-free water, stirring continuously.
Determine the pH when all the solid is wetted.

Acceptance criteria: 4'.5-8.0
• Loss ON DRYING (731): Dry about 1 g at 130° for 90 min:

it loses NMT 15.0% of its weight. .

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
• USP REFERENCE STANDARDS (11)
. USP Propylene Glycol RS

Potato Starch

Portions of the monograph text that are national USP text, and
are not part of the harmonized text, are marked with
symbols (••) to specify this fact.

DEFINITION
Potato Starch isobtained from the tuber of Solanum tuberosum

L.

IDENTIFICATION
• A. PROCEDURE

Analysis: Examine under a microscope using a mixture of
equal volumes of glycerol and water.
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Acceptance criteria: It presents granules, either irregularly
shaped, ovoid or pear-shaped, usually 30-100 IJm in size
but occasionally exceeding 100 IJm, or rounded, 10-35 IJm
in size.There are occasional compound granules having 2
4 components. The ovoid and pear-shaped granules have
an eccentric hilum and the rounded granules acentric or
slightly eccentric hilum. All granules show clearly visible
concentric striations. Between orthogonally oriented
polarizing plates or prisms, the granules show a distinct
black cross intersecting at the hilum.

• B. PROCEDURE
Sample solution: 20 mg/mL in water
Analysis: Boil for 1 min, and cool.
Acceptance criteria: A thick, opalescent mucilage is

formed.
• C. PROCEDURE

Sample solution: 1 mL of the mucilage obtained in
Identificationtest B

Analysis: Add 0.05 mL of iodine and potassium iodide TS
2 to the Sample solution.

Acceptance criteria: An orange-red to dark blue color is
produced, which disappears upon heating.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.6%, determined on a

1.O-g sample
, • LIMIT OF IRON

Standard iron stock solution A: Equivalent of 10 IJg/mL of
iron prepared as directed under Iron (241)

Standard iron stock solution B: 1 IJg/mL of iron from
Standardiron stock solutionA in water
[Nets-Prepare immediately before use.]

Standard iron solution: Transfer 10 mL of Standardiron
stock solutionB to a test tube, and add 2 mL of citric acid
solution (2 in 10) and 0.1 mL of thioglycolic acid. Add 10 N
ammonium hydroxide until the solution isdistinctly alkaline
to litmus, anddilute with water to 20 mL.

Sample solution: Shake1.5 g of Potato Starch with 15 mL
of 2 N hydrochloric acid, and filter. Transfer 10 mL of the
filtrate to a test tube, and add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid. Add 10 N
ammonium hydroxide until the solution isdistinctly alkaline
to litmus, and dilute with water to 20,mL.

Acceptance criteria: After 5 min, any pink color in the
Sample solution is not more intense than that in the
Standardiron solution, corresponding to a limit of 10 ppm
of iron.

• LIMIT OF SULFUR DIOXIDE
Carbon dioxide: Use carbon dioxide, with a flow regulator

that will maintain a flow of 100 ± 5 mL/min.
Bromophenol blue indicator solution: 0.2 mg/mL of

bromophenol blue in dilute alcohol. Filter if necessary.
Hydrogen peroxide solution: Dilute 30% hydrogen

peroxide with water to obtain a 3% solution. Just before
use, add three drops of Bromophenol blue indicatorsolution,
and neutralize to a violet-blue endpoint with 0.01 N sodium
hydroxide..Do not exceed the endpoint.

Apparatus: Figure 1
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Figure 1

In this test, the sulfur dioxide is released from the sample
in a boiling acid medium and is removed by a stream of
carbon dioxide. The separated gas is collected in a dilute
hydrogen peroxide solution where the sulfur dioxide is .
oxidized to sulfuric acid and titrated with standard alkali.
The apparatus consistsessentiallyof a 500-mL three-neck,
round-bottom boiling flask, A; a separatory funnel, B,
having a capacity of 100 mL or greater; a gas inlet tube of
sufficient length to permit introduction of the.~arbon
dioxide within 2.5 cm of the bottom of the boilinq flask; a
reflux condenser, C, having a jacket length of 200 mm;
and a delivery tube, E, connecting the upper end of the
reflux condenser to the bottom of a receiving test tube,
D. Apply a thin film of stopcock grease to the sealing
surfaces of all of the joints except the joint between the
separatory funnel and the boiling flask, and clamp the
joints to ensure tightness.

Sample: 25.0 g of Potato Starch
Analysis: Add 150 mL of water to the boiling flask. Closethe

stopcock of the separatory funnel, and begin the flow of
carbon dioxide at a rate of 100 ± 5 mL/min through the
Apparatus. Start the condenser coolant flow. Add 10 mL of
Hydrogen peroxide solution to a receiving test tube: Af,ter
15 min, without interrupting the flow of carbon dioxide,
remove the separatory funnel from the boiling flask, and
transfer the Sample into the boiling flask with the aid of
100 mL of water. Apply stopcock grease to the outer joint
of the separatory funnel, and replace the separatory funnel
in the boiling flask. Close the stopcock of the separatory
funnel, and add 80 mL of 2 N hydrochloric acid to the
separatory funnel. Open the stopcock of the separatory
funnel to permit the hydrochloric acid solution to flow into
the boiling flask, guarding against the escape of sulfur
dioxide into the separatory funnel by closing the stopcock
before the last few mL of hydrochloric acid drain out. Boil
the mixture for 1 h. Remove the receiving test tube, and
transfer its contents to a 200-mL wide-necked, conical flask.
Rinse the receiving test tube with a small portion of water,
add the rinsing to the 200:'mL conical flask, and mix. Heat
on a water bath for 15 min, and allow to cool.
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Add 0.1 mL of Bromophenol blueindicatorsolution, and
titrate the contents with 0.1 N sodium hydroxide VSuntil
the color changes from yellow to violet-blue. Perform a
blank determination, and make any necessary correction
(see Titrimetry(541».

Calculate the content, in ppm, of sulfur dioxide in the
Sample taken:

Result= 1000 x 32.03 x (VN/W)

32.03 = milliequivalent weight of sulfur dioxide
V =volume of titrant consumed (mL)
N =normality of the titrant
W = weight of the Sample (g)

Acceptance criteria: NMT 50 ppm
• LIMIT OF OXIDIZING SUBSTANCES

Sample solution: Transfer 4.0 g to a glass-stoppered,
125-mL conical flask, and add 50.0 mL of water. Insert the
stopper, and swirl for 5 min. Transfer to a glass-stoppered,
50-mL centrifuge tube, and centrifuge to clarify. Transfer
30.0 mL of the clear supernatant to a glass-stoppered,
125-mL conical flask. Add 1 mL of glacial acetic acid and
0.5-1.0 g of potassium iodide. Insert the stopper, swirl, and
allow to stand for 25-30 min in the dark. Add 1 mL of
starch TS.

. Analysis: Titrate with 0.002 N sodium thiosulfate VS to the
disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each
mL of 0.002 N sodium thiosulfate is equivalent to 34 ~g of
oxidant, calculated as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate is required (20 ppm, calculated as H20 2) .

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g; the total
combined molds and yeastscount doesnot exceed 102 cfu/
g; and it meets the requirements of the test for the
absence of Escherichia coli.

• Loss ON DRYING (731)
Sample: 1 g
Analysis: Dry the Sample at 130 0 for 90 min.
Acceptance criteria: NMT 20.0%

• pH (791)
Sample solution: Prepare a slurry by weighing 5.0 g of

Potato Starch, transferring to a suitable nonmetallic
container, and adding 25.0 mL of freshly boiled and cooled
water.

Analysis: Agitate continuously at a moderate rate for 1 min.
Stop the agitation, and allow to stand for 15 min.
Determine the pH to the nearest 0.1 unit.

Acceptance criteria: 5.0-8.0

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.•
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Hydroxypropyl Potato Starch

Forthe Amylose derivative, m is about 300-1000.

DEFINITION
Hydroxypropyl Potato Starch is partially substituted

2-hydroxypropylether obtained from potato starch by a.
chemicalmodification ofetherification with propylene oxide.
In addition, this starch may be partially hydrolyzed using
acids or enzymes to obtain thinned starch. It contains NLT
2.0% and NMT 7.0% of hydroxypropyl groups, on the dried
basis.

IDENTIFICATION
• A. PROCEDURE

Analysis: Examine under a microscope, using NLT 20x
magnificationand a mixtureof glycerin and water (1:1) as a
mounting agent.

Acceptance criteria: It presents granules, either irre~ul~rly

shaped, ovoid or pear-shaped, usually 30-100 IJm In Size,
but occasionally exceeding 100 IJm, or rounded 10-~5 IJm
in size.There are occasionalcompound granules having 2
4 components. The ovoid and pear-shaped granules hav~_

an eccentric hilum,and the rounded granules havea centric
or slightlyeccentric hilum. All granules show clearlyvisible
concentric striations. Betweencrossed nicol prisms, the _
Hydroxypropyl Potato Starchgranulesshow a distinct black

-cross intersecting at the hilum. .
• B. PROCEDURE

Sample solution: Suspend 1 g of Hydroxypropyl Potato
Starch in 50 mLof water, boil for 1 min, and cool.

Acceptance criteria: Atranslucent or clear mucilage is
formed.

• C. PROCEDURE _
Analysis: To 1 mLof the Sample solutionobtained in

Identification test Badd 0.05 mLof iodine and potassium
iodide TS 2.

Acceptance criteria: An orange-red to dark blue color is
produced, which disappears upon heating.

• D. PROCEDURE .
Ninhydrin solution: Dissolve 3 g of ninhydrinin 100 mLofa
45.5-g/L solution of sodium metabisulfite.

Diluted sulfuric acid: 98 giL of H2S04

Sample: 100' mg of Hydroxypropyl Potato Starch .
Analysis: Transferthe Sample to a.l OO~mLvolumetrlc fl~sk,

and add 12.5 mL of Dilutedsulfuric acid. Placethe flask Ina
water bath, and heat until the Sample isdissolved. Cool, .
and dilute with water to 100 mL. [CAUTIoN-When sulfuric
acid ismiscible with water, it produces intense heat.]
Pipet 1 mLof this solution to a glass-stoppered, 25-mL

graduated test-tube and, with the t~be i~me~sed in cold
water, add drop-wise 8 mL of sulturlc acid. MIX well, ~nd
place the tube in a boilingwater bat.h for exactl~ 3 min.
Immediately transfer the tube to an Ice bath until the
solution is chilled.Add 0.6 mL of Ninhydrinsolution,
carefully allowingthe reagent to run down the walls of ~he
test tube. Immediately shake the tube well, and place It
in a water bath at 25°for 100 min. Dilute with sulfuric acid
to 25 mL[CAUTIoN-Use sulfuric acidcautiously.], and mix
by inverting the tube several times. Do not shake.

= numericalvaluerepresenting.the3 m:thyl gro~ps
in the internal standard (sodium 3-trlmethylsrlyl-
l-propane sulfonate), 3 . .

=area of the methyl groups of hydroxypropyl In
Hydroxypropyl Potato Starch

=area of the methylgroups in the internalstandard
(sodium 3-trimethylsilyl-l-propane sulfonate)

N

Acceptance criteria: Avioletcolor develops within 5 min
due to the presence of hydroxypropyl groups (starch
ether).

ASSAY
• PROCEDURE FOR HVDROXVPROPVL GROUPS .

Deuterium chloride solution: Dilute 1 mL of deuterium
chloride (38% w/w) with 5 mL of deuterium oxide.

Internal standard solution: Dissolve 50.0 mg of sodium
3-trimethylsilyl-l-propane sulfonate in about 5 g of .
deuterium oxide, weighed to the nearest 0.1 mg. Store In a
sealed bottle.

Sample solution: Disperse 20 g of Hydroxypropyl Potato
Starch in 200.0 mLof carbon dioxide-free water at room
temperature. Agitate!or 15 min, an~ filte~. ~.epeat the
operation two more times. Ifpoor dlsperslblllty or slow
filtration is observed, use refrigerated carbon dioxide-free
water for the washing operation. Drythe washed starch for
NLT 4 h in vacuum at 30 ± 5°. Determine the moisture
content (B) on 5 g of the washed and dried starch
following the Loss on Drying test. Weigh 12.0 mg of the
washed and dried starch in a 5-mm NMR tube. Add
0.75 mL of deuterium oxide and 0.1 mL of Deuterium
chloride solution. Cap the tube, mix,and place it in a boiling
water bath until a clear solution is obtained. [NOTE-It may
take 3 min-l h.] When a clearsolution isobtained, allowto
cool to room temperature. Drythe exteriorof the tube, and
weigh to the nearest 0.1 mg. Add 0.05 mL of Internal
standard solution, and weigh to the nearest 0.1 mg.
Determinethe massof the Internalstandardsolutionadded.
Mix thoroughly.

Nuclearmaqnetlc resonance spectrometry
(See NuclearMagneticResonance Spectroscopy (761),

Quantitative Applications;)
Apparatus: FT-NMR spectrometer at minimum 300 MHz .
Acquisition of lH NMR spectra: Thefollowing parameters

may be used.
Sweep width: 8 ppm (about -1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90 degree
Pulse delay: lOs
Dummy scans: 0
Number of scans: 8
Use the CH3 signal of the internal standard for shift

referencing. Set the shift of the peak of the singlet to
·0 ppm. Record the FID signal.

Analysis
Samples: Internalstandardsolutionand Sample so.'ution
Call the integration sub-routine after phase corrections and

baselinecorrection between -0.5 and +6 ppm.
Measurethe peak areas of the doublet from the methyl

groups of the hydroxypropyl function at +1.2 ppm (A2) ,

and of the methyl groups at 0 ppm of the internal
standard (A,)without BC-satellites.

Measurethe signal coming from the 3 protons of the
methyl group in the hydroxypropyl function.

Calculatethe content of hydroxypropyl groups as a
percentage (w/w, dried basis):

Result =(N x A2/A,) x (C, x W1/W) x (Mr2/Mr, ) x [100/(100
- B)] x 100

OH

R'=Hor '~CH3

AmylosederIvative: OH

R=Hor ·~CH,
OH

R'=Hor '~CH3

Amylopectin derivative:f

OR' J
"O~-~

RO OR m
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= concentration of the internal standard in the
Internalstandardsolution (mg/g)

= weight of the Internalstandardsolution in the
NMR tube (g)

= weight of the washed and dried Hydroxypropyl
Potato Starch in the NMR tube (mg)

=molecular weight of the internal standard,
218.32 g/mol

= molar massof hydroxypropyl group, 59.09 g/mol
= moisture content of the washed and dried

Hydroxypropyl Potato Starch used in the Sample
solution, as a percentage (w/w)

Acceptance criteria: The content of hydroxypropyl groups
is 2.0%-7.0% on the dried basis.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.6%, determined on a

1.0-g test specimen
• limit of Iron .
Standard iron stock solution: Prepare a solution containing

the equivalent of 10 I1g/mL of iron, as directed under Iron
(241 ).

Diluted standard iron solution: Immediately before use,
dilute an accurately measured volume of Standard iron stock
solution quantitatively with water to obtain a solution
containing the equivalent of 1 I1g/mL of iron.

Standard solution: Transfer 10 mL of the Dilutedstandard
iron solutionto a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Sample solution: Shake1.0 9 of Hydroxypropyl Potato Starch
with 20 mL of 2 N hydrochloric acid, and filter. Transfer
10 mL of the filtrate to a test tube. Add 2 mL of citric acid
solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix.
Add 10 N ammonium hydroxide until the solution is
distinctly alkaline to litmus, dilute with water to 20 mL,
and mix.

Acceptance criteria: After 5 min, any pink color in the Sample
solution is not more intense than that in the Standard
solution, corresponding to a limit of 20 I1g/g of iron.

• limit of Sulfur Dioxide, Method IV (525): NMT 50 ppm
ORGANIC IMPURITIES
• Procedure 1: limit of Oxidizing Substances
Sample: 4.0 g of Hydroxypropyl Potato Starch
Analysis: Transfer the Sample to a glass-stoppered, 125-mL

conical flask, and add 50.0 mL of water. Insert the stopper,
and swirl for 5 min. Transfer to a glass-stoppered, 50-mL
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL
of the clear supernatant to a glass-stoppered, 125-mL conical
flask. Add 1 mL of glacial acetic acid and 0.5-1.0 g of
potassium iodide. Insert the stopper, swirl, and allow to stand
for 25-30 min in the dark. Add 1 mL of starch TS, and titrate
with 0.002 N sodium thiosulfate VS to the disappearance of
the starch-iodine color. Perform a blank determination, and
make any necessary correction. Each mL of 0.002 N sodium
thiosulfate VS is equivalent to 34 I1gof oxidant, calculated as
hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (20 I1g/g, calculated as H202) .

• Procedure 2: Foreign Matter
Sample: 50 mg/mL of Hydroxypropyl Potato Starch in a

mixture of glycerin and water (1:1)
Analysis: Examine underamicroscope, using NLT 20x

magnification and a mixture of glycerin and water (1: 1) asa
mounting agent. .

Acceptance criteria: NMT traces of matter other than
Hydroxypropyl Potato Starch granules are present.
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SPECIFICTESTS
e MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, the total
combined molds and yeastscount does not exceed 102 cfu/
g, and it meets the requirements of the test for the
absence of Escherichia coli.

ePH(791)
Sample solution: Suspend 5.0 g of Hydroxypropyl Potato

Starch in 25.0 mL of carbon dioxide-free water, and shake
for 60 s. Allow to stand for 15 min.

Acceptance criteria: 4.5-8.0
• Loss ON DRYING (731): Dry about 1 g at 130° for 90 min:

itloses NMT 20.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.

Pregelatinized Hydroxypropyl Potato
Starch
DEFINITION
Pregelatinized Hydroxypropyl Potato Starch is prepared from

Hydroxypropyl Potato Starch by mechanical processing in
the presence of water, with or without heat, to rupture all or
some of the starch granules, and is subsequently dried. It
contains NLT 2.0% and NMT 7.0% of hydroxypropyl groups
on the dried basis.

IDENTIFICATION
• A. TEST FOR PREGELATINIZED STATE

Sample::1 g
Analysis: Disperse the Sample in 50 mL of water at a

temperature NMT 25°. Shakevigorously until lumps
completely disperse/solubilize or until lumps disappear.
Allow to stand for 20 min.

Acceptance criteria: A translucent or clear mucilage
without precipitate is formed.

• B. TEST FOR STARCH
Analysis: Disperse 0.5 g in 2 mL of water without heating,

and add 0.05 mL of iodine and potassium iodide TS2.
Acceptance criteria: A reddish-violet or blue color is

produced.
• C. NINHYDRIN TEST
. Ninhydrin solution: Dissolve3 g of ninhydrin in 100 mL of a

45.5-g/L solution of sodium metabisulfite.
Diluted sulfuric acid: 98 gil of H2S04

Sample: 100 mg .
Analysis: Transfer the Sample to a 1OO-mL volumetric flask,

and add 12.5 mL of Dilutedsulfuric acid. Placethe flask in a
water bath, and heat until the Sample is dissolved. Cool,
and dilute with water to 100 mL. [CAUTION-When sulfuric
acid is miscible with water, it produces intense heat.]
Pipet 1 mL of this solution to a glass-stoppered 25-mL

graduated test tube and, with the tube immersed in cold
water, add dropwise 8 mL of sulfuric acid. Mix well, and
place the tube in a boiling water bath for exactly'S min.
Immediately transfer the tube to an ice bath until the
solution is chilled. Add 0.6 mL of Ninhydrinsolution,
carefully allowing the reagent to run down the walls of the
test tube. Immediately shake the tube well, and place it
in a water bath at 25° for 100 min. Dilute with sulfuric acid
to 25 mL. [CAUTION-Use sulfuric acid cautiously.] Mix by
inverting the tube several times. Do not shake.
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Acceptance criteria: A violet color develops within 5 min
due to the presence of hydroxypropyl groups (starch
ether).

ASSAY
• ASSAY FOR HYDROXYPROPYl GROUPS

Deuterium chloride solution: Dilute 1 mL of deuterium
chloride (38% w/w) with 5 mL of deuterium oxide.

Internal standard solution: Disperse 50.0 mg of sodium
3-trimethylsilyl-1-propane sulfonate in about 5 g of
deuterium oxide, weighed to the nearest0.1 mg. Store in a
sealed bottle.

Sample solution: Determine the moisture content (B) on
5 g of Pregelatinized Hydroxypropyl Potato Starch
following the Loss on Drying test. Weigh 12.0 mg of the
Pregelatinized Hydroxypropyl Potato Starch in a 5-mm
NMR tube. Add 0.75 mL of deuterium oxide and 0.1 mL of
Deuterium chloride solution. Cap the tube, mix, and place it
in a boiling water bath until a clear solution is obtained.
[NOTE-This may take from 3 min to 1 h.] When a clear
solution is obtained, allow it to cool to room temperature.
Dry the exterior of the tube, and weigh to the nearest
0.1 mg. Add 0.05 mL of the Internalstandardsolution.
Weigh to the nearest 0.1 mg. Determine the massof the
Internalstandard solution added. Mix thoroughly.

Instrumental conditions
(SeeNuclearMagnetic Resonance Spectroscopy (761),

Quantitative Applications.)
Mode: Nuclear magnetic resonance spectrometry
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of'H NMR spectra: The following parameters

may be used; . .
Sweep width: .8 ppm (about - 1.0 to +7 ppm)
Irradiation frequency offset: None .
Time domain: NLT 64 K
Pulse width: 900

Pulse delay: lOs
Dummy scans: 0
Number of scans: ·8

Use the CH3 signal of the internal standard for shift
referencing. Set the shift of the peak of the singlet to
oppm. Record the FID signal.

Analysis
Samples: Internal standardsolutionand Sample solution
Call the integration subroutine after phasecorrections and

baseline correction between -0.5 and +6 ppm.
Measure the peak areasof the doublet from the methyl

groups of the hydroxypropyl function at +1.2 ppm (A2) ,

and of the methyl groups at 0 ppm of the internal
standard (~1) without BC-satellites.

Measure the signal originating from the 3 protons of the
methyl group in the hydroxypropyl function.

Calculate the content of hydroxypropyl groups as a
percentage (w/w, dried basis): .

Result= (N x A2/A1) x (C,x W'/W) x (MriMr1) x [100/(100
- B)] x 100

B

W = weight of the Pregelatinized Hydroxypropyl
Potato Starch in the NMR tube (mg)

= molar massof hydroxypropyl groups,
59.09 g/mol .

= molecular weight of the internal standard,
218.32 g/mol

=moisture content of the Pregelatinized
Hydroxypropyl Potato Starch used in the Sample
solution, as a percentage (w/w)

Acceptance criteria: 2.00/0-7.0% of hydroxypropyl groups
on the dried basis .

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.6%, determined on a

1.O-g test specimen
• LIMIT OF IRON

Standard iron stock solution: Preparea solution containing
the equivalent of 10 IJg/mL of iron, as directed under Iron
(241).

Diluted standard iron solution: Immediately before use,
dilute an accurately measured volume of the Standardiron
stocksolutionquantitatively with water to obtain a solution
containing the equivalent of 1 IJg/mL of iron.

Sample solution: Shake the residue obtained from the test
for Residue on Ignition with 20 mL of 2 N hydrochloric acid,
and filter. Transfer 10 mL of the filtrate to a test tube. Add
2 mL of citric acid solution (2 in 10) and 0.1 mL of
thloqlycolk acid, and mix. Add 10 N ammonium hydroxide
until the solution is distinctly alkaline to litmus, dilute with
water to 20 mL, and mix.

Standard solution: Transfer 10 ml of the Dilutedstandard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and O.lmL of thioglycolic acid, and rnlx.Add 10 N
ammonium hydroxide until the solution isdistinctly alkaline
to litmus, dilute with water.to 20 mL, and mix.

Acceptance criteria: After 5 min, any pink color in the
Sample solution is not more intense than that in the
Standardsolution, corresponding to a limit of 20 ppm
of iron.

• LIMIT OF SULFUR DIOXIDE, Method IV (525): NMT 50 ppm
• LIMIT OF PROPYLENE GlyeOl .

Internal standard solution: 0.5 mg/mL of 1,3-propanediol
in anhydrous pyridine

Standard stock solution: 0.5 mg/mL of USP Propylene
Glycol RS in Internalstandardsolution

Standard solution: Transfer 0.1 mL of the Standardstock
solution to a 2-mL vessel with a screw cap fitted with a
septum. Add 0.9 mL of anhydrous pyridine, 0.2 mL of
hexamethyldisilazane, and 0.1 mL of trimethylchlorosilane.
Close, and mix. Allow to stand for 15 min before injection.

Sample stock solution: Transfer 200 mg of Pregelatinized
Hydroxypropyl Potato Starch to a 1OO-mL volumetric flask.
Add 1.0 mL of the Internalstandardsolution and 9.0 mL of
anhydrous pyridine. Boil under reflux using a water bath for
20 min. Allow to cool to room temperature.

Sample solution: Transfer 1.0 mL of the Sample stock
solution to a 2-mL vessel with a screw cap fitted with a
septum. Add 0.2 mL of hexamethyldisilazane and 0.1 mL
of trimethylchlorosilane. Close, and mix. Allow to stand for
15 min before injection.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm x 30-m fused-silica capillary column;

0.25-lJmlayer of phase Gl
Temperature

Detector: 250 0

Injection port: 250 0

=numerical value representing the 3 methyl groups
in the internal standard (sodium 3-trimethylsilyl
1-propane sulfonate), 3

= area of the methyl groups of hydroxypropyl in
Pregelatinized Hydroxypropyl Potato Starch

= area of the methyl groups in the internal standard
(sodium 3-trimethylsilyl-1-propane sulfonate)

= concentration of the internal standard in the
Internal standardsolution (mg/g)

= weight of the Internalstandardsolution in the
NMR tube (g)

N
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Column: 70°. [NOTE-The column must be desorbed
regularly. Conditions: Program from 70° to 300° at r/
min, and maintain 10 min at 300°.]

Carrier gas: Helium
Flow rate: 3 mL/min
Injection type: Split ratio of 1:30
Injection size: 1 IJL

System suitability
Sample: Standardsolution

[NOTE-The relative retention times for the
trimethylsylilated derivative of propylene glycol and
the trimethylsylilated derivative of 1,3-propanediol
are 1.0 and 1.4, respectively.]

Suitability requirements
Resolution: NLT 2.0 between the peaksdue to the

trimethylsylilated derivative of propylene glycol and the
trimethylsylilated derivative of 1,3-propanediol

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of propylene glycol in the portion

of Pregelatinized Hydroxypropyl Potato Starch taken:

Result=(Ru/Rs) x (CslCu) x 100

=internal standard ratio (peak response of
propylene glycol/peak response of
1,3-propanediol) from the Sample solution

=internal standard ratio (peak response of
propylene glycol/peak response of
1,3-propanediol) from the Standardsolution

=concentration of USP Propylene Glycol RS in the
Standardsolution (mg/mL)

=concentration of Pregelatinized Hydroxypropyl
Potato Starch in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.1%
• LIMIT OF OXIDIZING SUBSTANCES

Sample: 4.0 g
Analysis: Transfer the Sample to a glass-stoppered 125-mL

conical flask, and add 50.0 mL of a mixture of water and
methanol (1:1). Insert the stopper, and swirl.for 5 min.
Transfer to a glass-stoppered 50-mL centrifuge tube, and
centrifuge to clarify. Transfer 30.0 mL of the clear
supernatant to a glass-stoppered 125-mL conical flask. Add
1 mL of glacial acetic acid and 0.5-1 .0 g of potassium
iodide. Insert the stopper, swirl, and allow to stand for 25
30 min in the dark. Add 1 mL of starch TS, and titrate with
0.002 N sodium thiosulfate VSto the disappearance of the
starch-iodine color. Perform a blank determination, and
make any necessarycorrection. EachmL of 0.002N sodium
thiosulfate VS is equivalent to 34 IJg of oxidant, calculated
as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (20 ppm, calculated as H20 2) .

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, the total
combined molds and yeastscount does not exceed 102 cfu/
g, and it meets the requirements of the test for the
absence of Escherichia coli.

• pH (791)
Sample solution: Progressivelysuspend 3.0 g of

Pregelatinized Hydroxypropyl Potato Starch in 100.0 mL of
carbon dioxide-free water, stirring continuously.
Determine the pH when all the solid is wetted.

Acceptance criteria: 4.5-8.0 .
• Loss ON DRYING (731): Dry about 1 g at 130° for 90 min:

it loses NMT 20.0% of its weight.
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. Store at room temperature.
• USP REFERENCE STANDARDS (11)

USP Propylene Glycol RS

Pregelatinized Starch

DEFINITION
Preqelatinlzed Starch is Starch that has been chemically

and/or mechanically processed to rupture all or part of the
granules in the presence of water and subsequently dried.
Some types of Pregelatinized Starch may be modified to
render them compressible and flowable in character.

IDENTIFICATION
• A water slurry of it is colored orange-red to deep blue by

iodine TS.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.5%, determined on a

2.0-g test specimen
• Iron (241): NMT 20 ppm
Analysis: Dissolve the residue obtained in the test for Residue

on Ignition in 8 mL of hydrochloric acid with the aid of gentle
heating, and dilute with water to 100 mL. Dilute 25 mL of
this solution with water to 47 mL.

• LIMIT OF SULFUR DIOXIDE
Sample solution: Mix 20 g with 200 mL of a 1-in-5 solution

of anhydrous sodium sulfate, and filter.
Analysis: To 100 mL of the clear filtrate add 3 mL of starch

TS, and titrate with 0.01 N iodine VSto the first permanent
blue color.

Acceptance criteria: NMT 2.7 mL is consumed (80 ppm).

SPECIFICTESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli. The total aerobic microbial count does
not exceed 1000 cfu/g; and the total combined molds and
yeasts count does not exceed 100 cfu/g.

• pH (791): 4.5-7.0
Preparea slurry by weighing 10.0 ± 0.1 g in 10 mL of alcohol

and by diluting with water to 100 mL. Agitate
continuously at a moderate rate for 5 min, then cease
agitation and immediately potentiometrically determine
the pH to the nearest 0.1 unit.

• Loss ONDRYING (731): Dry a sample at 120° for 4 h: it loses
NMT 14.0% of its weight.

• OXIDIZING SUBSTANCES
Sample: 5 g
Analysis: To the Sample add 20 mL of a mixture of equal

volumes of methanol and water, then add 1 mL of 6 N
acetic acid, and stir until a homogeneous suspension is
obtained. Add 0.5 mL of a freshly prepared, saturated
solution of potassium iodide, and allow to stand for 5 min.

Acceptance criteria: No distinct blue, brown, or purple
color is observed.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.
• LABELING: Label it to indicate the botanical source from

which it was derived.
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Pregelatinized Modified Starch
DEFINITION
Pregelatinized Modified Starch is Modified Starch that has

been chemically or mechanically processed, or both, to
rupture all or part of the granules to produce a product that
swells in cold water.

IDENTIFICATION

• A.
Sample: 0.6 g
Analysis: Transfer the Sample to a 25-mL glass vial with a

plastic cap. Add 9.4 g of water, cap, and shake vigorously
to evenly disperse the starch. Add 109 of 2% (w/w) NaOH
solution, cap, and shake vigorously for 1 min to create a
smooth mixture. Evaluate within 1 min.

Acceptance criteria: The final solution is translucent to
opaque with a fluid consistency. A yellow tint of the final
solution is acceptable.

• B. An aqueous dispersion of Pregelatinized Modified Starch
is colored orange-red to deep blue by iodine TS.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 2.0 ± 0.1 g
Acceptance criteria: NMT 1.5%

• LIMITOF SULFUR DIOXIDE
Sample solution: Mix 20.0 ± 0.1 g of Pregelatinized

Modified Starch with 100 mL of 95% alcohol, and stir for
several min to completely wet the starch.

Analysis: Slowly add 100 mL of water to the Sample
solution, and stir until a smooth suspension is obtained.
Allow the starch mixture to set undisturbed until most of
the starch has settled, and filter the aqueous portion
through paper (Whatman No.1 or equivalent). To 100 mL
of the clear filtrate add 100' mL of water. Add 3 mLof starch
TS, and titrate with 0.01 N iodine VS to the first permanent
blue or purple color.

Acceptance criteria: NMT 1.7 mL of 0.010 N iodine is
consumed (NMT 0.005%).

SPECIFIC TESTS
• pH (791)

Sample: 10.0 ± 0.1 g .
Analysis: Wet the Sample with 10 mL of alcohol, then dilute

with water to 300 mL to obtain an aqueous dispersion. Stir
continuously at a moderate rate for 5 min, and determine
the pH to the nearest 0.1 unit.

Acceptance criteria: 3.0-9.0
• Loss ON DRYING (731)
Analysis: Dry at 120 0 for 4 h.
Acceptance criteria: NMT 15%

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 1 x 10 3 cfu/g, and the
total combined molds and yeasts count does not exceed 1
x 102 cfu/g. It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

• IRON (241)
Sample: The residue obtained in the test for Residue on

Ignition (281)
Analysis: Dissolve the Sample in 8 mL of hydrochloric acid

with the aid of gentle heating. Dilute with water to 100 mL
in a volumetric flask. Dilute 25 mLof this solution with water
to 47 ± 1 mL.

Acceptance criteria: NMT 20 ~g/g

• OXIDIZING SUBSTANCES
Sample solution: To 5 g of Pregelatinized Modified Starch

add 20 mL of a mixture of methanol and water (1:1).
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Analysis: To the Sample solutionadd 1 mL of 6 N acetic acid,
and stir until a homogeneous suspension is obtained. Add
0.5 mLof a freshly prepared saturated solution of potassium
iodide, and allow to stand for 5 min.

Acceptance criteria: No distinct blue, brown, or purple
color is observed.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Rice Starch

Portions of this monograph that are national USP text, and are
not part of the harmonized text, are marked with symbolse.) to specify this fact.

DEFINITION
Rice Starch is obtained from the caryopsis of Oryzasativa L.

IDENTIFICATION
• A. PROCEDURE

Analysis: Examine under a microscope, using NLT20x
magnification and using a mixture of glycerin and water
(1:1) as a mounting agent.

Acceptance criteria: It presents polyhedral, simple grains 1
10 urn, mostly 4-6 urn in size. These simple grains often
gather in ellipsoidal, compound grains 50-100 urn in
diameter. The granules have a poorly visible central hilum
and there are no concentric striations. Between
orthogonally orientated polarising plates or prisms, the
starch granules show a distinct black cross intersecting at
the hilum.

• B. PROCEDURE
Sample solution: 20 mg/mL in water
Analysis: Boil for 1 min, and cool.
Acceptance criteria: A thin, cloudy mucilage is formed.

• C. PROCEDURE
Sample solution: 1 mL of the mucilage obtained in

Identification test B
Analysis: Add 0.05 mL of iodine and potassium iodide TS

2 to the Sample solution.
Acceptance criteria: An orange-red to dark blue color is

produced, which disappears upon heating.

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.6%, determined on a

1.0-g sample
• Limit of Iron
Standard iron stock solution A: Equivalent tol 0 f.Jg/mL of

iron prepared as directed in Iron (241)
Standard iron stock solution B: 1 ~g/mL of iron from

Standardiron stocksolution A in water. [Nora-Prepare
immediately before use.]

Standard iron solution: Transfer 10 mLof Standardironstock
solutionB to a test tube, and add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, and dilute with water to 20 mL.

Sample solution: Shake 1.5 g of Rice Starch with 15 mL of
2 N hydrochloric acid, and filter. Transfer 10 mLof the filtrate
to a test tube, and add 2 mL of citric acid solution (2 in 10)
and 0.1 mL of thioglycolic acid. Add 10 N ammonium
hydroxide until the solution is distinctly alkaline to litmus,
and dilute with water to 20 mL.
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Acceptance criteria: After5 min, any pink color in the Sample
solution is not more intense than that in the Standard iron
solution, corresponding to a limit of 10 ppm of iron.

• limit of Sulfur Dioxide
Carbon dioxide: Use carbon dioxide, with a flow regulator

that will maintain a flow of 100 ± 5 mL/min.
Hydrogen peroxide solution: Dilute 30% hydrogen

peroxide with water to obtain a 3% solution. Just before use,
add 3 drops of bromophenol blue TS, and neutralize to a
violet-blue endpoint with 0.1 N sodium hydroxide. Do not
exceed the endpoint.

Apparatus: See Figure 7.

Figure 1

In this test, the sulfur dioxide is released from the sample in a
boiling acid medium and is removed by a stream of carbon
dioxide. The separated gas iscollected in a dilute hydrogen
peroxide solution where the sulfur dioxide is oxidized to
sulfuric acid and titrated with standard alkali.The apparatus
consists essentially of a 500-mL three-neck, round-bottom
boiling flask, A; a separatory funnel, B,with a capacity of
100 mL or greater; a gas inlet tube of sufficient length to
permit introduction of the carbon dioxide within 2.5 cm of
the bottom of the boiling flask; a refluxcondenser, C, with a
jacket length of 200 mm; and a delivery tube, E, connecting
the upper end of the reflux condenser to the bottom of a
receiving test tube, D. Apply a thin film of stopcock grease
to the sealing surfaces of all of the joints except the joint
between the separatory funnel and the boiling flask, and
clamp the joints to ensure tightness.

Sample: 25.0 g of Rice Starch
Analysis: Add 150 mL of water to the boiling flask. Close the

stopcock of the separatory funnel, and begin the flow of
carbon dioxide at a rate of 100 ± 5 mL/min through the
Apparatus. Start the condenser coolant flow. Add 10 mL of
Hydrogen peroxide solution to a receiving test tube. After
15 min, without interrupting the flow of carbon dioxide,
remove the separatory funnel from the boiling flask, and
transfer the Sample into the boiling flaskwith the aid of
100 mL of water. Apply stopcock grease to the outer joint of
the separatory funnel, and replace the separatory funnel in
the boiling flask. Close the stopcock of the separatory funnel,

Result = (V x N x F)/W x 1000

V = volume of titrant consumed (mL)
N = normality of the titrant
F = milliequivalent weight of sulfur dioxide, 32.03
W =weight of the Sample (g)

Acceptance criteria: NMT 50 ppm
• limit of Oxidizing Substances
Sample solution: Transfer 4.0 g to a glass-stoppered, 125-mL

conical flask, and add 50.0 mL of water. Insert the stopper,
and swirl for 5 min. Transfer to a glass-stoppered, 50-mL
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL
of the clear supernatant to a glass-stoppered, 125-mL conical
flask. Add 1 mL of glacial acetic acid and 0.5-1.0 g of
potassium iodide. Insert the stopper, swirl, and allow to stand
for 25-30 min in the dark. Add 1 rnL of starch TS.

Analysis: Titrate with 0.002 N sodium thiosulfate VS to the
disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each mL
of 0.002 N sodium thiosulfate is equivalent to 34 I-Ig of
oxidant, calculated as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate is required [20 ppm, calculated as hydrogen
peroxide (H20 2) ]

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 du/g; the total
combined molds and yeasts count does not exceed 102 cfu/
g; and it meets the requirements of the test for the
absence of Escherichia coli.

• Loss ON DRYING (731)
Sample: 1 g
Analysis: Dry the Sample at 1300 for 90 min.
Acceptance criteria: NMT 15.0%

• pH (791)
Sample solution: Prepare a slurry by weighing 5.0 g of Rice

Starch, transferring to a suitable nonmetallic container, and
adding 25.0 mL of freshly boiled and cooled water.

Analysis: Agitate continuously at a moderate rate for 1 min.
Stop the agitation, and allow to stand for 15 min.
Determine the pH to the nearest 0.1 unit.

Acceptance criteria: 5.0-8.0

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers.. No storage requirements specified.•

and add 80 mL of 2 N hydrochloric acid to the separatory
funnel. Open the stopcock of the separatory funnel to permit
the hydrochloric acid solution to flow into the boiling flask,
guarding against the escape of sulfur dioxide into the
separatory funnel by closing the stopcock before the last few
mL of hydrochloric acid drain out. Boil the mixture for 1 h.
Remove the receiving test tube, and transfer its contents to a
200-mL wide-necked, conical flask. Rinse the receiving test
tube with a small portion of water, add the rinsing to the
200-mL conical flask, and mix. Heat on a water bath for
15 min, and allow to cool.
Add 0.1 mLof bromophenol blue TS, and titrate the contents

with 0.1 N sodium hydroxide VS until the color changes
from yellow to violet-blue. Perform a blank determination,
and make any necessary correction (see Titrimetry(541».

Calculate the content, in ppm, of sulfur dioxide in the Sample
taken:

D

E
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Tapioca Starch
DEFINITION
Tapioca Starch consists of starch granules separated from the

tubers of tapioca (cassava) [Manihot utilissima Pohl (Fam.
Euphorbiaceae)].

IDENTIFICATION

• A.
An~lysis: Examine Tapioca Starch under a microscope,

usrnq not less than 20x magnification and using glycerin as
the mounting agent.

Acceptance criteria: It appears as spherical granules, each
having one truncated side, typically havinq a 5- to 35-~m

diameter, and having circular or several-rayed central clefts.
• B.

Sample suspension: 1 g of Tapioca Starch in 50 mLof water
Analysis: Boilthe Sample suspension for 1 min, and cool.
Acceptance criteria: A thin, cloudy mucilage is formed.

• C.
Sample: The mucilage obtained in Identificationtest B
Analysis: To 1 mL of the Sample add 0.05 mL of iodine and

potassium iodide TS 2.
Acceptance criteria: An orange-red to dark blue color is

produced, which disappears on heating.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 1.0 g
Acceptance criteria: NMT 0.6%

• IRON (241)
Test preparation: Shake 0.75 g of Tapioca Starch with

15 mL of 0.1 N hydrochloric acid, filter, and use 10 mL.
Acceptance criteria: NMT 20 ~g/g

• LIMITOF OXIDIZING SUBSTANCES
Sample: 4.0 g
Blank: 50 mL of water
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.002 N sodium thiosulfate VS
Endpoint detection: Visual

Analysis: Transfer the Sample to a glass-stoppered 125-mL
. conical flask, and add 50.0 mL of water. Insert th~ stopper

and s~irl for 5 min. Decant into a glass-stoppered, 50-mL'
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL
of t~e clear supernatant to a glass-stoppered, 125-mL
conical flask. Add 1 mL of glacial acetic acid and 0.5-1.0 g
of potassium iodide. Insert the stopper, swirl, and allow to
stand for 25-30 min in the dark. Add 1 mLof starch TS and
~itr~te with Titrant to the disappeara~ceof the starch~
iodine color. Perform a blank determination, and make any
necessary correction. Each mL of 0.002 N sodium
thiosulfate VS is equivalent to 34 JJg of oxidant, calculated
as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate VS is required (0.002%).

• LIMITOF SULFUR DIOXIDE
Sample solution: Mix 20 g of Tapioca Starch with 200 mL

of water until a smooth suspension is obtained, and filter.
Analy~is: To 100 mL of the clear filtrate from the Sample

solution add 3 mL of starch TS, and titrate with 0.01 N
iodine solution VS to the first permanent blue color.

Acceptance criteria: NMT 1.7 mL of 0.01 N iodine solution
VS is required (0.005%).

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
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combined yeasts and molds count does not exceed 102 cfu/
g. Tapioca Starch meets the requirements of the test for
absence of Escherichia coli.

• pH (791)
Sample: 20.0 ± 0.1 g
Analysis: Transfer the Sample to a suitable nonmetallic

container, and add 100 mL of water to obtain a slurry.
Agitate continuously at a moderate rate for 5 min, then stop
agitation, and immediately determine the pH.

Acceptance criteria: 4.5-7.0
• Loss ON DRYING (731)

Analysis: Dry at 130° for 90 min.
Acceptance criteria: NMT 16.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specified.

Topical Starch-see Topical Starch General Monographs

Wheat Starch

Portions of the monograph text that are national USP text and
are not part of the harmonized text, are marked with '
symbols (+.) to specify this fact.

DEFINITION
Wheat starch is obtained from the caryopsis of Triticum

aestivum L. (T. vulgareVill.).

IDENTIFICATION
• A. PROCEDURE .

Analysis: Examine under a microscope using equal volumes
of glycerol and water.

Acceptance criteria: It presents large and small granules
and, very rarely, intermediate sizes. The large granules, '
usu.ally 1Q-60 JJm in diameter, are discoid or, more rarely,
reniform when seen face-on. The central hilum and
striati~ns are invisible or barely visible, and the granules
sometimes sho~ ~racks on th.e edges. Seen in profile, the
granules are elllptical and fuslforrn and the hilum .appears
as a slit along the main axis. The small granules, rounded
or polyhedral, are 2-10 JJm in diameter. Between
orthogonally oriented polarizing plates or prisms, the
granules show a distinct black cross intersecting at the
hilum.

• B. PROCEDURE
Sample solution: 20 mg/mL in water
Analysis: Boil for 1 min, and cool.
Acceptance criteria: A thin, cloudy rnucllaqe is formed.

• C. PROCEDURE
Sample solution: 1 mL of the mucilage obtained in

Identification test B
Analysis: Add 0.05 mL of iodine and potassium iodide TS

2 to the Sample solution.
Acceptance criteria: An orange-red to dark blue color is

produced, which disappears upon heating.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.6%, determined on a

1.0-g sample
• LIMIT OF IRON .

Standard iron stock solution A: Equivalent to 10 ~g/mL of
iron prepared as directed under Iron (241) .
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Figure 1

In this test, the sulfur dioxide is released from the sample
in a boiling acid medium and is removed by a stream of
carbon dioxide. The separated gas is collected in a dilute
hydrogen peroxide solution where the sulfur dioxide is
oxidized to sulfuric acid and titrated with standard alkali.
The apparatus consistsessentiallyof a 500-mL three-neck,
round-bottom boiling flask, A; a separatory funnel, B,
having a capacity of 100 mL or greater; a gas inlet tube of
sufficient length to permit introduction of the carbon .
dioxide within 2.5 em of the' bottom of the boiling flask; a
reflux condenser, C, having a jacket length of 200 mm;

Standard iron stock solution B: 1 ~g/mL of iron from
Standard iron stock solution A in water
[Note-Prepare immediately before use.]

Standard iron solution: Transfer 10 mL of Standard iron
stock solution Bto a test tube, and add 2 mL of citric acid
solution (2 in 10), and 0.1 mL of thioglycolic acid. Add 10 N
ammonium hydroxide until the solution isdistinctly alkaline
to litmus, and dilute with water to 20 mL.

Sample solution: Shake1.5 g of Wheat Starch with 15 mL
of 2 N hydrochloric acid, and filter. Transfer 10 mL of the
filtrate to a test tube, and add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid. Add 10 N
ammonium hydroxide until the solution isdistinctly alkaline
to litmus, and dilute with water to 20 mL.

Acceptance criteria: After 5 min, any pink color in the
Sample solution is not more intense than that in the
Standard iron solution, corresponding to a limit of 10 ppm
of iron.

• LIMIT OF SULFUR DIOXIDE
Carbon dioxide: Use carbon dioxide, with a flow regulator

that will maintain a flow of 100 ± 5 mL/min.
Bromophenol blue indicator solution: 0.2 mg/mL of

bromophenol blue in dilute alcohol. Filter if necessary.
Hydrogen peroxide solution: Dilute 30% hydrogen

peroxide with water to obtain a 3% solution. Justbefore
use,add 3 drops of Bromophenol blue indicator solution, and
neutralize to a violet-blue endpoint with 0.01 N sodium
hydroxide. Do not exceed the endpoint.

Apparatus: Figure 1

and a delivery tube, E, connecting the upper end of the
reflux condenser to the bottom of a receiving test tube,
D. Apply a thin film of stopcock grease to the sealing
surfaces of all of the joints except the joint between the
separatory funnel and the boiling flask, and clamp the
joints to ensure tightness.

Sample: 25.0 g of Wheat Starch
Analysis: Add 150 mL of water to the boiling flask. Closethe

stopcock of the separatory funnel, and begin the flow of
carbon dioxide at a rate of 100 ± 5 mL/min through the
Apparatus. Start the condenser coolant flow. Add 10 mL of
Hydrogen peroxide solution to a receiving test tube. After
15 min, without interrupting the flow of carbon dioxide,
remove the separatory funnel from the boiling flask, and
transfer the Sample into the boiling flask with the aid of
100 mL of water. Apply stopcock grease to the outer joint
of the separatory funnel, and replace the separatory funnel
in the boiling flask. Close the stopcock of the separatory
funnel, and add 80 mL of 2 N hydrochloric acid to the
separatory funnel. Open the stopcock of the separatory
funnel to permit the hydrochloric acid solution to flow into
the boiling flask, guarding against the escape of sulfur
dioxide into the separatory funnel by closing the stopcock
before the last few mL of hydrochloric acid drain out. Boil
the mixture for 1 h. Remove the receiving test tube, and
transfer its contents to a 200-mL wide-necked, conical flask.
Rinse the receiving test tube with a small portion of water,
add the rinsing to the 200-mL conical flask, and mix. Heat
on a water bath for 15 min, and allow to cool. Add 0.1 mL
of Bromophenol blue indicator solution, and titrate the
contents with 0.1 N sodium hydroxide VS until the color
changes from yellow to violet-blue. Perform a blank
determination, and make any necessary correction (see
Titrimetry (541».
Calculate the content, in ppm, of sulfur dioxide in the

Sample taken: .

Result= 1000 x 32.03 x (VN/W)

32.03 = milliequivalent weight of sulfur dioxide
V =volume of titrant consumed (mL)
N =normality of the titrant
W =weight of the Sample (g)

Acceptance criteria: NMT 50 ppm
• LIMIT OF OXIDIZING SUBSTANCES

Sample solution: Transfer 4.0 g to a glass-stoppered,
125-mL conical flask, and add 50.0 mL of water. Insert the
stopper, and swirl for 5 min. Transfer to a glass-stoppered,
50-mL centrifuge tube, and centrifuge to clarify. Transfer
30.0 mL of the clear supernatant to a glass-stoppered,
125-mL conical flask. Add 1 mL of glacial acetic acid and
0.5-1.0 g of potassium iodide. Insert the stopper, swirl, and
allow to stand for 25-30 min in the dark. Add 1 mL of
starch TS.

Analysis: Titrate with 0.002 N sodium thiosulfate VS to the
disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each
mL of 0.002 N sodium thiosulfate is equivalent to 34 ~g of
oxidant, calculated as hydrogen peroxide.

Acceptance criteria: NMT 1.4 mL of 0.002 N sodium
thiosulfate is required (20 ppm, calculated as H20 2) .

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): Thetotal aerobic
microbial count does not exceed 103 cfu/g; the total
combined molds and yeastscount does not exceed 102 cfu/
g; and it meets the requirements of the test for the
absence of Escherichia coli.

o

E
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• Loss ON DRYING (731)
Sample: 1 g
Analysis: Drythe Sample at 130° for 90 min.
Acceptance criteria: NMT 15.0%

• pH (791)
Sample solution: Prepare a slurryby weighing 5.0 g of

Wheat Starch, transferring to a suitable nonmetallic
container, and adding 25.0 mLoffreshly boiled and cooled
water.

Analysis: Agitatecontinuouslyat a moderate rate for 1 min.
Stop the agitation, and allow to stand for 15 min.
Determine the pH to the nearest 0.1 unit.

Acceptance criteria: 4.5-7.0
• TOTAL PROTEIN
Analysis: Weigh 6.0 g of sample containing 2 mg of

nitrogen; transfer to a combustion flask; add 4 g of a
powdered mixtureconsistingof 100 g of potassium sulfate,
5 g of cupric sulfate, and 2.5 g of selenium; and add three
glassbeads. Washany adhering particlesfrom the neckinto
the flask with 5 mLof sulfuric acid, allowing it to run down
the sides of the flask, and mix the contents by rotation.
Closethe mouth of the flask loosely, for example by means
of a glass bulb with a short stem, to avoid excessive loss of
sulfuric acid. Heat gradually at first, then increase the
temperature until there isvigorous boilingwith
condensation of sulfuric acid in the neck of the flask;
precautions should be taken to prevent the upper part of
the flask from becoming overheated. Continue the heating
for 30 min, unless otherwise prescribed. Cool, dissolve the
solid material by cautiouslyadding to the mixture 25 ml of
water, cool again, and place in a steam distillation
apparatus. Add 30 ml of sodium hydroxidesolution (42 in
100), and distill immediatelyby passingsteam through the
.mixture. Collect40 mLof distillate in 20.0 ml of 0.01 N
hydrochloric acid and enough water to cover the tip of the
condenser. Toward the end of the distillation, lower the
receiverso that the tip of the condenser isabove the surface
of the acid. Take precautions to prevent any water on the
outer surface of the condenser from reaching the contents
of the receiver. Titrate the distillatewith 0.01 N sodium
hydroxide, using methyl purple TS as the Indicator (n, ml
of 0.01 N sodium hydroxide).
Repeat the test using 50 mg of glucose in place of the

substance to be examined (n2 mLof 0.01 N sodium
hydroxide).

Content of nitrogen =[0.01401 x (n2 - n7)]lm

m = amount of test substance weighed (g)

Acceptance criteria: NMT 0.3% (corresponding to
0.048% N2, conversionfactor: 6.25)

ADDITIONAL REQUIREMENTS
• +PACKAGING AND STORAGE: Preserve in well-closed

containers. No storage requirements specifled.,

Stearic Acid
Portionsof this monograph that are national USP text, and are
not part of the harmonized text, are markedwith symbols
(+ +) to specifythis fact.

Octadecanoic acid;
Stearicacid [57-11-4].

DEFINITION
Mixtureconsisting of stearic (octadecanoic) acid (C1SH3602;

M" 284:5) and palmitic(hexadecanoic) acid (C16H3202; M"
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256.4) obtained from fats or oilsof vegetable or animal
origin.

Content:

Stearicacid:40.0%-60.0%. Sumof the
contents of stearicacid and palmitic acids: NLT

Stearicacid 50 90.0%.

Stearicacid: 60.0%-80.0%. Sum of the
Stearicacid 70 contents of stearicand palmiticacids: NLT 90.0%.

Stearic acid: NLT90.0%. Sumof the contents ofstea-
ricacid and palmitic acids: NLT

Stearicacid 95 96.0%.

[NOTE-Stearic Acid labeled solely for external use is
exempt from the requirement that it be prepared from
edible sources.+]

IDENTIFICATION
e A. It meets the requirements of the test for Freezing Point.
e B. ACID VALUE

Light petroleum: Usea sample that has the following
properties: a clear, colorless, liquidwithout fluorescence;
practically insoluble in water; miscible with alcohol;density
at 20° about 0.720; distillation range 100°- 120°; water
content NMT 0.03%.'

Sample solution: Dissolve 0.5 g of StearicAcid in 50 ml ofa
mixture of equal volumes of alcohol and Lightpetroleum'
previously neutralizedwith 0.1 N potassium hydroxideor
0.1 N sodium hydroxide, using 0.5 mLof phenolphthalein
TS as indicator. Ifnecessary, heat to about 90° to dissolve
the substance to be examined.

Analysis: Titrate the Sample solutionwith 0.1 N potassium
hydroxide or 0.1 N sodium hydroxide until the pinkcolor
persists for at least 15 s. When heating has been applied to
aid dissolution, maintain the temperature at about 90°
during the titration.
Calculatethe acid value (I A) of the portion of StearicAcid

taken:

Result =(nlm) x N x M r

n =amount of titrant used (mL)
m = amount of StearicAcid taken to prepare the

Sample solution (g)
N =normalityof the potassium hydroxide solution
M r =molecularweight of potassium hydroxide, 56.11

Acceptance criteria: 194-212
• C. The retention times of the major peaks of the Sample

solution correspond to those of the Standardsolution, as
obtained in the Assay.

ASSAY
• PROCEDURE

Boron trifluoride-methanol solution: 140 giL of boron
trifluoride in methanol

Sample solution: Dissolve 100 mg of StearicAcid in a small
conicalflask fitted with a suitable reflux attachment with
5 mL of Boron trifluoride-methanolsolution. Boil under reflux
for 10 min. Add4.0 ml of heptane through the condenser,
and boil again under reflux for 10 min. Allow.to cool. Add
20 mLof a saturated solution of sodium chloride..Shake,
and allowthe layers to separate. Remove about 2 rill of the
organic layer, and dry it over 0.2 g of anhydrous sodium
sulfate. Dilute 1.0 mLof this solution with heptane to 10.0
mL.

1 Petroleum ether; boiling range 100°-140°; CAS 64742-49-0 from Fisher
Scientific;catalog number AC23302-0025 is suitable.
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Standard solution: Prepare as directed in the Sample
solution using 50 mg of USPStearic Acid RS and 50 mg of
USP Palmitic Acid RS.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m x 0.32-mm fused silica coated with a

0.5-lJm layer of stationary phase G16
Temperatures
, Injection port: 220°

Detector: 260°
Column: See Table 7.

Table 1
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

e) e/min) e) (min)

70 - 70 2

70 5 240 5

Carrier gas: Helium, passed through a bed of molecular
sieve for drying, if necessary

Flow rate: 2.4 mL/min
Injection volume: 1 IJL

System suitability
Sample: Standard solution
Suitability requirements

Resolution: NLT5.0 between the methyl palmitate and
methyl stearate peaks determined on six injections

Relative standard deviation: NMT 3.0% for the methyl
stearate and methyl palmitate peaks, from six replicate
injections; NMT 1.0% for the ratio of the peak areas of
methyl palmitate to the peak areas of methyl stearate,
from six replicate injections

Analysis
Sample: Sample solution
Calculate the percentage of stearic acid (C18H3602) in the

portion of Stearic Acid taken:

Result =(A slA T) x 100

As = peak area due to methyl stearate
A T = sum of the peak areas of all the fatty acid esters

Calculate the percentage of palmitic acid (C16H3202) in the
portion of Palmitic Acid taken:

Result =(A piA T) x 100

A p =peak area due to methyl palmitate
AT = sumof the peak areas of all the fatty acid esters

Acceptance criteria
For Stearic acid 50: 40.0-60.0% of stearic (octadecanoic)

acid (C18H3602), and the sum of the stearic acid and
palmitic acid is NLT 90.0%

For Stearic acid 70: 60.0-80.0% of stearic (octadecanoic)
acid (C18H3602), and the sum of the stearic acid and
palmitic acid is NLT 90.0%

For Stearic acid 95: NLT 90.0% of stearic (octadecanoic)
acid (C18H3602), and the sum of the stearic acid and
palmitic acid is NLT 96.0%

IMPURITIES
• • RESIDUE ON IGNITION (281): 'NMT 4 mg, determined on a

4-g portion (0.1 %).
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SPECIFIC TESTS
• FATS AND FIXED OILS, Iodine Value (401)

Sample: 1 g
Analysis: Proceed as directed in Method I, except use 15 mL

of chloroform.
Acceptance criteria: See Table 2.

Table 2
Type Iodine Value

Stearic acid 50 NMT4.0

Stearic acid 70 NMT4.0

Stearic acid 95 NMT 1.5

• ·COLOR OF SOLUTION
Standard stock solution Y (yellow): 2.4 mL of ferric

chloride CS, 0.6 mL of cobaltous chloride CS, and 7.0 mL
of hydrochloric acid solution (10 giL)

Standard stock solution BY (brownish-yellow): 2.4 mL of
ferric chloride CS, 1.0 mL of cobaltous chloride CS, 0.4 mL
of cupric sulfate CS, and 6.2 rnl, of hydrochloric acid
solution (10 q/L)

Standard solution Y: 2.5 mLof Standard stock solution Yand
97.5 mL of hydrochloric acid solution (10 q/L)

Standard solution BY: 2.5 mL of Standard stock solution BY
and 97.5 mL of hydrochloric acid solution (10 giL)

Analysis: Heat Stearic Acid to 75°.
Acceptance criteria: The resulting liquid is not more

intensely colored than Standard solution Yor Standard
solution BY.·

• ACIDITY
Sample: 5.0 g of Stearic Acid
Analysis: Melt the Sample, shake for 2 min with 10 rnl, of

hot carbon dioxide-free water, cool slowly, and filter. To the
filtrate add 0.05 mL of methyl orange TS.

Acceptance criteria: No red color develops.
• FREEZING POINT

Apparatus: Consists of a test tube about 25 rnm in diameter
and 150 mm long placed inside a test tube about 40 mm
in diameter and 160 mm long. The inner tube is closed by a
stopper which carries a thermometer about 175 mmlong
and graduated in 0.2°, fixed so that the bulb is about
15 mm above the bottom of the tube. The stopper has a
hole allowing the passage of the stem of a stirrer made
from a glass rod or other suitable material formed at one
end into a loop of about 18 mm overall diameter at right
angles to the rod. The inner tube with its jacket is supported
centrally in a 1-L beaker containing a suitable cooling liquid
to within 20-mm of the top. A thermometer is supported
in the cooling bath. Place in the inner tube sufficient
quantity of the liquid or previously melted substance to be
examined, to cover the thermometer bulb, and determine
the approximate freezing point by cooling rapidly.

Analysis: Place the inner tube in a bath about 5° above the
approximate freezing point until all but the last traces of
crystals are melted. Fill the beaker with water or a saturated
solution of sodium chloride; at a temperature about 5°
lower than the expected freezing point, insert the inner
tube into the outer tube, ensuring that some seed crystals
are present, and stir thoroughly until solidification takes
place. Note the highest temperature observed during
solidification.

Acceptance criteria: See Table 3.
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Table 3

Freezing Point
Type CO)

Stearic acid 50 53-59

Stearic acid 70 57-64

Stearic acid 95 64-69

ADDITIONAL REQUIREMENTS
• +PACKA~ING AND STORAGE: Preserve in well-closed

containers.+
• LABELING: +If it isfor external use only, the labeling so

indicates.+The label states the type of stearic acid (50, 70,
or 95).

• USP REFERENCE STANDARDS (11)
USP Palmitic Acid RS
USP StearicAcid RS

Purified Stearic Acid

(This monograph will be omitted afterMay 1, 2019 due to
inclusion of the article of commerce in anothercompendial
standard, Stearic Acidmonograph, asStearic Acid95.) (Prior
to May 1,2019, the current practice of labeling the article of
commerce with the name Purified Stearic Acidmay be
continued. TheuseofStearic Acid95 will bemandatoryupon
May 1,2019. The60-month extension willprovide the time
neededby manufacturers and users to makenecessary
changes.)

DEFINITION
Purified StearicAcid isa mixture consistingof stearic

(octadecanoic) acid (ClsH360Z) and palmitic(hexadecanoic)
acid (C16H320Z) obtained from fats or oilsof vegetable or
animal origin, which together constitute NLT 96.0% of the
total content. The content of stearic acid (ClsH360Z) is NLT
90.0% of the total. '

[NoTE-Purified StearicAcid labeled solely for'external use
is exempt from the requirement that it be prepared from
edible sources.]

IDENTIFICATION
• A. It meets the requirements of the test for Freezing Point.
• B. It meets the requirements of the test for Acid Value.
• C. The retention times of the major peaks of the Sample

solution correspond to those of the Standardsolution, as
obtained in the Assay.

ASSAY
•. PROCEDURE

Boron trifluoride-methanol solution: 140 giL of boron
trifluoridein methanol

Standard solution: Prepareas directed in the Sample
solution using 50 mg of USP StearicAcid RS and 50 mg of
USP Palmitic Acid RS.

Sample solution: Dissolve 100 mg of Purified StearicAcid
in a small conical flask fitted with a suitable reflux
attachment with 5 mLof Boron trifluoride-methanol
solution. Boil under reflux for 10 min. Add 4.0 mLof
heptane through the condenser, and boil again under
reflux for 10 min. Allow to cool. Add 20 mLof a saturated
solution of sodium chloride. Shake, and allowthe layers to
separate. Remove about 2 mL of the organic layer,and dry
it over 0.2 g of anhydrous sodium sulfate. Dilute1.0 mL of
this solution with heptane to 10.0 mL.

Chromatographic system
(See Chromatography (621), System Suitability.)
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Mode: GC
Detector: Flame ionization
Column: 30-m x 0.32-mm fused silica coated with a

0.5-lJm layerof stationary phase G16
Temperatures

Injector: 220 0

Detector: 260 0

Column: See Table 1.

Table 1
Hold Time

Initial Temperature Final at Final
Temperature Ramp Temperature Temperature

CO) (o/min) CO) (min)

70 - 70 2

70 5 240 5

Carrier gas: Helium, passed through a bed of molecular
sievefor drying, if necessary

Flow rate: 2.4 mL/min
Injection volume: 1 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Resolution: NLT 5.0 between the methyl palmitate and
methyl stearate peaks determined from six injections
[NOTE-The relative retention times for methyl

palmitate and methyl stearate are about 0.9 and
1.0, respectively.]

Relative standard deviation: NMT 3.0% for the methyl
stearate and methyl palmitate peaks, from six replicate
injections; NMT 1.0% for the ratio of the peak areas of
methyl palmitate to the peak areas of methyl stearate,
from six replicate injections

Analysis
Sample: Sample solution
Calculatethe percentage of stearic acid (ClsH360Z) in the

portion of the sample taken:

Result =(r vir r) x 100

ru = peak area due to methyl stearate
r r =sum of the peak areas of all the fatty acid esters

Similarly, calculate the percentage of palmiticacid
(C16H320Z) in the portion of the sample taken:

Result =(r vir r) x 100

r u =peak area due to methyl palmitate
r r =sum of the peak areas of all the fatty acid esters

Acceptance criteria: NLT 90;0% of stearic acid (C1sH360Z),
and the sum of the stearic acid and palmitic acid is NLT
96.0%.

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 4 g
Acceptance criteria: NMT 4 mg (0.1%)

SPECIFIC TESTS
• FATS AND FIXED OILS, Iodine Value (401)

Sample: 1 g
Analysis: Proceed as directed in Method I, except use 15 mL

of chloroform.
Acceptance criteria: NMT 1.5
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• ACID VALUE
Light petroleum: Use a sample that has the following

properties: a clear, colorless, liquid without fluorescence;
practically insoluble in water; miscible with alcohol; density
at 20° about 0.720; distillation range 100°-120°; water
content NMT 0.03%.1

Sample solution: Dissolve 0.5 g of Purified Stearic Acid in
50 mL of a mixture of equal volumes of alcohol and Light
petroleum previously neutralized with 0.1 N potassium
hydroxide or 0.1 N sodium hydroxide, using 0.5 mL of
phenolphthalein TS as indicator. Ifnecessary, heat to about
90° to dissolve the substance to be examined. .

Analysis: Titrate the Sample solutionwith 0.1 N potassium
hydroxide or 0.1 N sodium hydroxide until the pink color
persists for at least 15 s. When heating has been applied to
aid dissolution, maintain the temperature at about 90°
during the titration.
Calculate the acid value of the portion of Purified Stearic

Acid taken:

Result =VIW x N x 56.11

V =volume of the potassium hydroxide VS consumed
in the titration (mL)

W =sample weight of Purified Stearic Acid taken to
prepare the Sample solution (g)

N :::normality of the potassium hydroxide VS
56.11 =molecular weight of potassium hydroxide

Acceptance criteria: 194-212
• FREEZING POINT

Apparatus: Consists of a test tube about 25 mm in diameter
and 150 mrn long placed inside a test tube about 40 mm
in diameter and 160 mm long. The inner tube is closed by a
stopper which carries a thermometer about 175 mm long
and graduated in 0.2°, fixed so that the bulb is about
15 mm above the bottom of the tube. The stopper has a
hole allowing the passage of the stem of a stirrer made
from a glass rod or other suitable material formed at one
end into a loop of about 18 mm overall diameter at right
angles to the rod. The inner tube with its jacket issupported
centrally in a 1-L beaker containing a suitable cooling liquid
to within 20-mm of the top. A thermometer is supported
in the cooling bath. Place in the inner tube sufficient
quantity of the liquid or previously melted substance to be
examined, to cover the thermometer bulb, and determine
the approximate freezing point by cooling rapidly.

Analysis: Place the inner tube in a bath about 5° above the
approximate freezing point until all but the last traces of
crystals are melted. Fill the beaker with water or a saturated
solution of sodium chloride at a temperature about SO lower
than the expected freezing point. Insert the inner tube into
the outer tube ensuring that some seed crystals are present,
and stir thoroughly until solidification takes place. Note the
highest temperature observed during solidification.

Acceptance criteria: 64°-69°
• COLOR OF SOLUTION

Standard stock solution Y (yellow): 2.4 mL of ferric
chloride CS, 0.6 mL of cobaltous chlorideCS, and 7.0 mL
of hydrochloric acid solution (10 giL)

Standard stock solution BY (brownish-yellow): 2.4 mL of
ferric chloride CS, 1.0 mL of cobaltous chloride CS, 0.4 mL
of cupric sulfate CS, and 6.2 mL of hydrochloric acid
solution (10 giL)

Standard solution Y: 2.5 mLof Standardstock solution Yand
97.5 mL of hydrochloric acid solution (10 giL) .

1 Petroleum ether; boiling range 100°-140°; CAS64742-49-0 from Fisher
Scientific; catalog number AC23302-0025 is suitable.
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Standard solution BY: 2.5 mL of Standard stock solution BY
and 97.5 mL of hydrochloric acid solution (10 giL)

Analysis: Heat Purified Stearic Acid to 75°.
Acceptance criteria: The resulting liquid is not more

intensely colored than Standard solution Yor Standard
solution BY.

• ACIDITY
Analysis: Melt 5.0 g of Purified Stearic Acid, shake for 2 min

with 10 mL of hot carbon dioxide-free water, cool slowly,
and filter. To the filtrate add 0.05 mL of methyl orange TS.

Acceptance criteria: No red color develops.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: If it is for external use only, the labeling so

indicates.
• USP REFERENCE STANDARDS (11)

USP Palmitic Acid RS
USP Stearic Acid RS

Stearoyl Polyoxylglycerides
DEFINITION
Stearoyl Polyoxylglycerides is a mixture of monoesters,

diesters, and triesters of glycerol and monoesters and diesters
of polyethylene glycols. The polyethylene glycols used have a
mean molecular weight between 300 and 4000. It is
produced by partial alcoholysis of saturated oils, mainly
containing triglycerides of stearic acid, with polyethylene
glycol, by esterification of glycerol and polyethylene glycol
with fatty acids, or as a mixture of glycerol esters and
ethylene oxide condensate with the fatty acids of the
hydrogenated oils. The hydroxyl value is NLT 85% and NMT
115% of the labeled nominal value, and the saponification
value is NLT 90% and NMT 110% of the labeled nominal
value. Stearoyl Polyoxylglycerides may contain free
polyethylene glycols.

IDENTIFICATION

•S. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
(201)

Standard solution: 50 mg/mL of USP Stearoyl
Polyoxylglycerides in methylene chloride

Sample solution: 50 mg/mL of Stearoyl Polyoxylglycerides
in methylene chloride

Chromatographic system
Application volume: 10 ~L

Developing solvent system: Ether and hexanes (70: 30)
Spray reagent: 0.1 mg/mL of rhodamine Bin alcohol

Analysis
Samples: Standardsolution and Sample solution

Proceed as directed in the chapter. Then spray the plate
with Spray reagent, and locate the spots on the plate by
examination under UV light at a wavelength of 365 nm.

Acceptance criteria: The R F values of the principal spots of
the Sample solution correspond to those of the Standard
solution.

• C. It meets the requirements in Specific Tests (see Table 7)
for Fats and Fixed Oils, FattyAcidComposition (401).
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270.49

OHH3C

C1sH3sO

1-0ctadecanol;
Octadecan-l-ol [112-92-5].

DEFINITION
Stearyl Alcohol contains NLT 90.0% and NMT 102.0% of

stearylalcohol (C1sH3sO), the remainder consistingchiefly of
related alcohols. It isobtained from sources of vegetable,
animal, or synthetic origin.

'Stearyl Alcohol

IDENTIFICATION
• A. CHROMATOGRAPHIC IDENTITY

Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak

of the Sample solution, excluding the solvent and internal
standard peaks, corresponds to the stearylalcohol peak of
the System SUitability solution.

ASSAY
• PROCEDURE

Internal standard solution: 1 mg/mL of 1-pentadecanol
(internal standard) in ethanol

System suitability solution: Prepare 1 mg/mL each of USP
CetylAlcohol RS, USP Stearyl Alcohol RS, and USP Oleyl
Alcohol RS in Internalstandardsolution. Heat the solution
in a sealed container in a 50° water bath until allfatty
alcohols are dissolved. Allow the solution to cool to room
temperature, and mix well. .

Standard solution: Prepare 1.0 mg/mL of USP Stearyl
Alcohol RS in Internalstandardsolution, and heat the
solution in a sealed container in a 50° water bath until
stearyl alcohol isdissolved. Allow the solution to cool to
room temperature, and mixwell.

Sample solution: Prepare 1.0 mg/mL of Stearyl Alcohol in
Internalstandardsolution. Heat the solution in a sealed
container in a 50° water bath until stearyl alcohol is
dissolved. Allow the solution to cool to room temperature,
and mix well.

Chromatographic system
(See Chromatography (621), System Suitability.)

• FATS AND FIXED OILS, Peroxide Value (401)
Sample: 2.0 9
Acceptance criteria: NMT 6.0

• FATS AND FIXED OILS, Saponification Value (401)
Sample: 2.0 9
Acceptance criteria: 67-112, 900/0-110% of the labeled

nominal value
• WATER DETERMINATION, MethodI (921)

Sample: 1.0 9
Solvent: Anhydrous pyridineor a mixture of methylene

chloride and anhydrous methanol (70:30)
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from lightand moisture.Storeat controlled room
ternperature.

• LABELING: Label it to indicate the type and the average
nominal molecularweight of polyethyleneglycols used as
part of the official title. The labelalso indicatesthe hydroxyl
value and the saponification value.

• USP REFERENCE STANDARDS (11)
USP Stearoyl Polyoxylglycerides RS

Table 1

IMPURITIES
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh (561): NMT

0.2%
• ALKALINE IMPURITIES

Sample: 5.0 9
Analysis: Heat the Sample slightly until the test substance

melts, add 10 mLof alcohol and 0.05 mL of bromophenol
blueTS, and mixwell.While the solutionisstill warm, titrate
with 0.01 N hydrochloric acid VS to change the color to
yellow.

Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric
acid VS is required.

• LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE
Analysis: Proceed as directed in Ethylene Oxide and Dioxane

(228), Method I.
Acceptance criteria

Ethylene oxide: NMT 1 J,Jg/g
Dioxane: NMT 10 J,Jg/g

• LIMIT OF FREE GLYCEROL
Sample: 1.20 9
Periodic acetic acid solution: Dissolve 0.446 9 of sodium

periodate in 2.5 mLof a 25% (v/v)solution of sulfuric acid,
diluting with glacial acetic acid to 100.0 mL.

Potassium iodide solution: 75 mg/mL of potassium iodide
Analysis: Dissolve the Sample in 25 mLof methylene

chloride, heating if necessary. Cool, and add 100 mLof
water and 25.0 mLof the Periodic acetic acidsolution. Shake,
and allowto stand for 30 min.Add 40 mL of the Potassium
iodide solution, and allowto stand for 1 min. Add 1 mLof
starch TS, and titrate the liberated iodine with 0.1 M
sodium thiosulfate VS. Perform a blankdetermination, and
make any necessarycorrection (see Titrimetry (541»).
Calculate the percentage of glycerol in the sample taken:

Result ={[(V 8 - V s) x N x F]/W} x 100

V 8 =Titrant volume consumed by the Blank (mL)
V s = Titrant volume consumed by the Sample (mL)
N =actual normalityof the. Titrant (mEq/mL)
F = equivalencyfactor, 23.0 mg/mEq
W =Sample weight (mg)

Acceptance criteria: NMT 5.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (401)

Sample: 2.0 9
Acceptance criteria: NMT 2.0

• FATS AND FIXED OILS, FattyAcidComposition (401): .Stearoyl
Polyoxylglycerides exhibits the followlnq composition
profile offatty acids,as determined inthe chapter (see Table
7).

• FATS AND FIXED OILS, Hydroxyl Value (401)
Sample: 1.0 9
Acceptance criteria: 25-56, 850/0-115% of the labeled

nominal value
• FATS AND FIXED OILS, Iodine Value (401): NMT 2.0

Carbon-Chain Number of Percentage
length Double Bonds (%)

12 0 :::5.0

14 0 :::5.0

16 0 40.0-50.0

18 0 48.0-58.0
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Mode: GC
Detector: Flame ionization
Col.umn: 0.25-mm x 30-m fused silica capillary; coated

with a 0.25-l.Jm layerof phase G7
Temperatures

Detector: 2800

Injection port: 2700

Column: See Table 7.

Table 1

Initial
HoldTime at FI-

Temperature Final nal
Temperature Ramp Temperature Temperature

e) elmin) (0) (min)

60 20 180 -
180 10 220 5

Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 I.JL
I~jection type: Split injection; split ratio is 100:1
lmer: Single taper, low pressure drop linerwith

deactivated wool
Run time: 15 min

System suitability
Samples: System suitability solution and Standard solution

[NoTE-See Table 2 for the relativeretention tirnes.]

Table 2
Relative

Retention
Component Time

l-Pentadecanol (internalstandard) 1.00

Cetylalcohol 1.09

Stearyl alcohol 1.25

Oleyl alcohol 1.28

Suitability requirements
Resolution: NLT 30 between the cetylalcoholand stearyl

alcohol peaks; NLT 2.0 between the stearyl and oleyl
alcohol peaks, System suitability solution

Tailing factor: 0.8-1.8 for the stearyl alcohol and
l-pentadecanol peaks, Standard solution

Relative standard deviation: NMT 1%, using the area
ratio of stearyl alcohol to l-pentadecanol, Standard
solution

Analysis
Samples: Standard solution and Sample solution
Calculatethe percentage of stearylalcohol (C1sH3SO) in the

portion of Stearyl Alcohol taken:

Result = (Rv/Rs) x (Cs/Cv) x 100

= peak response ratio of stearyl alcohol to the
internal standard (peak response of stearyl
alcohol/peak response of the internal standard)
from the Sample solution

=peak response ratio of stearyl alcohol to the
internal standard (peak response of stearyl
alcohol/peak response of the internal standard)
from the Standard solution

= concentration of USP Stearyl Alcohol RS in the
Standard solution (mg/mL)

=concentration of Stearyl Alcohol in the Sample
solution (mg/mL) .
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Acceptance criteria: 90.0%-102.0%

IMPURITIES
• RESIDUE ON IGNITION(281): NMT 0.1%, determined on 2 g
• LIMIT OF RELATED FATTYALCOHOLS

Solution A: 1 mg/mL of l-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL each of USP Lauryl

Alcohol RS, USP Myristyl Alcohol RS, USP Cetyl Alcohol RS
USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS in Solution A. Heat
the solution in a sealed container in a 500 water bath until
allfatty alcoholsare dissolved. Allow the solution to cool to
room temperature, and mix well. Dilute the solution with
ethanol to obtain a solution containing 0.05 mg/mL each
of USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, USP Cetyl
Alcohol RS, l-pentadecanol, USP Stearyl Alcohol RS USP
Oleyl Alcohol RS, USP Linolenyl Alcohol RS and USP
Arachidyl Alcohol RS. '

Sample solution: 1 mg/mL of Stearyl Alcohol in ethanol.
Heat the solution in a sealed container in a 500 water bath
until stearyl alcohol is dissolved. Allow the solution to cool
to room temperature, and mixwell.

Chromatographic system: Proceed as directed in the
Assay, except for the split ratio.
Injection type: Split injection; the split ratio is 5:1.

System suitability
Sample: Resolution solution

[NOTE-See Table 3 for the relative retention times.]

Table 3

Relative
Retention

Component Time

Lauryl alcohol 0.79

Myristyl alcohol 0.93

l-Pentadecanol 1.00

Cetylalcohol 1.09

Stearyl alcohol 1.25

Oleyl alcohol 1.28

Linolenyl alcohol 1.36

Arachidyl alcohol 1.44

Suitability requirements
Resolution: NLT 15 between myristyl alcoholand

l-pentadecanol peaks; NLT 30 between the cetylalcohol
and stearyl alcohol peaks; NLT 2.0 between the stearyl
and oleyl alcohol peaks .

Analysis
Sam~les: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample

solution based on that in the Resolution solution.
Calculate the percentage of each related fatty alcohol or

any unspecified impurity in the portion of Stearyl Alcohol
taken:

Result = (rv/rr) x 100

ru =peak re~~on~e ofe~ch relatedfatty alcohol (or any
unspecified Impurity) from the Sample solution

rr = sum of all the peak responses excluding peak
responsesdue to solventfrom the Sample solution

Acceptance criteria: Disregard peaks that are less than
0.05% for any unspecified impurities, and any peaksdue to
solvent.
Sum of unspecified impurities: NMT 1%
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Sum of related fatty alcohols and unspecified impurities:
NMT 10.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (Free FattyAcids) (401):.

NMT2
• FATS AND FIXED OILS, Hydroxyl Value (401): 195-220
• FATS AND FIXED OILS, Iodine Value (401): NMT 2
• WATER DETERMINATION, Method I (921): NMT 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve ln well-closed

containers.
• LABELING: Label it to indicate whether it is derived from

vegetable, animal, or synthetic sources.
• USP REFERENCE STANDARDS (11)

USP Arachidyl Alcohol RS
USP CetylAlcohol RS
USP Lauryl Alcohol RS
USP Linolenyl Alcohol RS
USP Myristyl Alcohol RS
USP OleylAlcohol RS
USP Stearyl Alcohol RS

Succinic Acid

HO~ »<; JLIf '-'" 'OH

o

C4H604

Butanedioicacid [110-15-6].

DEFINITION
Succinic Acid contains NLT 99.0% and NMT 100.5% of

succinicacid (C4H604) . .

IDENTIFICATION

• A./~~~~~!~~~~~~~/~I~~I~~~I~.';
Spgc;tro§c;gpY;l~'l. (eN It ~2QgO)

• B. CHROMATOGRAPHIC IDENTITY
The retention time of the major peak of the Sample solution

corresponds to that of the Standardsolution, as obtained
in the Assay.

ASSAY
• PROCEDURE

Diluent: Dissolve 6.8 9 of potassium phosphate monobasic
in 2 Lof water. Adjust the pH of the solution to 2.3 with
drops of phosphoric acid. Thissolution is25 mM potassium
phosphate buffer, pH 2.3.

Mobile phase: Methanol and Diluent (8:92)
System suitability solution: 1.0 mg/mL of USP Succinic

Acid RS and 0.003 mg/mL of USP Fumaric Acid RS in Diluent
Standard solution: 1.0 mg/mL of USP Succinic Acid RS in

Diluent
Sample solution: 1.0 mg/mL of Succinic Acid in Diluent
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 204 nm
Cotumn: 4.6-mm x 15-cm; 3-lJm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 IJL

System suitability
Sample: System suitability solution
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[NoTE-The relative retention times for succinic acid
and fumaric acid are 1.0 and 1.2, respectively.]

Suitability requirements
Resolution: NLT 2.0 between succinic acid and
fumaric acid

Relative standard deviation: NMT 0.5% for the succinic
acid peak

Tailing factor: 0.8-2.0
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of succinicacid (C4H604) in the

portion of the sample taken:

Result = (r ulr s) x (C siC u) x 100

r u =peak response from the Sample solution
r s = peak response from the Standardsolution
Cs =concentration of USP Succinic Acid RS in the

Standardsolution (mg/mL)
Cu =concentration of SuccinicAcid in the Sample

solution (mg/mL)

Acceptance criteria: 99.0%-100.5%

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.025%

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741): 185.00-190.00

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a well-closed

container. No storage requirements specified.
• USP REFERENCE STANDARDS (11)

USP Fumaric Acid RS
USP Succinic Acid RS

Sucralose

-Q
0 H CI

CI 0 "","Ol"~".0 .....".\
HO \H HO/ CI

OH

C12H19C130a 397.63
1,6-Dichloro-l,6-dideoxy-p-D-fructofuranosyl-4-chloro-4-

deoxy-a-D-galactopyranoside;
l',4,6'-Trichlorogafactosucrose [56038-13-2].

DEFINITION
Sucralosecontains NLT 98.0% and NMT 102.0%

of C12H19C130a, calculated on the anhydrous basis.

IDENTIFICATION

nl"il",rin~1 peak of the Sample
solution corresponds to that the solution, as
obtained in the Assay. .

• C.. The RFvalue of the principalspot of the Sample solution
corresponds to that of StandardsolutionA, as obtained in
the test for Related Compounds.

www.webofpharma.com

https://nhathuocngocanh.com/



NF 38

ASSAY
• PROCEDURE

Mobile phase: Acetonitrile and water (3:17)
Standard solution: 1 mg/mL of USP Sucralose RS in Mobile

phase
Sample solution: 1 mg/mL of Sucralose in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 8-mm x 10-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution

[NOTE-The retention time of sucraloseisabout 9 min.]
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of sucralose (C12H19C130s) in the

portion of Sucralosetaken:

Result = (r vir s) x (CsiC v) x 100

r u = peak response of the Sample solution
r s =peak response of the Standardsolution
Cs = concentration of USP Sucralose RS in the Standard

solution (mg/mL)
Cu = concentration of Sucralose in the Sample solution

(mg/mL)

Acceptance criteria: 98.00/0-102.0% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.7%
• LIMIT OF METHANOL

Internal standard solution: 0.1 IJL/mL of n-propyl alcohol
in pyridine

Standard solution: 0.2 IJL/mL of methanol.in Internal
standard solution

Sample solution: 0.2 g/mL of Sucralose in Internal standard
solution .

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm x 2-m glass column; packed with 80- to

1OO-mesh silanized support S6
Temperature

Column: 150°
Detector: 250°
Injector: 200°

Carrier gas: Helium
Flow rate: 20 mL/min
Injection size: 1 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolutionand Sample solution
Calculate the percentage of methanol in the portion of

Sucralosetaken:

Result = (RviR s) x [(CsiC v) x F tl x F2 X 100

Ru =peak response ratio of methanol to n-propyl
alcohol, from the Sample solution
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Rs =peak response ratio of methanol to n-propyl
alcohol, from the Standardsolution

Cs = concentration of methanol in the Standard
solution (IJL/mL)

C u = concentration of Sucralose in the Sample solution
(g/mL)

F I = conversion factor from IJL to mL
F2 = specific gravityof methanol, 0.79 g/cm 3

Acceptance criteria: NMT 0.1%
• RELATED COMPOUNDS

Adsorbent: 0.20-mm layerof octadecylsilanized
chromatographic silica gel.Thethin-layerchromatographic
plate also has a preadsorbent zone.

Detection reagent: Sulfuric acid in methanol (3 in 20)
Standard solution A: 10.0 mg/mL of USP Sucralose RS in

methanol
Standard solution B: 0.5 mLStandardsolutionA diluted to

10.0 mLwith methanol
Sample solution: 100.0 mg/mL of Sucralose in methanol
Developing solvent system: Acetonitrile and sodium

chloride solution (1 in 20) (3:7)
Application volume: 5 IJL
Analysis

Samples: StandardsolutionA, Standardsolution B, and
Sample solution

Proceed as directed under Chromatography (621),
Thin-Layer Chromatography. Spraythe plate with Detection
reagent. Heat the plate for 10 min at 125°.

Acceptance criteria: The RFvalueof the principal spot from
the Sample solutioncorresponds to that obtained from
StandardsolutionA, and the color of any other single spot
from the Sample solution is not more intense than that of
the principalspot from StandardsolutionB(0.5%).

• LIMIT OF HYDROLYSIS PRODUCTS
[NOTE-This test does not require a developing

solvent.]
Adsorbent: 0.25-mm layerof chromatographic silica gel
Spray reagent: 12.3 mg/mL of p-anisidineand 16.6 mg/mL

of phthalic acid in methanol. Store the solution in the dark
and refrigerate to prevent discoloration. Discard if the
solution becomes discolored.ICAUTloN-p-Anisidine istoxic
if inhaled or ifabsorbed through the skin.]

Standard solution A: 100 mg/mL of mannitol
Standard solution B: 0.4 mg/mL of fructose and

100 mg/mL of mannitol
Sample solution: 250 mg/mL of Sucralose in methanol
Application volume: 5-IJL portions separately applied in

1-IJL increments, allowingthe plate to dry between
applications

Analysis
Samples: Standardsolution and Sample solution

Proceed as directed under Chromatography (621),
Thin-Layer Chromatography. Spray the plate with Spray
reagent, and heat the plate at 100 ± 2° for 15 min. Ifthe
spot from StandardsolutionA has darkened, repeat the
test, heating for a shorter period of time. Immediately
after heating, viewthe plate against a dark background.

Acceptance criteria: The color of the spot from the Sample
solutionisnot more intensethan that from Standardsolution
B (0.1%).

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781S): +84~0° to

+87.5° at 20°
Sample solution: 10 mg/mL of Sucralose

• WATER DETERMINATION, Method I (921): NMT 2.0%
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, in a cool, dry place, at a temperature not
exceeding 21°.

• USP REFERENCE STANDARDS (11)
USPSucralose RS

Sucrose
Portions of the monograph text that are national USP text, and

are not part of the harmonized text, are marked with
symbols (+ .) to specify this fact.

~
OH OH

HO"'" o. "'"'O''~'''0 ...,,"\
HO \OH HO"'" OH

OH

C12H22011 342.30
a-D-Glucopyranoside, p-D-fructofuranosyl-sucrose [57-50-

1].

DEFINITION
Sucrose is a sugar obtained from Saccharum officinarum Linne

(Fam. Gramineae), Beta vulgaris Linne (Fam.
Chenopodiaceae), and other sources. It contains no added
substances.

IDENTIFICATION

IMPURITIES
• SULFITE

Sample solution: 400 mg/mL of Sucrose in freshly prepared
distilled water .

Sulfite standard solution (80 ppm S02): 0.1575 mg/ml of
anhydrous sodium sulfite in freshly prepared dlstilled water

Reference solution: Dissolve 4.0 g of Sucrose in freshly
prepared distilled water, add 0.5 mL of Sulfite standard
solution(80 ppm SO 2), and dilute with freshly prepared
distilled water to 10.0 ml.

Blank: Freshly prepared distilled water
Analysis: Determine the sulfite content by a suitable

enzymatic method based on the following reactions. Sulfite
is oxidized by sulfite oxidase to sulfate and hydrogen
peroxide, which in turn is reduced by nicotinamide
adenine dinucleotide-peroxidase in the presence of
reduced nicotinamide-adenine dinucleotide (NADH). The
amount of NADH oxidized is proportional to the amount of
sulfite. Separately introduce 2.0 mL each of the Sample
solution, Reference solution, and Blank in 1O-mm cuvettes,
and add the reagents as described in the kit instructions.'
Measure the absorbance at the maximum at about 340 nm
before and at the end of the reaction time, and subtract the
value obtained with the Blank.

Acceptance criteria: The absorbance difference of the
Sample solution is NMT half the absorbance difference of
the Reference solution.

1 Test kit for sulfite determination may be ordered from Boehringer
Mannheim Roche/R-Biopharm, Catalog #10 725 854 035.
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SPECIFIC TESTS
• ApPEARANCE OFSOLUTION

Sample solution: 500 mg/mL of Sucrose in water.
[NOTE-Set a portion of this solution aside for the tests for
Dextrinsand Reducing Sugars.]

Hydrazine sulfate solution: 10 mg/mL of hydrazine sulfate
in water. Allow to stand for 4-6 h.

Hexamethylenetetramine solution: In a 1OO-mL ground
glass-stoppered flask dissolve 2.5 g of
hexamethylenetetramine in 25.0 mL of water.

Primary opalescent suspension: To the
Hexamethylenetetramine solutionin the flask add 25.0 mLof
Hydrazine sulfatesolution. Mix, and allow to stand for 24 h.
This suspension is stable for 2 months, provided it is stored
in a glass container free from surface defects. The
suspension must not adhere to the glass and must be well
mixed before use.

Standard of opalescence: Primary opalescent suspension in
water (3 in 200). This suspension is freshly prepared and
may be stored for up to 24 h.

Reference suspension I: Standard of opalescence and water
(5:95)

Acceptance criteria: The clarity of the Sample solution is the
same as that of water or its opalescence is not more
pronounced than that of Reference suspension I.

• CONDUCTIVITY
Sample solution: 313 mg/mL of Sucrose in freshly boiled

and cooled water
Apparatus: Use a conductivity meter or resistivitymeter that

measures the resistance of the column of liquid between
the electrodes of the immersed measuring device. The
apparatus is supplied with alternating current to avoid the
effects of electrode polarization. It is equipped with a
temperature compensation device or a precision
thermometer.

Calibration: Choose a conductivity cell that isappropriate
for the conductivity of the solution to be examined. The
higher the expected conductivity, the higher the cell
constant that must be chosen so that the value measured,
R, is as large as possible for the apparatus used. Commonly
used conductivity cells have cell constants on the order of
0.1 crrr", 1 crrr", and 10 cm-1• Use a standard solution of
potassium chloride that is appropriate for the
measurement. Rinse the cell several times with water that
has been previously boiled and cooled to room
temperature and at least twice with the potassium chloride
solution used for the determination of the cell constant of
the conductivity cell. Measure the resistance of the
conductivity cell using the potassium chloride solution at
20±0.1°.
The constant, C (in crrr'), of the conductivity cell is given

by the expression:

C= RKCI X KKCf

RKCI = measured resistance (MQ)
K KCI =conductivity of the standard solution of

potassium chloride used (J.lS . crrr")

The measured constant, C, of the conductivity cell must be
within 5% of the given value.

Analysis
Sample: Sample solution
Measure the conductivity of the Sample solution (C 1),while

gently stirring with a magnetic stirrer, and that of the
water used for preparing the Sample solution (C 2)' The
readings must be stable within 1% over a period of 30 s.

Calculate the conductivity of the Sample solution from the
expression:
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Result = C 7 - (0.35 x (2)

C 7 =conductivity of the Sample solution
C 2 =water used for preparing the Sample solution

Acceptance criteria: NMT 35 IJS· cm-1at 20°
• OPTICAL ROTATION, Specific Rotation (781 S)

Sample solution: 260 mg/mL
Acceptance criteria: +66.3° to +67.0° at 20°

• ·COLOR VALUE
Sample solution: Dissolve 50.0 g in 50.0 mL of water. Mix,

filter (diameter of pores, 0.45 IJm), and degas.
Analysis: Measure the absorbance at 420 nm, using a cell of

at least 4 cm (a cell length of 10 cm or more is preferred).
Calculate the ColorValue using the expression:

Result = (A x 1OOO)/(b x c)

A = absorbance measured at 420 nm
b =cell path length (cm)
c = concentration of the solution (g/mL), calculated

from the refractive index of the solution. Use
Table 7, and interpolate the values if necessary.

Suitability requirements
Repeatability: The absolute difference between two

results is NMT 3.

Table 1
n 20 D c (g/ml)

1.4138 0.570

1.4159 0.585

1.4179 0.600

1.4200 0.615

1.4221 0.630

1.4243 0.645

1.4264 0.661

Acceptance criteria: NMT45 if labeled as.parenteral grade;
NMT 75 for nonparenteral grade. .

• DEXTRINS
[NOTE-Ifintended for use in the preparation of

large-volume infusions, it complies with the test for
Dextrins.]

Sample solution: Prepare as directed in the test for
Appearance of Solution.

Analysis: To 2 mL of the Sample solutionadd 8 mL of water,
0.05 mL of dilute hydrochloric acid (73 gil of HCI), and
0.05 mL of 0.05 M iodine.

Acceptance criteria: The solution remains yellow.
• REDUCING SUGARS

Sample solution: Prepare as directed in the test for
Appearance of Solution.

Analysis: To 5 mLof the Sample solutionin a test tube, about
150-mm long and 16-mm in diameter, add 5 mL of water,
1.0 mL of 1 M sodium hydroxide, and 1.0 mL of a 1-g/L
solution of methylene blue. Mix, and place in a water bath.
After exactly 2 min, take the tube out of the bath, and
examine the solution immediately.

Acceptance criteri~: The blue color does no~ disap~ear
completely, ignoring any blue color at the air/solution
interface.

• Loss ON DRYING (731)
Sample: 2.000 g
Analysis: Dry the Sample at 105° for 3 h.
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Acceptance criteria: NMT 0.1 %
• BACTERIAL ENDOTOXINS TEST (85): Less than 0.25 IU/mg

[NOTE-If intended for use in the preparation of
large-volume infusions, it complies with the test for
Bacterial Endotoxins.]

ADDITIONAL REQUIREMENTS
• ·PACKAGING AND STORAGE: Preserve in well-closed

containers.•
• LABELING: The label states, where applicable, that the

substance is suitable for use in the manufacture of
large-volume parenteral dosage forms.

• USP REFERENCE STANDARDS (11)
USPSucrose RS

SucroseOctaacetate

C2sH3S019 678.59
a-O-Glucopyranoside, 1,3,4,6-tetra-O-acetyl-p-o-

fructofuranosyl, tetraacetate;
Octaacetyl sucrose [126-14-7].

DEFINITION
Sucrose Octaacetate contains NLT 98.0% and NMT 100.5%

of sucrose octaacetate (C2sH3S019), calculated on the
anhydrous basis.

IDENTIFICATION

ASSAY
• PROCEDURE

Sample: 100 mg in a 500-mL conical flask
Blank: 50 mL of 70% alcohol .
Titrimetric system

(See Titrimetry(541 ).)
Mode: Residual titration
Titrant: 0.1 N sodium hydroxide VS
Back-titrant: 0.1 N sulfuric acid VS
Endpoint detection: Visual

Analysis: Dissolve the Sample in 50 mL of 70% alcohol.
Neutralize the solution with 0.1 N sodium hydroxide VS
using phenolphthalein TS as the indicator. Add 25.0 mL of
0.1 N sodium hydroxide VS, attach an air condenser to the
flask, protect from absorption of carbon dioxide, and reflux
on a steam bath for 1 h. Remove from the steam bath, cool
quickly, and titrate the excess alkaliwith 0.1 N sulfuric acid
VS using phenolphthalein TS as the indicator. Perform a
blank determination. .
Calculate the percentage of sucrose octaacetate

(C2sH3S019) in the portion of Sucrose Octaacetate taken.
Each mL of 0.1 N sodium hydroxide is equivalent to
8.483 mg of sucrose octaacetate (C2sH3S019)'

Acceptance criteria: 98.00/0-100.5% on the anhydrous
basis
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[NOTE-Two 7-mm x 30-cm L21 columns may be used
in place of one 60-cm column, provided system
suitability requirements are met.] ,

Flow rate: 1.2 ml/min
Injection size: 20 IJL

Analysis
Sample: Sample solution

[NOTE-The relative retention time with reference to
the monoester peak (retention time is approximately
10 min) is about 0.92 for diesters, and about 0.90 for
triesters and polyesters.]

[NOTE-Disregard solvent peaks and peaks having a
signal-to-noise ratio less than 10.]

Calculate the percentage of monoesters in the portion of
Sucrose Palmitate taken:

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1%

SPECIFIC TESTS
• MElTING RANGE OR TEMPERATURE (741): NLT 78°
• ACIDITY

Sample: 1 g
Analysis: Dissolve the Sample in 20 mL of neutralized

alcohol, and add 2 drops of phenolphthalein TS.
Acceptance criteria: NMT 2 drops of 0.1 N sodium

hydroxide are required to produce a red color.
• WATER DETERMINATION, Method I (921): NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Sucrose Octaacetate RS

Sucrose Palmitate

A

D

Result = A x (100 - D - S - E)/100

=percentage of monoesters determined by peak
normalization

=percentage of free fatty acids, using the following
formula:

Content of Monoest- Content of Sum of Triesters
ers Diesters and Polyesters
(0/0) (0/0) (0/0)

NLT55.0 NMT40.0 NMT20,O

Result = AV x 256/561.1

= acid value
= percentage of free sucrose (see Free Sucrose in

OrganicImpurities)
=percentage of water (see WaterDetermination, 10

in Specific Tests)

Calculate the percentage of diesters in the portion of
Sucrose Palmitate taken:

AV
S

E

C

E

Result=B x (100 - D - S - E)/100

B = percentage of diesters determined by peak
normalization

D = percentage of free fatty acids (above)
S =percentage of free sucrose (see Free Sucrose in

OrganicImpurities)
E = percentage of water (see WaterDetermination, 10

in Specific Tests)

Calculate the percentage of triesters and polyesters in the
portion of Sucrose Palmitate taken:

Result=C x (100 - D - S - E)/l 00

D
S

= percentage of triesters and polyesters determined
by peak normalization

=percentage of free fatty acids (above)
=percentage of free sucrose (see Free Sucrose in

OrganicImpurities)
= percentage of water (see WaterDetermination, 10

in Specific Tests)

• FATTY ACID COMPOSITION: Sucrose Palmitate exhibits the
followlnq composition profiles of fatty acids, as
determined under Fats and Fixed Oils, FattyAcidComposition
(401 ).

Percentage'
Fatty Acid (0/0)

Lauricacid NMT 3.0

Myristic acid NMT 3.0

Palmitic acid 70.0-85.0

Stearic acid 10.0-25.0

580.71

819.11

1057.52

~
OR OR

HO.'.' 0 ••••O••~.0, ....'\
...... OR

HO bH HO'
OH

o

~CH3R=Hor

C2sHs2012

C44Hs2013

C6oHl12014
Sucrose monopalmitate;
Sucrose hexadecanoate [26446-38-8].

DEFINITION
Sucrose Palmitate is a mixture of sucrose monoesters, mainly

sucrose monopalmitate, obtained by transesterification of
palmitic acid methyl esters of vegetable origin with sucrose.
The manufacture of the fatty acid methyl esters includes a
distillation step. It contains variable quantities of mono- and
diesters as set forth in the following table:

IDENTIFICATION
• A. It meets the requirements of the FattyAcid

Composition test.
• B. It meets the requirements of the Contentof Monesters,

Diesters, Triesters, and Polyesters.

ASSAY
• CONTENTOF MONOESTERS, DIESTERS, TRIESTERS, AND

POLYESTERS
Mobile phase: Tetrahydrofuran
Sample solution: 15 mg/mL of Sucrose Palmitate in

tetrahydrofu ran
Chromatographic system
(S~e Chromatography (621), System Suitability.)
Mode: lC, size-exclusion
Detector: Differential refractometer
Column: 7-mm x 60-cm; packing L21, 100 A
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Sucrose Stearate

~
OR OR

HO.... 0 .... O.•~.0
.. " ····'bR

HO 'oH HO" .
OH

608.76

875.22

1141.68

CH3

o

R=Hor

C30Hs6012

C4sH90013

C66H124014
Sucrose monostearate;
Sucrose octadecanoate [25168-73-4].

DEFINITION
Sucrose Stearate is a mixture of sucrose esters, mainly sucrose

stearate, obtained by transesterification of stearic acid methyl
esters derived from vegetable origin with sucrose. The
manufacture of the fatty acid methyl esters includes a
distillation step. The mono- and diesters requirements differ
for the two types of sucrose stearate as set forth in the
following table.

Analysis: Heat a silica or platinum crucible to redness for
30 min, allow to cool in a desiccator, and weigh. Transfer
the Sample into the crucible. Dry at 100°-105° for 1 hand
ignite to constant weight in a muffle furnace at 600 ± 25°,
allowlnq the crucible to cool in a desiccator after each
ignition. Flamesshould not be produced at any time during
the procedure. Ifafter prolonged ignition the ash still
contains black particles, add hot water, filter through an
ash less filter paper, and ignite the residue and the filter
paper. Combine the filtrate with the ash, carefully
evaporate to dryness and ignite to constant weight.

Acceptance criteria: NMT 1.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in a well-closed

container. Protect from humidity and avoid high
temperatures.

• USP REFERENCE STANDARDS (11)
USP Sucrose RS

Percentage
Fatty Acid (%)

Sum of the contents of palmitic acid and stea-
NLT90.0ric acid

Time Solution A Solution B Flow Rate
(min) (0/0) (0/0) (mL/min)

1 100 0 1.0

8 0 100 1.0

7 0 100 1.0

0.01 0 100 2.5

15.99 0 100 2.5

1 100 0 2.5

3 100 0 1.0

IMPURITIES
INORGANIC IMPURITIES
• Fats and Fixed Oils, Acid Value (401): NMT 6.0%,

determined on a 3-g sample. Use a freshly neutralized
mixture of 2-propanol and water (2:1), and gently heat.

ORGANIC IMPURITIES
• Procedure: Free Sucrose
Solution A: 10 J,Jg/mL of ammonium acetate in acetonitrile
Solution B: 10 J,Jg/mL of ammonium acetate in

tetrahydrofuran and water (90:10)
Diluent: Tetrahydrofuran and water (87.5: 12.5)
System suitability solution: 500 J,Jg/mL of USP Sucrose RS in

Diluent
Standard solutions: 0.50, 1.0, 2.0, and 2.5 mg/mL of USP

Sucrose RS in Diluent
Sample solution: 50 mg/mL of Sucrose Palmitate in Diluent
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector:. Evaporative light-scattering. [NOTE-If the

detector has different setting parameters, adjust the
detector settings so that they comply with the System
suitability requirements.]

Carrier gas: Nitrogen
Detector temperature: 45°
Nebulizer temperature: 40°
Column: 4.6-mm x 0.25-m; packing L8 .
Injection size: 20 J,JL
Mobile phase and flow rate: See the gradient table below.

System suitability
Sample: System suitability solution

[NoTE-The retention time is about 26 min for sucrose
palmitate.]

Suitability requirements
Signal-to-noise ratio: 10:1

Analysis
Samples: Standard solutions and Sample solution

Prepare a standard curve by plotting the peak response
versus concentration of sucrose in the Standard solutions.
Calculate the amount of free sucrose in the Sucrose
Palmitate taken.

Acceptance criteria: NMT 4.0%

SPECIFIC TESTS
• WATER DETERMINATION, Method la (921): NMT 4.0% on a

0.20-g sample
• TOTAL ASH

Sample: 1.0 g

Content of Mono- Content of Sum of Triesters
esters Diesters and Polyesters

(0/0) (%) (%)

Type I NLT 50.0 NMT40.0 NMT 25.0

Type II 20.0-45.0 30.0-40.0 NMT 30.0

IDENTIFICATION
• A. It meets the requirements of the Fatty Acid

'Composition test.
• B. It meets the requirements of Content of Monoesters,

Diesters, Triestets, and Polyesters.

ASSAY
• CONTENT OF MONOESTERS, DIESTERS, TRIESTERS, AND

POLYESTERS
Mobile phase: Tetrahydrofuran
Sample solution: 15 mg/mL of Sucrose Stearate in

tetrahydrofuran
Chromatographic system

(See Chromatography (621), System Suitability.)
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B

E

E

Percentage
Fatty Acid (%)

Sum of the contents of palmitic acid and stearic acid NlT 90.0

Time Solution A
~

Solution B Flow Rate
(min) (%) (%) (mL/min)

1 100 0 1.0

8 0 100 1.0

7 0 100 1.0

0.01 a 100 2.5

15.99 a 100 2.5

1 100 a 2.5

3 100 a 1.0

System suitability
Sample: System suitability solution

[NoTE-The retention time for sucrose stearate is about
26 min.]

Suitability requirements
Signal-to-noise ratio: 10:1

Analysis
Samples: Standard solutions and Sample solution

Prepare a standard curve by plotting the peak response
versus concentration of sucrose in the Standardsolution.
Calculate the quantity of free sucrose in the Sucrose
Stearate taken.

Acceptance criteria: NMT 4.0%

SPECIFIC TESTS
• WATER DETERMINATION, Method la (921): NMT4.0%, on a

0.20-g sample
• TOTAL ASH'

Analysis: Heat a silica or platinum crucible to redness for
30 min, allow to cool in a desiccator, and weigh. Transfer a
1.0-g sample into a crucible. Dry at 100°-105° for 1 hand

IMPURITIES
INORGANIC IMPURITIES
• Fats and Fixed Oils, Acid Value (401): NMT 6, determined

on a 3-g sample. Use a freshly neutralized mixture of
2-propanol and water (2:1), and gently heat.

ORGANIC IMPURITIES
• Procedure: Free Sucrose
Solution A: 10 IJg/mL of ammonium acetate in acetonitrile
Solution B: 10 IJg/mL of ammonium acetate in

tetrahydrofuran and water (90:10)
Diluent: Tetrahydrofuran and water (87.5: 12.5)
System suitability solution: 500 IJg/mL of USP Sucrose RS in

Diluent
Standard solutions: 0.50, 1.0, 2.0, and 2.5 mg/mL of USP

Sucrose RS in Diluent
Sample solution: 50 mg/mL of Sucrose Stearate in Diluent
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [NOTE-If the

detector has different setting parameters, adjust the
detector settings so as to comply with the System
Suitability requirements.]

Carrier gas: Nitrogen
Detector temperature: 45°
Nebulizer temperature: 40°
Column: 4.6-mm x 0.25-mi packing L8
Injection size: 20 IJL
Mobile phase and flow rate: See the gradient table below.

Result = B x (100 - D - S - E)/100

= percentage of diesters determined by peak
normalization

= percentage of free fatty acids (above)
= percentage of free sucrose (see Free Sucrose in

OrganicImpurities)
= percentage of water (see WaterDetermination, la

in Specific Tests)

Calculate the percentage of triesters and polyesters in the
portion of Sucrose Stearate taken:

D
S

Result =A x (100 - D - S - E)/l 00

A =percentage of monoesters determined by peak
normalization

D =percentage of free fatty acids, obtained by AV x
284.5/561.1, where AV is the acid value

S =percentage of free sucrose (see Free Sucrose in
Organic Impurities)

E = percentage of water (see WaterDetermination, la
in Specific Tests)

AV = acid value

Calculate the percentage of diesters in the portion of
Sucrose Stearate taken:

Mode: LC, size-exclusion
Detector: Differential refractometer
Column: 7-mm x 60-cmi packing L21, 100 A. [NOTE-Two

7-mm x 30-cm L21 columns may be used in place of one
60-cm column, provided system sultability requirements
are met.]

Flow rate: 1.2 mL/min
Injection size: 20 IJL

Analysis
Sample: Sample solution

[NOTE-The relative retention time with. reference to
the monoester peak (retention time is approximately
10 min) is about 0.92 for diesters, and about 0.90 for
triesters and polyesters.]

[NOTE-Disregard solvent peaks and peaks having a
signal-to-noise ratio less than 10.]

Calculate the percentage of monoesters in the portion of
Sucrose Stearate taken:

C

D
S

Result =C x (100 - D - S - E)/100

= percentage of triesters and polyesters determined
by peak normalization

= percentage of free fatty acids (above)
= percentage of free sucrose (see Free Sucrose in

OrganicImpurities)
= percentage of water (see Water Determination, la

in Specific Tests)

• FATTY ACID COMPOSITION: Sucrose Stearate exhibits the
following composition profiles of fatty acids, as
determined in Fats and Fixed Oils(401), FattyAcid
Composition.

Percentage
Fatty Acid (%)

lauric acid NMT 3.0

Myristicacid NMT 3.0

Palmitic acid 25.0-40.0

Stearic acid 55.0-75.0
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Relative
Retention

Name Time

Fructose 0.5

Dextrose(glucose) 0.6

Sucrose 1.0

Maltose 1.3

lactose 1.5

Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks System

SUitability solution '
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standardsolution and Sample solution
Calculate, on the dried basis, the percentage of sucrose

(C12H220 ,,) in the portion of Compressible Sugar taken:

Result = (rulrs) x (CslCu) x 100

= peak response from the Sample solution
= peak response from the Standardsolution
= concentration of USP Sucrose RS in the Standard

solution (mg/mL)
=concentration of Compressible Sugar in the

Sample solution (mg/mL)

Acceptance criteria: 95.0%-98.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.1 %
• CHLORIDEAND SULFATE, Chloride (221)

Standard solution: 0.40 mL of 0.020 N hydrochloric acid
Sample solution: Transfer 20 g to a 1OO-mL volumetric

flask, add 80 mLof water, shake to dissolve the sucrose, and
then add water to volume. Separate the solubilized sucrose
from any insoluble matter by filtration until the filtrate is
clear, and use the freshly prepared, clear filtrate.

Acceptance criteria: 0.014%; a 1O-mL portion of the
Sample solution shows no more chloride than the Standard
solution.

• CHLORIDEAND SULFATE, Sulfate (221)
Standard solution: 0.50 mL of 0.020 N sulfuric acid
Sample solution: 25 mLof the Sample solutionfrom the test

for Chloride and Sulfate (221), Chloride
Acceptance criteria: 0.010%; the Sample solutionshows no

more sulfate than the Standardsolution.

• LIMIT OF '--""Lrd'·u'F'lv'fl~J;!)Y!P!P!PC;;!;!!;'ic;:;i;!:;!!'i'!fh:i;J

Sample solution: solution from the test
for Chloride and Sulfate (221),

Analysis: To the Sample solutionadd 1 mL of ammonium
oxalate TS.

Acceptance criteria: The solution remains clear for NLT
1 min.

• LIMIT OF DEXTROSE (GLUCOSE), FRUCTOSE, MALTOSE, AND
LACTOSE

Mobil~ phase, System suitability solution, Sample
s<;>IUtlon,. and Chromatographic system: Proceed as
directed In the test for Contentof Sucrose in the Assay.

System suitability
Sample: System suitabilitysolution

NF 38

Compressible Sugar

ASSAY
• CONTENT OF SUCROSE

Mobile phase: Acetonitrile and water (80:20, v/v)
Syste~ s.uitability solution: Prepare an aqueous solution

containing 20 mg/mL of sucrose, 1.0 rnq/m; of dextrose
(glucose), 0.6 mg/mL of fructose, 0.6 mg/mL of maltose,
and 0.8 mg/mL of lactose using USP Sucrose RS,USP
Dextrose RS, USP Fructose RS, USP Maltose
Monohydrate RS, and USP Anhydrous Lactose RS.

Standard solution: Dissolve USP Sucrose RS in water to
obtain a solution having a concentration of about
20 mg/mL of sucrose.

Sample solution: 20 mg/mL of Compressible Sugar in
water. Pass the solution through a 0.2-l..Im nylon syringe
filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm x 15-cm; 5-l..Im packing L8
Temperatures

Column: 45°
Detector: 40°

Flow rate: 2.0 mL/min
Injection volume: 15 I..IL

System suitability
Samples: System suitability solution and Standardsolution

[N?TE-For relative retention times, see Table 7.]

DEFINITION
Compressible Sugar contains NLT 95.0% and NMT 98.0% of

sucrose (C12H22011) on the dried basis. It may contain starch,
maltodextrin, or invert sugar and may contain a suitable
lubricant.

IDENTIFICATION
• A. It meets the requirements of the test for Specific Rotation

in Specific Tests.

ignite to constant weight in a muffle furnace at 600 ± 25°
allowing the crucible to cool in a desiccator after each '
ignition. Flamesshould not be produced at any time during
the procedure. Ifafter prolonged ignition the ash still
contains black particles, add hot water, pass through an
ashless filter paper, and ignite the residue and the filter
paper. Combine the filtrate with the ash, carefully
evaporate to dryness, and ignite to constant weight.

Acceptance criteria: NMT 1.5%

ADDITIONAL REQUIREMENTS
• LABELING: Label to indicate whether it is Type I or Type II.
• PACKAGING AND STORAGE: Preserve in a well-closed

container. Protect from humidity and avoid high
temperatures.

• USP REFERENCE STANDARDS(11)
USP Sucrose RS
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[NOTE-The relative retention times for fructose,
dextrose (glucose), sucrose, maltose, and lactose are
0.5, 0.6, 1.0, 1.3, and 1.5, respectively.]

Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks

Acceptance criteria: The sum of the peak areas for dextrose,
fructose, maltose, and lactose from the Sample solution is
less than one third of the sum of the peak areas for dextrose,
fructose, maltose, and lactose from the System sUitability
solution, corresponding to NMT 5% for the sum of
dextrose, fructose, maltose, and lactose.

SPECIFIC TESTS
• SPECIFIC ROTATION

Samp.le soluti?n: Transfer 26.0 g of Compressible Sugar,
previously dried, to a 1OO-mL volumetric flask. Add 0.3 mL
of a saturated aqueous solution of lead acetate, shake with
90 mLof water, and dilute with water to volume. Distribute
evenly on the surface of a sheet of medium-fast filter paper
8 g of chromatographic siliceous earth suitable for column
partition chromatography (see Reagents, Indicators, and
Solutions-Reagents), and filter the solution, with the aid of
vacuum, discarding the first 20 mL of the filtrate.

Instrumental conditions
(See OpticalRotation (781 ).)
Mode: Specific rotation
Temperature: 20°

Analysis
U.ninverted solution: Pipet 25 mL of the Sample solution

Into a 50-mL volumetric flask. Cool to 20°, and dilute with
water to volume at 20°. Maintain a temperature of 20° for
30 min.

Acid-inverted solution: Pipet 25 mL of the Sample
solution into a 50-mL volumetric flask. Slowlyadd 6 mL of
dilute hydrochloric acid (1 in 2) while rotating it, dilute
with water nearly to volume, and mix. Place the flask in a
water bath maintained at a temperature of.60°,
continuously shake the flask in the bath for 3 min, and
allow the flask to remain in the bath for a total of 10 min.
Immediately cool to 20° by plunging the flask into a cold
bath, and dilute with water to volume at 20°. Maintain the
flask at a temperature of 20° for 30 min. .
Determine the specific rotation of the' Uninverted solution

and Acid-inverted solution at 20°. .
Acceptance criteria

The specific rotation determined from the Uninverted
solution: 62.6°-73.4°

The specific rotation determined from the Acid-inverted
solution: Levorotatory

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102cfu/
g. It meets the requirements of the tests for the absence of
Salmonella species and Escherichia coli.

• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 1.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: Label it to indicate the name and amount of any

added lubricant.
• USP REFERENCE STANDARDS (11)

USP .Anhydrous Lactose RS
USP Compressible Sugar RS
USP Dextrose RS
USP Fructose RS
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USP Maltose Monohydrate RS
USP Sucrose RS

Confectioner's Sugar

DEFINITION
Confectioner's Sugar is Sucrose ground together with corn

starch to a fine powder. It contains NLT 95.0% of sucrose
(C12H22011), calculated on the dried basis.

IDENTIFICATION

• A.
Sample solution: Transfer 20 g to a 1OO-mL volumetric

flask, add 80 mLof water, shake to dissolve the sucrose, and
then add water to volume. Separate the solubilized sucrose
from the insoluble starch component by filtration until the
filtrate is clear. Use the insoluble portion for the
Identificationtest, and use the freshly prepared, clear filtrate
in the Impurities tests for Chloride and Sulfate (221), Chloride
and Chloride and Sulfate (221), Sulfate and for Calcium; and
in Specific Tests for OpticalRotation (781), Specific Rotation.

Analysis: To the water slurry of the insoluble portion add
iodine TS.

Acceptance criteria: A reddish-violet to deep blue color is
produced.

• B. It meets the requirements of the test for OpticalRotation
(781), Specific Rotation in Specific Tests.

ASSAY
• CONTENT OF SUCROSE

Mobile phase: Acetonitrile and water (80:20, v/v)
System suitability solution: Prepare an aqueous solution

containing 20 mg/mL of sucrose, 1;0 mg/mL of dextrose
(glucose), 0.6 mg/mL of fructose, 0.6 mg/mL of maltose,
and 0.8 mg/mL of lactose using USP Sucrose RS, USP
Dextrose RS, USPFructose RS, USP Maltose
Monohydrate RS, and USP Anhydrous Lactose RS.

Standard solution: Dissolve USP Sucrose RS in water to
obtain a solution having a concentration of about
20 mg/mL of sucrose.

Sample solution: 20 mg/mL of Confectioner's Sugar in
water. Pass the solution through a 0.2-l.Im nylon syringe
filter. .

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm x 15-cm; 5-l.Im packing L8
Temperatures

Column: 45°
Detector: 40°

Flow rate: 2.0 mL/min
Injection volume: 15 I.IL

System suitability
Samples: System suitabilitysolution and Standardsolution

[NOTE-For relative retention times, see Table 7.]

Table 1
Relative

Retention
Name Time

Fructose 0.5

Dextrose(glucose) 0.6

Sucrose 1.0

Maltose 1.3
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Table 1 (continued)

Relative
Retention

Name Time

Lactose 1.5

Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks, System

suitabilitysolution
Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standard solutionand Sample solution
Calculate, on the dried basis, the percentage of sucrose

(C12H22011) in the portion of Confectioner's Sugar taken:

Result = (r ulr s) x (C siC u) x 100

=peak response from the Sample solution
= peak response from the Standard solution
=concentration of USP Sucrose RS in the Standard

solution (mg/mL)
= concentration of Confectioner's Sugar in the

Sample solution(mg/mL)

Acceptance criteria: NLT 95.0% of sucrose on the dried
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.08%
• CHLORIDEAND SULFATE, Chloride (221)

Standard solution: 0040 mL of 0.020 N hydrochloric acid
Sample solution: 10 mL of the clear filtrate from

Identification test A
Acceptance criteria: 0.014%; the Sample solutionshows no

more chloride than the Standard solution.
• CHLORIDE AND SULFATE, Sulfate (221)

Standard solution: 0.30 mL of 0.020 N sulfuric acid
Sample solution: 25 mL of the clear filtrate from

Identificationtest A
Acceptance criteria: 0.006%; the Sample solutionshows no

more sulfate than the Standard solution.
• CALCIUM

Sample solution: 5 mLof the clear filtrate from Identification
test A

Analysis: To the Sample solutionadd 5 mLof water and 1 mL
of ammonium oxalate TS.

Acceptance criteria: The Sample solution remains clear for
NLT 1 min.

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102cful
g. It meets the requirements of the tests for absence of
Salmonella species and Escherichia coli.

• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 1.0%

• OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: Use the clear filtrate from Identification

test A.
Acceptance criteria: NLT +62.6° corresponding to NLT
95.0~o of sucrose (C12H22011) , calculated on the dried basis

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

OfficialMonographs / Sugar 6083

• USP REFERENCE STANDARDS(11)
USP Anhydrous Lactose RS
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS
USP Sucrose RS

Sugar Spheres
DEFINITION
Sugar Spheres contain NLT 62.5% and NMT 91.5% of sucrose

(C12H22011) , calculated on the dried basis, the remainder
consisting chiefly of starch. They consist of approximately
spherical particles of a labeled nominal size range. They may
contain color additives permitted by the FDA for use in drugs.

IDENTIFICATION

• A.
Sample suspension: 1:10
Analysis: Add iodine TS to the Sample suspension.
Acceptance criteria: Aviolet to deep blue color is produced.

• B. Itmeets the requirements of the test for OpticalRotation
(781 S), Specific Rotation in Specific Tests.

ASSAY
• CONTENT OF SUCROSE

Mobile phase: Acetonitrile and water (80:20, v/v)
System suitability solution: Prepare an aqueous solution

containing 20 mg/mL of sucrose, 1.0 mg/mL of dextrose
(glucose), 0.6 mg/mL of fructose, 0.6 mg/mL of maltose,
and 0.8 mg/mL of lactose using USP Sucrose RS, USP
Dextrose RS, USP Fructose RS, USP Maltose
Monohydrate RS, and USP Anhydrous Lactose RS.

Standard solution: Dissolve USP Sucrose RS in water to
obtain a solution having a concentration of about
20 mg/mL of sucrose.

Sample solution: 20 mg/mL of Sugar Spheres in water. Pass
the solution through a 0.2-~m nylon syringe filter.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm x 15-cm; 5-~m packing L8
Temperatures

Column: 45°
Detector: 40°

Flow rate: 2.0 mL/min
Injection volume: 15 ~L

System suitability
Samples: System suitabilitysolutionand Standard solution

[NoTE-See Table 7.]

Table 1
Relative

Retention
Name Time

Fructose 0..5

Dextrose(glucose) 0.6

Sucrose 1.0

Maltose 1.3

Lactose 1.5

Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks, System

suitabilitysoluti~n
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Relative standard deviation: NMT 2.0%, Standard
solution

Analysis
Samples: Standardsolution and Sample solution
Calculate the percentage of sucrose in the portion of Sugar

Spheres taken:

Result = (r vIr s) x (C sIC v) x 100

r u =peak response from the Sample solution
r s = peak response from the Standard solution
C 5 =concentration of USP Sucrose RS in the Standard

solution (mg/mL)
C u = concentration of Sugar Spheres in the Sample

solution (mg/mL)

Acceptance criteria: 62.50/0-91.5% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 2.0 g
Analysis: Ignite at a temperature of 700 ± 25°.
Acceptance criteria: NMT 0.25%

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count does not exceed 102du/g, and the Spheres
meet the requirements of the tests for absence of
Salmonella species, Escherichia coli, Staphylococcus aureus,
and Pseudomonas aeruginosa.

• OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: Transfer 20 g to a 200-mL volumetric

flask, add 160 mL of water, shake to dissolve the sucrose,
add water to volume, and rnix.: Pass the solubilized sucrose
solution by vacuum filtration through fine filter paper.

Acceptance criteria: +41 ° to +61°, corresponding to
62.50/0-91.5% of sucrose (C12H220 l1 ) , calculated on the
dried basis

• Loss ON DRYING (731)
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 4.0%

• PARTICLE SIZEDISTRIBUTION ESTIMATION BY ANALYTICAL
SIEVING (786): NLT 90% of it passes the coarser sieve size
stated in the labeling; all of it passes the next coarser sieve
size listed in Table 7 of the chapter; and NMT 10% passes
the finer sieve size stated in the labeling.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• LABELING: The label states the nominal particle size range.

Label it to indicate the name and amount of any added
color additives.

• USP REFERENCE STANDARDS (11)
USP Anhydrous Lactose RS
USPDextrose RS
USPFructose RS
USP Maltose Monohydrate RS
USPSucrose RS
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DEFINITION
Sulfur Dioxide contains NLT 97.0%, by volume, of sulfur

dioxide (S02)'
[CAUTION-Sulfur Dioxide is poisonous.]

ASSAY
• PROCEDURE

Sample: 100.0 mL of gaseous Sulfur Dioxide
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Endpoint detection: Visual

Analysis: Collect the Sample over mercury, and note the
temperature of the Sample and the pressure upon it. Slowly
introduce 50.0 mL of 0.1 N sodium hydroxide into the air
space over the mercury, and absorb the Sample in the
solution by shaking. When absorption is complete, transfer
the solution to a 250-mL conical flask, add 3 mL of starch
TS, and titrate with Titrant until the solution is pale blue in
color.
Calculate the percentage of sulfur dioxide (S02) at a

temperature of 0° and a pressure of 760 mm of mercury
in the portion of Sulfur Dioxide taken. Each mL of 0.1 N
iodine is equivalent to 1.094 mL of S02'

Acceptance criteria: NLT 97.0%, by volume

. IMPURITIES
• LIMIT OF NONVOLATILE RESIDUE

Sample: 300 g (209 mL)
Analysis: Transfer the Sample to a tared, 250-mL conical

flask, and allow the liquid to evaporate spontaneously in a
well-ventilated hood. When evaporation appears complete,
blow a current of dry, filtered air through the flask until the
odor of sulfur dioxide is no longer apparent.

Acceptance criteria: NMT 7.5 mg (0.0025%)
• SULFURIC ACID

Analysis: To the flask containing the residue obtained in the
test for Limit of NonvolatileResidue add 25 mL of water
previously neutralized to methyl red TS. Swirl the flask, and
titrate with 0.10 N sodium hydroxide.

Acceptance criteria: NMT 1.3 mL is required (about
0.002%).

SPECIFIC TESTS
• WATER DETERMINATION, Method I (921)

Sample: 3 g (2.1 mL)
Analysis: Taking precautions to avoid absorption of

moisture, transfer the Sample to a suitable flask, and add
20 mL of anhydrous pyridine.

Acceptance criteria: NMT 2.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in cylinders.

[NOTE-Sulfur Dioxide is used most in the form of a gas
in pharmaceutical applications, and is described herein
for such purposes. However, it is usually packaged
under pressure, hence the preceding specifications are
designed for testing it in liquid form.]

Sulfur Dioxide
S02 .
Sulfur dioxide [7446-09-5].

Sulfuric Acid

H2S04 98.08
64.06 Sulfuric acid [7664-93-9].

DEFINITION .
Sulfuric Acid contains NLT 95.0% and NMT 98:0%, by weight,

of sulfuric acid (H2S04) ,
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[CAUTION-When sulfuric acid is to be mixed with other
liquids, always add it to the diluent, and exercise great
caution.]

IDENTIFICATION
• A. IDENTIFICATION TESTS-GENERAL, Sulfate (191): Meets

the requirements

ASSAY
• PROCEDURE

Sample solution: Place 1 mL of Sulfuric Acid in a weighed,
glass-stoppered flask containing 20 mL of water, and weigh
again to obtain the weight of the Sulfuric Acid. Dilute with
25 mL of water, and cool.

Titrimetric system
(See Titrimetry (541 ).)
Mode: Direct titration
Titrant: 1 N sodium hydroxide VS
Blank: 45 mL of water
Endpoint detection: Visual

Analysis: To the Sample solutionadd methyl orange TS, and
titrate with 1 N sodium hydroxide VS. Perform a blank
determination. Calculate the percentage of sulfuric acid
(H2S04) taken:

Result={[(V 5 - V8) x N x Fj/W} x 100

V 5 = Titrant volume consumed by sulfuric acid in the
Sample solution (mL)

V 8 = Titrant volume consumed by the Blank (mL)
N =Titrant actual normality (mEq/mL)
F = equivalency factor, 49.04 mg/mEq
W =weight of sulfuric acid in the Sample solution

(mg)

Acceptance criteria: 95.00/0-98.0%

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 22 mL (40 g)
Analysis: Evaporate the Sample to dryness, and ignite.
Acceptance criteria: NMT 2 mg of residue remains

(0.005%).
• CHLORIDE AND SULFATE, Chloride (221 ): A dilution of 1.1 mL

(2.0 g) in water shows no more chloride than corresponds
to 0.15 mL of 0.020 N hydrochloric acid (50 ppm).

• ARSENIC (211)
Test preparation: Add 1.6 mL (3.0 g) to a mixture of nitric

acid and water (3:20). Evaporate the solution until dense
fumes of sulfur trioxide form. Cool, and cautiously wash the
solution into an arsine generating flask with 50 mL of water.

Analysis: Proceed as directed in the chapter, omitting the
addition of the 20 mL of 7 N sulfuric acid.

Acceptance criteria: NMT 1 ppm

SPECIFIC TESTS
• REDUCING SUBSTANCES

Sample: 4.4 mL (8.0 g)
Analysis: Carefully dilute the Sample with 50 mL of ice-cold

water, keeping the solution cold during the addition. Add
0.10 mL of 0.10 N potassium permanganate.

Acceptance criteria: The solution r~mains pink for 5 min~

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.

Sunflower Oil

[8001-21-6].
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DEFINITION
Sunflower Oil is a refined fixed oil obtained from the seeds of

the sunflower plant Helianthus annuus L. (Fam. Asteraceae
alt. Compositae). It may contain a suitable antioxidant.

IDENTIFICATION
• A. IDENTITY BY FATTY ACID COMPOSITION

Analysis: Proceed as directed in the test for Fats and Fixed
Oils, FattyAcidComposition (401).

Acceptance criteria: It meets the composition profile of
fatty acids in Table 2.

• B. IDENTITY BYTRIGLYCERIDE PROFILE
Analysis: Perform this test for generic oil only. Proceed as

directed in Identification of Fixed Oils by Thin-Layer
Chromatography (202).

Acceptance criteria: It meets the requirements in the
chapter.

IMPURITIES
• ALKALINE IMPURITIES

Sample: 10 mL of Sunflower Oil
Analysis: Mix 10 mL of freshly opened acetone and 0.3 mL

of water, and add 0.05 mL of bromophenol blue TS. Add
the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VSto change the color of the upper layer
to yellow.

Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric
acid is required.

SPECIFIC TESTS
• FATS AND FIXED OILS, AcidValue (Free FattyAcids) (401):

NMT 2.5 mL of 0.020 N sodium hydroxide is required for
neutralization.

• FATS AND FIXED OILS, FattyAcidComposition (401)
Standard solution: Prepare an ester mixture containing

methyl Iinoleate, methyl oleate, methyl palmitate, methyl
stearate, and methyllinolenate (50:35:7:5:3).'

Sample solution: Transfer 100 mg of Sunflower Oil to a
50-mL conical flask fitted with a suitable water-cooled reflux
condenser and a magnetic stir bar. Add 4 mL of 0.5 N
methanolic sodium hydroxide solution, and reflux until fat
globules disappear (usually 5-10 min). Add 5 mL of a
solution prepared by dissolving 14 g of boron trifluoride in
methanol to make 100 mL, swirl to mix, and reflux for
2 min. Add 4 mL of chromatographic n-heptane through
the condenser, and reflux for 1 min. Cool, remove the
condenser, add 15 mL of saturated sodium chloride
solution, shake, and allow the layers to separate. Pass the
n-heptane layer through 0.1 g of anhydrous sodium sulfate
(previously washed with chromatographic n-heptane)
into a suitable flask. Transfer 1.0 mL of this solution to a
1O-mL volumetric flask, dilute with chromatographic
n-heptane to volume, and mix.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused-silica capillary column

bonded with a 0.25-lJm layer of phase G5
Temperatures

Injector: 220 0

Detector: 250 0

Column: See Table 1.

, Estermixturesare available commercially from Nu-Chek-Prep, Inc., P.O.
Box 295, Elysian, MN 56028. Typical Nu-Chek-Prep ester mixtures useful
in this test include Nu-Chek15A.Thismixture may contain other
components.
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Table 1
HoldTime

Initial Temperature Final at FinalTemper-
Temperature Ramp Temperature ature

e) e/min) (0) (min)

120 - 120 2

120 4 240 5

Carrier gas: Hydrogen
Flowrate: 1 mL/min
Injection volume: 1 IJL
Injection type: Splitless

System suitability
Sample: Standardsolution

[NoTE-The relative retention times for methyl
palmitate, methylstearate, and methyloleate are
about 0.87, 0.99, and 1.0, respectively.]

Suitability requirements
Resolution: NLT 1.5 between methylstearate and

methyl oleate
Relative standard deviation: NMT 6.0% peak areasfor
the palmitateand stearate peaksfor replicateinjections;
NMT 1.0% peakarea ratio of the palmitate to stearate
peaksfrom these replicate injections

Analysis
Samples: Standardsolution and Sample solution
Measure the areas of the five major peaksfor the methyl
estersof the fattyacids,whichelute inthe following order:
palmitate, stearate, oleate, Iinoleate, and Iinolenate.

Calculate the percentage of palmitate, stearate, oleate,
Iinoleate, and Iinolenate in the portion of Sunflower Oil
taken:

Result =(AIB) x 100

A =peak area of palmitate, stearate, oleate, Iinoleate,
or linolenate

B =total area of the five major peaks

Acceptance criteria: See Table 2.

Table 2
Generic Oil Mid-Oleic Oil High-Oleic Oil

(%) (%) (%)

Methyl
2-9palmitate 3-10 2-9

Methyl stearate 2-8 2-8 2-8

Methyl oleate 14-39 40-70 70-90

Methyl Iinoleate 48-73 15-40 5-15

Methyl
0-3 0-3Iinolenate 0-3

• FATS AND FIXED OILS, Iodine Value, Method /I (401)
Acceptance criteria

Generic oil: 128-148
Mid-oleic oil: 98-118
High-oleic oil: 78-98

• FATS AND FIXED OILS, Unsaponifiable Matter (401): NMT
1.0%

• LIMITOF PEROXIDE
[NOTE-This test must be performed promptly after

sampling to avoid oxidation of the test specimen.]
Solvent A: Chloroform and glacial acetic acid (40:60)
Potassium iodide solution: Preparea saturated solutionof

potassium iodide in freshly boiledand cooled water, and
store protected from light. Discard the solution if it

NF 38

becomes colored upon the addition of Solvent A and
iodide-free starch TS.

Sample: 109 of Sunflower Oil
Analysis: Transfer the Sample to a conical flask, add 30 mL

of Solvent A, and swirl to dissolve. Add0.5 mL of Potassium
iodidesolution, swirl for 1.0 min, and add 30 mL of water.
Titratewith 0.01 N sodium thiosulfate VS, with vigorous
agitation, to a lightyellow color. Add2.0 mL of iodide-free
starch TS, and continue the titrationuntilthe bluecolorhas
disappeared. Perform a blankdetermination,and makeany
necessary correction.
Calculate the amount of peroxide, inmEq/kg, inthe portion

of Sunflower Oil taken:

Result =[V x (NIW)] x F

V = volumeofsodiumthiosulfate used in the titration
(mL)

N =normality of sodium thiosulfate VS (mEq/mL)
W =weiqhtof Sunflower Oil taken (g)
F =conversion factor, 1000 g/kg

Acceptance criteria: NMT 10.0 mEq/kg
• WATER DETERMINATION, Method Ic (921): NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

. containers. No storage requirementspecified.
• LABELING: The labelstates the Latin binomial and, following

the official name, the part of the plant sourcefrom which
the articlewas derived. Label it to indicatewhether it is
Generic Sunflower Oil, Mid-Oleic Sunflower Oil, or
High-Oleic Sunflower Oil. The label alsoindicates the name
and concentration of any additive.

Suspension Structured Vehicle
DEFINITION
Prepare Suspension StructuredVehicle as follows (see

Pharmaceutical Compounding-Nonsterile Preparations
(795».

Potassium Sorbate 0.15 9

XanthanGum 0.15 9

CitriC Acid, Anhydrous 0.15 9

Sucrose 20 9

Purified Water,a sufficient quantity to make 100 ml

Transfer the Potassium Sorbate to a suitable beaker, and
dissolve in 50 mL of Purified Water. Place the beaker on an
electrichot plate and stirrer, and add the Xanthan Gum into
the vortex while slowly stirring. Apply minimal heat, and
incorporate the CitricAcid and the Sucrose. Adda sufficient
quantity of Purified Waterto obtain a final volumeof 100 mL,
and mix.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers.Store at room temperature, and avoidfreezing.
• LABELING: Label it to state that it must be well shaken

before use.
• BEYOND-USE DATE: NMT 30 daysafter the date on which it

was compounded
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Syrup

-Sugar-Free Suspension Structured
, Vehicle

DEFINITION
Syrup is a solution of Sucrose in Purified Water. It contains a

preservative unless it is used when freshly prepared.

HO.-··r\:'-OH)_(-OH
HO OH

IDENTIFICATION
• A. The retention time of the major peak of the Sample

solution corresponds to that of the Standardsolution, as
obtained in the Assay.

• B. It meets the requirements of the test for Optical Rotation
(781), Specific Rotation.

• C.
Sample solution: 200 mg/mL of Tagatose
Analysis: Add 3 mL of the Sample solution to 5 mL of hot
. alkaline cupric tartrate TS.
Acceptance criteria: A copious red precipitate of cuprous

oxide is formed.

ASSAY
• PROCEDURE

Mobile phase: 0.05 mg/mL of calcium acetate
Standard solution: 5 mg/mL of USP Tagatose RS. Pass

through a filter of 0.2-lJm pore size.
Sample solution: 5 mg/mL of Tagatose, previously dried.

Pass through a filter of 0.2-lJm pore size.
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm x 30-cm; 9-lJm packing L19
Column temperature: 85°
Flow rate:' 0.6 mL/min
Injection size: 20 IJL

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0% of replicate
injections

Analysis
Samples: Standardsolutionand Sample solution
Calculate the percentage of tagatose (C6H120 6) in the

portion of Tagatose taken:

Result = (rv/rs) x (Cs/Cv) x 100

rv = peak response from the Sample solution
ts = peak response from the Standardsolution
Cs =concentration of USP Tagatose RS in the Standard

solution (mg/mL)
Cv = concentration of Tagatose in the Sample solution

(mg/mL)

Tagatose

C6H120 6 180.16
o-Tagatose;
o-Iyxo-Hexulose [87-81-0].

DEFINITION
Tagatose is a ketohexose, an epimer of o-fructose inverted at

C-4. It is obtained from o-galactose by isomerization under
alkaline conditions in the presence of calcium. It contains
NLT 98.0% of tagatose (C6H120 6) , calculated on the dried
basis.

Acceptance criteria: NLT 98.0% on the dried basis

850 9

1000 mL

Sucrose

Purified Water, a sufficient quantity to make

Xanthan Gum 0.209

SaccharinSodium 0.209

PotassiumSorbate 0.159

Citric Acid 0.109

Sorbitol 2.09

Mannitol 2.09

Glycerin 2.0ml

Purified Water, a sufficient quantity to make 100 ml

Transfer 30 mL of Purified Water to a beaker, placing it on an
electric hot plate and stirrer. Using moderate heat, stir to
form a vortex, and slowly sprinkle the XanthanGum into the
vortex. In a separate beaker, dissolve the Saccharin Sodium,
Potassium Sorbate, and CitricAcid in 50 mL of Purified Water.
Using moderate heat, incorporate the Sorbitol, Mannitol, and
Glycerin into this mixture. Add to this mixture the previously
prepared xanthan gum dispersion. Add a sufficient quantity
of Purified Waterto obtain a final volume of 100 mL, and mix.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers. Store at room temperature, and avoid freezing.
• LABELING: Label it to state that it must be well shaken

before use.
• BEYOND-USE DATE: NMT 30 days after the date on which it

was compounded

DEFINITION
Prepare Sugar-Free Suspension Structured Vehicle as follows

(see Pharmaceutical Compounding-Nonsterile Preparations
(795».

Syrup may be prepared by the use of boiling water or,
preferably, without heat, by the following process. Place the
Sucrose in a suitable percolator, the neck of which is nearly
filled with loosely packed cotton, moistened after packing
with a few drops of water. Pour carefully 450 mL of
Purified Waterupon the Sucrose, and regulate the outflow to a
steady drip of percolate. Return the percolate, if necessary,
until all of the Sucrose has dissolved. Then wash the inside of
the percolator and the cotton with sufficient Purified Water
to bring the volume of the percolate to 1000 mL, and mix.

SPECIFIC TESTS
• SPECI,FIC GRAVITY (841): NLT1.30

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Packaqe in tight containers,

preferably in a cool place.
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IMPURITIES
• LIMIT OF LEAD

Sample solution: 2.5 9 of Tagatose dissolved in a mixture
of 4 mLof sulfuric acid and 5 mLof hydrochloric acid. Dilute
with water to 50 mL.

Standard stock solution A: Dissolve 1.60 9 of lead nitrate
in diluted nitric acid (10 mLof nitric acid diluted with 20 mL
water, boiled to remove nitrous fumes, and cooled), and
dilute with water to 1000 mL.

Standard stock solution B: Standardstock solutionA and
water (1:50). [NOTE-This solution contains the equivalent
of 20 fJg/mL of lead.]

Standard solutions: To a series of 1OO-mL volumetric flasks
pipet 0, 1, 2, 3, 4, and 5 mL of Standard stocksolution B,
and dilute with water to about 50 mL. Add 8 mL of sulfuric
acid and 10 mL of hydrochloric acid to each flask, shake to
.dissolve, and dilute with water to volume. [NOTE-These
solutions contain 0, 0.2, 0.4, 0.6, 0.8, and 1.0 fJg/mL of
lead, respectively.]

Instrumental conditions
(See AtomicAbsorption Spectroscopy (852).)
Mode: Atomic absorption
Analytical wavelength: 283.3 nm

Analysis
Samples: Standardsolutions and Sample solution

Concomitantly determine the absorbances of the
Standardsolutions and the Sample solution. Plot the
absorbances of the Standardsolutions versus the
concentration of lead. Using this graph, determine the
concentration of lead in the Sample solution.

Acceptance criteria: NMT 1 ppm

SPECIFIC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for absence of Salmonella species
and Escherichia coli. The total aerobic microbial count does
not exceed 1000 cfu/g, and the total combined molds and
yeasts count does not exceed 100 cfu/g.

• MELTING RANGE OR TEMPERATURE, Class 1(741): 133°-144°
• OPTICAL ROTATION, Specific Rotation (781): _4° to -r

Sample solution: 10 mg/mL .
• Loss ON DRYING (731): Dry a sample at 102° for 2 h: it loses

NMT 0.5% of its weight
• ARTICLES OF BOTANICAL ORIGIN, TotalAsh(561): NMT

0.1 %, determined on ,a1.0-g specimen

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.
• USP REFERENCE STANDARDS (11)

USPTagatose RS

Talc-see Talc General Monographs
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DEFINITION
Tartaric Acid, dried over phosphorus pentoxide for 3 h,

contains NLT 99.7% and NMT 100.5% of C4H60 6•

IDENTIFICATION
• A. IDENTIFICATION TESTS-CENERAL, Tartrate (191): It

meets the requirements.

ASSAY
• PROCEDURE

Sample: 2 9 of Tartaric Acid, previously dried, in a conical
flask

Analysis: Dissolve the Sample in 40 mL of water, add
phenolphthalein TS, and titrate with 1 N sodium hydroxide
VS. Each mL of 1 N sodium hydroxide is equivalent to
75.04 mg of C4H60 6•

Acceptance criteria: 99.70/0-100.5%

IMPURITIES
INORGANIC IMPURITIES
• Residue on Ignition (281): NMT 0.1 %
• Chloride and Sulfate, Sulfate (221)

, Sample solution: 10 mLof a 1-in-l 00 solution of Tartaric Acid
Analysis: Add to the Sample solution 3 drops of hydrochloric

acid and 1 mL of barium chloride TS.
Acceptance criteria: No turbidity is produced.

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S): +12.0° to

+13.0°
Sample solution: 200 mg/mL in water

• Loss ON DRYING (731): Dry over phosphorus pentoxide for
3 h: it loses NMT 0.5% of its weight.

• LIMIT OF OXALATE
Sample solution: 10 mL of a 1-in-l 0 solution of

Tartaric Acid
Analysis: Nearly neutralize the Sample solution with 6 N

ammonium hydroxide, and add 10 mL of calcium
sulfate TS.

Acceptance criteria: No turbidity is produced.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-dosed

containers.
• USP REFERENCE STANDARDS (11)

USP Tartaric Acid RS

Thimerosal-see Thimerosal General Monographs

Thymol

Tartaric Acid

Jl 1: ~OH
HO~ 1 If

OH 0

C4H60 6 150.09
Butanedioic acid, 2,3-dihydroxy-;
Butanedioic acid, 2,3-dihydroxy-, [R-(R*,R*)]-;
Tartaric acid; L-(+)-Tartaric acid [526-83-0; 87-69-4].

H3C'rIY0H.

~CH3
CH,

ClOH140

Phenol, 5-methyl-2-(1-methylethyl)-;
Thymol;
p-Cymen-3-ol [89-83-8].

150.22
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DEFINITION
Thymol contains NLT 99.0% and NMT 101.0% of thymol

(ClOH140).

IDENTIFICATION

• meets t e requiremenfsin Specific Tests for Melting
Range or Temperature (741).

ASSAY
• PROCEDURE

Sample: 100 mg
Titrimetric system

(See Titrimetry(541 ).)
Mode: Direct titration
Titrant: 0.1 N bromine VS
Endpoint detection: Visual , ,

Analysis: Transfer the Sample to a 250-m.LIodine flask, and
dissolve in 25 mL of 1 N sodium hydroxide. Add 20 mL of
hot dilute hydrochloric acid (1 in 2), and immediately
titrate with Titrant to within 1-2 mL of the calculated
endpoint. Warm the solution to between 70° and 80°, add
2 drops of methyl orange TS, and contin~~ the titration
slowly, swlrlinq vigorously after each addition. When the
color of the methyl orange is bleached, add 2 drops of
Titrant, shake for lOs, add 1 drop of methyl ?range TS, and
shake vigorously. If the solution is red, cO,ntlnue the.
titration dropwise and with shaking, until the color IS
discharged. Repeat the alternate addition of the Titrant and
methyl orange TS until the red color is discharg~d aft~r the
addition of the methyl orange TS. Each mL of Titrant IS
equivalent to 3.755 mg of thymol (ClOH140 ).

Acceptance criteria: 99.0%-101.0%

IMPURITIES
• LIMIT OF NONVOLATILE RESIDUE

Sample: 2 g
Analysis: Volatilize the Sample on a steam bath, and dry at

105° to constant weight.
Acceptance criteria: NMT 0.05%

SPECIFICTESTS
• MELTING RANGE OR TEMPERATURE (741): 48°-51°; but

when melted, Thymol remains liquid at a considerably
lower temperature.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Thymol RS

Titanium Dioxide-see Titanium Dioxide General
Monographs

Tocopherols Excipient
DEFINITION
Tocopherols Excipient is a vegetable oil solution containing

NLT50.0% of total tocopherols, of which NLT 80.0%
consists of varying amounts of beta, gamma, and delta
tocopherols.

OfficialMonographs / Tocopherols 6089

IDENTifiCATION
• A.

Sample solution: 50 mg of Tocopherols Excipient in 10 mL
of dehydrated alcohol

Analysis: To the Sample solution add with SWirling 2 mL of
nitric acid, and heat at about 75° for 15 min.

Acceptance criteria: A bright red or orange color develops.
• B. The retention time of the third major peak (i.e., the peak

occurring just before that of the internal standard) of the
Sample solution corresponds to that of the Standard
solution, both relative to that of the internal standard, as
obtained in the Assay.

ASSAY
• PROCEDURE

Solution A: Pyridine and propionic anhydride (2:1)
Internal standard solution: 3 mg/mL of hexadecyl

hexadecanoate in Solution A
Standard solutions: Using low-actinic glassware, add 12-,

25-, 37-, and 50-mg portions of US~ Alpha Tocopherol RS
to separate 50-mL conical flasks havlnq 19/38
standard-taper ground-glass necks. Pipet 25 mL of the
Internal standardsolution into each flask, and reflux for
10 min under water-cooled condensers.

Sample solution: Using low-actinic glassware, add 60 mg
of Tocopherols Excipient to a 50-mL conical flask similar to
the flasks used in preparing the Standardsolutions. Add
10.0 mL of Internalstandardsolution, and reflux for 10 min
under a water-cooled condenser.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm x 2-m borosilicate glass; packed with 2%

5% liquid phase G2 on 80- to 100-mesh support 51AB
using either a glass-lined sample introduction system or
on-column injection

Temperatures
Column: 245°-265°, maintained isothermally
Injection port: 10° higher than the Column temperature
Detector: 10° higher than the Column temperature

Flow rate: Drycarrier gas is adjusted to obtain a hexadecyl
hexadecanoate peak 30-32 min after sample
introduction. [NOTE-Cure and condition the column as
necessary.]

Injection volume: 2-5 ~L

System suitability
Sample: Sample solution

[NoTE-The relative retention times for delta
tocopheryl propionate, beta plus gamma tocopheryl
propionate, and hexadecyl hexadecanoate are about
0.50, 0.63, and 1,00, respectively.]

Suitability requirements
Resolution: Chromatograph a sufficient number of

injections to ensure that a resolution of NLT2.5 between
delta tocopheryl propionate and beta plus gamma
tocopheryl propionate relative to hexadecyl
hexadecanoate ismet.

Analysis
Samples: Standardsolutions and Sample solution
Calibration: Chromatograph each Standardsolution, and

calculate the relative response factor, F, for each
concentration of the Standardsolution taken:

F=(rslrD) x (CDICs)

= peak response of alpha tocopherol in the
Standardsolution

= peak response of hexadecyl hexadecanoate in the
Standardsolution
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Co =concentrationof hexadecyl hexadecanoate in the
Standardsolution(mg/mL)

Cs =concentration of USP Alpha Tocopherol RS in the
Standardsolution(mg/mL)

Chromatograph a sufficient number of injections of each
Standardsolution to ensure that F isconstant within a
range of 2.0%. Prepare a relative responsefactor curve
by plotting Fversus the alpha tocopheryl propionate
peak response.

Injectthe Sample solution, and measure the responses for
the four majorpeaksoccurring at relative retention times
of approximately 0.50, 0.63, 0.76, and 1.00, and record
the values as ao, apy, aaJ and aD, corresponding to delta
tocopheryl propionate, beta plus gamma tocopheryl
propionates, alpha tocopheryl propionate, and
hexadecyl hexadecanoate, respectively.

Calculate the quantity of each tocopherol form in the
Tocopherols Excipient taken:

delta tocopherol = (V x CoIF) x (aolao)

beta plusgamma tocopherols=(Vx CoIF) x (afJ/ao)

alpha tocopherol = (Vx CoIF) x (aalao)

V = volumeof Internalstandardsolution used in the
Sample solution(mL)

F =obtained from the relative responsefactor curve
(see Calibration) for each of the corresponding
responsesfor the delta, beta plusgamma, and
alpha tocopheryl propionate peaks produced by
the Sample solution

[NoTE-The relative responsefactor for delta
tocopheryl propionate and for beta plusgamma
tocopheryl propionates has been determined
empirically to be the same as for alpha tocopheryl
propionate.]

Acceptance criteria: NLT 50.0% of total tocopherols, of
which NLT 80.0% consists of varying amounts of beta,
gamma, and delta tocopherols

SPECIFIC TESTS
• ACIDITY

Solution A: Alcohol and ether (50%:50%). Neutralize to
phenolphthalein with 0.1 N sodium hydroxide.

Sample solution: Dissolve 1.0 g ofTocopherols Excipient in
25 mL of Solution A.

Analysis: To the Sample so/utionadd 0.5 mL of
phenolphthalein TS, and titrate with 0.10 N sodium
hydroxide untilthe solution remains faintly pinkafter being
shakenfor 30 s.

Acceptance criteria: NMT 1.0 mL of 0.10 N sodium
hydroxide is required.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. Protectwith a blanketof an inert gas.
• LABELING: Label it to indicatethe content, in mglg, of total

tocopherols and of the sum of beta, gamma, and delta
tocopherols.

• USP REFERENCE STANDARDS (11)
USP Alpha Tocopherol RS
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Tolu Balsam Syrup
DEFINITION
PrepareTolu Balsam Syrup as follows (see Pharmaceutical

Compounding-Nonsterile Preparations (795»).

Tolu BalsamTincture 50 ml

Magnesium Carbonate 10 9

Sucrose 820 9

Purified Water, a sufficient quantity to make 1000 ml

Add the Tincture allat once to the Magnesium Carbonate and
60 g of the Sucrose in a mortar, and mix. Gradually add
430 mL of Purified Waterwith trituration, and filter. Dissolve
the remainder of the Sucrose in the clear filtrate with gentle
heating, strain the syrup while warm, and add sufficient
Purified Waterthrough the strainer to make the product
measure 1000 mL, and mix.

Tolu Balsam Syrup may also be prepared as follows. Place
760 g of the Sucrose in a suitable percolator, the neck of
which is nearly filled with loosely packed cotton, moistened
after packingwith a few drops of water. Pourthe filtrate,
obtained as directed in the preceding instructions, on the
Sucrose, and regulate the outflowto a steady drip of
percolate. When all of the liquid has run through, return
portions of the percolate, ifnecessary, to dissolve all the
Sucrose. Then passenough Purified Waterthrough the cotton
to make the product measure 1000 mL, and mix.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method /I (611): 3.0%-5.0%

SPECIFIC TESTS
• FATS AND FIXED OILS, Acid Value (401)

Sample solution: 2% of solution
Analysis: Add phenolphthaleinTS, and titrate with 0.5 N

alcoholic potassium hydroxide VS.
Acceptance criteria: 112-168

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight containers,and

store at controlled room temperature.
• LABELING: The label states the Latin binomial name and,

followinq the official name, the part of the plant source
from which the article was derived.

Tolu Balsam Tincture
DEFINITION
Tolu Balsam Tincture is prepared from Tolu Balsam obtained

from Myroxylon balsamum(L.) Harms var. balsamum (Fam.
Fabaceae).

PrepareTolu Balsam Tincture as follows (see Pharmaceutical
Compounding-Nonsterile Preparations (795»).

Tolu Balsam 200 9

Alcohol 750 ml

Alcohol, a sufficient quantity to make 1000 ml

Maceratethe Tolu Balsam with 750 mL ofAlcoholin a container
that can be closed, and put in a warm place. Agitate it
frequently during 3 days or until the soluble matter is
dissolved. Transfer the mixtureto a filter, and when most of
the liquid has drained away, wash the residueon the filter
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342.30

378.33

C12H220ll

C12H22011 ·2H20
a-D-Glucopyranosyl c-o-qlucopyranoslde.
Anhydrous [99-20-7].
Dihydrate [6138-23-4].

DEfiNITION
Trehalose is a stable, non reducing disaccharide with two

glucose molecules linked in an 0.,0.-1,1 configuration. It is
obtained through enzymatic conversion of food-grade
starch. It contains NLT 97.0% and NMT 102.0% of trehalose
(C12H2201l), calculated on the anhydrous basis.

Trehalose

IDENTifiCATION

Sample solution: 400 mg/mL of Trehalose
Analysis: Add 0.4 mL of a solution containing 1-naphthol in

95% alcohol (1 in 20) to 1 mL of the Sample solution.Gently
add 2 mL of sulfuric acid to the solution.

Acceptance criteria: A violet color develops at the interface
between the two solutions.

• C. . .
Glycine solution: 40 mg/mL of glycine
Sample solution: 40 mg/mL of Trehalose
Analysis: Add 1 mL of diluted hydrochloric acid to 2 mL of

the Sample solution. Allow to stand for 20 min at room
temperature. Add 4 mL of sodium hydroxide TS and 2 mL
of Glycine solution to the Sample solution. Heat the solution
for 10 min in boiling water.

Acceptance criteria: A brown color does not develop.

ASSAY
• PROCEDURE

Mobile phase: Water
Standard solution: 10 mg/mL of USP Trehalose RS,

calculated on the anhydrous basis
Sample solution: 10 mg/mL of Trehalose,calculated on the

anhydrous basis
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: Refractive index
Column: 8-mm x 30-cm; packing L58
Temperatures

Detector: 400

Column: 800

Flow rate: Adjust so that the retention time of trehalose is
about 15 min.

Injection volume: 20 ~L

System suitability
Sample: Standardsolution
Suitability requirements

Relative standard deviation: NMT 2.0%
Analysis

Samples: Standardsolution and Sample solution

Tragacanth

with a sufficient quantity of Alcohol, combining the filtrates
to produce 1000 mL of Tincture, and mix.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 77.0%-83.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Package in tight, light-resistant

containers, and store at controlled room temperature.
Avoid exposure to direct sunlight and to excessive heat.

• LABELING: The label states the Latin binomial name and,
following the official name, the part of the plant source
from which the article was derived.

DEfiNITION
Tragacanth is the dried gummy exudation from Astragalus

gummifer Labill., or other Asiatic species of Astragalus (Fam.
Leguminosae).

IDENTifiCATION
• A. Add 1 g to 50 mL of water: it swells and forms a smooth,

nearly uniform, stiff, opalescent mucilage free from cellular
fragments.

IMPURITIES
• LEAD (251): NMT 10 ppm

SPECifiC TESTS
• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements for absence of Salmonella species and
Escherichia coli.

• BOTANIC CHARACTERISTICS
Tragacanth: It is flattened, lamellated, frequently curved

fragments or straight or spirally twisted linear pieces from
0.5 to 2.5 mm in thickness. It is white to weak yellow in
color, translucent, and horny in texture. Its fracture isshort.
It is rendered more easily pulverizable by heatinq to 500

• It
is odorless.

Histology: Pieces of Tragacanth softened in water and
mounted in water or glycerin show numerous lamellae
and a few starch grains.

Powdered tragacanth: It iswhite to yellowish white. When
examined in water mounts, it shows numerous angular
fragments of mucilage with circular or irregular lamellae,
and occasional starch grains up to 25 urn in diameter,
mostly simple, spherical to elliptical, with occasional two
to four-compound grains, a few of the grains being swollen
and more or less altered. The powder shows few or no
fragments of lignified vegetable tissue (Indian gum).

• KARAYA GUM
Sample solution: 1 g in 20 mL of water
Analysis: Boil the Sample solutionuntil a mucilage isformed,

add 5 mL of hydrochloric acid, and again boil the mixture
for 5 min.

Acceptance criteria: No pink or red color develops.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
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Calculate the percentage of trehalose (C12H22011) in the
portion of Trehalose taken:

Result = (rvirs) x (C siCv) x 100

r u = peak response from the Sample solution
r s =peak response from the Standard solution
C s = concentration of USP Trehalose RS in the Standard

solution (mg/mL)
C u = concentration of Trehalose in the Sample solution

(mg/mL)

Acceptance criteria: 97.0%-102.0% on the anhydrous
basis

IMPURITIES
e RESIDUE ON IGNITION (281): NMT 0.1 %, determined on

2.0 g of Trehalose
e RELATED SUBSTANCES

Mobile phase and Chromatographic system: Proceed as
directed in the Assay.

Sample solution: 10 mg/mL of Trehalose
System suitability solution: Transfer 2.5 mL of the Sample

solution, 25 mg of maltotriose, and 25 mg of glucose to a
1O-mL volumetric flask, and dilute with water to volume.

Standard solution: 0.1 mg/mL of the Sample solution
System suitability

Sample: System suitability solution
[NoTE-The relative retention times for maltotriose,

trehalose, and glucose are about 0.9, 1.0, and 1.2,
respectively.]

Suitability requirements
Resolution: NLT 1.5 between trehalose and maltotriose
Relative standard deviation: NMT 2.0% for the

trehalose peak
Analysis

Samples: Sample solution and Standard solution
Determine the peak areas for all peaks.

Acceptance criteria: For the Sample solution, the areas of
any peaks corresponding to maltotriose and other
polysaccharrides and eluting before trehalose are NMT half
of the area of the peak corresponding to trehalose in the
chromatogram of the Standard solution (0.5%). The areas
of any peaks corresponding to glucose and eluting after
trehalose are NMT half of the area of the peak
corresponding to trehalose in the chromatogram of the
Standard solution (0.5%).

SPECIFIC TESTS .
e COLOR AND CLARITY OF SOLUTION

Sample solution: 33 g of Trehalose in 67 g of recently boiled
water

Analysis: Using a suitable spectrophotometer (see
Ultraviolet- Visible Spectroscopy (857»), measure the
absorbances of the Sample solution at 420 and 720 nm in a
10-cm cuvette. The absorbance of the Sample solutionat
720 nm is NMT 0.050.
Determine the absorbance difference:

Result = A 420 - A 720

A 420 =absorbance of the Sample solution at 420 nm
A 720 =absorbance of the Sample solution at 720 nm

Acceptance criteria: The absorbance difference is NMT
0.100.

e OPTICAL ROTATION, Specific Rotation (781 S)
Sample solution: 100 mg/mL
Acceptance criteria: +1970 to +201 0 at 20 0
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e MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total aerobic
microbial count is NMT 100 cfu/g, and the total combined
molds and yeasts count is NMT 100 cfu/g. It meets the.
requirements of the tests for absence of Salmonella species
and Escherichia coli.

ePH(791)
Sample solution: 100 mg/mL
Acceptance criteria: 4.5-6.5

e WATER DETERMINATION, Method I(921)
Sample: 0.1 g
Acceptance criteria

Anhydrous: NMT 1.0%
Dihydrate: 9.00/0-11 .0%

e BACTERIAL ENDOTOXINS TEST (85): If labeled for use in
preparing parenteral dosage forms, it also ~eets the. .
following requirements. The level of bacterial endotoxlns IS
such that the requirement in the relevant dosage form
monograph(s) in which Trehalose is used can be met.
Where the label states that Trehalose must be subjected to
further processing during the preparation of injectable
dosage forms, the level of bacterial endotoxins is such that
the requirement in the relevant dosage form monograph(s)
in which Trehalose is used can be met.

e CHLORIDE AND SULFATE, Chloride (221)
Sample: 2.0 g
Acceptance criteria: No more chloride than corresponds to

0.70 mL of 0.01 M hydrochloric acid (NMT 0.0125%)
e CHLORIDE AND SULFATE, Sulfate (221)

Sample: 2.0 g
Acceptance criteria: No more sulfate than corresponds to

0.83 mL of 0.005 M sulfuric acid (NMT 0.0200%)
e NITROGEN DETERMINATION, Method" (461)

Sample: 5.0 g
Analysis: Proceed as directed in Method ll, except increase

the volume of sulfuric acid for digestion to 30 mL and the
volume of the sodium hydroxide solution (2 in 5) to 45 mL.

Acceptance criteria: NMT 0.005%
e SOLUBLE STARCH

Sample solution: 10% Trehalose (w/v)
Analysis: Add several drops of iodine TS to the Sample

solution.
Acceptance criteria: No blue color develops.

ADDITIONAL REQUIREMENTS
e PACKAGING AND STORAGE: Preserve in tight containers. No

storage requirements specified.
e LABELING: Where Trehalose is intended for use in the

manufacture of injectable dosage forms, it is so labeled.
Where Trehalose must be subjected to further processing
during the preparation of injectable dosage forms to ensure
acceptable levels of bacterial endotoxins, it is so labeled.

e USP REFERENCE STANDARDS (11)
USP Trehalose RS

Triacetin-see Triacetin General Monographs
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Tributyl Citrate

f:pHO 0

H,C~O ~o CH,

o

360.44

DEFINITION
Tributyl Citrate contains NLT 99.0% of tributyl citrate

(ClsH3207), calculated on the anhydrous basis.

IDENTIFICATION

• B. The retention time of the major peak of the Sample
solutioncorresponds to that of the System suitability
solution, asobtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: 30 mg/mL each of USP Tributyl
Citrate RS and USP Acetyltributyl Citrate RS in toluene

Sample solution: 30 mg/mL of Tributyl Citrate in toluene
Chromatographic system

(See Chromatography <621), System Suitability.)
Mode: GC, equipped with an on-column,

temperature-programmable injector
Detector: Flame ionization
Column: 0.32-mm x 30-m, bonded with a 0.5-lJm layer of

phase G42
Temperatures

Injector: See Table 1.
Detector: 275 0

Column: See Table 2.

Table 1
Hold TIme

Initial Temperature Final at Final Temper-
Temperature Ramp Temperature ature

e) e/min) e) (min)

85 - 85 0.5

85 20 225 10

Table 2
Hold Time

Initial Temperature Final at Final Temper-
Temperature Ramp Temperature ature

e) e/min) (0) (min)

80 - 80 0.5

80 20 220 10

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 IJL

System.suitability
Sample: System suitabilitysolution
.[NOTE-The relative retention times for tributyl citrate

and acetyltributyl citrate are 0.9 and 1.0,
respectively.]

Official Monographs / Trichloromonofluoromethane 6093

Suitability requirements
Resolution: NLT 1.5 between tributyl citrate and

acetyltributyl citrate
Relative standard deviation: NMT 2.0%, determined
from both the tributyl citrate and acetyltributyl citrate
peaks

Analysis
Sample: Sample solution

Calculate the percentage of tributyl citrate (C1sH3207) in
the portion of sample taken:

Result = (rvIr T) x 100

=peak areaof tributyl citrate from the Sample
solution

=sum of all peaks excluding the solvent peak

Acceptance criteria: NLT 99.0% on the anhydrous basis

SPECIFICTESTS
• SPECIFIC GRAVITY (841): 1.037-1.045
• REFRACTIVE INDEX (831): 1.443-1.445
• ACIDITY

Sample: 32.0 g
Analysis: Dissolve the Sample in 30 mL of isopropyl alcohol,

previously neutralized to bromothymol blue. Add
. bromothymol blue TS, and titrate with 0.10 N sodium

hydroxide to a faint blue endpoint.
Acceptance criteria: NMT 1.0 mL of 0.10 N sodium

hydroxide is required.
• WATER DETERMINATION, Method I (921): NMT 0.2%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Acetyltributyl Citrate RS
USP Tributyl Citrate RS

Trichloromonofluoromethane

CCI3F 137.37
Methane, trichlorofluoro-;
Trichlorofluoromethane [75-69-4].

DEFINITION
Trichloromonofluoromethane contains NLT 99.6% and NMT

100.0% of trichloromonofluoromethane (CCI3F), calculated
on the anhydrous basis.

IDENTIFICAnON
• A. The IRabsorption spectrum, determined in a 10-cm cell

with sodium chloride windows, at atmospheric pressure,
exhibits maxima, among others, at the following
wavelengths, in IJm:4.67 (m), 5.95 (m), 7.28 (s), 8.06 (m),
9.2 (vs), 10.7 (vs), 11.8 (vs), and 13.4 (rn). The stronger
maxima are best obtained at pressures less than 10 mm of
mercury.

ASSAY
• PROCEDURE

System sultablllty solution: Introduce a liquid-phase
mixture of dichlorodifluoromethane,
dichlorotetrafluoroethane, and
trichloromonofluoromethane into an evacuated
headspace vial.
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Sample solution: Introduce the liquid phase of
Trichloromonofluoromethane into an evacuated
heads pace vial.

Chromatographic system
(See Chromatography (621), System SUitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm x 1.8-m stainless steel; 1% phase G25 on

support S12
Temperatures

Injection port: 110°
Detector: 200°
Column: See Table 7.

Table 1
Hold Time

Initial Temperature Final at Final Temper-
Temperature Ramp Temperature ature

(") ("/min) (") (min)

70 10 170 5
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• WATER
Analysis: Determine as directed in Propellants (602), and

Water Deterimination, Method Ie (921).
Acceptance criteria: NMT 0.001 %

• HIGH-BoILING RESIDUES
Analysis: Determine as directed in Propellants (602).
Acceptance criteria: NMT0.01 %

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight cylinders, and

avoid exposure to excessive heat.

Triethyl 'Citrate

H3C~O0

H3C, r CH3

o OH 0
o 0

Carrier gas: Helium
Flow rate: 20 mL/min
Headspace sampler: The bath temperature is 100°, the
valve/loop temperature is 105°, and the sampling time is
3 s. Make adjustments as necessary to optimize peak areas
to record trace-level impurities.

System suitability
Sample: Gas phase headspace of the System suitability

solution
[NoTE-The relative retention times for

dichlorodifluoromethane, dichlorotetrafluoroethane,
and trichloromonofluoromethane are 0.5, 0.8, and
1.0, respectively.]

Suitability requirements
Resolution: NLT 2.0 between dichlorotetrafluoroethane

and trichloromonofluoromethane
Analysis

Sample: Gas phase headspace of the Sample solution
Calculate the percentage of trichloromonofluoromethane

(CCll) in the portion of Trichloromonofluoromethane
taken.

Acceptance criteria: 99.6%-100.0% on the anhydrous
basis

IMPURITIES
• INORGANIC CHLORIDES

Sample: 7 g
Analysis: Place 5 mL of anhydrous methanol in a test tube,

add 3 drops of a saturated solution of silver nitrate in
anhydrous methanol, shake, and add the Sample.

Acceptance criteria: No opalescence or turbidity is
produced.

• CHROMATOGRAPHIC PURITY
Analysis: In the chromatogram from the Assay, identify the

dichlorodifluoromethane and dichlorotetrafluoroethane
peaks from relative retention times of those peaks in the
chromatogram of the System suitability solution.
Acceptance criteria

Sum of the peak areas for dichlorodifluoromethane
and dichlorotetrafluoroethane: NMT0.2% of the
total of all peak areas

Sum of the areas of all peaks other than that for
trichloromonofluoromethane: NMT0.4% of the total
af all peak areas.

SPECIFIC TESTS
• BOILING TEMPERATURE

Analysis: Determine as directed in Propellants (602).
Acceptance criteria: Approximately 24°

276.28

DEFINITION
Triethyl Citrate contains NLT 99.0% and NMT 100.5%

of C12H2007, calculated on the anhydrous basis.

IDENTIFICATION

• Ii. T e retention time of the major peak of the Sample
solution corresponds to that of a similar preparation of USP
Triethyl Citrate RS, as obtained in the Assay.

ASSAY
• PROCEDURE

System suitability solution: 30 mg/mL each of USP Triethyl
Citrate RS and USP Acetyltriethyl Citrate RS in toluene

Sample solution: 30 mg/mL of Triethyl Citrate in toluene
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 032-mm x 30-m; 0.5-lJm layer of phase G42
Temperature

Injector: 225°
Detector: 275°
Column: See the temperature program table below.

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(") ("/min) (") (min)

80 - 80 0.5

80 20 220 20

Flow rate: 2.3 mL/min
Carrier gas: Helium
Injection type: Split, 30:1
Injection size: 1 IJL

System suitability
Sample: System suitability solution

[NOTE-Therelative retention times fortriethyl citrate
and acetyltriethyl citrate are 0.9 and 1.0,
respectively.]
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Suitability requirements
Resolution: NLT 1.5 between triethyl citrate and

acetyltriethyl citrate
Relative standard deviation: NMT 2.0% (determined

from both the triethyl citrate and acetyltriethyl citrate
peaks, based on area percentage calculation)

Analysis
Sample: Sample solution

[Note-Measure all of the peak areas, excluding the
solvent peak.]

Calculate the percentage of C12H2001 in the portion of
Triethyl Citrate taken:

Result= (rU/rT) x 100

ru =peak area for triethyl citrate
rT =sum of the area responses of all the peaks

Acceptance criteria: 99.0%-100.5% on the anhydrous
basis

SPECIFIC TESTS
.. SPECIFIC GRAVITY (841): 1.135-1.139
• REFRACTIVE INDEX (831): 1.439-1.441
• ACIDITY

Neutralized isopropyl alcohol: To a suitable quantity of
isopropyl alcohol add 2-3 drops of bromothymol blue TS
and just sufficient 0.10 N sodium hydroxide dropwise to
produce a faint blue color. [NoTE-Prepare Neutralized
isopropyl alcoholjust prior to use.]

Sample solution: 32.0 g of Triethyl Citrate in 30 mL of
Neutralized isopropyl alcohol

Analysis: Add bromothymol blue TS.Titrate with 0.10 N
sodium hydroxide to a faint blue endpoint.

Acceptance criteria: NMT 1.0 mL of 0.10 N sodium
hydroxide is required. .

• WATER DETERMINATION, Method I (921): NMT 0.25%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• USP REFERENCE STANDARDS (11)

USP Acetyltriethyl Citrate RS
USP Triethyl Citrate RS .

Medium-Chain Triglycerides

Glycerides, mixed decanoyl and octanoyl;
Caprylic and capric triglycerides.

DEFINITION
Medium-Chain Triglycerides consist of a mixture of

triglycerides of saturated fatty acids, mainly of caprylic acid
(CSH'602) and capric acid (ClOH2002). The fatty acids are
derived from the oil extracted from the hard, dried fraction
of the endosperm of Cocos nucifera L. or from the dried .
endosperm of Elaeis guineensis [acq, They contain NLT 95%
of saturated fatty acids with 8 and 10 carbon atoms.

IDENTIFICATION

OfficialMonographs / Triglycerides 6095

TestsFats and Fixed Oils(401),
Composition

IMPURITIES
• LIMIT OF CHROMIUM, COPPER, LEAD, AND NICKEL

[NOTE-Use this test for Medium-Chain Triglycerides
intended for use in parenteral nutrition.]

Internal standard solution: [NOTE-Prepare this solution
fresh every 6 months.] Transfer 2.0 mL of a solution
containing 1000 mg/L of yttrium [NOTE-Yttrium ICP
standard solutions are commercially available.'] and 2.0 mL
of a solution containing 1000 mg/L of lutetium .
[NOTE-Lutetium ICPstandard solutions are commercially
available.I] to a 1OOO-mL volumetric flask, add 10 mL of
65% ultratrace nitric acid, dilute with water to volume,
and mix.

Blank standard: Transfer 1.0 mL of the Internalstandard
solution to a 1OO-mL volumetric flask, add 10.0 mL of 65%
ultratrace nitric acid, dilute with water to volume, and mix.

Standard stock solution: Transfer 1.0 mL each of the
solutions containing 1000 mg/L of chromium, copper,
lead, and nickel [NOTE-Single-element ICPstandard
solutions are commercially available."] to a 100-mL
volumetric flask, add 10.0 mL of 65% ultratrace nitric acid,
dilute with water to volume, and mix. [NOTE-Prepare this
solution fresh monthly.] Transfer 1.0 mL of this solution to a
1OO-mL volumetric flask, add 10 mL of 65% ultratrace
nitric acid, dilute with water to volume, and mix. The
concentration of each element in this solution is 100 ~g/L.

[NOTE-Prepare this solution fresh weekly.]
Standard solutions: [NOTE-Prepare these solutions fresh

each time.] Into two separate 1OO-mL volumetric flasks,
transfer 1.0 mL and 5.0 mL of the Standard stock solution,
add 1.0 mL of the Internalstandardsolutionand 10.0 mL of
65% ultratrace nitric acid, dilute with water to volume, and
mix well. The concentration of each element in these
solutions is 1 ~g/L and 5 ~g/L, respectively.

Sample solution: Transfer 3.5 g of Medium-Chain
Triglycerides into a suitable quartz flask. Add 5 mL of
concentrated sulfuric acid" and heat slowly on a hot-plate
in a fume hood. At the boiling heat, carefully add 5 mL of
30% hydrogen peroxides in 1-mL increments. Continue
heating until the solution is clear and colorless. Otherwise,
add another 3 mL of concentrated sulfuric acid and
continue to add more 30% hydrogen peroxide. After
cooling, cautiously add about 5 mL of water dropwise.
Quantitatively transfer the flask'scontents into a clean, dry,
20-mL volumetric flask, dilute with water to volume, and
mix. Transfer 1.0 mL of digestion solution to a 20-mL
volumetric flask, add 0.2 mL of the Internalstandard
solutionand 2.0 mL of 65% ultratrace nitric acid, dilute with
water to volume, and mix. Retain the remaining digestion
solution for use in the test for Limit of Tin.

Blank solution: Prepare the blank digestion solution,
following the preparation procedure for the Sample
solution, but without using Medium-Chain Triglycerides.

1Asuitable yttrium rcp standard isavailable from LGC
(www.lgcstandards.com) or Millipore Sigma(www.sigmaaldrich.com).
2 Asuitable lutenium ICP standard is available from LGC
(www.lgcstandards.com) or Millipore Sigma(www.sigmaaldrich.com).
3 Suitablesingle-element ICP standards are available from LGC
(www.lgcstandards.com) or Millipore Sigma(www.sigmaaldrich.com).
4 Suitableultratraceconcentrated sulfuric acid is available from Spectrum
Chemicals(www.spectrumchemical.com) or Millipore Sigma
(www.sigmaaldrich.com).
S Suitable ultratrace 30% hydrogen peroxide is availablefrom Spectrum
Chemicals(www.spectrumchemical.com) or Millipore Sigma
(www.sigmaaldrich.com).

www.webofpharma.com

https://nhathuocngocanh.com/



6096 Triglycerides / OfficialMonographs NF 38

Blank standard: Transfer 1.0 ml of the Internal standard
solution to a 1OO-mlvolumetric flask, add 10.0 ml of 30%
hydrochloric acid," dilute with water to volume, and mix.

Standard stock solution: Transfer 1.0 mL of a solution
containing 1000 mg/L of tin [NoTE-Single-element ICP
standard solutions are commercially available."] to a
1OO-ml volumetric flask, add 25.0 ml of 30% hydrochloric
acid, dilute with water to volume, and mix. [Nors-Prepare
this solution fresh monthly.] Transfer 1.0 mLof this solution
to a 1OO-mL volumetric flask, add 25.0 ml of 30%
hydrochloric acid, dilute with water to volume, and mix.
The concentration of tin in this solution is 100 J.lg/L.
[Nora-Prepare this solution fresh each time.]

Standard solutions: [NoTE-Prepare these solutions fresh
each time.] Into two separate 1OO-mL volumetric flasks,
transfer 1.0 mL and 5.0 mL of the Standardstock solution,
add 1.0 ml of the Internalstandardsolutionand 25.0 mLof
30% hydrochloric acid, dilute with water to volume, and
mix well. The concentration of tin in these solutions is 1 J.lgi
Land 5 J.lg/l, respectively.

Acceptance criteria: NMT 0.1 J.lgig

• ALKALINE IMPURITIES
Sample solution: Dissolve2.0 9 of Medium-Chain

. Triglycerides in a mixture of alcohol and ethyl ether (1.5:
3.0).

Analysis: Add 0.05 mL of hrc)m()r~)?~IGn(;:nil!t~~fiYlJt:ocl1rQrJ~
titrate ::-

A~!~;~~toa

• SPECIFIC GRAVITV
• WATER DETERMINATION (921), Method I: NMT 0.2%
• ApPEARANCE

Diluent: Hydrochloric acid and water (2.75%:97.25%)
Sample: 10 mL .
Standard solution: Prepare immediately before use by

mixing 2.4 mLof ferric chloride CS and 0.6 mLof cobaltous
chloride CS with Diluent to make 10.0 mL, and diluting
5.0 ml of the solution with Diluent to make 10.0 mL.

Analysis: Compare the Sample and the Standardsolutionby
viewing them downward in matched color-comparison
tubes against a white surface (see Colorand Achromicity
(631»

Acceptance criteria: The Sample is clear and not more
intensely colored than the Standardsolution.

• FATSAND FIXED OILS (401), Procedures, AcidValue: NMT0.2
• FATS AND FIXED OILS (401), Procedures, FattyAcid

Composition: The fatty acid fraction of Medium-Chain
Triglycerides exhibits the following composition as seen in
Table 3. Disregard any peak with an area less than 0.05%
of the total area.

6 Suitable ultratrace 30% hydrochloric acid is availablefrom Spectrum
Chemicals (www.spectrumchemical.com).Millipore Sigma
(www.sigmaaldrich.com).WVR(us.vwr.com!store!) or other vendors.
7 Asuitable tin ICP standard isavailablefrom LGC (www.lgcstandards.com)
or Millipore Sigma (www.sigmaaldrich.com).

Table 1

Instrumental conditions
(See Plasma Spectrochemistry (730).)
Mode: ICP-MS
Spectrometer: Quadrupole mass spectrometer
Detector: Ion detector maintained under vacuum

System suitability
Samples: Blank standard and Standardsolutions
Suitability requirements: Instrument performance must

be verified to conform to the manufacturer's specifications
for resolution and sensitivity. Before analyzing the Sample
solutions, the instrument must pass a suitable
performance check. The instrument should read all
isotopes for the following elements shown in Table 1 for
the yttrium internal standard (89 amu) and the lutetium
internal standard (175 amu), and should report the total
element contents using the isotopes. Generate the
calibration curve using the Blank standardand Standard
solutions for each element. The linear regression
coefficient is NlT 0.99.

Analysis
Samples: Blank solution and Sample solution
Determine the concentration of each element in the Blank SPECIFIC TESTS

solution and in the Sample solution using the calibration
curve.

Calculate the quantity, in J.lgIg, of each element in the
portion of Medium-Chain Triglycerides taken:

Result =(Cu - CB)/Cs

Cu = concentration of each element in the Sample
solution (J.lg/l) .

CB = concentration of each element in the Blank
solution (J.lg/l)

Cs = concentration of Medium-Chain Triglycerides in
the Sample solution (giL)

Acceptance criteria: See Table 2.

Table 2

Isotope
Element (amu)

Chromium 52

Copper 63

Lead 206

Nickel 58

Tin 118

• LIMIT OF TIN
[NOTE-Use this test for Medium-Chain Triglycerides

intended for use in parenteral nutrition.]
Internal standard solution, Sample solution, Blank

solution, Instrumental conditions, System suitability,
and Analysis: Proceed as directed in the test for Limit of
Chromium, Copper, Lead, and Nickel.

Acceptance
Criteria,

Element NMT (J.lg/g)

Chromium 0.05

Copper 0.1

Lead 0.1

Nickel 0.1
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Table 3 • B.
Analysis 1: To 1 mL add 0.1 mL of cupric sulfate TS.
Acceptance criteria 1: A deep blue color is produced.
Analysis 2: Add 5 mL of 1 N sodium hydroxide, and

concentrate to one-third of the original volume by boiling.
Acceptance criteria 2: The blue color remains.

• C.
Analysis: To 1 mL add 0.3 mL of cobaltous chloride TS.
Acceptance criteria: A carmine red color is produced.

ASSAY
• PROCEDURE

Sample: 2 g of Trolamine
Analysis: Transfer the Sample to a 300-mL conical flask. Add

75 mL of water and 2 drops of methyl red TS, and titrate
with 1 N hydrochloric acid VS. Each mL of 1 N hydrochloric
acid is equivalent to 149.2 mg of triethanolamine,
expressed as N(C2H40H)3'

Acceptance criteria: 99.0%-107.4% on the anhydrous
basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.05%

SPECIFIC TESTS
• SPECIFIC GRAVITY (841): 1.120-1 .128
• REFRACTIVE INDEX (831): 1.481-1.486 at 20°
• WATER DETERMINATION, Method I (921)= NMT 0.5%,

using a mixture of glacial acetic acid and methanol (1 :4) as
the solvent

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers.
• USP REFERENCE STANDARDS (11)

USP Trolamine RS

Tromethamine-see Tromethamine General
Monographs

Carbon-Chain Number Percentage
Length of Double Bonds (%)

6 0 $2.0

8 0 50.0-80.0

10 0 20.0-50.0

12 0 $3.0

14 0 $1.0

""n;..... LE:o> OF BOTAINIC:AL
TotalAsh

Sample: 2.0 g
Acceptance criteria: NMT 0.1%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers,

protected from light. Store at temperatures not exceeding
25°.

~.
• VISCOSIJ",-CAPiiLARY METHODS (911)

Analysis: Determine at 20 ± 0.1° with a capillary viscometer.
Acceptance criteria: 25-33 mPa . s

• FATS AND FIXED OILS (401), Procedures, Hydroxyl Value:
NMT10

• FATS AND FIXED OILS (401), Procedures, Iodine Value: NMT
1.0

• FATS AND FIXED OILS (401), Procedures, Peroxide Value:
NMT 1.0

Tyloxapol-see Tyloxapol General Monographs

Vanilla
Trolamine

C6H15N03 149.19
Ethanol, 2,2',2"-nitrilotris-;
2,2',2"-Nitrilotriethanol [102-71-6].

DEFINITION
Trolamine is a mixture of alkanolamines consisting largely of

triethanolamine [N(C2H40H)3] containing some
diethanolamine [NH(C2H40H)2] and monoethanolamine
[NHlC2H40H)]. It contains NLT 99.0% and NMT 107.4% of
alkanolamines, calculated on the anhydrous basis as
N(CiH40H)3'

IDENTIFICATION

DEFINITION
Vanilla is the cured, full-grown, unripe fruit of Vanilla

planifolia Andrews, often known in commerce as Mexican,
Bourbon, or Madagascar vanilla, or of Vanilla tahitensis J.W.
Moore, known in commerce asTahitian vanilla (Fam.
Orchidaceae). Vanilla yields NLT 12.0% of anhydrous,
diluted alcohol-soluble extractive.

COMPOSITION
• CONTENT OF ANHYDROUS, DILUTED ALCOHOL-SOLUBLE

EXTRACTIVE
Sample: 2 g of Vanilla
Analysis: Place the Sample, finely cut or coarsely powdered

and accurately weighed, in a suitable flask. Add 70 mL of
diluted alcohol, shake by mechanical means for 2 h or for
8 h at 30-min intervals, and allow to stand overnight.
Decant the liquid into afilter, and wash the flask and residue
with small portions of diluted alcohol, passing the washings
through the filter until the filtrate measures 100.0 mL. Mix
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the filtrate well, evaporate a 50.0-mLportion in a suitable
tared container on a steam bath to dryness, and dry the
residue at 1OSO for 4 h. The weight obtained represents the
yield of anhydrous, diluted alcohol-soluble extractivefrom
one-half of the portion of Vanilla taken. Calculatethe yield
for the entire Sample taken.

Acceptance criteria: NLT 12.0%

CONTAMINANTS
• ARTICLES OF BOTANICAL ORIGIN (561), Pesticide Residue

Analysis: Meets the requirements

SPECIFIC TESTS
• BOTANICAL CHARACTERISTICS

Unground Vanilla
Macroscopic: Linear, flattened capsulesof 12-35 em in

length and 5-9 mm in width, with an apex terminating
in a flat, circularscar and a graduallytapering base that is
more or lesscurved or hooked;or inTahitian vanilla, broad
in the middle and tapering toward either end, the base
closely resembling the summit. It isflexible and tough,
nearly black, dusky brown to moderate brown externally,
longitudinallywrinkled, moist, glossy, and occasionally
has efflorescenceof acicularor prismatic crystals of
vanillin. Internally it is unilocular, with a brownish-black
pulp and numerous minuteseeds. Occasional capsulesare
split near the summit into three parts.

Microscopic: The epidermis has a distinct cuticle and
occasional stomata. The epidermal cells contain red to
brown bodies and occasional prismsof calciumoxalate or
crystals of vanillin. Ithasa collenchymalayerofone or two
rows of cells, a thick sarcocarp composed of parenchyma
and an interrupted circle of fibrovascular bundles, the
latter leptocentric with a few vessels, and an outer circle
of fibers with thin, strongly lignified walls and numerous
transverse simple pits. The vessels with walls have slit-like
pits or spiralthickenings; the parenchyma cells are usually
thin-walled and deeply undulate, some thick-walled with
oblique, slit-like pits or broad spiral bands, and contain
occasional bundles of acicularcrystals of calcium oxalate,
up to 400 urn in length, or a thin protoplasmic layer
enclosing numerous oil globules. It has an endocarp
composed of placental and interplacental regions; the
placental region consistsof six bifid placentas extending
into the cavityof the fruitand bears irregularly trianguloid,
black to reddish, flattened seeds, up to about 250 urn in
diameter, having a deeply reticulate seed coat; the
interplacental regions show long, nearlystraight hairs
more Or less matted together by their gummy, resinous
secretion.

Powdered Vanilla
. Macroscopic: Dusky brown to nearly black

Microscopic: The principal elements of identification are
fragments of parenchyma of the sarcocarp with long,
oblique, slit-like walls or broad spiral bands, calcium
oxalate crystals of acicularoutline and up to 400 urn in
length, and monoclinic prismsup to 35 urn in length. It
has numerous unicellular, nearlystraight, glandular hairs,
fragments of the seed coat with polygonalstone cells, and
slender crystalsof vanillin.

• TEST FOR VANILLIN
Analysis: Placea few of the crystals, occurring as an

efflorescenceon the fruit, on a microslide or watch glass,
and add 1 drop of phloroglucinol TS and 1 drop of
hydrochloric acid.

Acceptance criteria: The solution immediatelyacquires a
red color.

ADDITIONAL REQUIREMENTS-
• PACKAGING AND STORAGE: Preserve in tight containers, and

store in a cold place.
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• LABELING: The labelstates the Latin binomialand, following
the official name, the part(s) of the plant contained in the
article. ThecommercialvarietyofVanilla, whether Mexican,
Bourbon, Madagascar, or Tahitian, isalso stated on the
label.The labelstates that Vanilla that has become brittle is
not to be used.

Vanilla Tincture

DEFINITION
Prepare Vanilla Tincture as follows (see Pharmaceutical

Compounding-Nonsterile Preparations (795».

Vanilla, cut into smallpieces 100 g

Purified Water 200ml

Alcohol 207ml

Sucrose, in coarse granules 200 g

DilutedAlcohol, a sufficientquantity to make 1000 ml

Add Purified Water to the comminuted Vanilla in a suitable
covered container, and macerate for 12 h, preferably in a

. warm place. Add Alcoholto the mixture, mix, and macerate
for about 3 days. Transferthe mixture to a percolator
containing Sucrose, and drain. Pack the drug firmly, and
percolate slowly, using DilutedAlcoholas the menstruum.

OTHER COMPONENTS
• ALCOHOL DETERMINATION, Method I (611): 38.00/0-42.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Packagein tight, light-resistant

containers, and avoid exposure to direct sunlight and
excessive heat.

• LABELING: The label states the Latin binomial name and,
following the official name, the part of the plant source
from which the article was derived.

Vanillin

H3codo
'7 I H

HO ~

CaHa0 3 152.15
Benzaldehyde, 4-hydroxy-3-methoxy-;
Vanillin [121-33-5].

DEFINITION
Vanillin contains NLT 97.0% and NMT 103.0% of vanillin

(CaHa0 3) , calculated on the dried basis.

IDENTIFICATION
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IDENTIFICATION

SPECIFICTESTS
• Loss ON DRYING (731)
Analysis: Drya sample at 105° for 4 h.
Acceptance criteria: NMT 0.1%

• FATS AND FIXED OILS (401), Procedures, Acid Value
Sample: 20 g in a conicalflask
Analysis: Melt the Sample on a steam bath, add 100 mLof

hot alcohol previously neutralized with 0.1 N sodium
hydroxide to phenolphthalein TS, swirl, and add 1 mLof
phenolphthalein TS. Titratewith 0.10 N sodium hydroxide
until the solution remainsfaintlypinkafter being shakenfor
15 s.

Acceptance criteria: NMT 4.0
• FATS AND FIXED OILS (401), Procedures, Unsaponifiable

Matter: NMT 0.8%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers, in a

cool place.

Vitamin EPolyethylene Glycol Succinate
DEFINITION
Vitamin EPolyethylene Glycol Succinate is a mixture formed

by the esterification of d-alpha tocopheryl acid succinate and
polyethylene glycol.The ester mixture consists primarily of
mono-esterified polyethylene glycol and a smallamount of
di-esterified polyethylene glycol. It contains NLT 25.0% of
d-alpha tocopherol (C29Hso02)'

IDENTIFICATION
• A. GAS CHROMATOGRAPHIC IDENTIFICATION TEST

Analysis: Proceed as directed in the test for ContentofAlpha
Tocopherol.

Acceptance criteria: The retention time of the major peak
of the Sample solution corresponds to that of the Standard
solution.

COMPOSITION
• CONTENT OF ALPHA TOCOPHEROL

Solvent: 0.25 mLof phenolphthalein TS in 1 Lof alcohol
Internal standard solution: 12 mg/mL of ethyl arachldate

in isooctane
Standard solution: Transfer 32.5 mg of USP Alpha

Tocopherol RS to a suitable reaction flask. Add 2 mLof
pyridine and 0.5 mLof N,O-bis(trimethylsilyl)trifluor

• lB. _
i41t,/

Samplesolufion: -8 uq/rn], in methanol
Acceptance criteria: Meets the requirements

ASSAY
• PROCEDURE

Standard solution: 8 ~g/mL of USP Vanillin RS in methanol
Sample solution: 8 ~g/mL of Vanillin in methanol
Blank: Methanol
Instrumental conditions

(See Ultraviolet-Visible Spectroscopy (857).)
Mode: UV
Analytical wavelength: 308 nm
Cell: 1 cm

Analysis
Samples: Standardsolution, Sample solution, and Blank
Calculatethe percentage ofvanillin (C8H803) in the portion

of Vanillin taken:

Result =(AulAs) x (CsiCu) x 100

Au = absorbance of the Sample solution
As = absorbance of the Standardsolution
Cs == concentration of USP Vanillin RS in the Standard

solution (~g/mL)

Cu = concentration of the Sample solution(~g/mL)

Acceptance criteria: 97.0%-103.0% on the dried basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.05%

SPECIFICTESTS
• MELTING RANGE OR TEMPERATURE (741): 81°-83°
• loss ON DRYING (731): Drythe sample over silica gel for

4 h: it loses NMT 1.0% of its weight.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers. .
• USP REFERENCE STANDARDS (11)

USP Vanillin RS

Hydrogenated Vegetable Oil

Hydrogenated Ve etable Oil is a mixture of tri I cerides of
fatt aci
s
Type, as described in the table below.

DEFINITION

Type I Type II

Melting Range or Temperature
(741), Procedures, Procedure for
Class /I 57°-85° 20°_50°

.(;{, ,/' "'"

Fats and Fixed Oils (401), Proce-
dutes, IodineValue, Method /I 0-5 55-80

Fats and Fixed Oils (401), Proce-
dutes, Saponification Value 175-200 175-200
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oacetamide with 1% trimethylchlorosilane, and heat the
flask at 100° for 10 min. Cool the flask, add 5.0 mL of
Internal standardsolution followed by 20 mL of isooctane
and shake. '

Sample solution: Transfer a quantity equivalent to 0.100
0.160 g of Vitamin EPolyethylene Glycol Succinate molten
at 60° to a culture tube (about 20 cm long and 2.5 cm in
diameter) equipped with a screw cap. Add 40-50 mg of
ascorbic acid and a few boiling chips, followed by 20 mL of
Solvent. [NoTE-Reflux the solution gently without emission
of contents.] Placethe tube in a heating block set at 100°
150°. When the sample is fully dissolved, add 0.25 g of
potassium hydroxide, and continue to reflux for 30 min.
Removethe tube from heat, and while contents are still hot,
add 1-2 mL of hydrochloric acid dropwise until the pink
coloration disappears. [CAUTION-Exothermic reaction.
Allow the acid to trickle down the inside of the tube to
prevent splashing.] Cool the tube, then wash the sides of
the tube with 20 mL of water. Add 5.0 mL of Internal
stC!n.dard solution, cap, and shake to ensure thorough
mixing. Allow the tube to stand until two distinct layersare
fo~med. Transfer 2.5-3.5 mL of the upper layer into a
suitable reaction flask, and add 2.0 mL of pyridine followed
by 2.5 mL of N,O-bis(trimethylsilyl)trifluoroacetamidewith
1% trimethylchlorosilane. Heat the flask at 100° for 10 min.
Cool, and then add 12 mL of isooctane.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 15-m fused-silica capillary' coated

with a 0.25-lJm film of phase G27 '
Temperature

Injector: 280°
Detector: 345°
Column: See Table 7.

Table 1
Hold Time

Initial Temperature Final at Final Temper-
Temperature Ramp Temperature. ature

e) (o/min) e) (min)

260 20 340 1

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection size: 1 IJL
Injection type: Split ratio, 200:1

System suitability
Sample: Standardsolution
Suitability requirements

Tailing factor: NMT 2.0 for the alpha tocopherol peak
Relative standard deviation: NMT 2.0% for the ratio of

the alpha tocopherol peak area to the internal standard
peak area

Analysis
Samples: Standardsolutionand Sample Solution
Calculate the percentage of d-alpha tocopherol (Cz9HsoOz)

in the portion of Vitamin E Polyethylene Glycol Succinate
taken:

Result=(RulRs) x (Ws/Wu) x 100

=internal standard ratio (peak area of alpha
tocopherol/peak area of the internal standard)
from the Sample solution

= internal standard ratio (peak area of alpha
tocopherol/peak area of the internal standard)
from the Standardsolution
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= weight of USP Alpha Tocopherol RS used to
prepare the Standardsolution (mg)

= weight of Vitamin EPolyethylene Glycol
Succinate taken to prepare the Sample solution
(mg)

Acceptance criteria: NLT 25.0%

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation (781 S)

[NOTE-This test identifies d-alpha tocopherol after
saponification.]

Sample solution: Transfer 0.9 g of Vitamin EPolyethylene
Glycol Succinate, molten at 60°, to a suitable test tube fitted
with a cap, and dissolve in 10.0 mL of alcohol. Placethe
tube in a heating block set at 100°-105°. [NOTE-Reflux the
solution gently without emission of contents.] When the
sample is fully dissolved, add 2-3 pellets of sodium
hydroxide, and continue to reflux for an additional 30 min.
Remove the tube from the heat, and while contents are still
hot, neutralize using phenolphthalein as the indicator by
slowly adding 10 mL of a mixture of water and hydrochloric
acid (1:1) until the pink color disappears.
[CAUTION-Exothermic reaction. Allow the acid solution to
trickle down the inside of the tube to prevent splashing.]
Cool the tube, cap, and shakeuntil contents arewell mixed.
Add 25.0 mL of heptane, cap, and shakefor 1 min to ensure
thorough mixing. Allow the tube to stand until two distinct
layers are formed. Transfer the top layer to a clean, dry
culture tube, then add 10.0 mL of water to the recovered
solution. Cap, shake, and allow the layers to separate.
Transfer the upper layer to a clean, dry tube. Add 10.0 mL
of potassium ferricyanide solution, prepared by dissolving
2 g of potassium ferricyanide in 10.0 mL of 0.2 M sodium
hydroxide, and replace the cap. Shakevigorously for 45 s,
and allow the layers to separate for 30 min. If the top
heptane layer is clear, proceed with the measurement for
specific rotation; if not clear, dry over anhydrous sodium
sulfate before proceeding with the test. [NOTE-Use the
resultsof the test for ContentofAlphaTocopherol to calculate
the specific rotation.]

Acceptance criteria: NLT +24.0°
• SOLUBILITY IN WATER
Samp~e: 20 g of melted Vitamin E Polyethylene Glycol

Succinate
Analysis: Place the Sample in a glass container on a

magnetic stirrer. Immediately add 80 mL of boiling water
while stirring. Allow to cool to room temperature with
constant stirring.

Acceptance criteria: The solution becomes clear within 3 h.
• ACID VALUE

Sample: 1 g of Vitamin E Polyethylene Glycol Succinate
Analysis: Dissolve the Sample in 25 mL of a mixture of

alcohol and ether (1:1) that has been neutralized to
phenolphthalein with 0.1 N sodium hydroxide. Add 0.5 mL
of phenolphthalein TS, and titrate with 0.10 N sodium
hydroxide until the solution remains faintly pink after
shaking for 30 s.

Acceptance criteria: NMT 0.027 mEq/g, equivalent to
NMT 0.27 mL of 0.10 N sodium hydroxide

ADDITIONAL REQUIREMENTS
• PACKAGING ANDSTORAGE: Preserve in tight containers and

store protected from light. . '
• LABELING: The labeling indicates the d-alpha tocopherol

content, expressed in mg/g.
• USP REFERENCE STANDARDS (11)

USP Alpha Tocopherol RS
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Water for Injection-see Waterfor Injection General
Monographs

Water for Injection, Sterile-see Sterile Waterfor
Injection General Monographs

Water for Irrigation, Sterile-see Sterile Water
for Irrigation General Monographs

Water, Purified
-see Purified WaterGeneral Monographs

Carnauba Wax

DEFINITION
Carnauba Wax is obtained from the leaves of Copernicia

cerifera Mart. (Fam. Palmae).

IDENTIFICATION

IMPURITIES
• RESIDUE ON IGNITION (281)

Sample: 2 g ,
Analysis: Heat the Sample in an open porcelain or platinum

dish over a flame; it volatilizes without emitting an acrid
odor. Ignite.

Acceptance criteria: The weight of the residue is NMT
5 mg, corresponding to NMT 0.25%.

SPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE (741), Procedures,

Procedure for Class 1/: 80°-86°
• ACID VALUE

Sample: 3 g
Analysis: Weigh the Sample into a 250-mL flask attached

to a reflux condenser. Add 50 mL of a mixture of isopropyl
alcohol and toluene (5:4), and boil gently until the wax is
completely dissolved. Remove the flaskfrom the condenser,
add 1 mL of phenolphthalein TS, and immediately titrate
with 0.5 N alcoholic potassium hydroxide VS to a faint,
reddish-yellow color. [NOTE-Do not allow the solution to
cool. Titrate at warm temperature after refluxing.]
Calculate the acid value as the number of milligrams of

potassium hydroxide required to neutralize the free acids
in 1 g of Carnauba Wax.

Acceptance criteria: 2-7
• FATS AND FIXED OILS(401), Saponification Value

Sample: Use the solution from the test for Acid Value.
Analysis: To the Sample add 15.0 mL of 0.5 N alcoholic

potassium hydroxide VS, reflux for 3 h, and titrate the
excessalkali with 0.5 N hydrochloric acid VSto a
yellow-amber color. Perform a blank determination (see
Titrimetry(541), Residual Titrations).
Calculate the ester value. The saponification value is the

sum of the ester value and the acid value.
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Acceptance criteria: 78-95

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP Carnauba Wax RS

Emulsifying Wax

DEFINITION
Emulsifying Wax is a waxy solid prepared from Cetostearyl

Alcohol containing a polyoxyethylene derivative of a fatty
acid ester of sorbitan.

SPECIFIC TESTS
• MELTING RANGE ORTEMPERATURE (741)

Sample: Emulsifying Wax
Analysis: Melt a quantity of the Sample slowly, while stirring,

until it reaches a temperature of 90°_92°. Remove the
source of the heat, and allow the molten substance to cool
to a temperature of 8°-10° above the expected melting
point. Chill the bulb of a suitable thermometer (see General
Notices, 6.80.30. Temperature Reading Devices) to 5°, wipe
it dry, and while it is still cold, dip it into the molten
substance so that the bulb is completely covered. Withdraw
it immediately, and hold it vertically away from the heat
until the surface dulls. Fix the thermometer securely in a test
tube so that the lower point is 15 mm from the bottom of
the test tube. Placethe test tube in a water bath at 10°-15°,
and allow it to remain at that temperature for 30 min. Raise
the temperature of the bath at the rate of 2°/min to 30°,
then change to a rate of 1°/min, and note the temperature
at which the first drop of melted substance leaves the
thermometer. Repeat the determination twice on a freshly
melted portion of the sample substance. If the variation of
three determinations is less than 1°, take the average of the
three asthe melting point. Otherwise, make two additional
determinations, and take the average of the five.

Acceptance criteria: 50°-54°
• FATS AND FIXED OILS, Hydroxyl Value (401): 178-192
• FATS AND FIXED OILS, Iodine Value (401): NMT 3.5
• FATS AND FIXED OILS, Saponification Value (401): NMT 14
• pH (791)

Sample dispersion: Heat 3 g of Emulsifying Wax in 100 mL
of water to 55°, with stirring, followed by cooling to 25°.

Acceptance criteria: 5.5-7.0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Microcrystalline Wax

DEFINITION
Microcrystalline Wax is a mixture of straight-chain,

branched-chain, and cyclic hydrocarbons, obtained by
solvent fractionation of the still bottom fraction of petroleum
by suitable dewaxing or deoiling means.

IMPURITIES
• RESIDUE ONIGNITION (281)

Sample: 2 g'
Analysis: Heat the Sample in an open porcelain or platinum

dish over a flame.
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Acceptance criteria: It volatilizes without emitting an acrid
odor and on ignition yields NMT 0.1%.

SPECIFIC TESTS
• COLOR

Standard solution: Mix 3.8 mL of ferric chloride CS and
1.2 mL of cobaltous chloride CS in a clear-glass, 16- x
150-mm bacteriological test tube.

Sample solution: Melt 109 of Microcrystalline Wax on a
steam bath, and pour 5 mL of the liquid into a clear-glass,
16- x 150-mm bacteriological test tube.

Analysis: Visually compare the contents of both tubes in
reflected light against a white background, holding the
tubes directly against the background at such an angle that
there is no fluorescence.

Acceptance criteria: The Sample solutionis not darker than
the Standard solution.

• MELTING RANGE OR TEMPERATURE, Class 11/ (741): 54°-102°
• CONSISTENCY

Sample: Microcrystalline Wax
Apparatus: Determine the consistency of the Sample by

means of a penetrometer.fitted with a polished metal
needle weighing 2.5 ± 0.05 g and having a truncated
symmetric tapered angle of 9°0' ± 15'. The needle is
tapered, with a length of 25.4 mm, and the shaft ~ttached

to the needle is 58 mm in length and 3.17 mm in diameter.
The plunger that fits into the penetrometer and guides the
path of the needle weighs 47.5 ± 0.05 g. An additional
weight of 50 ± 0.05 g is added to the top of the plunger to
give a total load of 100 g.

Analysis: The Sample is cast in a brass cylinder open at both
ends. The cylinder has an inside diameter of 25.4 mm and
is 31.8 mm in height. Place the cylinder on a brass plate
wetted with an equal volume mixture of glycerin and water,
and place the plate on two corks. Pour the wax, melted at
approximately 1r above its congealing point, into the
cylinder. Continue pouring the wax until a convex .
meniscus is formed above the cylinder. Allowthe specimen
to cool for 1 hat approximately 24°. Shave excess wax from
the top of the cylinder, and remove the plate. With the
smooth wax surface in the up position, condition the
specimen in a water bath at 25° for 1 h. .
Arrange the penetrometer so that the wax specimen is .

completely immersed in the water bath while penetration
is run. Lower the needle until the tip just touches the top
surface of the specimen. Release the needle for 5 s, and
read the depth of penetration in tenths of millimeters.
Perform four determinations, and calculate the average
value of the four readings.

Acceptance criteria: 3-100 (0.3-10.0 mm)
• ORGANIC ACIDS

Sample solution: 20 g of Microcrystalline Wax in 100 mL
of a mixture of neutralized alcohol and water (1:2). Agitate
thoroughly, and heat to boiling.

Analysis: To the Sample solution add 1 mL of
phenolphthalein TS, and titrate rapidly with 0.1 N sodium
hydroxide VS, with vigorous agitation, to a sharp pink
endpoint in the alcohol-water layer.

Acceptance criteria: NMT 0.4 mL of 0.1 N sodium
hydroxide is required.

• FIXED OILS, FATS, AND ROSIN
Sample: 10 g .
Sample solution: Digest the Sample with 50 mL of sodium

hydroxide solution (1 in 5) at 100° for 30 min. Separate the
water layer, and acidify it with 2.N sulfuric acid.

Acceptance criteria: No oily or solid matter separates.
• ALKALINITY

Sample: 35 g .
Analysis: Introduce the Sample into a 250-mL separator,

add 100 mL of boiling water, and shake vigorously for
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5 min. Draw off the separated water into a casserole, wash
further with two 50-mL portions of boiling water, and add
the washings to the casserole. To the pooled washings add
1 drop of phenolphthalein TS, and boil.

Acceptance criteria: The solution does not acquire a pink
color.

• ACIDITY
Analysis: Ifthe addition of phenolphthalein TS in the test for

. Alkalinity produces no pink color, add 0.1 mL of methyl
orange TS.

Acceptance criteria: No red or pink color is produced.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight containers.
• LABELING: Label it to indicate the name and proportion of

any added stabilizer.

White Wax

DEFINITION
White Wax is the product of bleaching and purifying Yellow

Wax that is obtained from the honeycomb of the bee [Apis
mellifera L. (Fam. Apidae)] and that meets the requirements
of the Saponification Cloud Test.

SPECIFIC TESTS
• SAPONIFICATION CLOUD TEST

Sample: 3.00 g
Alcoholic potassium hydroxide: Dissolve40 g of potassium

hydroxide in about 900 mL of aldehyde-free alcohol
maintained at a temperature not exceeding 15°, and then
when solution is complete, warm to room temperature,
and add aldehyde-free alcohol to make 1000 mL.

Analysis: Place the Sample in a 1OO~mLround-bottom
boiling flaskfitted with a ground-glass joint. Add 30 mL of
Alcoholic potassium hydroxide. Reflux the mixture gently for
2 h. At the end of this period, open the flask, insert a
thermometer into the solution, and place the flask in a
container of water at a temperature of 80°. Rotate the flask
in the bath while both the bath and the solution cool.

Acceptance criteria: The solution shows no cloudiness or
globule formation before the temperature reaches 65°.

• MELTING RANGE OR TEMPERATURE, Class /I (741): 62°-65°
• FATS OR FATTY ACIDS, JAPAN WAX, ROSIN, and SOAP

Sample: 1 g
Analysis 1: Boil the Sample for 30 min with 35 mL of 3.5 N

sodium hydroxide contained in a 1OO-mL beaker,
maintaining the volume of solution by the occasional
addition of water, and allow the mixture to cool at room
temperature for about 2 h. .

Acceptance criteria 1: The wax separates, leaving the liquid.
clear, turbid, or translucent, but not opaque.

Analysis 2: Filterthe cool mixture obtained in Analysis 7,and
acidify the clear filtrate with hydrochloric acid.

Acceptance criteria 2: The liquid remains clear or shows
NMT a slight amount of turbidity or precipitate.

• FATS AND FIXED OILS, AcidValue (401)
Sample: 3 g
Analysis: Warm the Sample in a 200-mL flask with 25 mLof

neutralized dehydrated alcohol until melted, then shake the
mixture. Add 1 mL of phenolphthalein TS, and titrate the
warm llquld with 0.5 N alcoholic potassium hydroxide VS
to produce a permanent, faint pink color. Calculate the acid
value as directed in the chapter.

Acceptance criteria: 17-24
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• fATS AND fiXED OILS, Ester Value (401)
Sample solution: The solution resulting from the

determination of AcidValue
Analysis: To the Sample solution add 25.0 mL of 0.5 N

alcoholic potassium hydroxide VS and 50 mL of
aldehyde-free alcohol, and reflux the mixture for 4 h. Titrate
the excess alkali with 0.5 N hydrochloric acid VS. Perform a
blank determination (see Titrimetry(541), Residual
Titrations). Calculate the ester value as directed in the
chapter.

Acceptance criteria: 72-79

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Yellow Wax

DEfINITION
Yellow Wax is the purified wax from the honeycomb of the

bee [Apis melliferaL. (Fam. Apidae)]. The crude beeswax used
to prepare Yellow Wax conforms to the Saponification
Cloud Test.

SPECifiC TESTS
• SAPONIFICATION CLOUD TEST

Sample: 3.00 g
Alcoholic potassium hydroxide: Dissolve40 g of potassium

hydroxide in about 900 mL of aldehyde-free alcohol
maintained at a temperature not exceeding 15°, and then
when solution is complete, warm to room temperature,
and add aldehyde-free .alcohol to make 1000 mL.

Analysis: Placethe Sample in a 1OO-mL round-bottom
boiling flask fitted with a ground-glass joint. Add 30 mL of
Alcoholic potassium hydroxide. Reflux the mixture gently for
.2 h. At the end of this period, open the flask, insert a
thermometer into the solution, and place the flask in a
container of water at a temperature of 80°. Rotate the flask
in the bath while both the bath and the solution cool.

Acceptance criteria: The solution shows no cloudiness or
globule formation before the temperature reaches 65°.

• MELTING RANGE ORTEMPERATURE, Class /I (741): 62°-65°
• fATS OR fATTY ACIDS, JAPAN WAX, ROSIN, and SOAP

Sample: 1 g . .
Analysis 1: Boil the Sample for 30 min with 35 mL of 3.5 N

sodium hydroxide contained in a 1OO-mL beaker, .
maintaining the volume of solution by the occasional
addition of water, and allow the mixture to cool at room
temperature for about 2 h.

Acceptance criteria 1: The wax separates, leaving the liquid
clear, turbid, or translucent, but not opaque.

Analysis 2: Filter the cool mixture obtained in Analysis 7,and
acidify the clear filtrate with hydrochloric acid.

Acceptance criteria 2: The liquid remains clear or shows
NMT a slight amount of turbidity or precipitate.

• FATS AND FIXED OILS, AcidValue (Free FattyAcids) (401)
Sample: 3 g
Analysis: Warm the Sample in a 200-mL flask with 25 mL of

neutralized dehydrated alcohol until melted, then shakethe
mixture. Add 1 mL of phenolphthalein TS, and titrate the
warm liquid with 0.5 N alcoholic potassium hydroxide VS
to produce a permanent, faint pink color. Calculate the
AcidValue as directed in the chapter.

Acceptance criteria: 17-24
• FATS AND FIXED OILS, Ester Value (401)

Sample solution: The solution resulting from the
determination of AcidValue
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Analysis: To the Sample solutionadd 25.0 mL of 0.5 N
alcoholic potassium hydroxide VSand 50 mL of
aldehyde-free alcohol, and reflux the mixture for 4 h. Titrate
the excess alkali with 0.5 N hydrochloric acid VS. Perform a
blank determination (see Titrimetry (541), Residual
Titrations). Calculate the Ester Value asdirected in the
chapter.

Acceptance criteria: 72-79

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

Xanthan Gum

DEFINITION
Xanthan Gum is a high molecular weight polysaccharide gum

produced by a pure-culture fermentation of a carbohydrate
with Xanthomonas campestris, then purified by recovery with
Isopropyl Alcohol, dried, and milled. It contains o-glucose
and O-mannose as the dominant hexose units, along with
o-glucuronic acid, and is prepared asthe sodium, potassium,
or calcium salt. It yields NLT 4.2% and NMT 5.0% of carbon
dioxide, calculated on the dried basis, corresponding to NLT
91.0% and NMT 108.0% of Xanthan Gum.

IDENTIFICATION
• A.

Sample: Prepare a dry blend of 1.5 g of Xanthan Gum and
1.5 g of locust bean gum.

Control: 3.0 g of Xanthan Gum
Analysis

Samples: Sample and.Control .
To two separate 400-mL beakersadd 300 mL of water, and

heat to 80°. Stir rapidly by mechanical means. Add the
Sample to one of the beakersand the Controlto the other
beaker at the point of maximum agitation. Stir until the
mixtures dissolve, and then continue stirring for 30 min
longer. Do not allow the temperature of the mixtures to
drop below 60° during the stirring. Discontinue stirring,
and allow the mixtures to cool at room temperature for
NLT 2 h.

Acceptance criteria: A firm, rubbery gel forms with the
Sample after the temperature drops below 40°, but no such
gel forms with the Control.

ASSAY
• PROCEDURE

Sample: 1.2.g
Analysis: Proceed as directed in Alginates Assay (311).
Acceptance criteria: 4.20/0-5.0% of carbon dioxide on the

dried basis, corresponding to 91.00/0-108.0% of
Xanthan Gum

IMPURITIES
• ARSENIC, Method /I (211): NMT 3 IJg/g
• LEAD (251)

Sample: Preparea Test Preparation asdirected in the chapter
Control: Use 5 mL of DilutedStandard Lead Solution (5 IJg

of Pb).
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 5 IJg/g

• LIMIT OF ISOPROPYL ALCOHOL
Internal standard solution: 1 mg/mL of tertiary butyl

alcohol
Standard stock solution: 1 mg/mL of isopropyl alcohol
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Xanthan Gum Solution
DEFINITION
Prepare Xanthan Gum Solution of the designated percentage

strength as follows (see Pharmaceutical Compounding-. '
Nonsterile Preparations (795».

Analysis
Samples: Standard solution, Sample solution, and Blank

Acceptance criteria: The absorbance of the Sample solution
is NLT that of the Standard solution, corresponding to NLT
1.5% of pyruvic acid. '

SPECIFIC TESTS
• MICROBIAL ENUMERATIONTI;STS (61) and TESTS FOR

SPECIFIED MICROORGANISMS (62): It meets the
requirements of the tests for Salmonella species and
Escherichia coli.

• loss ON DRYING (731)
Analysis: Dry at 105 0 for 2.5 h.
Acceptance criteria: NMT 15.0%

• ASH
Sample: Weigh 3 g in a tared crucible.
Analysis: Incinerate the Sample at 6500 until free from

carbon. Cool the crucible and its contents in a desiccator,
and weigh.

Acceptance criteria: The weight of the ash is between
6.5%-16.0%, calculated on the dried basis.

• VISCOSITY-RoTATIONAL METHODS (912)
Sample:' Prepare a dry blend of 3.0 g of Xanthan Gum and

3.0 g of potassium chloride.
Instrumental conditions

Instrument: Rotational viscometer
Spindle cylinder dimensions

Diameter: 1.27 cm
Height: 0.16 cm
Shaft diameter: 0.32 cm
Distance from top of cylinder to lower lip of shaft:

2.54 cm
Immersion depth: 5.00 cm (No.3 spindle)

Spindle rotation speed: 60 rpm ,
Analysis: To a 400-mL beaker add 250' mL of water. Add the'

Sample slowly while stirring at 800 rpm, using a' "
low-pitched, propeller-type stirrer. Add 44 mL of water,
rinsing the walls of the beaker. Approximately 10 min after
the addition of the Sample to the water, remove the beaker
from the propeller-type stirrer, and vigorously stir the
solution by hand to ensure that all the particles around the
edge of the beaker are in solution. Return the beaker to the
stirrer, and agitate at 800 rpm for a total mixing time of 2 h.
Adjust the temperature to 24 ±, 10

, and stir by hand in a
vertical motion to eliminate any thixotropic effects or
layering. Each hand mixing should be NMT 15-30 s, and
the last hand mixing should occur immediately before
measuring the viscosity. With the spindle rotating at
60 rpm, immediately observe and record the scale reading.
Convert the scale readings to centipoises by multiplying the
readings by the constant for the viscometer spindle and
speed used.

Acceptance criteria: NLT600 centipoises at 24 0

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.

100 mgXanthan Gum (for a 0.1% solution)

= peak response ratio of isopropyl alcohol to tertiary
butyl alcohol from the Sample solution '

=peak response ratio of isopropyl alcohol to tertiary
butyl alcohol from the Standard solution

= concentration of isopropyl alcohol in the Standard
solution (mg/mL) , '

= concentration of the Sample solution (mg/mL)

Standard solution: Pipet 4 mL of the Standard stock
solution and 4 mL of the Internal standard solution into a
1OO-mL volumetric flask, and dilute with water to volume.

Sample solution: Disperse 1 mL of a suitable antifoam
emulsion in 200 mL of water contained in a 1000-mL,
round-bottom distilling flask having a 24/40 standard taper
ground joint. Add 5 g of Xanthan Gum, and shake for 1 h
on a wrist-action mechanical shaker. Connect the flask to a
fractionating column, and distill 100 mL, adjusting the heat
so that foam does not enter the column. Add by pipet 4 mL
of the Internal standard solution.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 3.2-mm x 1.8-m stainless steel column packed

with 80- to 100-mesh surface-silanized packing 53, or
equivalent

Temperatures
Column: 1650

Detector: 2000

Injection port: 2000

Carrier gas: Helium
Injection volume: 4-5 fJL

Analysis
Samples: Standard solution and Sample solution

[NoTE-The retention time of tertiary butyl alcohol is
1.5 relative to that of isopropyl alcohol.]

Calculate the percentage of isopropyl alcohol in the
portion of Xanthan Gum taken:

Result« (R viR 5) x (CsiC v) x 100

Acceptance criteria: NMT 0.075%
• PYRUVIC ACID

Solution A: 5 mg/mL of 2,4-dinitrophenylhydraiine in 2 N
hydrochloric acid,

Standard stock solution: 90 IJg/mL of pyruvic acid
Standard solution: Transfer 10.0 mL of the Standard stock

solution to a glass-stoppered, 50-mL flask. Add 20.0 mL of
1 N hydrochloric acid, weigh the flask, and reflux for 3 h,
taking precautions to prevent loss of vapors. Cool, and add
water to make up for any weight loss during refluxing.
Transfer 2.0 mL of this solution to a'30-mL separator
containing 1.0 mL of Solution A. Mix, and allow to stand for
5 min. Extract the mixture with 5 mL of ethyl acetate, and
discard the aqueous layer. Extract the hydrazone from the
ethyl acetate with three 5-mL portions of sodium carbonate
TS, collect the extracts in a 50-mL volumetric flask, and
dilute with sodium carbonate TS to volume.

Sample stock solution: 6 mg/mL of Xanthan Gum
Sample solution: Transfer 10.0 mL of the Sample stock

solution to a glass-stoppered, 50-mL flask. Proceed as
directed in the Standard solution, beginning with "Add
20.0 mL of 1 N hydrochloric acid ... ",

Blank: Sodium carbonate TS
Instrumental conditions

(See Ultraviolet- Visible Spectroscopy (857).)
Mode: Spectrophotometry
Analytical wavelength: 375 nm
Cell: 1 cm
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Xanthan Gum (for 1.0% solution) LOg

Methylparaben 100mg

Propylparaben 20mg

Purified Water, a sufficient quantity to make 100 mL

Dissolve a weighed quantity of Propylparaben in Purified Water
with heating to 50° and stirring. Cool, and dilute
quantitatively, and stepwise if necessary, with Purified Water
to obtain 90 mL of solution containing 20 mg of
Propylparaben. Heat to 50°, and add the Methylparaben, with
stirring, to dissolve. Cool, stir with a blender, slowly sift the
Xanthan Gum into the vortex, and continue to blend for
2 min after the Xanthan Gum has been added. Add 10 mL
of Purified Water, and blend for 5 min. Allow to stand for 1 h
for excess foam to subside, and remove most of the
remaining foam by passing the solution through a strainer.
Add Purified Water, if necessary, to make the final volume
100 mL, and stir. [NOTE-Depending on the volume needed
and the equipment available, adjust the formula
proportionately.]

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in tight, light-resistant

containers, and store at controlled room temperature.
• LABELING: Label it to state, as part of the official title, the

percentage content of Xanthan Gum.
• BEYOND-USE DATE: Six. weeks after the day on which it was

compounded

Xylitol
OH

HO~OH.
OH OH

CSH120 S 152.15
Xylitol.

DEFINITION
Xylitol contains NLT 98.5% and NMT 101.0% of CSH120 S'

calculated on the anhydrous basis.

IDENTIFICATION

·A
s

Sample: Undried .
• B. The retention time of the xylltol peak of the Sample

solution corresponds to that of the Standard solution, as
obtained in the Assay. .

ASSAY
• PROCEDURE

Mobile phase: Acetonitrile and water (20:80)
System suitability solution: 2.5 mg/mL of USPGalactitol RS

and 25 mg/mL of USP Xylitol RS in Mobilephase
Standard solution: 25 mg/mL of USPXylitol RS in Mobile

phase
Sample solution: 25 mg/mL of Xylitol in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 192 nm
Column: 8.0-mm x 30-cm; 7-~m packing L34

Official Monographs / Xylitol 61 05

Column temperature: 80°
Flow rate: 0.5 mL/min
Injection size: 25 ~L

System sultablllty
Sample: System sUitability solution and Standard solution

[NoTE-The relative retention times for xylitol and
galactitol are about 1.0 and 1.10, respectively.]

Suitability requirements
Resolution: NLT 2.0 between galactitol and xylitol,

System suitabilitysolution
Relative standard deviation: NMT 2.0%, Standard

solution
Analysis

Samples: Standard solutionand Sample solution
Calculate the percentage of xylitol (CSH120 S) in the portion

of sample taken:

Result = (r vIr s) x (C sICv) x 100

r u =peak response of xylitol from the Sample solution
r s =peak response of xylitolfrom the Standardsolution
C s = concentration of USP Xylitol RS in the Standard

solution (mg/mL)
C u = concentration of the Sample solution(mg/mL)

Acceptance criteria: 98.50/0-101.0% on the anhydrous
. basis

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 0.5%
• REDUCING SUGARS

Sample: 500 mq:
Analysis: Dissolve the Sample in 2.0 mLof water in a 10-mL

conical flask. Into a similar flask, pipet ~ mL of a 0.5 mg/mL
dextrose solution. To each flask add 1 mL of alkaline cupric
tartrate TS, heat to boiling, and cool.

Acceptance criteria: Any turbidity in the xylitol flask is NMT
that. in the .dextrose flask, in which a reddish-brown
precipitate forms (0.2% reducing sugars, as dextrose).

• LIMIT OF OTHER POLYOLS
Mobile phase: Acetonitrile and water (20:80)
System suitability solution: 0.5 mg/mL each of USP

L-Arabinitol RS, USP Galactitol RS, USP Mannitol RS, and
USPSorbitol RS, and 100 mg/mL of USPXylitol RS in Mobile
p~~ .

Standard solution: 0.5 mg/mL each of USPL-Arabinitol RS,
USPGalactitol RS, USPMannitol RS, and USP Sorbitol RS in
Mobilephase . .

Sample solution: 100 mg/mL of Xylitol in Mobilephase
Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 192 nm
Column: 8.0-mm x 30-cm; Z-urn packing L34
Column temperature: 80°
Flow rate: 0.5 mL/min
Injection size: 25 ~L

System suitability
Samples: System suitabilitysolution and Standard solution

[NOTE-The relative retention times for L-arabinitol,
mannitol, xylitol, galactitol, and sorbitol are about
0.76, 0.81, 1.0, 1.12, and 1.22, respectively.]

Suitability requirements
Resolution: NLT 1.5 between all adjacent polyol peaks,

System suitabilitysolution
Relative standard deviation: NMT 5.0% for the

galactitol peak, Standard solution
Analysis

Samples: Standard solutionand Sample solution
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Calculate the percentage of each polyol (t-arablnitol,
galactitol, mannitol, or sorbitol) in the portion of sample
taken:

Result = (r ulr s) x (C siC u) x 100

r u =peak response of the individual polyol from the
Sample solution

r s =peak response of the individual polyol from the
Standard solution

C s = concentration of the individual polyol in the
Standard solution(mg/mL)

C u = concentration of the Sample solution (mg/mL)

Acceptance criteria: The sum of the polyols is NMT 2.0%,
calculated on the anhydrous basis.

SPECIFIC TESTS
• WATER DETERMINATION, Method1(921): NMi 0.5%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers.
• USP REFERENCE STANDARDS (11)

USP L-Arabinitol RS
USP Galactitol RS
USP Mannitol RS
USP Sorbitol RS
USP Xylitol RS

Xylose-see Xylose General Monographs

Zein

[9010-66-6].

DEFINITION
Zein is a prolamine derived from corn [Zea mays Linne (Fam.

Gramineae)].

IDENTIFICATION
• A e .

Sample solution: Dissolve 0.1 g in 10 mL of 0.1. N sodium
hydroxide. . . '

Analysis: To the Sample solutionadd a few drops of cupric
sulfate TS. Warm In a water bath.

'Acceptance criteria: A purple color develops.
• B.

Sample solution: In a test tube add 1 mL of nitrk acid to
25 mg of Zein.

Analysis: Agitate the Sample solutionvigorously.
Acceptance criteria: The solution becomes light yellow.

Further addition of about 10 mL of 6 N ammonium
hydroxide produces an orange color.

• C. IDENTIFICATION OF ALPHA-ZEIN BY
SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS

Solvent: 55% Isopropyl alcohol with 2% beta
mercaptoethanol .

Sample loading buffer:' 0.5 M tris hydrochloride pH 6.8,
20% glycerin, 4% sodium dodecyl sulfate (SDS), and
0.~05% bromophenol blue

, Available from Invitrogen(Life Technologies) as Tris-Glycine SOS Sample
Buffer (2X), catalog number LC2676.
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Gel running buffer stock solution'? 0.25 M tris base pH
8.6, 1.92 M glycine, and 1.0% SDS

Gel running buffer: Gel running bufferstocksolution and
water (1:9)

Gel staining solution: A suitable Coomassie blue-based
solution"

Molecular weight marker: Use a suitable molecular
weight marker" containing protein bands at 10-190 kDa.
[NOTE-A molecularweight marker with protein bands at
10-100 KDa can also be used.]

Molecular weight standard solution: Dilute the Molecular
weightmarkerwith the Sample loadingbuffer(1:1). Incubate
the mixture in a closed microcentrifuge tube at 95° for
10 min. After incubation, allow the tube to flash-coolon
ice. Place the tube in a microcentrifuge, spin at a top speed
for a few seconds, and allow to stop on its own to collect
any condensation on the sides and top of the tube.

Independent standard stock solution: 10 mg/mL of
p-Iactoglobulin A in water .

Independent standard working solution: 1 mg/mL of
p-Iactoglobulin A in water

Independent standard running solution: To the final 1
volume of Independent standardrunning solution, add 0.1
volume of Independent standardworkingsolution, 0.5
volume of Sample loadingbuffer, 0.1 volume of
p-mercaptoethanol, and sufficlentwater to obtain 0.1 mgl
mL of p-Iactoglobulin A and 10% of p-mercaptoethanol.

Sample stock solution: 10 rnq/rnl, of Zein in Solvent. Mix
on a vortex mixer until the sample is fully dissolved.
Centrifuge at 10,000-12,000 rpm in a microcentrifuge
with a fixed rotor for 10 min to pellet any undissolved
material.

Sample solution: Dilute the Sample stock solution with the
. Sample. loadingbuffer(l:l). Incubate the mixture in a closed

micrqcentrifuge tube forl 0 min at 95°. After incubation,
allow the tubeto flash-coolon ice. Place the tube in a
microcentrifuge, spin at a top speed for afewseconds, and.
allow to stop on its own to collect any condensation on the
sides and top of the tube. Dilute the solution so obtained
with a mixed solution of Sample loading buffer and water
(1:1) to 5 folds.

Electrophoretic sy-stem
SDS-PAGE gel and apparatus setup: Following the

manufacturer's instructions, assemble and fill a precast
16% Tris-Glycine gel5 in an appropriate electrophoresis
module.

Running buffer: Gel.running buffer
Voltage: '109 V .
Run time: 2.5 h or until the upper dye front is at the

bottom of the gel. [NOTE-Thetotal run time may need to
be altered, depending on the molecular weight standards
as well on as laboratory equipment variability, because the
dye front may co-migrate with or close to the lowest
bands of the set.]

Analysis
Samples: Molecular weightstandardsolution, Independent

standardrunningsolution, and Sample solution
Gel loading: Load 25 IJL of the Molecularweight standard

solution. Load a volume of the Independent standard
runningsolution, equal to 2 IJgof p.:.lactoglobulinA. Load a
volume of the Sample solution, equal to approximately 5
IJg of calculated Zein. [NOTE-If the 5 IJg loading amount

2 Available from Invitrogen as Tris-Glycine SOS Running Buffer (lOX),
catalog number LC2675.
3 Available from Invitrogen as SimplyBlue Stain, catalog number LC6065.
4 Available from Invitrogen as BenchMark Prestained Protein Ladder,
catalog number 1074810.
5 Available from Invitrogen, catalog number EC6495. However, these are
readilyavailable from several other manufacturers.
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is inadequate for the test, the 10 lJg loading amount may
be used. Loading a lesser quantity on the gel results in an
overall higher molecular weight determination due to
sharper bands. The actual amount of Zein extracted from
the starting material cannot be quantified. Therefore, an
estimated amount is derived.]

Gel staining: After electrophoresis, carefully remove the
gel from the plates. Rinse the gel three times with water.
Stain the gel by following the manufacturer's directions
for the stain used.

Destaining: After staining asdirected by the
manufacturer, destain as directed by the manufacturer.

Gel scan procedure: Setup a gel scanneraccording to the
manufacturer's instructions. Place the gel in the detector,
and obtain a single image of all loaded lines of the gel.

Acceptance criteria: Zein hastwo major bands for a.-zein at
15-26 kDa.

IMPURITIES
• RESIDUE ON IGNITION (281): NMT 2.0%, using an ignition

temperature of 800 ± 25°
• LIMIT OF HEXANE-SOLUBLE MATTER

Sample: 15 g of Zein
Solvent: Alcohol and water (17:3, w/w)
Analysis: Dissolve the Sample in 150 mL of Solvent. Stir the

mixture, using a magnetic stirrer, and heat the solution to
30°. Once the Sample is dissolved, transfer the solution to a
500-mL separatory funnel.
Add 60 mL of n-hexane. Shake the mixture, and allow the

phases to separate. Discharge the bottom layer (alcohol)
to a beaker, and transfer the top layer (hexane) to a first
500-mL flask. Weigh the first 500-mL flask, and record the
weight. Pour the bottom layer of alcohol back into the
separatory funnel. Repeat this step four more times.

After the five 60-mL hexane solutions have-been added to
the first 500-mL flask, attach it to a rotary evaporator to
distill the hexane. Collect the hexane in asecond 500-mL
flask.

The first 500-mL flask contains a yellow to reddish oil.
Record the weight of the flask containing this oil.

Calculate the percentage of hexane-soluble matter in the
portion of Zein taken:

Result= [(W T- WF)/W] x 100

WT =weight of the flask (g)
W F " =weight of the first 500-mL flask (9)
W = weight of the Sample (g)

Acceptance criteria "
For Zein from normal dent corn: NMT 12.5% for

hexane-soluble matter
For Zein from waxy corn: NMT 16.0% for hexane-soluble

matter

SPECIFIC TESTS
• Loss ON DRYING (731)

Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 8.0%

• MICROBIAL ENUMERATION TESTS (61) and TESTS FOR
SPECIFIED MICROORGANISMS (62): The total bacterial
count does not exceed 103 cfu/g, and the tests for
Salmonella species and Escherichia coli are negative.

• PROTEIN CONTENT
Analysis: Proceed as directed in NitrogenDetermination

(461), Method I. Calculate the weight percentage of the
protein content in Zein by multiplying the percentage of
nitrogen found by 6.25.

Acceptance criteria: 81.9%-100.0% on the dried basis
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ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE: Preserve in well-closed

containers, and store at room temperature.
• LABELING: Label it to indicate the corn source from which it

is derived.

Zinc Stearate-see Zinc Stearate General Monographs
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Combined Index to USP 43 and NF 38

in d Ind x to USP
I Volumes 1-5

3 an

Abaca-Acety 1-1

Page citations refer to the pages of Volumes 1, 2, 3, 4 and 5 of USP 43-NF 38. This index is repeated in
its entirety in each volume.

1-2482
2483-4722
4723-6108
6109-7208
7209-8760

Volume 1
Volume 2
Volume 3
Volume 4
Volume 5

Numbers in angle brackets such as (421) refer to chapter numbers in the General Chapters section.

A
Abacavir

oral solution, 19
sulfate, 23
tablets, 20
and lamivudine tablets,21

Abiraterone
acetate, 25
acetate tablets, 26

Absolute
alcohol, 6133
ether, 6131

Absorbable
dusting powder, 1569
gelatin film,2092
gelatin sponge, 2093
surgical suture, 4189

Absorbent
cotton, 61 32
gauze, 2091

Acacia, 5597
syrup, 5597

Acamprosate calcium, 28
Acarbose, 30

tablets, 31
Acebutolol hydrochloride, 33

capsules, 35
Acepromazine maleate, 36

injection, 37
tablets, 38

Acesulfame potassium, 5598
Acetal, 6132
Acetaldehyde, 6132

TS,6225
Acetaldehyde ammonia trimer trihydrate,

6132
Acetaminophen, 38

aspirin and caffeine tablets, 49
and aspirin tablets, 48
butalbital and caffeine capsules, 645
butalbital and caffeine tablets, 646
and caffeine tablets, 51 
capsules, 40

and (salts of) chlorphenlrarnlne,
dextromelhorphan, and
pseudoephedrine, capsules containing-at
least three of the following, 52

and (salts of) chlorpheniramine,
dextromethorphan, and
pseudoephedrine, oral powder
containing at least three of the
following, 54

and (salts of) chlorpheniramine,
dextromethorphan, and
pseudoephedrine, oral solution
containing at least three of the
following, 56

and (salts of) chlorpheniramine,
-dextromethorphan, and
pseudoephedrine, tablets containing at
least three of the following, 58

chlorpheniramine maleate, and
dextromethorphan hydrobromide
tablets, 60

and codeine phosphate capsules, 52
and codeine phosphate oral solution, 54
and codeine phosphate oral suspension,

56
and codeine phosphate tablets, 66
dextromethorphan hydrobromide,

doxylamine succinate, and
pseudoephedrine hydrochloride oral
solution, 67

and diphenhydramine citrate tablets, 69
diphenhydramine hydrochloride, and

pseudoephedrine hydrochloride tablets,
70

and hydrocodone bitartrate tablets, 2224
isometheptene mucate, and

dichloralphenazone capsules, 2423
and oxycodone capsules, 3341
and oxycodone tablets, 3343
and pentazocine tablets, 3460
and pseudoephedrine hydrochloride

tablets, 72
oral solution, 41
for effervescent oral solution, 42
suppositories, 44
oral suspension, 42
tablets, 45
extended-release tablets, 47

and tramadol hydrochloride oral
suspension, 4452

Acetanilide, 6132
Acetate

methyl, 6178
Acetate buffer, 6145

TS,6225
Acetazolamide, 73

for injection, 74
oral suspension, 76
tablets, 76

Acetic acid, 5599, 6132
ammonium acetate buffer TS, 6225
diluted, 5599, 6132, 6159
double-normal (2 N), 6238
glacial, 77, 6132, 6168
glacial, TS, 6229
and hydrocortisone otic solution, 2235
irrigation, 78
metaphosphoric, TS, 6231
otic solution, 78
strong, TS, 6225
1 M TS, 6225
2 M TS, 6225

Acetic acid in peptides, 6741
0.008 M Acetic acid TS, 6225
0.3 N Acetic acid TS, 6225
Acetic anhydride, 6132
Acetohydroxamic acid, 78

tablets, 79
Acetone, 5600, 6132

anhydrous, 6132
neutralized, 6132, 6227

Acetonitrile, 6132
spectrophotometric, 6132

Acetophenone, 6132
p-Acetotoluidide, 6132
Acetylacetone, 6132
Acetyl chloride, 6132
Acetylcholine chloride, 80, 6132

for ophthalmic solution, 81
Acetylcysteine, 82
Acetylcysteine

compounded solution, 83
and isoproterenol hydrochloride inhalation

solution, 84
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Acetylcysteine (continued)
solution, 82

N-Acetylglucosamine, 4745
2-Acetylresorcinol, 6133
3-Acetylthio-2-methylpropanoic acid, 6133
Acetyltributyl citrate, 5601
Acetyltriethyl citrate, 5601
N-Acetyltyrosine, 4746
N-Acetyl-L-tyrosine ethyl ester, 6133
Acid

acrylic, 6133
alpha lipoic, 5124
dehydroacetic, 5741
ferric chloride TS, 6225
ferrous sulfate TS, 6225
Folic, compounded oral soultion, 2027
iminodiacetic, 6172
stannous chloride TS, 6225
stannous chloride TS, stronger, 6225'

Acid-neutralizing capacity (301), 6661
Acidulated phosphate and sodium fluoride

topical solution, 4074
Acitretin, 85

capsules, 86
Acoustic emission (1005), 7230, 7644, 8117
Acrylic acid, 6133
Activated

alumina, 6133
charcoal, 923, 6133
magnesium silicate, 6133

Acyclovir, 88
capsules, 89
for injection, 90
ointment, 91
oral suspension, 92

. tablets, 92
Adarnantane, '6133
Adapalene, 93 .

gel, 96
Ademetionine disulfate tosylate, 4747
Adenine, 97 .

sulfate, 6133
Adenosine, 98

injection, 99
Adipic acid, 5602, 6133
Admissions '

to NF 38,
to USP 43, xxxi

Aerosol
Bacitracin and polymyxin B sulfate topical,

468
Benzocaine, butamben, and tetracaine

hydrochloride topical, 51 3
Benzocaine and menthol topical, 518
Benzocaine topical, 503
Fluticasone propionate and salmeterol

inhalation, 2005
Fluticasone propionate inhalation, 1988
Inhalation and nasal drug products:

aerosols, sprays, and powders
performance quality tests (601), 6819

Isoproterenol sulfate inhalation, 2437
Lidocaine topical, 2622
Polymyxin B sulfate. and bacitracin zinc

topical, 3591
Povidone-iodine topical, 3635
Thimerosal topical, 4346
Tolnaftate topical, 4425
Triamcinolone acetonide topical, 4483

Agar, 5603, 6133
Agarose, 6133
Air, medical, 100
Air-helium certified standard, 6133
Alanine, 101
L-Alanyl-L-glutamine, 4748
Albendazole, 102

oral suspension, 102
tablets, 103

Albumen TS, 6225
Albumin

bovine serum, 6133
human, 104

rAlbumin human, 5604
Albuterol, 104

sulfate, 109
tablets, 105
extended-release tablets, 106

Alclometasone dipropionate, 110
cream, 111
ointment, 112

Alcohol, 113, 6133
70 percent, 80 percent, and 90 percent,

6133
absolute, 6133
aldehyde-free, 6134
alpha-(2-(methylamino)ethyl)benzyl, 6134
amyl,6134 '
tert-amyl, 6 J 34, 6137, 6173
butyl, 5648
dehydrated, 115, 6134,.6155
dehydrated isopropyl, 6134
denaturated, 6134
denaturated, TS, 6228
determination (611), 684~

in dextrose injection, 11 7
diluted, 5607, 6134
injection, dehydrated, '117
isobutyl, 6134
isopropyl; 61 ~4
methyl, 6134
neutralized, 6134, 6182
phenol TS, 6225
n-propyl, 61 34
rubbing, 118
secondary butyl, 61 34
tertiary butyl, 6134

Alcoholic
ammonia TS, 6225
mercuric bromide TS, 6226
potassium hydroxide TS, 6226
potassium hydroxide TS 2, 6234
TS, 6225

Alcoholic potassium hydroxide
0.2 N VS, 6238

Alcoholometric table, 6346
Aldehyde dehydrogenase, 6134
Alendronate sodium, 119

tablets, 120
Alfadex, 5607
Alfentanil

hydrochloride, 122
injection, 123

Alfuzosin hydrochloride, 124
extended-release tablets, 125

Alginates assay (311), 6662
Alginic acid, 5608
Alizarin complexone, 6134
Alkaline

cupric citrate TS, 6226
cupric citrate TS 2, 6226
cupric iodide TS, 6226
mercuric-potassium iodide TS, 6226
phosphatase enzyme, 6134
picrate TS, 6226

pyrogallol TS, 6234
sodium hydrosulfite TS, 6226

Alkaline borate buffer, 6145
Alkaline cupric tartrate TS, 6226
Alkyl (C12-15) benzoate, 5609
Alkylphenoxypolyethoxyethanol, 6134
Allantoin, 130
Allopurinol, 131

oral suspension, 133
tablets, 134

Allyl isothiocyanate, 135
Almond oil, 5609
Almotriptan

tablets, 138
Almotriptan malate, 135
Aloe, 140
Alosetron

tablets, 142
Alosetron hydrochloride, 141
Alpha

lipoic acid, 5124
Alpha-chymotrypsin, 6134
Alpha cyclodextrin hydrate, 6134
Alpha-(2-(methylamino)ethyl)benzyl alcohol,

6134
Alphanaphthol, 6134
Alphazurine 2G, 6220
Alprazolam, 144

oral suspension, 145
tablets, 146
extended-release tablets, 148
orally disintegrating tablets, 152

Alprenolol hydrochloride, 6134
Alprostadil, 154

lnlectlon, ,156
Alteplase, 157

for injection, 160 . .
Alternative microbiological sampling methods

for nonsterile inhaled and nasal products
(610), 6846

Altretamine, 163
capsules, 164

Alum, 6134
.ammonium, 165, 6134
potassium, 166, 6192

Alumina, 6134
activated, 6133, 6134, 6138
anhydrous, 6134
aspirin,codeine phosphate, and magnesia

tablets, 404
aspirin, and magnesia tablets, 397
aspirin, and magnesium oxide-tablets, 399
magnesia, and calcium carbonate

chewable tablets, 169
magnesia, calcium carbonate, and

simethicone chewable tablets, 170
magnesia, and calcium carbonate oral

suspension, 168
magnesia, and simethicone oral

suspension, 173
magnesia, and simethicone chewable

tablets, 174
and magnesia oral suspension, 166
and magnesia tablets, 167 ,
magnesium carbonate, and magnesium

oxide tablets, 178
and magnesium carbonate oral suspension,

176
and magnesium carbonate tablets, 177
and magnesium trisilicate oral suspension,

179
and magnesium trisilicate tablets, 180

Aluminon, 6134
Aluminum, 6135

acetate topical solution, 181
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Aluminum (continued)
chloride, 181
chlorohydrate, 182
chlorohydrate solution, 183
chlorohydrex polyethylene glycol, 184
chlorohydrex propylene glycol, 185
dichlorohydrate, 185
dichlorohydrate solution, 186
dichlorohydrex polyethylene glycol, 187
dichlorohydrex propylene glycol, 188
hydroxide gel, 188
hydroxide gel, dried, 189
hydroxide gel capsules, dried, 190
hydroxide gel tablets, dried, 190
monostearate, 5612
oxide, 5613
oxide, acid-washed, 6134, 6135
phosphate gel, 190
potassium sulfate, 6135
sesquichlorohydrate, 191
sesquichlorohydrate solution, 191
sesquichlorohydrex polyethylene glycol,

192
sesquichlorohydrex propylene glycol, 192
subacetate topical solution, 193
sulfate, 193
sulfate and calcium acetate tablets for

topical solution, 195
zirconium octachlorohydrate, 195
zirconium octachlorohydrate solution, 196
zirconium octachlorohydrex gly, 197
zirconium octachlorohydrex gly solution,

198
zirconium pentachlorohydrate, 199
zirconium pentachlorohydrate solution,

199
zirconium pentachlorohydrex gly, 200
zirconium pentachlorohydrex gly solution, .

201
zirconium tetrachlorohydrate, 202
zirconium tetrachlorohydrate solution, 203
zirconium tetrachlorohydrex gly, 203
zirconium tetrachlorohydrex gly solution,

204
zirconium trichlorohydrate, 205
zirconium trichlorohydrate solution, 206
zirconium trichlorohydrex gly, 206
zirconium trichlorohydrex gly solution, 207

Aluminum oxide strips, 6135
Aluminum tartrate, 6137
Aluminum (206), 6605
Aluminum chloride, 6135
Aluminum chloride hexahydrate, 6135
Aluminum sulfate

and calcium acetate for topical solution,
194

Amantadine hydrochloride, 208
capsules, 209
oral solution, 212

Amaranth, 6135
TS,6226

Amcinonide, 214
cream, 214
ointment, 215

American ginseng, 4750
capsules, 4754
extract, powdered, 4753
powdered, 4752
tablets, 4757

Amifostine, 216
for injection, 21 7

Amikacin, 219
sulfate, 220
sulfate injection, 221

Amiloride hydrochloride, 222
and hydrochlorothiazide tablets, 224
tablets, 223

Amiloxate, 227
Aminoacetic acid, 6135
4-Aminoantipyrine, 6135
Aminobenzoate

potassium, 228
potassium capsules, 230
sodium, 231

Aminobenzoic acid, 233
gel,234

p-Aminobenzoic acid, 6135
2-Aminobenzonitrile, 6135
Aminocaproic acid, 235

injection, 236
oral solution, 236
tablets, 237

4-Amino-6-chloro-l,3-benzenedisulfonamide,
6135

4-Amino-2-chlorobenzoic acid, 6135, 6151
2-Amino-5-chlorobenzophenone, 6151, 6151
7-Aminodesacetoxycephalosporanic acid,

6135
2-Aminoethyl diphenylborinate, 6135
1-(2-Aminoethyl)piperazine, 6135
Aminoguanidine bicarbonate, 6136
2-Aminoheptane, 6136 
N-Aminohexamethyleneimine, 6136
Aminohippurate sodium injection, 237
Aminohippuric acid, 238
4-Amino-3-hydroxy-l-naphthalenesulfonic

acid, 6136
Aminolevulinic acid

hydrochloride, 238
Amino methacrylate copolymer, 5614
l,2,4-Aminonaphtholsulfonic acid, 6136
Aminonaphtholsulfonic acid TS, 6226
Aminopentamide sulfate, 239

injection, 240
tablets, 240

2-Aminophenol, 6136
4-Aniinophenol in acetaminophen-containing

drug products (227), 6637
m-Aminophenol, 6136
p-Aminophenol, 6136
Aminophylline, 241

injection, 243
oral solution, 245
rectal solution, 246
suppositories, 247
tablets, 248
delayed-release tablets, 250

3-Amino-l-propanol, 6136
3-Aminopropionic acid, 6136
Aminosalicylicacid, 251
3-Aminosalicylic acid, 6136
Amiodarone

hydrochloride injection, 254
Amiodarone hydrochloride, 253

oral suspension, 257
Amiodarone hydrochloride

tablets, 257
Amitraz, 259

concentrate for dip, 260
Amitriptyline hydrochloride, 261

and chlordiazepoxide tablets, 938
and perphenazine tablets, 3487
tablets, 263 -

Amlodipine
oral suspension, 264
and olmesartan medoxomil tablets, 272
and benazepril hydrochloride capsules, 269

- and valsartan tablets, 275

valsartan and hydrochlorothiazide tablets,
279

Amlodipine and atorvastatin
tablets, 265

Amlodipine besylate, 285
tablets, 286

Ammonia
alcoholic TS, 6225
detector tube, 6136
N 13 injection, 3183
nitrate TS, silver, 6234
solution, diluted, 6136
solution, strong, 5616
spirit, aromatic, 287
TS, 6136, 6226
TS 2,6226
TS alcoholic, 6226
TS stronger, 6226
water, stronger, 6207, 6226
water, 25 percent, 61 36

Ammonia-ammonium chloride buffer TS,
6226

Ammoniacal potassium ferricyanide TS, 6226
Ammonia-cyanide TS, 6226
Ammoniated cupric oxide TS, 6226
Ammonio methacrylate copolymer, 5616

dispersion, 5618
Ammonium

acetate, 6136
acetate TS, 6226
alum, 165
bicarbonate, 6136
bisulfate, 6136
bromide, 6136
carbonate, 5619, 6137
carbonate TS, 6226
carbonate TS 2, 6226
chloride; 288, 6137
chloride-ammonium hydroxide TS, 6226
chloride injection, 288
chloride, potassium gluconate, and

potassium citrate oral solution, 3622
chloride delayed-release tablets, 288
chloride TS, 6226
citrate, dibasic, 6137, 6156
citrate, ferric, 289
citrate for oral solution, ferric, 290
dihydrogen phosphate, 6137
fluoride, 6137
formate, 6137
glycyrrhizate, 5619
hydroxide, 6137
hydroxide 6 N, 6137
molybdate, 290, 6137
molybdate injection, 291
molybdate TS, 6226
nitrate, 6137
nitrate, ceric TS, 6227
nitrate TS, silver, 6234
oxalate, 6137
oxalate TS, 6226
persulfate, 6137
phosphate, 5620
phosphate, dibasic, 6137, 6156
phosphate, dibasic, TS, 6226
phosphate, monobasic, 6137
polysulfide TS, 6226
pyrrolidinedithiocarbamate, 6137
pyrrolidinedithiocarbamate, saturated, TS,

6226
reineckate, 6137
reineckate TS, 6226
sulfamate, 6137
sulfate, 5621, 6137
sulfate, cupric TS, 6227
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Ammonium (continued)
sulfate, ferric TS, 6229
sulfide TS, 6226
thiocyanate, 6137
thiocyanate, tenth-normal (0.1 N), 6238
thiocyanate TS, 6226
vanadate, 6137
vanadate TS, 6226

Ammonium hydrogen difluoride, 6137
Ammonium hydroxide

1 M TS, 6226
2 M TS, 6226

Amobarbital sodium, 291
for injection, 292

Amodiaquine, 292
hydrochloride, 293
hydrochloride tablets, 294

Amoxapine, 295
tablets, 297

Amoxicillin, 297
boluses, 299
capsules, 300
and c1avulanate potassium for oral

suspension, 308
and c1avulanate potassium tablets, 308
and c1avulanic acid extended-release

tablets, 310
for injectable suspension, 302
intramammary infusion, 302
oral suspension, 303
for oral suspension, 303
tablets, 304 .
tablets for oral suspension, 306

Amphetamine
sulfate, 312
sulfate tablets, 313

Amphotericin B, 314
cream, 315
for injection, 315
lotion, 316
ointment, 316

Ampicillin, 316
boluses, 321
capsules, 321
for injectable suspension, 324
for injection, 323
and probenecid for oral suspension, 326
sodium, 327
soluble powder, 323
and sulbactam for injection, 328
for oral suspension, 324
tablets, 325

Amprolium, 329
soluble powder, 330
oral solution, 331

Amyl
acetate, 6134, 6137, 6173
alcohol, 6137
nitrite, 331
nitrite inhalant, 332

a-Amylase, 6137
Amylene hydrate, 5622
tert-Amyl alcohol, 61 37
Anagrelide

capsules, 334
hydrochloride, 332

Analysis of biological assays (1034), 7351
Analytical data-interpretation and treatment

(1010), 7233
Analytical instrument qualification (1058),

7522
Analytical methodologies based on scattering

phenomena-electrophoretic light
scattering (determination of zeta potential)
(1430.4), 8389

Analytical methodologies based on scattering
phenomena-general (1430), 8376

Analytical methodologies based on scattering
phenomena-light diffraction
measurements of particle size (1430.2),
8386

Analytical methodologies based on scattering
phenomena-small angle x-ray scattering
and small angle neutron scattering (1430.
5), 8392

Analytical methodologies based on scattering
phenomena-static light scattering (1430.
1), 8379

Analytical procedures for recombinant
therapeutic monoclonal antibodies (129),
6565

Anastrozole, 336
tablets, 337

Ancillary materials for cell, gene, and tissue
engineered products (1043), 7381

Andrographis, 4758
extract, powdered, 4762
powdered,4760

Anethole, 5622
(E)-Anethole, 6138
Angustifolia

extract, powdered echinacea, 4941
powdered echinacea, 4938

Anhydrous
acetone, 61 32
alumina, 6138
barium 'chloride, 6138

, calcium chloride, 6138
calcium phosphate, dibasic, 710
citric acid, 1040
cupric sulfate, 6138
dibasic sodium phosphate, 6138

. magnesium perchlorate, 6138
magnesium sulfate, 6138
methanol, 6138 .
potassium carbonate, 6138
sodium acetate, 6138
sodium carbonate, 6138
sodium phosphate, monobasic, 6205
sodium sulfate, 6138
sodium sulfite, 6138

Anileridine, 339
hydrochloride, 340
hydrochloride tablets, 341
injection, 339

Aniline, 6138
blue, 6138
sulfate, 6138

Animal drugs for use in animal feeds (1152),
7952

Anion-exchange resin
strong, lightly cross-linked, in the chloride

form, 6138
50- to 100-mesh, styrene-divinylbenzene,

6138, 6208
styrene-divinylbenzene, 61 38

p-Anisaldehyde, 6139
Anise oil, 5624
p-Anisidine, 6139
Anisole, 6139
Annotations

to NF 38,
to USP 43, xxxiii

Antazoline phosphate, 342
Anthracene, 6139
Anthralin, 343

cream, 344
ointment, 344

Anthrone, 6139
TS,6226

Antibiotics-microbial assays (81), 6488
Anticoagulant

citrate dextrose solution, 345
citrate phosphate dextrose solution, 347
citrate phosphate dextrose adenine

solution, 348
heparin solution, 2194
sodium citrate solution, 350

Anti-D reagent, 6139
Anti-D (Rho) reagent, 6139
Anti-factor Xa and anti-factor IIa assays for

unfractionated and low molecular weight
heparins (208), 6611

Antifoam reagent, 6139
Antihuman globulin reagent, 6139
Antimicrobial

agents-content (341), 6664
effectiveness testing (51), 6449

Antimony
pentachloride, 6139
potassium tartrate, 350
sodium tartrate, 351
trichloride, 6140
trichloride TS, 6226

Antipyrine, 351
and benzocaine otic solution, 352
benzocaine, and phenylephrine

hydrochloride otic solution, 354
Antithrombin III, 6140

human, 355
Apomorphine hydrochloride, 357

tablets, 358 '
Apparent intrinsic dissolution-dissolution

testing procedures for rotating disk and
stationary disk (1087), 7681

Applications of mass spectrometry (1736),
8508

Applications of nuclear magnetic resonance
spectroscopy (1761), 8529

Application of water activity determination to
nonsterile pharmaceutical products (1112),
.7820

Apraclonidine
hydrochloride, 359
ophthalmic solution, 359

Aprepitant, 360
capsules, 362

Aprobarbital, 6140
Aprotinin, 364

injection, 367
Aqua regia, 6140
Argatroban, 368
Arginine, 371

capsules, 4763
hydrochloride, 371
hydrochloride injection, 373
tablets, 4764

Aripiprazole, 373
orally disintegrating tablets, 377
tablets, 375

Aromatic
castor oil, 807
elixir, 5624

Arsanilic acid, 379
Arsenazo III acid, 6140
Arsenic

in reagents, 6128
trioxide, 6140
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Arsenic (211), 6621
Articaine

hydrochloride, 380
hydrochloride and epinephrine injection,

381
Articles

appearing in USP 43 that were not
included in USP 40 including
supplements, xxix

of Incorporation, xxvii
Articles of botanical origin (561), 6774
Ascorbic acid, 383, 6140

compounded oral solution, 385
injection, 383
oral solution, 384
tablets, 385
10 TS, 6227

Ascorbic acid chewable
gels, 4765

Ascorbyl palmitate, 5624
Ashwagandha root, 4766

extract, powdered, 4768
powdered,4771

Asian ginseng, 4774
extract, powdered, 4776
powdered, 4775
tablets, 4778

Asparagine, 5625
l-Asparagine, 6140
Aspart

insulin, 2339
Aspartame, 5626

acesulfame, 5627
Aspartic acid, 386
l-Aspartic acid, 6140
Aspirin, 388

acetaminophen and caffeine tablets, 49
and acetaminophen tablets, 48
alumina and magnesia tablets, 397
alumina and magnesium oxide tablets, 399
boluses, 388
butalbital, and caffeine capsules, 648
butalbital, caffeine, and codeine phosphate

capsules, 651
butalbital, and caffeine tablets, 649
and butalbital tablets, 646
caffeine, and dihydrocodeine bitartrate

capsules, 402
capsules, 389
delayed-release capsules, 390
carisoprodol, and codeine phosphate

tablets, 780
and carisoprodol tablets, 778
codeine phosphate, alumina, and

magnesia tablets, 404
and codeine phosphate tablets, 403
effervescent tablets for oral solution, 395
orphenadrine citrate and caffeine tablets,

3288
and oxycodone tablets, 3344
and pentazocine tablets, 3461
suppositories, 391
tablets, 392
tablets, buffered, 393
delayed-release tablets, 394
extended-release tablets, 396

Assay
alqinates (311), 6662
antibiotics, iodometric (425), 6696
for citric acid/citrate and phosphate (345),

6668 .
dexpanthenol (115), 6547
epinephrine (391), 6676
folic acid (411), 6689
niacin or niacinamide (441), 6704

riboflavin (481), 6735
single-steroid (511), 6750
for steroids (351), 6669
thiamine (531), 6756
vitamin A (571), 6801
vitamin B12 activity (171), 6584
vitamin D (581), 6808
vitamin E (551),6767

Assays
antibiotics-microbial (81), 6488
design and analysis of biological (111),

6543
insulin (121), 6547

Assessment of drug product performance
bioavailability, bioequivalence, and
dissolution (1090), 7695

Assessment of drug product leachables
associated with pharmaceutical packaging/
delivery systems (1664), 8455

Assessment of extractables associated with
pharmaceutical packaging/delivery systems
(1663), 8442

Astaxanthin esters, 4779
Astragalus root, 4782

dry extract, 4787
powder, 4785

Atenolol, 405
and chlorthalidone tablets, 409
injection, 406
oral solution, 407
tablets, 407

Atenolol compounded
oral suspension, 408

Atenolol compounded, veterinary
oral suspension, 409

Atomic absorption spectroscopy (852), 7142
Atomic absorption spectroscopy-theory and

practice (1852), 8632
Atomic masses, 6345
Atomic weights, 6344
Atomoxetine

capsules, 412
Atomoxetine hydrochloride, 411
Atorvastatin calcium, 414
Atorvastatin calcium

tablets, 418
Atovaquone, 422

oral suspension, 423
Atracurium besylate, 424

injection, 426
Atropine, 428

sulfate, 428
sulfate and diphenoxylate hydrochloride

oral solution, 1438
sulfate and diphenoxylate hydrochloride

tablets, 1439
sulfate injection, 430
sulfate ophthalmic ointment, 431
sulfate ophthalmic solution, 432

Attapulgite, activated, 433
colloidal, 433

Aurothioglucose, 434
injectable suspension, 434

Auxiliary packaging components (670), 6916
Avobenzone, 435
Azaperone, 435

injection, 436
Azatadine maleate, 437

tablets, 438
Azathioprine, 438

oral suspension, 440
sodium for injection, 442 .
tablets, 441

Azelastine hydrochloride, 443

Azelastine hydrochloride
ophthalmic solution, 445

Azithromycin, 446
capsules, 450
for injection, 451
for oral suspension, 454
tablets, 457

Azo violet, 6220
Aztec marigold zeaxanthin

extract, 4789
Aztreonam, 460

injection, 462
for injection, 463

Azure A, 6140

B
Bacillus coagulans, 4791
Bacilluscoagulans capsules, 4794
Bacillus subtilis subsp. subtilis menaquinone-7

extract, 5152
Bacitracin, 464

for injection, 466
methylene disalicylate, soluble, 467
methylene disalicylate soluble powder, 467
neomycin and polymyxin B sulfates and

hydrocortisone acetate ointment, 3116
neomycin and polymyxin B sulfates and

hydrocortisone acetate ophthalmic
ointment, 3116

neomycin and polymyxin B sulfates and
lidocaine ointment, 3117

and neomycin and polymyxin B sulfates
ointment, 3115

and neomycin and polymyxin B sulfates
ophthalmic ointment, 3115

and neomycin sulfate ointment, 3104
ointment, 466
ophthalmic ointment, 467
and polymyxin B sulfate topical aerosol,

468
zinc, 468
zinc, neomycin and polymyxin B sulfates,

and hydrocortisone ointment, 3118
zinc, neomycin and polymyxin B sulfates,

and hydrocortisone ophthalmic
ointment, 3119

zinc, neomycin and polymyxin B sulfates,
and hydrocortisone acetate ophthalmic
ointment, 3120

zinc, neomycin and polymyxin B sulfates,
and lidocaine ointment, 3120

zinc and neomycin-and polymyxin B
sulfates ointment, 3118

zinc and neomycin and polymyxin B
sulfates ophthalmic ointment, 3118

zinc and neomycin sulfate ointment, 3104
zinc ointment, 470
zinc and polymyxin B sulfate topical

aerosol, 3591
zinc and polymyxin B sulfate ointment,

471
zinc and polymyxin B sulfate ophthalmic

ointment, 471
zinc and polymyxin B sulfate topical

powder, 3591
zinc soluble powder, 470

Baclofen, 471
oral suspension, 473
tablets, 473
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Bacopa, 4797
extract, powdered, 4800
powdered, 4798

Bacterial
alkaline protease preparation, 6140
endotoxins test (85), 6508

Bacteriostatic
sodium chloride injection, 4067
water for injection, 4652

Balances (41), 6449
Balsalazide disodium, 475

capsules, 477
Banaba leaf, 4801

extract, dry, 4805
powder, 4803

Bandage
adhesive, 478
gauze, 478

Barbital sodium, 6140
Barbituric acid, 6140
Barium

acetate, 6140
chloride, 6140
chloride, anhydrous, 6138, 6140
chloride dihydrate, 6140
chloride TS, 6227
hydroxide, 6140
hydroxide lime, 479
hydroxide TS, 6227
nitrate, 6141
nitrate TS, 6227
sulfate, 479
sulfate for suspension, 482
sulfate paste, 480
sulfate -suspenslon, 481
sulfate tablets, 483

0.05 M Barium perchlorate VS, 6238
Basicfuchsin, 6141
Beclomethasone, 6141
Beclomethasone dipropionate, 483
Beclomethasone dipropionate compounded

oral solution, 484
Beef extract, 6141
Behenoyl polyoxylglycerides, 5628
Belladonna

leaf,485
extract, 486
extract tablets, 487
tincture, 488

Benazepril hydrochloride, 488'
and amlodipine hydrochloride capsules,

269
tablets, 491

Benazepril hydrochloride compounded,
veterinary
oral suspension, 490

Bendamustine hydrochloride, 493
Bendamustine hydrochloride for injection,

495
Bendroflumethiazide, 496

and nadolol tablets, 3062
tablets, 497

Benoxinate hydrochloride, 498
and fluorescein sodium ophthalmic

solution, 1944
ophthalmic solution, 499

Bentonite, 5629
magma, 5632
purified, 5630

Benzaldehyde, 5632, 6141
elixir, compound, 5634

Benzalkonium chloride, 5634, 6141
solution, 5636

Benzamidine hydrochloride hydrate, 6141
Benzanilide, 6141

Benzene, 6141
Benzenesulfonamide, ·6141
Benzenesulfonyl chloride, 6141 .
Benzethonium chloride, 499

concentrate, 500
topical solution, 501
tincture, 501

Benzhydrol, 6141
Benzil, 6141
Benzocaine, 502

topical aerosol, 503
and antipyrine otic solution, 352
antipyrine, and phenylephrine

hydrochloride otic solution, 354
butamben, and tetracaine hydrochloride

topical aerosol, 513
butamben, and tetracaine hydrochloride

gel,514
butamben, and tetracaine hydrochloride

ointment, 516
butamben, and tetracaine hydrochloride

topical solution, 517
cream, 505
gel, 506
lozenges, 507
and menthol topical aerosol, 518
ointment, 509
otic solution, 510
topical solution, 511

Benzoic
acid, 520, 6141
and salicylicacids ointment, 521

Benzoin, 522
tincture, compound, 522

Benzonatate, 523
capsules, 523

Benzophenone, 6141
p-Benzoquinone, 6197
Benzoyl

chloride, 6141
peroxide and erythromycin topical gel,

1692
peroxide gel, 526
peroxide, hydrous, 525
peroxide lotion, 527

N-Benzoyl-L-arginine ethyl ester
hydrochloride, 6141

3-Benzoylbenzoic acid, 6141
Benzoylformic acid, 6141
Benzphetarnlne hydrochloride, 6141
Benzphetamine hydrochloride, 528

tablets, 530
Benztropine mesylate, 532

injection, 532
tablets, 533

Benzyl
alcohol, 5639
benzoate, 534
benzoate lotion, 535

N-Benzylacetamide; 6142
2-Benzylaminopyridine, 6142
l-Benzylimidazole, 6142
Benzylpenicilloyl polylysine

concentrate, 535
injection, 536

Benzyltrimethylammonium chloride, 6142
Beta carotene, 536

capsules, 538
preparation, 4806

Betadex, 5641
sulfobutyl ether sodium, 5643

Beta glucan, 4808
Betahistine hydrochloride, 540
Betaine hydrochloride, 540
Beta-lactoglobulin, 6174

Beta-lactoglobulin A, 6174
Betamethasone, 541

acetate, 544
acetate and betamethasone sodium

phosphate injectable suspension, 551
acetate and gentamicin sulfate ophthalmic

solution, 2102
benzoate, 544
benzoate gel, 545
cream, 541
dipropionate, 546
dipropionate and c1otrimazole cream, 1124
dipropionate cream, 547
dipropionate lotion, 548
dipropionate ointment, 548
sodium phosphate, 549
sodium phosphate and betamethasone

acetate injectable suspension, 551
sodium phosphate injection, 551
oral solution, 542
valerate, 552
valerate cream, 553
valerate and gentamicin sulfate ointment,

2103
valerate and gentamicin sulfate otic

solution, 2104
valerate and gentamicin sulfate topical

solution, 2105
valerate lotion, 554
valerate ointment, 556

Betanaphthol, 6142
TS,6227

Betaxolol
hydrochloride, 557
ophthalmic solution, 558
tablets, 559

Bethanechol chloride, 561
injection, 562
oral solution, 563
oral suspension,' 564
tablets, 564

Beta-Iactamase, 6142, 6186
Bibenzyl, 6142, 6156
Bicalutamide, 566

tablets, 567
Bifidobacterium animalissubsp. lactis, 4811
Bilberry

extract, powdered, 4813
Bile salts, 6142, 6203
(S)-Binol, 6142
Bioburden control of nonsterile drug

substances and products (1115), 7827
Biocompatibility of materials used in drug

containers, medical devices, and implants,
the (1031),7313

Biological
assay chapters-overview and glossary

(1030), 7300
assay validation (1033), 7337
indicators-resistance performance tests

(55), 6452
indicators for sterilization (1229.5), 8216
reactivity tests, in vitro (87), 6514
reactivity tests, in vivo (88), 6516

Biologics (1041); 7379
Biotechnology products: stability testing of

biotechnological/biological products,
quality of (1049), 7454

Biotechnology-derived articles
amino acid analysis (1052), 7481
isoelectric focusing (1054), 7499
peptide mapping (1055), 7501
polyacrylamide gel electrophoresis (1056),

7508
total protein assay (1057), 7515
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Biotechnology products derived from cell
lines of human or animal origin, viral safety
evaluation of (1050), 7459

Biotin, 569
capsules, 570
tablets, 571

Biotin compounded
oral suspension, 571

Biphenyl, 6142
2,2'-Bipyridine, 6162
Bis(4-sulfobutyl) ether disodium, 6143
Bisacodyl, 572

rectal suspension, 574
suppositories, 573
delayed-release tablets, 574

4,4'-Bis(4-amino-naphthylazo)-2,2'
stilbenedisulfonic acid, 6143

Bis(2-ethylhexyl)
maleate, 6143
(phosphoric acid), 6143
phthalate, 6143
sebacate, 6143

Bismuth, 6143
citrate, 576
iodide TS, potassium, 6233
milk of, 575
nitrate pentahydrate, 6143
nitrate, 0.01 mol/L, 6239
subcarbonate, 576
subgallate, 577
subnitrate, 578, 6143
subsalicylate, 579
subsalicylate magma, 580
subsalicylate oral suspension, 582
subsalicylate tablets, 583
sulfite, 6220
sulfite agar, 6143

Bisoctrizole, 583
Bisoprolol fumarate, 585

and hydrochlorothiazide tablets, 587
tablets, 586

Bis(trimethylsilyl)
acetamide, 6143
trifluoroacetamide, 6143
trifluoroacetamide with

trimethylchlorosilane, 6143
Biuret reagent TS, 6227
Black cohosh, 4815

fluidextract, 4821
powdered, 481 7
powdered extract, 4820
tablets, 4823

Black pepper, 4825
powdered, extract, 4829
powdered, 4827

Bleomycin
for injection, 588
sulfate, 589

Blood
Blood, 6143
Grouping reagent, anti-A, grouping

reagent, anti-B, and grouping reagent, .
anti-AB, 6143

Technetium Tc 99m red blood cells
injection, 4235

Blue
G TS, brilliant, 6227
tetrazolium, 6144

tetrazolium TS, 6227
Board of trustees

USP Convention (2015-2020), ix
Boiling or distilling range for reagents, 6128
Boldine, 6144
Boluses

amoxicillin, 299
ampicillin, 321
aspirin, 388
dihydrostreptomycin sulfate, 1391
neomycin, 3102
phenylbutazone, 3511
tetracycline, 4302

Borage seed oil, 4830
capsules, 4831

Boric acid, 5646, 6144
(-)-Bornyl acetate, 6144
Boron trifluoride, 6144
14% Boron trifluoride-methanol, 6144
Boswellia serrata, 4832

extract, 4834
Botanical

extracts (565), 6798
origin, identification of articles of (563),

6788
Bovine collagen, 6144
Bovine serum (1024), 7260
7 percent bovine serum 'albumin certified

standard, 6'144
Branched polymeric sucrose, 6144
Bretylium tosylate, 590

in dextrose injection, 591
injection, 590

Brilliant
blue G TS, 6227
green, 6220
yellow, 6220

Brimonidine tartrate, 591
Brinzolamide, 592

ophthalmic suspension, 594
Bromelain, 6144
Bromine, 6145

sodium acetate TS, 6227
tenth-normal (0.1 N), 6239
TS,6227

a-Bromo-i'-acetonaphthone, 6145
p-Bromoaniline, 6145

TS,6227
Bromocresol

blue, 6220
blue TS, 6220
green, 6220
green-methyl red TS, 6227
green sodium salt, 6220
green TS, 6220, 6227
purple, 6220
purple sodium salt, 6220
purple TS, 6227

Bromocriptine mesylate, 595
capsules, 596
tablets, 597

Bromodiphenhydramine hydrochloride, 599
and codeine phosphate oral solution, 600
oral solution, 599

Bromofluoromethane, 6145
Bromophenol blue, 6220

sodium, 6220
TS,6227

N-Bromosuccinimide, 6145
Bromothymol blue, 6220

TS,6227
Brompheniramine maleate, 601

injection, 602
and pseudoephedrine sulfate oral solution,

603

oral solution, 602
tablets, 603

Brucine sulfate, 6145
Budesonide, 604

Buffer
Acetate TS, 6225
Acetic acid-ammonium acetate TS, 6225
Acetone buffered, TS, 6227
Acid phthalate, 6145
Alkaline borate, 6145
Hydrochloric acid, 6145
Neutralized phthalate, 6145

Buffered acetone TS, 6227
Buffers, 6145
Buffer solutions, 6145, 6223

acetate buffer, 6145
alkaline borate buffer, 6145
hydrochloric acid buffer, 6145
neutralized phthalate buffer, 6145
phosphate buffer, 6145

Bulkdensity and tapped density of powders
(616), 6850

Bulk pharmaceutical excipients-certificate of
analysis (1080), 7647

Bulk powder sampling procedures (1097),
7732

Bumetanide, 606
injection, 607
tablets, 608

Bupivacaine hydrochloride, 610
in dextrose injection, 612
and epinephrine injection, 612
injection, 611

Bupivacaine Hydrochloride
fentanyl citrate compounded injection,

1850
Buprenorphine

hydrochloride, 614
Buprenorphine and naloxone

sublingual tablets, 616
Buprenorphine compounded, veterinary

buccal solution, 615
Bupropion hydrochloride, 618

tablets, 620
extended-release tablets, 621

Buspirone hydrochloride, 634
tablets, 637

Busulfan, 639
tablets, 640

Butabarbital, 640
sodium, 641
sodium oral solution, 642
sodium tablets, 643

Butalbital, 644
acetaminophen, and caffeine capsules, 645
acetaminophen, and caffeine tablets, 646
aspirin, and caffeine capsules, 648
aspirin, caffeine, and codeine phosphate

capsules, 651 .
aspirin, and caffeine tablets, 649
and aspirin tablets, 646

Butamben, 653
benzocaine, and tetracaine hydrochloride

topical aerosol, 51 3
benzocaine, and tetracaine hydrochloride

gel, 514
benzocaine, and tetracaine hydrochloride

ointment, 516
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Butamben (continued)
benzocaine, and tetracaine hydrochloride

topical solution, 51 7
Butane, 5647
Butane-l,2-diol, 6145
Butane-l A-diol, 6145
Butane-2,3-diol, 6145
l,3-Butanediol, 6145
2,3-Butanedione, 6145, 6156
l-Butanesulfonic acid sodium salt, 6145
1A-Butane sultone, 6145
Butanol, 6145
Butoconazole nitrate, 654

vaginal cream, 655
Butorphanol tartrate, 655

injection, 656
nasal spray, 657

Butyl
acetate, normal, 6145
alcohol, 5648, 6145, 6146, 6184
alcohol, normal, 6145
'alcohol, secondary, 6134, 6146, 6198
alcohol, tertiary, 6134, 6209
benzoate, 6146
ether, 6146
methacrylate, 6146
palmitostearate, 5649
stearate, 5650

n-Butyl chloride, 6146, 6151
tert-Butyl methyl ether, 6146
n-Butylamine, 6146, 6184
tert-Butylamine, 6146, 6184
4-(Butylamino)benzoic acid, 6146
Butylated

hydroxyanisole, 5651
n-Butylboronic acid, 6146
tert-Butyldimethylchlorosilane in N-methyl-N.

tert-butyldimethylsilyltrifluoroacetamide, (1
in 100), 6146

Butylene glycol, 5653
Butylparaben, 5655, 6146
4-tert-Butylphenol, 6146
t-Butylthiol, 6146
Butyraldehyde, 6146
Butyric acid, 6146
Butyrolactone, 6146
Butyrophenone, 6147

c
C13

for oral solution, urea, 767
urea, 766

C 14
capsules, urea, 768

Cabergoline, 658
tablets, 659

Cadmium
acetate, 6147
nitrate, 6147

Caffeine, 661
acetaminophen and aspirin tablets, 49
and acetaminophen tablets, 51
aspirin and dihydrocodeine bitartrate

capsules, 402
butalbital, and acetaminophen capsules,

645
butalbital, and acetaminophen tablets, 646
butalbital, and aspirin capsules, 648
butalbital, aspirin, and codeine phosphate

capsules, 651

butalbital, and aspirin tablets, 649
citrate injection, 662
citrate oral solution, 663
and ergotamine tartrate suppositories,

1680
and ergotamine tartrate tablets, 1681
orphenadrine citrate and aspirin tablets,

3288
and sodium benzoate injection, 664

Calamine, 664
topical suspension, phenolated, 665
topical suspension, 665

Calcifediol, 666
capsules, 666

Calcipotriene, 667
ointment, 668

Calcitonin salmon, 670
injection, 674
nasal solution, 675

Calcitriol, 675
injection, 677

Calcium
acetate, 677, 6147
acetate and aluminum sulfate tablets for

topical solution, 195
acetate tablets, 682
ascorbate, 682
carbonate, 683, 5656, 6147
carbonate, alumina, and magnesia

chewable tablets, 169
carbonate, alumina, magnesia, and

simethicone chewable tablets, 170
carbonate, alumina, and magnesia oral

suspension, 168
carbonate, chelometric standard, 6147
carbonate lozenges, 685
carbonate, magnesia, and simethicone

,chewable tablets, 689
carbonate and magnesia chewable tablets,

688
carbonate oral suspension, 686
carbonate tablets, 687
caseinate, 6147
chloride, 692, 6147
chloride, anhydrous, 6138, 6147
chloride injection, 693
chloride TS, 6227
citrate, 693, 6147
citrate tablets, 4835
glubionate syrup, 695
gluceptate, 696
gluceptate injection, 697
gluconate, 697
gluconate injection, 700
gluconate tablets, 701
glycerophosphate, 4836
hydroxide, 701, 6147
hydroxide topical solution, 702
hydroxide TS, 6227
lactate, 702, 6147
lactate tablets, 703
lactobionate, 704
Leucovorin comounded oral, solution, 2570
levulinate, 705
levulinate injection, 705
and magnesium carbonates oral

suspension, 691
and magnesium carbonates tablets, 691
nitrate, 6148
pantothenate, 706
pantothenate assay (91), 6536
pantothenate, dextro, 6148
pantothenate, racemic, 708
pantothenate tablets, 707
phosphate, anhydrous dibasic, 710

phosphate tablets, dibasic, 712
phosphate, tribasic, 5657
phosphate dihydrate, dibasic, 708
polycarbophil, 713
propionate, 5658
saccharate, 713
silicate, 5659
stearate, ·5661
succinate, 714
sulfate, 5662, 6148
sulfate TS, 6227
undecylenate, 714
and vitamin D with minerals tablets, 4845
with vitamin D tablets, 4843

Calcium acetate
and aluminum sulfate for topical solution,

194
Calcium acetate

capsules, 680
Calcium citrate malate, 694
Calcium glubionate

syrup, 695
Calcium L-5-methyltetrahydrofolate, 4838

capsules, 4841
tablets, 4842

Calconcarboxylic acid, 6148
triturate, 6148

Calf thymus DNA, 6148
dl-Camphene, 6148
Camphor, 715

spirit, 715
d-l0-Camphorsulfonic acid, 6148
dl-l0-Camphorsulfonic acid, 6148
Canada balsam, 6148
Candelilla wax, 5663
Candesartan cilexetil, 71'6 '

and hydrochlorothiazide tablets, 719
tablets, 717

Canola oil, 5664
Capecitabine, 722

tablets, 723
Capillary electrophoresis (1053), 7492
Capreomycin

for injection, 726
sulfate, 725

Capric acid, 6148
Caprylic acid, 5664
Caprylocaproyl polyoxylglycerides, 5665
Capsaicin, 727
Capsicum, 728

oleoresin, 730
tincture, 732

Capsules
Acebutolol hydrochloride, 35
Acetaminophen, 40
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 52

Acetaminophen and codeine phosphate,
52

Acitretin, 86
Acyclovir, 89
Altretamine, 164
Aluminum hydroxide gel, dried, 190
Amantadine hydrochloride, 209
Aminobenzoate potassium, 230
Amlodipine and benazepril hydrochloride,

269
Amoxicillin, 300
Ampicillin, 321
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Combined Index to U5P 43 and NF 38 Capsu-Capsll.l 1-9

Capsules (continued)
Anagrelide, 334
Aprepitant, 362
Arginine, 4763
Aspirin, 389
Aspirin, caffeine, and dihydrocodeine

bitartrate, 402
Aspirin delayed-release, 390
Atomoxetine, 412
Azithromycin, 450
Bacillus coagulans, 4794
Balsalazide disodium, 477
Benzonatate, 523
Beta carotene, 538
Biotin, 570
Borage seed oil, 4831
Bromocriptine mesylate, 596
Butalbital, acetaminophen, and caffeine,

645
Butalbital, aspirin, and caffeine, 648
Butalbital, aspirin, caffeine, and codeine

phosphate, 651
Calcifediol, 666
Calcium acetate, 680
Calcium L-5-methyltetrahydrofolate, 4841
C 14, urea, 768
Castor oil, 805
Cat's claw, 4857
Cefaclor, 809
Cefadroxil, 815
Cefdinir, 827
Cephalexin, 897
Cephradine, 907
Chloral hydrate, 924
Chloramphenicol, 928
Chlordiazepoxide hydrochloride, 941
Chlordiazepoxide hydrochloride and

c1idinium bromide, 943
Chlorpheniramine maleate extended

release, 970
Chlorpheniramine maleate and

pseudoephedrine hydrochloride
extended-release, 972

Cholecalciferol, 986
Clindamycin hydrochloride, 1065
Clofazimine, 1085
Clofibrate, 1088
Clomipramine hydrochloride, 1093
Cloxacillin sodium, 1129
Cod liver oil, 4910
Crypthecodinium cohnii oil, 4925
Curcuminoids, 4929
Cyclobenzaprine hydrochloride extended-

release capsules, 1197
Cycloserine, 1211
Cyclosporine, 1213
Danazol, 1234
Dantrolene sodium, 1236
Diazoxide, 1333
Dicloxacillin sodium, 1358
Dicyclomine hydrochloride, 1360
Didanosine delayed-release, 1364
Digitalis, 1380
Dihydrotachysterol, 1392
Diltiazem hydrochloride extended-release,

1399
Diphenhydramine hydrochloride, 1425
Diphenhydramine hydrochloride and

ibuprofen, 1431
Diphenhydramine and pseudoephedrine,

1435
Disopyramide phosphate, 1450
Disopyramide phosphate extended-release,

1450
Divalproex sodium delayed-release, 1454

Docusate calcium, 1476
Docusate potassium, 1478
Docusate sodium, 1479
Doxepin hydrochloride, 1509
Doxycycline, 1519
Doxycycline extended-release, 1521
Doxycycline hyclate, 1534
Doxycycline hyclate delayed-release, 1536
Dronabinol, 1549
Duloxetine delayed-release, 1559
Echinacea species, 4966
Echinacea species dry extract, 4960
Efavirenz, 1588
Eleuthero root and rhizome dry extract,

4972
Eleuthero root and rhizome powder, 4976
Ephedrine sulfate, 1642
Ergocalciferol, 1666
Ergoloid mesylates, 1670
Erythromycin delayed-release, 1686
Erythromycin estolate, 1693
Esomeprazole magnesium delayed-release,

1716
Ethchlorvynol, 1766
Ethosuximide, 1774
Etodolac, 1786
Etoposide, 1794
Evening primrose oil, 4980
Fenofibrate, 1834
Fenoprofen calcium, 1845
Ferrous gluconate, 1859
Fexofenadine hydrochloride, 1870
Fish oil containing omega-3 acids, 4994
Fish oil containing omega-3 acids, delayed-

release, 4997
Flax seed oil, 4999
Flucytosine, 1916
Fluoxetine, 1958
Fluoxetine delayed-release, 1959
Flurazepam hydrochloride, 1978
Flutamide, 1984
Fluvastatin, 2020
Gabapentin, 2058
Galantamine extended-release, 2074
Gemfibrpzil,2097
Ginger, 5032
Ginkgo, 5037
Ginseng, American, 4754
Griseofulvin, 2165
Guaifenesin, 2170
Guaifenesin and pseudoephedrine

hydrochloride, 2174
Guaifenesin, pseudoephedrine

hydrochloride, and dextromethorphan
hydrobromide, 2175

Hydrochlorothiazide, 2219
Hydroxyurea, 2263
Hydroxyzine pamoate, 2271
Imipramine pamoate, 2304
Indomethacin, 2324
Indomethacin extended-release, 2325
Sodium iodide I 123, 2365
Sodium iodide I 131, 2368
Isometheptene mucate,

dichloralphenazone, and
acetaminophen, 2423

Isosorbide dinitrate extended-release, 2441
Isotretinoin, 2458
Isradipine, 2465
itraconazole, 2468
Kanamycin sulfate, 2503
Ketoprofen, 251 0
Ketoprofen extended-release, 2511
Krill oil, 5104
Krill oil delayed-release, 5107

Lansoprazole delayed-release, 2553
Lincomycin hydrochloride, 2634
Alpha lipoic acid, 5125
Lithium carbonate, 2650
Lomustine, 2656
Loperamide hydrochloride, 2660
Loxapine, 2697
Lutein, 5128
Magnesium oxide, 2721
Meclofenamate sodium, 2754
Mefenamic acid, 2758
Menaquinone-7, 5147
Mesalamine extended-release, 2802
Methoxsalen, 2863
Methsuximide, 2870
Methyltestosterone, 2906
Metronidazole, 2934
Metyrosine, 2942
Mexiletine hydrochloride, 2944
Milk thistle, 5162
Minerals, 5164
Minocycline hydrochloride, 2965
Morphine sulfate extended-release, 3024
Mycophenolate mofetil, 3044
Nifedipine, 3161
Nitrofurantoin, 3174
Nizatidine, 3192
Nortriptyline hydrochloride, 3216
Oil- and water-soluble vitamins with

minerals, 5435
Olanzapine and fluoxetine, 3237
Oleovitamin A and D, 3242
Omega-3 ethyl esters, 3253
Omeprazole delayed-release, 3258
Orlistat, 3280
Oseltamivir phosphate, 3293
Oxazepam, 3314
Oxycodone and acetaminophen, 3341
Oxytetracycline hydrochloride, 3362
Pancrelipase, 3384
Pancrelipase delayed-release, 3384
Paricalcitol, 3404
Paromomycin sulfate, 3408
Penicillamine, 3427
Phendimetrazine tartrate, 3493
Phenoxybenzamine hydrochloride, 3503
Phentermine hydrochloride, 3506
Phenytoin sodium, extended, 3531
Piroxicam, 3578
Potassium chloride extended-release, 3602
Prazosin hydrochloride, 3653
Procainamide hydrochloride, 3689
Procarbazine hydrochloride, 3696
Propranolol hydrochloride extended-

release, 3747
Pseudoephedrine hydrochloride extended-

release, 3762
Pygeum, 5200
Quinidine sulfate, 3813
Quinine sulfate, 3819
Ramipril, 3839
Rhodiola rosea, 5224
Ribavirin, 3863
Rifabutin, 3873
Rifampin, 3876
Rifampin and isoniazid, 3878
Ritonavir, 3914
Rivastigmine tartrate, 3925
Propafenone hydrochloride extended-

release, 3729
St. John's wort flowering top dry extract,

5242
Salsalate, 3981
Saquinavir, 3984
Saw palmetto, 5259
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Capsules (continued)
Schizochytrium oil, 5269
Secobarbital sodium, 4015
Selegiline hydrochloride, 4018
Simethicone, 4043
Soy isoflavones, 5276
Stavudine, 4120
Sulfinpyrazone, 4172
Tacrolimus, 4196
Tamsulosin hydrochloride, 4213
Temazepam, 4251
Temozolomide, 4253
Terazosin, 4261
Tetracycline hydrochloride, 4305
Tetracycline hydrochloride and nystatin,

4313
Thalidomide, 4318
Theophylline, 4321
Theophylline extended-release, 4322
Theophylline and guaifenesin, 4331
Thiothixene, 4359
Tienchi ginseng root and rhizome dry

extract, 5309
Tienchi ginseng root and rhizome powder,

5304
Tolmetin sodium, 4423
Topiramate, 4432
Triamterene, 4495
Triamterene and hydrochlorothiazide, 4496
Trientine hydrochloride, 4510
Trihexyphenidyl hydrochloride extended-

release, 4518
Trimethobenzamide hydrochloride, 4524
Ubidecarenone, 5320
Ursodiol, 4558
Valerian root dry extract; 5332
Valerian root powder, 5333
Valproic acid, 4573
Vancomycin hydrochloride, 4588
Venlafaxine hydrochloride extended-

release, 4598
Verapamil hydrochloride extended-release,

4605
Vinpocetine, 5336
Vitamin A, 4633
Vitamin E, 4639
Vitamins with minerals, oil-soluble, 5361
Vitamins with minerals, oil- and water-

soluble, 5435
Vitamins with minerals, water-soluble,

5523
Vitamins, oil-soluble, 5346
Vitamins, oil- and water-soluble, 5389
Vitamins, water-soluble, 5499
Zaleplon, 4669
Zidovudine, 4674
Ziprasidone, 4695
Zonisamide, 4719

Capsules-dissolution testing and related
quality attributes (1094), 7725

Captopril, 733
and hydrochlorothiazide tablets, 737
oral solution, 734
oral suspension, 735
tablets, 735

Cararnef 5666
Caraway, 5666

oil,5667
Carbachol, 738

intraocular solution, 739
ophthalmic solution, 739

Carbamazepine, 740
oral suspension, 742
tablets, 743
extended-release tablets, 746

Carbamide peroxide, 747
topical solution, 747

Carbazole sulfate, 6148
Carbenicillin

disodium, 748
indanyl sodium, 748
indanyl sodium tablets, 749
for injection, 748

Carbidopa, 750
and levodopa extended-release tablets,

753
and levodopa orally disintegrating tablets,

759
and levodopa tablets, 751

Carbinoxamine maleate, 761
pseudoephedrine hydrochloride, and

dextromethorphan hydrobromide oral
solution, 3767

tablets, 763
Carbol-fuchsin topical solution, 765
Carbomer

934,5667
934P, 5668
940, 5670
941, 5671
1342, 5672
copolymer, 5673
homopolymer, 5676
interpolymer, 5679

Carbon
C 13 for oral solution, urea, 767
C 13, urea, 766
C 14 capsules, urea, 768
dioxide, 765
dioxide detector tube, 6148 .
disulfide, chromatographic, 6148
disulfide, CS, 6148
monoxide detector tube, 6148
tetrachloride, 6148

Carbonates
calcium. and magnesium, oral suspension,

691
calcium and magnesium, tablets, 691

Carboplatin, 768
for injection, 769

Carboprost
tromethamine, 771
tromethamine injection, 772

Carboxylate (sodium form) cation-exchange
resin (50- to 100-mesh), 6148

Carboxymethoxylamine hemihydrochloride,
6149

Carboxymethylcellulose
calcium, 5682
sodium, 773
sodium 12, 5684
sodium, low-substituted, 5682
sodium and microcrystalline cellulose,

5698
sodium paste, 774
sodium tablets, 774

Carboxymethylcellulose sodium
enzymatically-hydrolyzed, 5685

Cardamom
oil,5688
seed, 5688
tincture, compound, 5689

Carisoprodol, 776
aspirin and codeine phosphate tablets, 780
and aspirin tablets, 778
tablets, 777

Carmellose, 5689
Carmine, 6149
Carmustine, 782

for injection, 784
Carotenes, 4850
Carprofen, 785

tablets, 786
Carrageenan, 5690
Carteolol hydrochloride, 788

ophthalmic solution, 789
tablets, 790

Carvedilol, 791
tablets, 793

(R)-(-)-Carvone, 6149
Casanthranol, 795
Cascara

fluidextract, aromatic, 801
sagrada, 797
sagrada extract, 798
sagrada fluidextract, 801
tablets, 800

Casein, 6149
hammersten, 6149

Castor oil, 802
aromatic, 807
capsules, 805
emulsion, 806
hydrogenated, 5691
polyoxyl 35, 5956

Catechol, 6149
Cation-exchange resin, 6149

carboxylate (sodium form) (50- to 100-
mesh), 6148, 6149

polystyrene, 6149, 6192
styrene-divinylbenzene,. 6149
styrene-divinylbenzene, .stronqly acidic,

6149
sulfonic acid, 6149, 6209

Cat's claw, 4852
capsules, 4857
extract, powdered, 4855
powdered, 4854
tablets, 4858

Cedar oil, 6149
Cefaclor, 807

capsules, 809
for oral suspension, 810
extended-release tablets, 811

Cefadroxil, 813
capsules, 815
for oral suspension, 816
tablets, 817

Cefamandole nafate, 818
for injection, 819

Cefazolin, 820
injection, 822
for injection, 823
sodium, 824

Cefdinir, 826
capsules, 827
for oral suspension, 830

Cefepime
hydrochloride, 834
for injection, 832

Cefixime, 836
for oral suspension, 837
tablets, 838

Cefmenoxime
hydrochloride, 839
for injection, 839

Cefmetazole, 840
injection, 841
for injection, 841
sodium, 842
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Cefonicid
for injection, 842
sodium, 843

Cefoperazone
injection, 844
for injection, 844
sodium, 845

Ceforanide, 846
for injection, 846

Cefotaxime
injection, 847
for injection, 848
sodium, 850

Cefotetan, 853
disodium, 855
injection, 853
for injection, 854

Cefotiam
hydrochloride, 856
for injection, 857

Cefoxitin
injection, 859
for injection, 860
sodium, 858

Cefpiramide, 860
for injection, 862

Cefpodoxime proxetil, 863
for oral suspension, 864
tablets, 864

Cefprozil, 865
for oral suspension, 869
tablets, 870

Ceftazidime, 872
injection, 872
for injection, 873

Ceftiofur
hydrochloride, 875
sodium, 877

Ceftizoxime
injection, 880
for injection, 881
sodium, 880

Ceftriaxone
injection, 881
for injection, 882
sodium, 884

Cefuroxime
axetil,887
axetil for oral suspension, 888
axetil tablets, 889
injection, 886
for injection, 886
sodium, 891

Celecoxib, 892
Cellaburate, 5694
Cellacefate, 5696
Cellular and tissue-based products (1046),

7400
Cellulose

acetate, 5701
chromatographic, 6149
microcrystalline, 5696, 6150
microcrystalline and

carboxymethylcellulose sodium, 5698
mixture, chromatographic, 6150
oxidized, 893
oxidized regenerated, 894
powdered, 5700
silicified microcrystalline, 5699
sodium phosphate, 895
sodium phosphate for oral suspension, 896

Cellulose diethylaminoethyl, 6150
Centella asiatica, 4859

extract, powdered, 4863
powdered, 4861

triterpenes, 4864
Cephalexin, 896

capsules, 897
hydrochloride, 900
for oral suspension, 898
tablets, 899
tablets for oral suspension, 899

Cephalothin
injection, 901
for injection, 901
sodium, 902

Cephapirin
benzathine, 904
benzathine intramammary infusion, 905
for injection, 903
sodium, 905
sodium intramammary infusion, 906

Cephradine, 906
capsules, 907
for injection, 908
for oral suspension, 909
tablets, 909

Ceric
ammonium nitrate, 6150
ammonium nitrate TS, 6227
ammonium nitrate, twentieth-normal (0.05

N),6239
ammonium sulfate, 6150
sulfate, 6150
sulfate, tenth-normal (0.1 N), 6239

Cesium chloride, 6150
Cetirizine hydrochloride, 910

and pseudoephedrine hydrochloride
extended-release tablets, 91 7

oral solution, 912
tablets, 913
orally disintegrating tablets, 915

Cetostearyl alcohol, 5702
Cetrimide, 6150
Cetrimonium bromide, 5704
Cetyl

alcohol, 5705
esters wax, 5706
palmitate, 5708

Cetylpyridinium chloride, 921
lozenges, 922
topical solution, 923

Cetyltrimethylammonium bromide, 6150,
6169

Cetyltrimethylammonium chloride, 25
percent in water, 6150

Chamomile, 4866
Characterization of crystalline and partially

crystalline solids by X-ray powder
diffraction (XRPD) (941), 7201

Characterization of crystalline solids by
microcalorimetry and solution calorimetry
(696), 6931

Charcoal
activated, 923, 6133, 6150

Chaste tree, 4868
powdered, 4870
powdered, extract, 4872

Chelating ion exchange resin, 6150
Chemometrics (1039), 7363
Chenodeoxycholic acid, 6150
Cherry

juice, 5709
syrup, 5709

Chia seed
oil,4877

Chinese salvia, 4878
powdered, 4880

Chinese skullcap root, 4883
powder, 4885

Chinese skullcap root dry
extract, 4887

Chitosan, 5710
Chloral hydrate, 924

capsules, 924
oral solution, 924
TS,6227

Chlorambucil, 925
tablets, 926

Chloramine T, 6150
Chloramphenicol, 927

capsules, 928
cream, 928
and hydrocortisone acetate for ophthalmic

suspension, 932
injection, 928
ophthalmic ointment, 929
ophthalmic solution, 929
for ophthalmic solution, 930
otic solution, 931
palmitate, 933
palmitate oral suspension, 934
and polymyxin B sulfate ophthalmic

ointment, 933
sodium succinate, 935
sodium succinate for injection, 936
oral solution, 930
tablets, 932

Chlordiazepoxide, 936
and amitriptyline hydrochloride tablets,

938
hydrochloride, 940
hydrochloride capsules, 941
hydrochloride and c1idinium bromide

capsules, 943
tablets, 937

Chlorhexidine
acetate, 945
acetate topical solution, 947
gluconate oral rinse, 949
gluconate solution, 948
gluconate topical solution, 951
hydrochloride, 952

Chlorhexidine gluconate
topical gel, 4741

Chloride
cobaltous, TS, 6227
ferric, TS, 6229
ferrous tetrahydrate, 6166
gold,6169
gold, TS, 6229
platinic, 6191
platinic, TS, 6233
in reagents, 6129
stannous, 6041
and sulfate (221), 6636

Chlorine, 6150
detector tube, 6150
TS,6227

m-Chloroacetanilide, 6150
p-Chloroacetanilide, 6150
l-Chloroadamantane, 6151
2-Chloro-4-aminobenzoic acid, 6151
5-Chloro-2-aminobenzophenone, 6151
3-Chloroaniline, 6151
p-Chloroaniline, 6151
Chlorobenzene, 6151
4-Chlorobenzoic acid, 6151
m-Chlorobenzoic acid, 6151
4-Chlorobenzophenone, 6151
2-Chlorobenzophenone, 6151
l-Chlorobutane, 6151
Chlorobutanol, 5714
Chlorbcresol, 5715
2-Chloroethanol, 6151
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2-Chloroethylamine monohydrochloride,
6151

Chloroform, 6151
alcohol-free, 6151
methyl,6151

Chlorogenic acid, 6151
Chloromethylated polystyrene-divinylbenzene

anion-exchange resin, 6151
l-Chloronaphthalene, 6151
4-Chloro-l-naphthol, 6151
2-Chloronicotinic acid, 6151
2-Chloro-4-nitroaniline, 99%, 6152
Chlorophyllin copper complex sodium, 954
Chloroplatinic acid, 6152
Chloroprocaine hydrochloride, 956

injection, 957
Chloroquine, 957

hydrochloride injection, 958
phosphate, 959
phosphate oral suspension, 960
phosphate tablets, 961

5-Chlorosalicylic acid, 6152
Chlorothiazide, 962

and reserpine tablets, 3859
sodium for injection, 966
oral suspension, 963
tablets, 964

Chlorothiazide compounded
oral suspension, 963

l-Chloro-2,2,2
trifluoroethylchlorodifluoromethyl ether,
6152

Chlorotrimethylsilane, 6152, 6215
Chloroxylenol, 966
Chlorpheniramine

dextromethorphan, pseudoephedrine,
(salts of), and acetaminophen, capsules
containing at least three of the
following, 52

dextromethorphan, pseudoephedrine (salts
of), and acetaminophen, oral powder
containing at least three of the
following, 54

dextromethorphan, pseudoephedrine (salts
of), and acetaminophen, oral solution
containing at least three of the
following, 56

dextromethorphan, pseudoephedrine (salts
of), and acetaminophen, tablets
containing at least three of the
following, 58

maleate, 968
maleate extended-release capsules, 970
maleate injection, 971
maleate, penicillin G procaine,

dihydrostreptomycin sulfate, and
dexamethasone injectable suspension,
3445

maleate and pseudoephedrine
hydrochloride extended-release capsules,
972

maleate and pseudoephedrine
hydrochloride oral solution, 973

maleate oral solution, 971
maleate tablets, 971
maleate, acetaminophen, and

dextromethorphan hydrobromide
tablets, 60

Chlorpromazine, 974
hydrochloride, 975
hydrochloride injection, 976
hydrochloride oral concentrate, 975
hydrochloride syrup, 976
hydrochloride tablets, 977
suppositories, 974

Chlorpropamide, 978
tablets, 978

Chlortetracycline
bisulfate, 979
hydrochloride, 980, 6152
hydrochloride ointment, 980
hydrochloride ophthalmic ointment, 987
hydrochloride soluble powder, 987
hydrochloride tablets, 987
and sulfamethazine bisulfates soluble

powder, 980
Chlorthalidone, 982

and atenolol tablets, 409
and clonidine hydrochloride tablets, 1104
tablets, 983

Chlorzoxazone, 983
tablets, 984

Chocolate, 5715
syrup, 5716

Cholecalciferol, 985
capsules, 986
solution, 987
tablets, 988

Cholecalciferol chewable
gels, 4889

Cholestane, 6152
Cholestanol, 6152
Cholesterol, 5716, 6152·
Cholesteryl

benzoate, 6152
n-heptylate, 6152

Cholestyramine
resin, 989
for oral suspension, 990

Choline
bitartrate, 4891
chloride, 4892, 6152

Chondroitin sulfate sodium, 4894
and glucosamine tablets, 5043
glucosamine, and methylsulfonylmethane

tablets, 5051
shark,4898
tablets, 4897

Chromate, sodium, Cr 51 injection, 992
<;:hromatographic

columns, 6252
fuller's earth, 6152
n-heptane, 6152
magnesium oxide, 6152
reagents, 6152
silica gel, 6152
silica gel mixture, 6152
siliceous earth, 6152
siliceous earth, silanized, 6152
solvent hexane, 6152

Chromatography (621), 6853
Chromatography, ion (1065), 7588
Chromic chloride, 990

injection, 991
Chromium

Cr 51 injection, sodium chromate, 992
picolinate, 4901
picolinate tablets, 4902
potassium sulfate dodecahydrate, 6152
trioxide, 6152

Chromogenic
substrate for amidolytic test, 6152

Chromotrope 2R, 6152
Chromotropic acid, 6152, 6202

disodium salt, 6153
TS,6227

Chymotrypsin, 993
for ophthalmic solution, 994

Ciclopirox, 995
olamine, 997

olamine cream, 998
olamine topical suspension, 998
topical solution, 996

Cidofovir, 999
injection, 1000

Cilastatin
and imipenem for injectable suspension,

2298
and imipenem for injection, 2297
sodium, 1001

Cilostazol, 1003
tablets, 1004

Cimetidine, 1005
hydrochloride, 1008
injection, 1006
in sodium chloride injection, 1007
tablets, 1007

Cinchonidine, 6153
Cinchonine, 6153
Cinnamomum cassia

twig, 4902
twig powder, 4904

Ciprofloxacin, 1009
and dexamethasone otic suspension, 1021
extended-release tablets, 1017
hydrochloride, 1011
injection, 1012
ophthalmic ointment, 1014
ophthalmic solution, 1015
for oral suspension, 1019
tablets, 1015

Cisapride, 1024
Cisapride compounded, veterinary

injection, 1024
oral suspension, 1025

Cisatracurium besylate, 1026
injection, 1028

Cisplatin, 1030
for injection, 1032

Citalopram
hydrobromide, 1037
oral solution, 1034
tablets, 1035

Citicoline sodium, 4906
Citrate

cupric TS, alkaline, 6226, 6228
cupric TS 2, alkaline, 6226, 6228

Citric acid, 6153
anhydrous, 1040, 6153
and magnesium carbonate for oral

solution, 2710
magnesium carbonate, and potassium

citrate for oral solution, 2711
magnesium oxide, and sodium carbonate

irrigation, 1044
monohydrate, 1042
and potassium citrate oral solution, 361 7
and potassium and sodium bicarbonates

effervescent tablets for oral solution,
3598

and sodium citrate oral solution, 4069
TS,6227

Citrulline, 4908
Cladribine, 1045

injection, 1046
Clarithromycin, 1047

for oral suspension, 1049
tablets, 1049
extended-release tablets, 1051

Clavulanate
potassium, 1055
potassium and amoxicillin for oral

suspension, 308
potassium and amoxicillin tablets, 308
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Clavulanic acid
and amoxicillin extended-release tablets,

310
Clavulanic acid

and ticarcillin injection, 4371
and ticarcillin for injection, 4372

Cleaning glass apparatus (1051), 7481
C1emastine fumarate, 1057

tablets, 1059
Clenbuterol hydrochloride, 1060
Clidinium bromide, 1061

and chlordiazepoxide hydrochloride
capsules, 943

Clindamycin
hydrochloride, 1063
hydrochloride capsules, 1065
hydrochloride oral solution, 1066
injection, 1062
for injection, 1063
palmitate hydrochloride, 1068
palmitate hydrochloride for oral solution,

1068
phosphate, 1069
phosphate gel, 1071
phosphate topical solution, 1072
phosphate topical suspension, 1072
phosphate vaginal cream, 1071
phosphate vaginal inserts, 1073

Clindamycin hydrochloride compounded
oral solution, 1066

Clioquinol, 1074
cream, 1075
and hydrocortisone cream, 1077
and hydrocortisone ointment, 1078
ointment, 1076
topical powder, compound, 1076

Clobetasol propionate, 1079
cream, 1080
ointment, 1081
topical solution, 1082

Clocortolone pivalate, 1083
cream, 1084

Clofazimine, 1084
. capsules, 1085
Clofibrate, 1087

capsules, 1088
Clomiphene citrate, 1088

tablets, 1090
Clomipramine compounded

oral suspension, veterinary, 1091
Clomipramine hydrochloride, 1092

capsules, 1093
Clonazepam, 1096

oral suspension, 1097
tablets, 1098
orally disintegrating tablets, 1099

Clonidine, 1100
hydrochloride, 1101
hydrochloride and chlorthalidone tablets,

1104
hydrochloride tablets, 1103
transdermal system, 1105

Clonidine hydrochloride compounded
oral suspension, 1103

Clopidogrel
bisulfate, 1109
tablets, 1111

Clopldoqrel compounded
oral suspension, 1111

. Cloprostenol
injection, 111 3
sodium, 1113

Clorazepate dipotassium, 1114
tablets, 1115

Clorsulon, 1117
and ivermectin injection, 2477

Clotrimazole, 1118
and betamethasone dipropionate cream,

1124
cream, 1119
lotion, 1119
lozenges, 1120
topical solution, 1122
vaginal inserts, 1123

Clove oil, 5718
Clover, red, 5203

extract, powdered, 5210
powdered, 5207
tablets, 5212

Cloxacillin
benzathine, 1125
benzathine intramammary infusion, 1126
sodium, 1127
sodium capsules, 1129
sodium intramammary infusion, 1129
sodium for oral solution, 1130

Clozapine, 1130
tablets, 1132

Cloxapine N-oxide, 6153
Coal tar, 1133

ointment, 1133
topical solution, 1133

Cobalt
chloride, 6153
nitrate, 6153
platinum, TS, 6233
uranyl acetate TS, 6227

Cobaltous
acetate, 6153
chloride, 6153
chloride CS, 6224
chloride TS, 6227

Cocaine, 1133
hydrochloride, 1134
hydrochloride tablets for topical solution,

1134
Cocoa butter, 5718
Coconut

oil,5719
oil, hydrogenated, 5720

Codeine, 1137
phosphate, 1137
phosphate and acetaminophen capsules,

52
phosphate and acetaminophen oral

solution, 54
phosphate and acetaminophen oral

suspension, 56
phosphate and acetaminophen tablets, 66
phosphate, aspirin, alumina, and magnesia

tablets, 404
phosphate and aspirin tablets, 403
phosphate and bromodiphenhydramine

hydrochloride oral solution, 600
phosphate, butalbital, aspirin, and caffeine

capsules, 651
phosphate, carisoprodol, and aspirin

tablets, 780
phosphate and guaifenesin oral solution,

2172
phosphate injection, 1138
phosphate tablets, 1139
phosphate and promethazine and

phenylephrine hydrochloride oral
solution, 3724

phosphate oral solution, 1138
sulfate, 1140
sulfate oral solution, 1141
sulfate tablets, 1142

and terpin hydrate oral solution, 4284
Cod liver oil, 1135

capsules, 4910
Coenzyme Q9, 6153
Coffee fruit dry

extract, 4912
Cohosh

black fluidextract, 4821
Coix seed, 4915

powder, 4917
Colchicine, 1143

injection, 1144
and probenecid tablets, 3687
tablets, 1145

Colestipol hydrochloride, 1145
for oral suspension, 1147
tablets, 1147

Colistimethate
for injection, 1149
sodium, 1148

Colistin
and neomycin sulfates and hydrocortisone

acetate otic suspension, 1150
sulfate, 1149
sulfate for oral suspension, 1150

Collagen, 6153
rat tail, 6153

Collagenase, 6153
Collagenase I (89.1), 6524
Collagenase II (89.2), 6529
Collodion, 1151

flexible, 1151
Colloidal oatmeal, 1152
Color

and achromicity (631), 6865
instrumental measurement (1061), 7553

Colorimetric solutions (CS), 6224
Compactin, 6153
Completeness of solution (641), 6866
Compound cardamom tincture, 5689
Compounded topical gel

ondansetron, 3272
Compounding for phase I investigational

studies, 7985
Conductivity of solutions (644), 6868
Congealing temperature (651), 6874
Congo red, 615~ 6220

TS,6227
Constitution and bylaws, xxviii
Construct human fibroblasts in bilayer

synthetic scaffold, 1153
Construct human fibroblasts in polyglactin

scaffold, 1157
Container content for injections (697), 6934
Containers

glass (660), 6881
performance testing (671), 6922

Container specifications for capsules and
tablets, 6259

Coomassie
blue G-250, 6153
brilliant blue R-250, 6153

Copovidone, 5721
Copper, 6153

gluconate, 1168
Copper sulfate pentahydrate, 6153
Coriander oil, 5723
Corn

oil,5723
starch, 6044
syrup, 5724
high fructose syrup, 5727
syrup solids, 5731

Corticotropin
injection, 1170
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Creatine, 4920
Creatinine, 5734
Cresol, 5735

red, 6220
red-thymol blue TS, 6227
red TS, 6227

m-Cresol purple, 6154
TS, 6227

Cromolyn sodium, 1180
inhalation powder, 1182
inhalation solution, 1182
nasal solution, 1184
ophthalmic solution, 1185

Croscarmellose sodium, 5736
Crospovidone, 5737
Crotamiton, 1186

cream, 1187
Cryopreservation of cells (1044), 7389
Crypthecodinium cohnii oil, 4922

capsules, 4925
Crystallinity (695), 6931
Crystal violet, 6220

TS,6232
Cupric

acetate, 6154
acetate TS, 6227
acetate TS, stronger, 6236
ammonium sulfate TS, 6227
chloride, 1187, 6154

Neomycin and polymyxin B sulfates and
gramicidin, 3122

Neomycin and polymyxin B sulfates,
gramicidin, and hydrocortisone acetate,
3123

Neomycin and polymyxin B sulfates and
hydrocortisone acetate, 3125

Neomycin and polymyxin B sulfates and
lidocaine, 3126

Neomycin and polymyxin B sulfates and
pramoxine hydrochloride, 3126

Neomycin sulfate, 3103
Neomycin sulfate and dexamethasone

sodium phosphate, 3104
Neomycin sulfate and fluocinolone

acetonide, 3107
Neomycin sulfate and flurandrenolide,

3107
Neomycin sulfate and hydrocortisone,

3109
Neomycin sulfate and hydrocortisone

acetate, 3110
Neomycin sulfate and methylprednisolone

acetate, 3113
Neomycin sulfate and triamcinolone

acetonide, 3129
Nystatin, 3219
Nystatin, neomycin sulfate, gramicidin,

and triamcinolone acetonide, 3222
Nystatin, neomycin sulfate, thiostrepton,

and triamcinolone acetonide, 3223
Nystatin and triamcinolone acetonide,

3224
Piroxicam, 3579
Pramoxine hydrochloride, 3641
Prednicarbate, 3656
Prednisolone, 3660
Sulfadiazine, silver, 4150
Sulfa, vaginal, triple, 4137
Tetracaine hydrochloride, 4296
Tolnaftate, 4426
Tretinoin, 4478
Triamcinolone acetonide, 4484

Corticotropin (continued)
for injection, 11 72
injection, repository, 1174

Cortisone, 6153
acetate, 1175
acetate tablets, 1176

Cosyntropin, 11 78
Cotton

absorbent, 6153
purified, 1180

Cotton (691), 6929
Cottonseed oil, 5733

hydrogenated, 5734
Council of experts

(2015-2020), ix
Cr 51

injection, sodium chromate, 992
Cranberry

liquid preparation, 4919

Cream
Alclometasone dipropionate, 111
Amcinonide, 214
Amphotericin B, 315
Anthralin, 344
Benzocaine, 505
Betamethasone, 541
Betamethasone dipropionate, 547
Betamethasone valerate, 553
Butoconazole nitrate, vaginal, 655
Chloramphenicol, 928
Ciclopirox olamine, 998
C1indamycin phosphate, vaginal, 1071
Clioquinol, 1075
Clioquinol and hydrocortisone, 1077
Clobetasol propionate, 1080
Clocortolone pivalate, 1084
Clotrimazole, 1119
Clotrimazole and betamethasone

dipropionate, 1124
Crotamiton, 1187
Desoximetasone, 1274
Dibucaine, 1336
Diflorasone diacetate, 1374
Dioxybenzone and oxybenzone, 1418
Estradiol, vaginal, 1725
estriol compounded vaginal, 1743
Estropipate, vaginal, 1754
Flumethasone pivalate, 1928
Fluocinolone acetonide, 1935
Fluocinonide, 1937
Fluorometholone, 1952
Fluorouracil, 1956
Flurandrenolide, 1975
Fluticasone propionate, 1987
Gentamicin sulfate, 2101
Gentian violet, 2108
Halcinonide, 2184
Hydrocortisone, 2229
Hydrocortisone acetate, 2237
Hydrocortisone butyrate, 2239
Hydrocortisone valerate, 2245
Hydroqulnone, 2255
Lidocaine and prilocaine, 2630
Lindane, 2635
Maferiide acetate, 2703
Miconazole nitrate, 2949
Mometasone furoate, 3002
Mupirocin, 3040
Naftifine hydrochloride, 3065
Neomycin and polymyxin B sulfates, 3114

chloride injection, 1188
citrate, 6154
citrate TS, 6228
citrate TS, alkaline, 6226, 6228
citrate TS 2, alkaline, 6226, 6228
iodide TS, alkaline, 6226, 6228
nitrate hydrate, 6154
nitrate, tenth-normal (0.1 N), 6239
oxide, ammoniated, TS, 6226, 6228, 6234,

6234
sulfate, 1189, 6154
sulfate, anhydrous, 6138, 6154
sulfate CS, 6225
sulfate injection, 1190
sulfate test paper, 6222
sulfate TS, 6222, 6228
tartrate, alkaline, solution (Fehling's

solution), 6239
tartrate TS, alkaline, 6226, 6228, 6229

Cupriethylenediamine hydroxide solution, 1.
OM,6154

Curcuminoids, 4927
capsules, 4929
tablets, 4930

Cyanoacetic acid, 6154
Cyanocobalamin, 1190

injection, 1191
tablets, 1192

Cyanocobalamin chewable gels, 4931
Cyanogen bromide, 6154
4-Cyanophenol, 6154
4-Cyanopyridine, 6154
Cyclam, 6154
Cyclandelate, 1193
Cyclizine hydrochloride, 1194

tablets, 1195
Cyclobenzaprine hydrochloride, 1196

extended-release capsules, 1197
tablets, 1199

1,1-Cyclobutanedicarboxylic acid, 6154
cx-Cyclodextrin, 6154
~-Cyclodextrin, 6154
Cyclohexane, 6154
Cyclohexanol, 6154

---------------- . (1,2-Cyclohexylenedinitrilo)tetraacetic acid,
6154

Cyclohexylmethanol, 6154
3-Cyclohexylpropionic acid, 6154
Cyclomethicone, 5740
Cyclopentolate hydrochloride, 1200

ophthalmic solution, 1201
Cyclophosphamide, 1202

for injection, 1204
tablets, 1209

Cyclophosphamide compounded
oral suspension, 1208

Cyclopropane, 1210
Cycloserine, 1211

capsules, 1211
Cyclosporine, 1212

capsules, 1213
injection, 1214
oral solution, 1216

Cyclosporine compounded, veterinary
ophthalmic solution, 121 7

Cyproheptadine hydrochloride, 1218
oral solution, 1219
tablets, 1220

Cyromazine, 1221
Cysteine hydrochloride, 1221

injection, 1222
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Cystine, 4933
L-Cystine, 6154
Cytarabine, 1223

for injection, 1224

D
Dacarbazine, 1225

for injection, 1226
Dactinomycin, 1227

for injection, 1228
Dalfampridine, 1228
Dalteparin

sodium, 1230
Danazol, 1233

capsules, 1234
Dantrolene sodium, 1234

capsules, 1236
for injection, 1238

Dapsone, 1239
oral suspension, 1240
tablets, 1241

Daunorubicin hydrochloride, 1242
for injection, 1242

DEAE-Agarose, 6154
Decanol, 6154
Decoquinate, 1243

premix, 1243
Decyl sodium sulfate, 6154
Deferoxamine mesylate, 1244

for injection, 1245
Dehydrated alcohol, 6155
Dehydroacetic acid, 5741
Dehydrocholic acid, 1246
Delafield's hematoxylin TS, 6228
Deliverable volume (698), 6935
Delta-8-tetrahydrocannabinol, 6211
Demecarium bromide, 1246

ophthalmic solution, 1247
Demeclocycline, 1247

hydrochloride, 1248
hydrochloride tablets, 1249

Denatonium benzoate, 5741
Denaturated alcohol TS, 6228
Denlqes' reagent, 6228
Density of solids (699), 6938
Dental paste

triamcinolone acetonide, 4485
Deoxyadenosine triphosphate, 6155
Deoxycytidine triphosphate, 6155
Deoxyguanosine triphosphate, 6155
Deoxyribonucleic acid polymerase, 6155
Deoxythymidine triphosphate, 6155
Depyrogenation (1228), 8176
Depyrogenation by filtration (1228.3), 8184
Depyrogenation by Rinsing, 8187
Deschloroclotrimazole, 6155
Description and relative solubility of USP and

NF articles, 6273
Desflurane, 1253
Design, evaluation and characterization of

viral clearance procedures (1050.1), 7472
Design and analysis of biological assays

(111), 6543 .
Design and development of biological assays

(1032), 7320
Desipramine hydrochloride, 1255

tablets, 1256
Deslanoside, 1258

injection, 1259

Desloratadine, 1259
tablets, 1261
orally disintegrating tablets, 1263

Desmopressin acetate, 1265
injection, 1266
nasal spray, 1267

Desogestrel, 1268
and ethinyl estradiol tablets, 1270

Desonide, 1271
Desoximetasone, 1272

cream, 1274
gel, 1275
ointment, 1275

Desoxycholic acid, 1276
Desoxycorticosterone

pivalate, 1278
pivalate injectable suspension, 1279

Desoxycorticosterone acetate, 6155
Desvenlafaxine, 1280
Desvenlafaxine fumarate, 1281
Desvenlafaxine succinate, 1283
Detection of irradiated dietary supplements

(2250), 8722
Determination

methoxy (431), 6702
nitrogen (461), 6709

Deuterated ethanol, 6155
Deuterated methanol, 61'55
Deuterated water, 6155
Deuterium

chloride, 6155
oxide, 6155

Deuterium chloride
solution, 6155

Deuterochloroform, 6155
Devarda's alloy, 6155
Dexamethasone, 1284

acetate, 1290
acetate injectable suspension, 1291
and ciprofloxacin otic suspension, 1021
elixir, 1286
injection, 1286·
and neomycin and polymyxin B sulfates

ophthalmic ointment, 3121
and neomycin and polymyxin B sulfates

ophthalmic suspension, 3122
ophthalmic suspension, 1287
penicillin G procaine, dihydrostreptomycin

sulfate, and chlorpheniramine maleate
injectable suspension, 3445

sodium phosphate, 1292
sodium phosphate injection, 1294
sodium phosphate and neomycin sulfate

cream, 3104
sodium phosphate and neomycin sulfate

ophthalmic ointment, 3105
sodium phosphate and neomycin sulfate

ophthalmic solution, 3106
sodium phosphate ophthalmic solution,

1296
oral solution, 1288
tablets, 1289
and tobramycin ophthalmic ointment,

4409
and tobramycin ophthalmic suspension,

4411
Dexamethasone sodium phosphate

compounded
injection, 1295

Dexbrompheniramine maleate, 1296
and pseudoephedrine sulfate oral solution,

1298
Dexchlorpheniramine maleate, 1299

oral solution, 1301
tablets, 1301

Dexmedetomidine
injection, 1304

Dexmedetomidine hydrochloride, 1302
Dexpanthenol, 1305

assay (115), 6547
preparation, 1306

Dextran
1, 1307
40, 1309
40 in dextrose injection, 1311
40 in sodium chloride injection, 1312
70, 1313
70 in dextrose injection, 1315
70 in sodium chloride injection, 1316
high molecular weight, 6155

Dextrates, 5742
Dextrin, 5743, 6155
Dextro calcium pantothenate, 6155
Dextroamphetamine sulfate, 1316

tablets, 1318
Dextromethorphan, 1319

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, capsules
containing at least three of the
following, 52

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, oral powder
containing at least three of the
following, 54

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, oral solution
containing at least three of the
following, 56

chlorpheniramine, pseudoephedrine (salts
of), and acetaminophen, tablets
containing at least three of the
following, 58

hydrobromide, 1320
hydrobromide, acetaminophen,

doxylamine succinate, and
pseudoephedrine hydrochloride oral
solution, 67

hydrobromide, guaifenesin, and
pseudoephedrine hydrochloride
capsules, 2175

hydrobromide, pseudoephedrine
hydrochloride, and carbinoxamine
maleate oral solution, 3767

hydrobromide oral solution, 1321
hydrobromide, acetaminophen, and

chlorpheniramine maleate tablets, 60
Dextrose, 1321

adenine solution, anticoagulant citrate
phosphate, 348

anhydrous, 6156
and dopamine hydrochloride injection,

1495
excipient, 5743
and half-strength lactated Ringer's

injection, 3895
injection, 1323
injection, alcohol in, 11 7
injection, bretylium tosylate in, 591
injection, bupivacaine hydrochloride in,

612
injection, dobutamine in, 1470
injection, magnesium sulfate in, 2727
injection, potassium chloride in, 3607
injection and potassium chloride in

lactated ringer's, 3610
injection and sodium chloride injection,

potassium chloride in, 3608
injection, tetracaine hydrochloride in, 4300
injection, theophylline in, 4328
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Dextrose (continued)
injection type 1 and multiple electrolytes,

1598
injection type 2 and multiple electrolytes,

1601
injection type 3 and multiple electrolytes,

1605
and lactated Ringer's injection, 3893
and lidocaine hydrochloride injection,

2628
and modified lactated Ringer's injection,

3898
and Ringer's injection, 3889
and sodium chloride injection, 1323
solution, anticoagulant citrate, 345
solution, anticoagulant citrate phosphate,

347
Diacetyl, 6156
Diacetylated monoglycerides, 5745
3,3'-Diaminobenzidine hydrochloride, 6156
2,3-Diaminonaphthalene, 6156
2,6-Diaminopyridine, 6156
Diatomaceous earth, 6156

flux-calcined, 6156
silanized, 6156

Diatomaceous silica
calcined, 6156, 6199

Diatrizoate
meglumine, 1324
meglumine and diatrizoate sodium

injection, 1326
meglumine and diatrizoate sodium

solution, 1327
meglumine injection, 1325
sodium, 1327
sodium and diatrizoate meglumine

injection, 1326
sodium and diatrizoate meglumine

solution, 1327
sodium injection, 1328
sodium solution, 1329

Diatrizoic acid, 1329
Diaveridine, 6156
Diazepam, 1330

injection, 1331
tablets, 1332

Diazobenzenesulfonic acid TS, 6228
Diazoxide, 1333

capsules, 1333
injection, 1334
oral suspension, 1335

Dibasic
ammonium citrate, 6156
ammonium phosphate, 6156
calcium phosphate, anhydrous, 710
calcium phosphate dihydrate, 708
calcium phosphate tablets, 712
potassium phosphate, 3628, 6156
sodium phosphate, 4087

Dibenzyl, 6156
2,6-Dibromoquinone-chlorimide, 6156
Dibucaine, 1336

cream, 1336
hydrochloride, 1337
hydrochloride injection, 1338
ointment, 1337

Dibutyl
phthalate, 5745, 6156
sebacate, 5746

Dibutylamine, 6156
Dibutylammonium phosphate, 6156
1,3-Dicaffeoylquinic acid, 6157
Dichloralphenazone, 1338

isometheptene mucate and
acetaminophen capsules, 2423

Dichloroacetic acid, 6157
2,5-Dichloroaniline, 6157
2,6-Dichloroaniline, 6157
o-Dichlorobenzene, 6157
l,2-Dichloroethane, 6157
Dichlorofluorescein, 6157

TS,6228
Dichlorofluoromethane, 6157
2,6-Dichloroindophenol sodium, 6157
Dichloromethane, 6157
2,4-Dichloro-l-naphthol, 6157
2,6-Dichlorophenol-indophenol sodium,

6157, 6157
Dichlorophenol-indophenol solution,

standard, 6240
2,6-Dichlorophenylacetic acid, 6157
2,6-Dichloroquinone-chlorimide, 6157
Dichlorphenamide, 1339

tablets, 1340
Diclazuril, 1341
Diclofenac potassium, 1343

tablets, 1345
Diclofenac potassium for

oral solution, 1344
Diclofenac sodium, 1347

and misoprostol delayed-release tablets,
1353

delayed-release tablets, 1348
extended-release tablets, 1350

Diclofenac sodium
topical solution, 1352

Dicloxacillin sodium, 1357
capsules, 1358

Dicyclohexyl, 6157
Dicyclohexylamine, 6158
Dicyclohexyl phthalate, 6157
Dicyclomine hydrochloride, 1359

capsules, 1360
injection, 1361
oral solution, 1361
tablets, 1362

Didanosine, 1363
delayed-release capsules, 1364
for oral solution, 1366
tablets for oral suspension, 1367

Dietary Supplements
Chinese skullcap root, 4883
Chinese skullcap root dry extract, 4887
Chinese skullcap root powder, 4885
L-alpha-glycerylphosphorylcholine, 5055
Omega-3 free fatty acids, 5188
N-acetylglucosamine, 4745
Ademetionine disulfate tosylate, 4747
L-Alanyl-L-glutamine, 4748
Andrographis, 4758
Andrographis, powdered, 4760
Andrographis extract, powdered, 4762
Arginine capsules, 4763
Arginine tablets, 4764
Ascorbic acid chewable gels, 4765
Ashwagandha root, 4766
Ashwagandha root extract, powdered,

4768
Ashwagandha root, powdered, 4771
Astaxanthin esters, 4779
Astragalus root, 4782
Astragalus root dry extract, 4787
Astragalus root powder, 4785
Aztec marigold zeaxanthin extract, 4789
Bacillus coagulans, 4791
Bacillus coagulans capsules, 4794

Bacillus subtilis subsp. subtilis
menaquinone-7 extract, 5152

Bacopa, 4797
Bacopa, powdered, 4798
Bacopa extract, powdered, 4800
Banaba leaf, 4801
Banaba leaf dry extract, 4805
Banaba leaf powder, 4803
Beta carotene preparation, 4806
Beta glucan, 4808
Bifidobacterium animalis subsp. lactis, 4811
Bilberry extract, powdered, 481 3
Black cohosh, 4815
Black cohosh, powdered, 481 7
Black cohosh extract, powdered, 4820
Black cohosh tablets, 4823
Black pepper, 4825
Powdered black pepper extract, 4829
Powdered black pepper, 4827
Borage seed oil, 4830
Borage seed oil capsules, 4831
Boswellia serrata, 4832
Boswellia serrata extract, 4834
Calcium citrate tablets, 4835
Calcium L-5-methyltetrahydrofolate, 4838
Calcium L-5-methyltetrahydrofolate

capsules, 4841
Calcium L-5-methyltetrahydrofolate tablets,

4842
Calcium and vitamin D with minerals

tablets, 4845
Calcium with vitamin D tablets, 4843
Carotenes, 4850
Cat's claw, 4852
Cat's claw capsules, 4857
Cat's claw extract,· powdered, 4855
Cat's claw, powdered, 4854
Cat's claw tablets, 4858
Centella asiatica, 4859
Centella asiatica, powdered, 4861
Centella asiatica extract, powdered, 4863
Centella asiatica triterpenes, 4864
Chamomile, 4866
Chaste tree, 4868
Chaste tree, powdered, 4870
Chaste tree extract, powdered, 4872
Chia seed oil, 4877
Chinese salvia, 4878
Chinese salvia, powdered, 4880
Cholecalciferol chewable gels, 4889
Choline bitartrate, 4891
Choline chloride, 4892
Chondroitin sulfate sodium, 4894
Chondroitin sulfate sodium, shark, 4898
Chondroitin sulfate sodium tablets, 4897
Chromium picolinate, 4901
Chromium picolinate tablets, 4902
Cinnamomum cassia twig, 4902
Cinnamomum cassia twig powder, 4904
Citrulline, 4908
Clover, red, 5203
Clover, powdered red, 5207
Clover extract, powdered red, 5210
Clover tablets, red, 5212
Cod liver oil capsules, 4910
Coffee fruit dry extract, 4912
Cohosh, black, fluidextract, 4821
Coix seed, 4915 .
Coixseedpowder, 4917
Cranberry liquid preparation, 4919
Crypthecodinium cohnii oil, 4922
Crypthecodinium cohnii oil capsules, 4925
Curcuminoids, 4927
Curcuminoids capsules, 4929
Curcuminoids tablets, 4930
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Dietary Supplements (continued)
Cyanocobalamin chewable gels, 4931
Diosmin, 4934
Echinacea angustifolia, 4935
Echinacea angustifolia, powdered, 4938
Echinacea angustifoliaextract, powdered,

4941
Echinacea pallida, 4944
Echinacea pallida, powdered, 4946
Echinacea pallida, powdered, extract, 4948
Echinacea purpureaaerial parts, 4950
Echinacea purpurea, powdered, 4955
Echinacea purpurea, powdered, extract,

4958
Echinacea purpurea root, 4953
Echinacea Species Dry Extract Capsules,

4960
Echinacea Species Dry Extract Tablets,

4963
Echinacea species powder capsules, 4966
Eleuthero, 4969
Eleuthero, powdered, 4975
Eleuthero extract, powdered, 4970
Eleuthero root and rhizome dry extract

capsules, 4972
Eleuthero root and rhizome dry extract

tablets, 4973
Eleuthero root and rhizome powder

capsules, 4976
European elder berry dry extract, 4978
Evening primrose oil, 4980
Evening primrose oil capsules, 4980
Fenugreek seed, 4982
Fenugreek seed powder, 4984
Fenugreek seed powdered extract, 4987
Feverfew, 4989
Feverfew, powdered, 4990
Fish oil containing omega-3 acids, 4992
Fish oil containing omega-3 acids capsules,

4994
Fish oil containing omega-3 acids delayed-

release capsules, 4997
Flax seed oil, 4998
Flax seed oil capsules, 4999
Forskohlii, 5000
Powdered forskohlii, 5002
Powdered forskohlii extract, 5003
Ganoderma lucidum fruiting body, 5004
Ganoderma lucidum fruiting body powder,

5008
Garcinia cambogia, 5011
Garcinia cambogia, powdered, 5012
Garcinia hydroxycitrate extract, powdered,

5014
Garcinia indica, .5015
Garcinia indica, powdered, 5016
Garlic, 5018
Garlic, powdered, 5020
Garlic extract, powdered, 5022
Garlic fluidextract, 5023
Garlic delayed-release tablets, 5024
Ginger, 5026
Ginger, powdered, 5028
Ginger capsules, 5032
Ginger tincture, 5030
Ginkgo, 5034
Ginkgo extract, powdered, 5038
Ginkg<;l capsules, 5037
Ginkgo tablets, 5041
Ginseng, American, 4750
Ginseng, American, capsules, 4754
Ginseng, American, powdered, 4752
Ginseng, American extract, powdered,

4753
Ginseng, American, tablets, 4757

Ginseng, Asian, 4774
Ginseng, Asian, powdered, 4775
Ginseng, Asian extract, powdered, 4776
Ginseng, Asian, tablets, 4778
Glucosamine and chondroitin sulfate

sodium tablets, 5043
Glucosamine hydrochloride, 5045
Glucosamine tablets, 5046
Glucosamine sulfate potassium chloride,

5047
Glucosamine sulfate sodium chloride, 5048
Glucosamine and methylsulfonylmethane

tablets, 5049
Glucosamine, chondroitin sulfate sodium,

and methylsulfonylmethane tablets,
5051 .

Glutamic acid, 5053
Glutathione, 5054
Glycyl-L-glutamine, 5058
Glycyl-L-tyrosine, 5059
Goldenseal, 5061
Goldenseal, powdered extract, 5064
Goldenseal, powdered, 5063
Grape seeds oligomeric proanthocyanidins,

5065
Green tea extract, decaffeinated,

powdered, 5067
Guggul, 5069
Guggul extract, native, 5070
Guggul extract, purified, 5071
Guggul tablets, 5072
Gymnema, 5074
Gymnema extract, native, 5077
Gymnema, powdered, 5075
Gymnema extract, purified, 5078
Hawthorn leaf with flower, 5080
Hawthorn leaf with flower, powdered,
~082

Hesperidin, 5084
Holy basil leaf, 5085
Holy basil leaf powdered, 5087
Holy basil leaf extract, powdered, 5089
Horse chestnut, 4873
Horse chestnut, powdered, 4875
Horse chestnut extract, powdered, 4876
5-Hydroxy-L-tryptophan, 5313
Japanese honeysuckle flower, 5091
Japanese honeysuckle flower dry extract,

5094
Japanese honeysuckle flower powder, 5097
Krill oil capsules, 5104
Krill oil delayed-release capsules, 5107
Lactobacillus acidophilus la-14, 5111
Lactobacillus acidophilus NCFM, 5113
Lactobacillus paracasei lPC-37, 5115
Lactobacillus rhamnosus HN001, 5117
licorice, 5119
licorice, powdered, 5120
licorice extract, powdered, 5121
Ground limestone, 5121
linoleic acids-free fatty acids, conjugated,

5123
lipoic acid, alpha, 5124
lipoic acid capsules, alpha, 5125
lipoic acid tablets, alpha, 5126
lutein, 5126
lutein capsules, 5128
lutein preparation, 5128
lycopene, 5130
lycopene preparation, 5131
lysine hydrochloride tablets, 5135
Malabar-nut-tree, leaf, 5136
Malabar-nut-tree, leaf, powdered, 5137
Malabar-nut-tree, leaf extract, powdered,

5138

Maritime pine, 5139
Maritime pine extract, 5141
Melatonin, 5143
Melatonin tablets, 5144
Menaquinone-4, 5145
Menaquinone-7, 5146
Menaquinone-7 capsules, 5147
Menaquinone-7 preparation, 5149
Menaquinone-7 tablets, 5151
Methylcobalamin, 5153
Methylcobalamin tablets, 5154
Methylsulfonylmethane, 5155
Methylsulfonylmethane tablets, 5156
Milkthistle, 5157
Milkthistle, powdered, 5159
Milkthistle extract, powdered, 5160
Milk thistle capsules, 5162
Milkthistle tablets, 5163
Minerals capsules, 5164
Minerals tablets, 5172
Northern schisandra fruit, 5261
Northern schisandra fruit dry extract, 5263
Northern schisandra fruit powder, 5265
Oliveleaf, 5181
Olive leaf dry extract, 5182
Olive leaf powder, 5184
Omega-3 acids triglycerides, 5185
Phyllanthus amarus, 5191
Phyllanthus amarus, powdered, 5193
Plant stanol esters, 5194
Potassium citrate tablets, 5196
Powdered Rhodiola rosea, 5220
Powdered Rhodiola rosea extract, 5221
Powdered rosemary, 5232
Pygeum extract, 5198
Quercetin, 5202
Red clover aerial parts isoflavone aglycones

dry extract, 5206
Rhodiola crenulata root and rhizome, 5213
Rhodiola crenulata root and rhizome dry

extract, 5215
Rhodiola crenulata root and rhizome

powder, 5216
Rhodiola rosea, 5218
Rhodiola rosea capsules, 5224
Rhodiola rosea tablets, 5227
Rhodiola rosea tincture, 5223
Ribose, 5229
Rosemary, 5230
Rosemary leaf dry aqueous extract, 5234
Rutin, 5235
St. John's wort flowering top, 5237
St. John's wort flowering top dry extract

capsules, 5242
St. John's wort flowering top extract, dry,

5240
St. John's wort flowering top powder,

5238
St. John's wort flowering top dry extract

tablets, 5244
Salixspecies bark, 5245
Salix species bark dry extract, 5247
Salix species bark powder, 5249
Saw palmetto, 5251
Saw palmetto, powdered, 5254
Saw palmetto capsules, 5259
Saw palmetto extract, 5256
Schizochytrium oil, 5266
Schizochytrium oil capsules, 5269
Selenomethionine, 5272
Sodium ferrous citrate, 5273
Soy isoflavones capsules, 5276
Soy isoflavones extract, powdered, 5274
Soy isoflavones tablets, 5278
Spirulina, 5279
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Dietary Supplements (continued)
Spirulina tablets, 5283
Stinging nettle, 5286
Stinging nettle, powdered extract, 5290
Stinging nettle, powdered, 5288
Tangerine peel, 5292
Tangerine peel dry extract, 5294
Tangerine peel powder, 5296
Tienchi ginseng root and rhizome, 5299
Tienchi ginseng root and rhizome dry

extract capsules, 5309
Tienchi ginseng root and rhizome dry

extract, 5307
Tienchi ginseng root and rhizome powder,

5301
Tienchi ginseng root and rhizome powder

capsules, 5304
Tienchi ginseng root and rhizome dry

extract tablets, 5311
Tienchi ginseng root and rhizome powder

tablets, 5306
Tomato extract containing Iycopene, 5133
Turmeric, 5314
Turmeric, powdered, 5316
Turmeric extract, powdered, 5317
Ubidecarenone, 5319
Ubidecarenone capsules, 5320
Ubidecarenone tablets, 5321
Ubiquinol, 5322
Ubiquinol capsules, 5323
Valerian, 5324
Valerian, powdered, 5326
Valerian extract, powdered, 5327
Valerian root dry extract capsules, 5332
Valerian root powder capsules, 5333
Valerian tablets, 5329
Valerian tincture, 5330
Vinpocetine, 5335
Vinpocetine capsules, 5336
Vinpocetine tablets, 5337
Vitamin A oral liquid preparation, 4634
Vitamins capsules, oil- and water-soluble,

5389
Vitamins with minerals capsules, oil- and

water-soluble, 5435
Vitamins with minerals capsules, water

soluble, 5523
Vitamins with minerals oral solution, water

soluble, 5543
Vitamins with minerals tablets, oil- and

water-soluble, 5476
Vitamins with minerals tablets, water

soluble, 5552
Vitamins tablets, oil- and water-soluble,

5419
Vitamins capsules, oil-soluble, 5346
Vitamins capsules, water-soluble, 5499
Vitamins with minerals oral solution, oil-

and water-soluble, 5462
Oil-soluble vitamins with minerals capsules,

5361
Oil-soluble vitamins with minerals oral

solution, 5372
Oil-soluble vitamins with minerals tablets,

5378
Vitamins oral solution, oil- and water-

soluble, 5409
Oil-soluble vitamins oral solution, 5353
Vitamins tablets, oil-soluble, 5356
Vitamins tablets, water-soluble, 5512
Vitamins with minerals oral powder, 5338
meso-Zeaxanthin, 5570
meso-Zeaxanthin preparation, 5572
Zinc citrate, 5574
Zinc citrate tablets, 5575

Zinc and vitamin C lozenges, 5576

Diethanolamine, 5747
Diethyl phthalate, 6158
Diethylamine, 6158
Diethylamine phosphate, 6158
N,N-Diethylaniline, 6158
Diethylcarbamazine citrate, 1368

tablets, 1369
Diethylene glycol, 6158

monoethyl ether, 5749
stearates, 5751
succinate polyester, 6158

Di(ethylene glycol) methyl ether, 6158
Diethylenetriamine, 6158
Di(2-ethylhexyl)phthalate, 6158
Diethyl phthalate, 5748
Diethylpropion hydrochloride, 1370

tablets, 1371
Diethylpyrocarbonate, 6158
Diethyl sebacate, 5748
Diethylstilbestrol, 13 72
Diethyl sulfone, 6158
Diethyltoluamide, 1372

topical solution, 1373
Diflorasone diacetate, 1374

cream, 1374
ointment, 1375

Diflunisal, 1375
tablets, 1376

Digitalis, 1377
capsules, 1380
powdered, 1379
tablets, 1380

Digitonin, 6158
Digitoxin, 1381

injection, 1381
tablets, 1382

Digoxigenin, 6158
Digoxin, 1383

.injection, 1384
oral solution, 1385
tablets, 1385

Dihydrocodeine bitartrate, 1386
aspirin and caffeine capsules, 402

Dihydroergotamine mesylate, 1388
injection, 1389

7,8-Dihydrofolic acid, 6158
24,25-Dihydrolanosterol, 6158
Dihydroquinidine hydrochloride, 6158
Dihydroquinine, 6158
Dihydrostreptomycin

injection, 1391
sulfate, 1390
sulfate boluses, 1391
sulfate, penicillin G procaine,

chlorpheniramine maleate, and
dexamethasone injectable suspension,
3445

sulfate and penicillin G procaine injectable
suspension, 3444

sulfate and penicillin G procaine
intramammary infusion, 3444

sulfate, penicillin G procaine, and
prednisolone injectable suspension, 3447

Dihydrotachysterol, 1391
capsules, 1392
oral solution, 1392
tablets, 1393

Dihydroxyacetone, 1393
Dihydroxyaluminum

aminoacetate, 1394
aminoacetate magma, 1395

sodium carbonate, 1395
sodium carbonate chewable tablets, 1396

Dihydroxybenzaldehyde, 6159
2,5-Dihydroxybenzoic acid, 6159
2,7-Dihydroxynaphthalene, 6159
2,7-Dihydroxynaphthalene TS, 6228
Dihydroxyphenylacetone, 6159
4,5-Dihydroxy- 3-(p-sulfophenylazo)-2,7-

napthalenedisulfonic acid, trisodium salt,
6220

Diiodofluorescein, 6159
TS,6228

Diisodecyl phthalate, 6159
Diisopropanolamine, 5752
Diisopropyl ether, 6159, 6163, 6174
Diisopropylamine, 6159
Diisopropylethylamine, 6159
n,n'-Diisopropylethylenediamine, 6159
1,2-Dilinoleoyl-3-oleoyl-rac-glycerol, 6159
1,2-Dilinoleoyl-3-palmitoyl-rac-glycerol, 6159
Diloxanide furoate, 1397
Diltiazem hydrochloride, 1398

extended-release capsules, 1399
oral solution, 1405
oral suspension, 1406
tablets, 1406

Diluted
acetic acid, 5599, 6159
alcohol, 6159
hydrochloric acid, 6159
lead subacetate TS, 6228
nitric acid, 6159
sulfuric acid, 6159

Dimenhydrinate, 1408
injection, 1409
oral solution, 1410
tablets, 1410

Dimercaprol, 1411
injection, 1412

Dimethicone, 5753
viscosity 500 centistokes, 6159

2,5-Dimethoxybenzaldehyde, 6159
1,2-Dimethoxyethane, 6160
Dimethoxymethane, 6160
(3,4-Dimethoxyphenyl)-acetonitrile, 6160
Dimethyl

phthalate, 6160
sulfone, 6160
sulfoxide, 1413, 6180
sulfoxide gel, 1413
sulfoxide irrigation, 1414
sulfoxide topical solution, 1414
sulfoxide spectrophotometric grade, 6160

N,N-Dimethylacetamide, 6160
p-Dimethylaminoazobenzene, 6160
p-Dimethylaminobenzaldehyde, 6160

TS,6228
p-Dimethylaminocinnamaldehyde, 6160
2-Dimethylaminoethyl methacrylate, 6160
Dimethylaminophenol, 6160
Dimethylanlline (223), 6636
2,6-Dimethylaniline, 6160
N,N-Dimethylaniline, 6160
3,4-Dimethylbenzophenone, 6160
Dimethylcarbonate, 6161
5,5-Dimethyl-1,3-cyclohexanedione, 6161
N,N-Dimethyldecylamine,6161
1,5-Dimethyl-1,5-diazaundecamethylene

polymethobromide, 6161
N,N-Dimethyldodecylamine-N-oxide, 6161
Dimethylethyl(3-hydroxyphenyl)ammonium

chloride, 6161
Dimethylformamide, 6161
N,N-Dimethylformamide diethyl acetal, 6161
1,3-Dimethyl-2-imidazolidinone, 6161
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1,9-Dimethyl-methylene blue, 6161
N,N-Dimethyl-l-naphthylamine, 6161
N,N-Dimethyloctylamine, 6161
2,5-Dimethylphenol, 6161
2,6-Dimethylphenol, 6161
3,5-Dimethylphenol, 6161
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide, 6161
Dimethyltin dibromide, 6161
N,N-Dimethyl-p-phenylenediamine

dihydrochloride, 6161
Dimidium

bromide, 6162
m-Dinitrobenzene, 6162
3,5-Dinitrobenzoyl chloride, 6162
2,4-Dinitrochlorobenzene, 6162
2,4-Dinitrofluorobenzene, 6162
2,4-Dinitrophenylhydrazine, 6162
Dinitrophenylhydrazine TS, 6228
Dinoprost tromethamine, 1415

injection, 1416
Dinoprostone, 1417
Dioctyl sodium sulfosuccinate, 6162
Diosmin, 4934
Dioxane, 6162
Dioxybenzone, 1418

and oxybenzone cream, 1418
Diphenhydramine

citrate, 141 9
citrate and acetaminophen tablets, 69
citrate and ibuprofen tablets, 1421
hydrochloride, 1423
hydrochloride, acetaminophen, and

pseudoephedrine hydrochloride tablets,
70

hydrochloride capsules, 1425
hydrochloride injection, 1426
hydrochloride oral solution, 1429
hydrochloride and ibuprofen capsules,

1431
and phenylephrine hydrochloride tablets,

1433
and pseudoephedrine capsules, 1435

Diphenoxylate hydrochloride, 1437
and atropine sulfate oral solution, 1438
and atropine sulfate tablets, 1439

Diphenyl ether, 6163, 6189
Diphenylamine, 6162

TS,6228
Diphenylborinic acid, ethanolamine ester,

6135, 6162
Diphenylcarbazide, 6162
Diphenylcarbazone, 6162

TS,6228
2,2-Diphenylglycine, 6162
Diphtheria antitoxin potency testing for

human immune globulins (162), 6582
Dipicolinic acid, 6162
Dipicrylamine, 6162
Dipivefrin hydrochloride, 1440

ophthalmic solution, 1442
Dipropyl phthalate, 6162
Dipyridamole, 1443

injection, 1445
oral suspension, 1445
tablets, 1446

4,4'-Dipyridyl, 6162
<x,<x'-Dipyridyl, 6162
Direct red 80, 6197
Dirithromycin, 1447

delayed-release tablets, 1448
Disinfectants and antiseptics (1072), 7608
Disintegration

(701), 6940

and dissolution of dietary supplements
(2040), 8711

Disodium
chromotropate, 6162
ethylenediaminetetraacetate, 6162

Disopyramide phosphate, 1449
capsules, 1450
extended-release capsules, 1450

Dissolution (711), 6945
The dissolution procedure: development and

validation (1092), 7707
Distilling range (721), 6955
Disulfiram, 1451

tablets, 1452
5,5'-Dithiobis (2-nitrobenzoic acid), 6162
Dithiothreitol, 6162
Dithizone, 6162

TS,6228
Divalproex sodium, 1453

delayed-release capsules, 1454
delayed-release tablets, 1457
extended-release tablets, 1458

Dobutamine
in dextrose injection, 1470
hydrochloride, 1466
injection, 1468
for injection, 1469

Docetaxel, 1471
injection, 1474

Docusate
calcium, 1475
calcium capsules, 1476
potassium, 1477
potassium capsules, 1478
sodium, 1479
sodium capsules, 1479
sodium and ferrous fumarate extended-

release tablets, 1856
sodium solution, 1480
sodium syrup, 1481
sodium tablets, 1481

1-Dodecanol, 6162
Dodecyl

alcohol, 6162
lithium sulfate, 6162
sodium sulfonate, 6163

3-(Dodecyldimethylammonio)
propanesulfonate, 6162

Dodecyltriethylammonium phosphate, 0.5
M,6163

Dodecyltrimethylammonium bromide, 6163
Dofetilide, 1482
Dolasetron mesylate, 1483

oral solution, 1485
oral suspension, 1485

Donepezil hydrochloride, 1486
tablets, 1488
orally disintegrating tablets, 1492

Dopamine hydrochloride, 1494
and dextrose injection, 1495
injection, 1495

Dorzolamide
Hydrochloride and timolol maleate

ophthalmic solution, 1499
Dorzolamide hydrochloride

ophthalmic solution, 1497
Dorzolamide hydrochloride, 1496
Doxapram hydrochloride, 1502

injection, 1503
Doxazosin mesylate, 1504

tablets, 1506
Doxepin hydrochloride, 1507

capsules, 1509
oral solution, 1510

Doxercalciferol, 151 0

Doxorubicin hydrochloride, 1512
injection, 1514
for injection, 1516

Doxycycline, 1518
calcium oral suspension, 1529
capsules, 1519
extended-release capsules, 1521
hyclate, 1532
hyclate capsules, 1534
hyclate delayed-release capsules, 1536
hyclate tablets, 1537
hyclate delayed-release tablets, 1539
for injection, 1523
for oral suspension, 1525
tablets, 1527

Doxycycline compounded, veterinary oral
suspension, 1530

Doxylamine succinate, 1544
acetaminophen, dextromethorphan

hydrobromide, and pseudoephedrine
hydrochloride oral solution, 67

oral solution, 1546
tablets, 1546

Drabkin's reagent, 6163
Dragendorff's TS, 6228
Dried peptone, 6163
Dronabinol, 1547

capsules, 1549
Dronedarone

hydrochloride, 1549
tablets, 1551

Droperidol, 1552
injection, 1553

Drospirenone, 1554
and ethinyl estradiol tablets, 1556

Drug release (724), 6957
Dry heat depyrogenation (1228.1), 8181
Dry heat sterilization (1229.8), 8225
Duloxetine

delayed-release capsules, 1559
Duloxetine hydrochloride, 1565
Dusting powder, absorbable, 1569
Dutasteride, 1567
Dyclonine hydrochloride, 1570

gel,1570
topical solution, 1571

Dydrogesterone, 1571
tablets, 1572

Dyphylline, 1572
and guaifenesin oral solution, 1575
and guaifenesin tablets, 1575
injection, 1573
oral solution, 1573
tablets, 1574

E
Earth, chromatographic, silanized, acid-base

washed, 6163
Ecamsule

solution, 1576
Echinacea

angustifolia, 4935
angustifolia, powdered,4938
angustifo/la extract, powdered, 4941
pallida, 4944
pallida, powdered, 4946
pallida extract, powdered, 4948
purpurea aerial parts, 4950
purpurea, powdered, 4955
purpurea root, 4953
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Echinacea (continued)
purpurea extract, powdered, 4958

Echinacea species
dry extract capsules, 4960
dry extract tablets, 4963
powder capsules, 4966

Echothiophate
iodide, 1578
iodide for ophthalmic solution, 1579

Econazole nitrate, 1580
Edetate

calcium disodium, 1582
calcium disodium injection, 1583
disodium, 1583, 6162, 6163
disodium injection, 1584
disodium TS, 6228
disodium, twentieth-molar (0.05 M), 6240

Edetate disodium
0.01 M TS, 6228
0.002 M VS, 6240
0.01 M VS, 6240
0.02 M VS, 6240

Edetic acid, 5754, 6163
Edrophonium

chloride, 1584
chloride injection, 1585

Efavirenz, 1585
capsules, 1588
Tablets, 1591

Egg phospholipids, 5755
n-Eicosane, 6163
Eicosanol, 6163
Elastomeric closures for injections (381),

6669
Electrolytes

and dextrose injection type 1, multiple,
1598

and dextrose injection type 2, multiple,
1601

and dextrose injection type 3, multiple,
1605

and polyethylene glycol 3350 for oral
solution, 3587

injection type 1, multiple, 1593
injection type 2, multiple, 1595

Elemental contaminants in dietary
supplements (2232), 8719

Elemental impurities-limits (232), 6641
Elemental impurities-procedures (233),

6645
Elements

injection, trace, 1608
Eleuthero, 4969

extract, powdered, 4970
powdered,4975

Eleuthero
root and rhizome dry extract capsules,

4972
root and rhizome dry extract tablets, 4973
root and rhizome powder capsules, 4976

Elixir
Aromatic, 5624
Benzaldehyde, compound, 5634
Dexamethasone, 1286
Fluphenazine hydrochloride, 1971
Hyoscyamine sulfate, 2276

Elm, 1609

Emedastine
difumarate, 1610
ophthalmic solution, 1610

Enalapril maleate, 1611
and hydrochlorothiazide tablets, 1616
tablets, 1614

Enalaprilat, 1619
injection, 1619

Enalapril maleate
oral suspension, 1613

Enalapril maleate compounded, veterinary
oral suspension, 1613

Endotoxin indicator for depyrogenation,
1621

Endotoxin indicators for depyrogenation
(1228.5), 8190

Enflurane, 1622
Enoxaparin sodium, 1623

injection, 1626
Enrofloxacin, 1628
Enrofloxacin compounded, veterinary

oral suspension, 1630
Ensulizole, 1631
Entacapone, 1631

tablets, 1632
Entecavir, 1634

oral solution, 1636
tablets, 1637

Enzacamene, 1639
Enzymatically-hydrolyzed

carboxymethylcellulose sodium, 5685
Enzymes used as ancillary materials in

pharmaceutical manufacturing (89), 6521
Eosin V, 6163, 6220

TS,6228
Ephedrine, 1640

hydrochloride, 1641
hydrochloride, theophylline, and

phenobarbital tablets, 4330
sulfate, 1642
sulfate capsules, 1642
sulfate injection, 1643
sulfate nasal solution, 1644
sulfate oral solution, 1644

Eplandrosterone, 6163
4-Epianhydrotetracycline (226), 6636
15-Epicarboprost, 6163
Epinephrine, 1645

and articaine hydrochloride injection, 381
assay (391), 6676
bitartrate, 1650
bitartrate ophthalmic solution, 1651
bitartrate for ophthalmic solution, 1652
and bupivacaine hydrochloride injection,

612
inhalation solution, 1648
injection, 1648
and lidocaine hydrochloride injection,

2629
nasal solution, 1649
ophthalmic solution, 1649
and prilocaine injection, 3679
and procaine hydrochloride injection, 3694

Epinephryl borate ophthalmic solution, 1652
Epirubicin hydrochloride, 1653

injection, 1654
Epitetracycline hydrochloride, 1656
Epoetin, 1657
Eprinomectin, 1660
Eprosartan mesylate, 1662
Equilenin, 6163
Equilin, 1664
Ergocalciferol, 1665

capsules, 1666
oral solution, 1667

tablets, 1668
o-Erqocryptine, 6163
Ergoloid mesylates, 1669

capsules, 1670
oral solution, 1671
tablets, 1671

Ergonovine maleate, 1672
injection, 1673
tablets, 1674

Ergotamine tartrate, 1675
and caffeine suppositories, 1680
and caffeine tablets, 1681
injection, 1677
sublingual tablets, 1679
tablets, 1678

Eriochrome
black T, 6220
black TS, 6229
black T-sodium chloride indicator, 6222
black T trituration, 6221
cyanine R, 6163
cyanine TS, 6229

Erythorbic acid, 5756
Erythritol, 5757
Erythromycin, 1683

and benzoyl peroxide topical gel, 1692
delayed-release capsules, 1686
estolate, 1693
estolate capsules, 1693
estolate and sulfisoxazole acetyl oral

suspension, 1695
estolate oral suspension, 1693
estolate for oral suspension, 1694
estolate tablets, 1694
ethylsuccinate, 1696
ethylsuccinate injection, 1698
ethylsuccinate, sterile, 1698
ethylsuccinate and sulfisoxazole acetyl for

oral suspension, 1701
ethylsuccinate oral suspension, 1698
ethylsuccinate for oral suspension, 1699
ethylsuccinate tablets, 1699
topical gel, 1686
gluceptate, sterile, 1702
injection, 1687
intramammary infusion, 1687
lactobionate for injection, 1703
lactobionate, sterile, 1703
ointment, 1688
ophthalmic ointment, 1689
pledgets, 1690
topical solution, 1690
stearate, 1704
stearate tablets, 1706
tablets, 1691
delayed-release tablets, 1691

Erythropoietin bioassays (124), 6557
Escin, 6163
Escitalopram

oral solution, 1706
Escitalopram oxalate, 1711
Escitalopram

tablets, 1708
Esmolol hydrochloride, 1712
Esomeprazole magnesium, 1714

delayed-release capsules, 1716
Esomeprazole strontium, 1720
Estazolam, 1722

tablets, 1723
Estradiol, 1724

vaginal cream, 1725
vaginal inserts, 1726
transdermal system, 1728
tablets, 1732
benzoate, 1736
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Estradiol (continued)
cypionate, 1737
cypionate injection, 1738
and norethindrone acetate tablets, 1733
valerate, 1739
valerate injection, 1741

Estriol,1741
Estriol compounded vaginal

cream, 1743
Estrogens

conjugated, 1744
esterified, 1749
tablets, conjugated, 1746
tablets, esterified, 1750

Estrone, 1751
injectable suspension, 1752

Estropipate, 1753
tablets, 1754
vaginal cream, 1754

Eszopiclone, 1755
tablets, 1757

Ethacrynate sodium for injection, 1759
Ethacrynic acid, 1760

tablets, 1761
Ethambutol hydrochloride, 1762

rifampin, isoniazid, and pyrazinamide
tablets, 3881

Compounded oral suspension, 1763
tablets, 1764

Ethanesulfonic acid, 6163
Ethchlorvynol, 1765

capsules, 1766
Ether, 1767, 6163

absolute, 6131, 6163
diphenyl, 6163
isopropyl, 6163
nonyl phenyl polyethylene glycol, 6163
peroxide-free, 6164

Ethidium bromide, 6164
Ethinyl estradiol, 1768

and desogestrel tablets, 1270
and drospirenone tablets, 1556
and ethynodiol diacetate tablets, 1781
and levonorgestrel tablets, 2612
and norethindrone acetate tablets, 3208
and norethindrone tablets, 3201
and norgestimate tablets, 3211
and norgestrel tablets, 3214
tablets, 1768

Ethiodized oil injection, 1770
Ethionamide, 1771

tablets, 1771
Ethopabate, 1772
Ethosuximide, 1773

capsules, 1774
oral solution, 1776

Ethotoin, 1777
tablets, 1778

4'-Ethoxyacetophenone, 6164
2-Ethoxyethanol, 6164
Ethyl

acetate, 5759, 6164
acrylate, 6164
acrylate and methacrylic acid copolymer,

5878
acrylate and methacrylic acid copolymer,

partially-neutralized, 5881
acrylate and methyl methacrylate

copolymer dispersion, 5760
alcohol, 6164
arachidate, 6164
benzoate, 6164
chloride, 1779
cyanoacetate, 6164
ether, 6163, 6164

ether, anhydrous, 6131, 6163, 6164
maltol, 5761
oleate, 5762
salicylate, 6164
vanillin, 5763

Ethyl p-toluenesulfonate, 6164
2-Ethylaminopropiophenone hydrochloride,

6164
4-Ethylbenzaldehyde, 6164
Ethylbenzene, 6164
Ethylcellulose, 5763

aqueous dispersion, 5765
dispersion type b, 5766

Ethylene
dichloride, 6157, 6164
glycol, 6164
glycol, diethylene glycol, and triethylene

glycol in ethoxylated substances (469),
6733

glycol monoethyl ether, 6164
glycol stearates, 5771
glycol and vinyl alcohol graft copolymer,

5769
oxide and dioxane (228), 6639
oxide in methylene chloride (50 mg/mL),

6165
Ethylenediamine, 1779, 6165
2-Ethylhexanoic acid, 616'5
N-Ethylmaleimide,6165
2-Ethyl-2-methylsuccinic acid, 6165
Ethylparaben, 5772, 6165
Ethylparaben sodium, 5773
l-Ethylquinaldinium iodide, 6165
Ethynodiol diacetate, 1780

and ethinyl estradiol tablets, 1781
and mestranol tablets, 1781

Etidronate disodium, 1782
tablets, 1784

Etodolac, 1785
capsules, 1786
tablets, 1787
extended-release tablets, 1788

Etomidate, 1789
injection, 1790

Etoposide, J792
capsules, 1794
injection, 1795

Eucalyptol, 1797
Eucalyptus oil, 5774
Eugenol, 1797
European elder berry dry

extract, 4978
Evaluation of plastic packaging systems and

their materials of construction with respect
to their user safety impact (1661), 8434

Evaluation of screening technologies for
assessing medicine quality (1850), 8626

Evaluation of the inner surface durability of
glass containers (1660), 8429

Evening primrose oil, 4980
capsules, 4980

Excipient biological safety evaluation
guidelines (1074), 7613

Excipient performance (1059), 7528
Excipients

USP and NF, listed by category, 5584
Exemestane, 1798
Exenatide, 1800

injection, 1803
Expert committees (2015-2020), x

Food Chemicals Codex, xvi
National Formulary, xiv
United States Pharmacopeia, x
United States Pharmacopeia and the Dietary

Supplements Compendium, xv

United States Pharmacopeia and USP on
Compounding, xvi

Expert Panels for the- Council of Experts
Executive Committee, x

Extended release tablets
nevirapine, 3135

Extract
Andrographis, powdered, 4762
Ashwagandha root, powdered, 4768
Astragalus root, dry, 4787
Aztec Marigold Zeaxanthin Extract, 4789
Bacillus subtiJis subsp. subtiJis

menaquinone-7, 5152
Bacopa, powdered, 4800
Banaba leaf, dry, 4805
Beef, 6141
Belladonna, 486
Belladonna tablets, 487
Bilberry, powdered, 4813
Blackcohosh, powdered, 4820
Black pepper, powdered, 4829
Boswellia serrata, 4834
Cascara fluidextract, aromatic, 801
Cascara sagrada, 798
Cascara sagrada fluidextract, 801
Cat's claw, powdered, 4855
Centella asiatica, powdered, 4863
Chaste tree, powdered, 4872
Chinese skullcap root dry , 4887
Clover, red, powdered, 5210
coffee fruit dry, 4912
Echinacea angustifolia, powdered, 4941
Echinacea pallida, powdered, 4948
Echinacea purpurea, powdered, 4958
Eleuthero, powdered, 4970
European elder berry dry, 4978
Fenugreek seed, powdered, 4987
Garcinia hydroxycitrate, powdered, 5014
Garlic, powdered, 5022
Garlic fluidextract, 5023
Ginkgo, powdered, 5038
Ginseng, American, powdered, 4753
Ginseng, Asian, powdered, 4776
Goldenseal, powdered, 5064
Green tea, decaffeinated, powdered, 5067
Guggul, native, 5070
Guggul, purified, 5071
Gymnema, native, 5077
Gymnema, purified, 5078
Holy basil leaf powdered, 5089
Horse chestnut, powdered, 4876
Japanese honeysuckle flower, dry, 5094
Licorice, powdered,5121
Licoricefluidextract, 5857
Malabar-nut-tree, leaf, powdered, 5138
Maritime pine, 5141
Milk thistle, powdered, 5160
Northern schisandra fruit, dry, 5263
Olive leaf dry, 5182
Powdered Rhodiola rosea, 5221
Pygeum, 5198
Pyrethrum, 3778
Red clover aerial parts isoflavone

aglycones, dry, 5206
Rhodiola crenulata root and rhizome dry,

5215
Salix species bark dry, 5247
Saw palmetto, 5256
Senna fluidextract, 4025
Soy isoflavones, powdered, 5274
Stinging nettle, powdered, 5290
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Extract (continued)
St. John's wort flowering top, dry, 5240
Tangerine peel, dry, 5294
Tienchi ginseng root and rhizome, dry,

5307
Tomato, containing Iycopene, 5133
Turmeric, powdered, 5317
Valerian, powdered, 5327
Valerian root dry, capsules, 5332
Yeast, 6219

Ezetimibe, 1804
tablets, 1806

F
F 18

injection, fludeoxyglucose, 1946
injection, sodium fluoride, 1950

Factor IX complex, 1808 .
Factor X. (activated factor X) for anti-factor

X. test, 6165
Famciclovir, 1808

tablets, 1812
Famciclovir compounded

oral suspension, 1812
Famotidine, 1815

injection, 1816
for oral suspension, 1818
tablets, 1819

Fast
blue B salt, 6165
blue BB salt, 6165
green FCF, 6165

Fat, hard, 5776
Fats and fixed oils (401), 6676
FD&C blue no. 1, 6165
Fehling's solution, 6229
Felbamate, 1821

oral suspension, 1822
tablets, 1824

Felodipine, 1826
extended-release tablets, 1827

Fenbendazole, 1831
Fennel oil, 5776
Fenofibrate, 1833

capsules, 1834
tablets, 1837

Fenoldopam mesylate, 1840
injection, 1842

Fenoprofen calcium, 1843
capsules, 1845
tablets, 1845

Fentanyl, 1846
Fentanyl citrate, 1848

injection, 1849
Fentanyl citrate

bupivacaine hydrochloride compounded
injection, 1850

Fentanyl citrate compounded
injection, 1848

Fenugreek seed, 4982·
powdered extract, 4987
powder, 4984

Ferric
ammonium citrate, 289, 6165
ammonium citrate for oral solution, 290
ammonium sulfate, 6166

ammonium sulfate, tenth-normal (0.1 N),
6241

ammonium sulfate TS, 6229
chloride, 6166
chloride CS, 6225
chloride TS, 6229
nitrate, 6166
oxide, 5776
subsulfate solution, 1852
sulfate, 1852, 6166

Ferrocyphen, 6166
Ferroin TS, 6229
Ferrosoferric oxide, 5777
Ferrous

ammonium sulfate, 6166
ammonium sulfate, tenth-normal (0.1 N),

6241
fumarate, 1853
fumarate and docusate sodium extended-

release tablets, 1856
fumarate tablets, 1855
gluconate, 1857
gluconate capsules, 1859
gluconate oral solution, 1860
gluconate tablets, 1861
sulfate, 1862, 6166
sulfate, dried, 1864
sulfate oral solution, 1'863
sulfate syrup, 1863
sulfate tablets, 1864
sulfate TS, 6229
sulfate, acid, TS, 6225, 6229

0.07 N Ferrous ammonium sulfate, 6241
Ferulic acid, 6166
Ferumoxides injection, 1866
Ferumoxsil oral suspension, 1868
Fetal bovine serum-quality attributes and

functionality tests (90), 6533
Feverfew, 4989

powdered, 4990 -
Fexofenadine hydrochloride, 1869

capsules, 1870
and pseudoephedrine hydrochloride

extended-release tablets, 1876
tablets, 1872

Fibroblast" growth factor-2, 6166
Fibroblasts

bilayer synthetic scaffold, construct human,
1153

polyglactin scaffold, construct human,
1157

Filgrastim, 1885
Finasteride, 1889

tablets, 1890
Fingolimod

hydrochloride, 1891
Fish oil containing omega-3 acids, 4992

capsules, 4994
delayed-release capsules, 4997

Flame photometry for reagents, 6129
Flavoxate hydrochloride, 1892

tablets, 1894
Flax seed oil, 4998

capsules, 4999
Flecainide acetate, 1895

oral suspension, 1897
tablets, 1898

Flow cytometric enumeration of CD34+ cells
(127), 6560

Flow cytometry (1027), 7281
Floxuridine, 1899

for injection, 1901
Fluconazole, 1901

in dextrose injection, 1907
for oral suspension, 1912

injection, 1903
in sodium chloride injection, 1909
tablets, 1914

Flucytosine, 1915
capsules, 1916
oral suspension, 191 7

Fludarabine phosphate, 1917
injection, 1919
for injection, 1921

Fludeoxyglucose F18 injection, 1946
Fludrocortisone acetate, 1922

tablets, 1923
Flumazenil, 1925

injection, 1926
Flumethasone pivalate, 1927

cream, 1928
Flunisolide, 1929

nasal solution, 1929
Flunixin meglumine, 1930

granules, 1931
injection, 1932
paste, 1933

Fluocinolone acetonide, 1934
cream, 1935
and neomycin sulfate cream, 3107
ointment, 1935
topical solution, 1936

Fluocinonide, 1937
cream, 1937
gel, 1938
ointment, 1938
topical solution, 1939

Fluorene, 6166
(-)-1-(9-Fluorenyl) ethanol, 6166
(+)-1-(9-Fluorenyl) ethyl chloroformate

solution, 6166
9-Fluorenylmethyl chloroformate,6167
Fluorescamine, 6167
Fluorescein, 1940

injection, 1940
sodium, 1942
sodium and benoxinate hydrochloride

ophthalmic solution, 1944
sodium ophthalmic strips, 1943
sodium and proparacaine hydrochloride

ophthalmic solution, 1945
Fluorescence spectroscopy (853), 7146
Fluorescence spectroscopy-theory and

practice (1853), 8641
Fluorine

F 18 injection, Jludeoxyglucose, 1946
F 18 injection, sodium fluoride, 1950

4'-Fluoroacetophenone, 6167
Fluoroandrostadiene carboxylic acid, 6167
Fluorometholone, 1950

acetate, 1953
acetate and tobramycin ophthalmic

suspension, 4412
cream, 1952
and neomycin sulfate ointment, 3107
ophthalmic suspension, 1952

Fluorouracil, 1954
cream, 1956
injection, 1957
topical solution, 1957

Fluoxetine
capsules, 1958
delayed-release capsules, 1959
hydrochloride, 1964
and olanzapine capsules, 3237
oral solution, 1961
tablets, 1962

Fluoxymesterone, 1965
tablets, 1966
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Fluphenazine
decanoate, 1967
decanoate injection, 1968
enanthate, 1969
enanthate injection, 1970
hydrochloride, 1970
hydrochloride elixir, 1971
hydrochloride injection, 1972
hydrochloride oral solution, 1973
hydrochloride tablets, 1973

Flurandrenolide, 1974
cream, 1975
lotion, 1976
and neomycin sulfate cream, 3107
and neomycin sulfate lotion, 3108
and neomycin sulfate ointment, 3108
ointment, 1976
tape, 1976

Flurazepam hydrochloride, 1977
capsules, 1978

Flurbiprofen, 1979
sodium, 1981
sodium ophthalmic solution, 1982
tablets, 1980

Flutamide, 1983
capsules, 1984

Fluticasone
propionate and salmeterol inhalation

aerosol, 2005
propionate and salmeterol inhalation

powder, 2010
Fluticasone propionate, 1985

cream, 1987
inhalation aerosol, 1988
inhalation powder, 1993
lotion, 1998
nasal spray, 2000
ointment, 2003

Fluvastatin
capsules, 2020
sodium, 2018

Fluvoxamine maleate, 2022
tablets, 2023

Folic acid, 2026
assay (411), 6689
compounded oral solution, 2027
injection, 2027
tablets, 2028

Folin-ciocalteu phenol TS, 6229
Fondaparinux sodium, 2029

injection, 2033
Formaldehyde

solution, 2035, 6167, 6229
TS,6229

Formamide, 6167
anhydrous, 6167

Formic acid, 6167
96 percent, 6167
anhydrous, 6168

Formoterol fumarate, 2036
Forskohlii, 5000

extract, powdered, 5003
powdered, 5002

Foscarnet sodium, 2037
Fosfomycin tromethamine, 2039
Fosinopril sodium, 2040

and hydrochlorothiazide tablets, 2043
tablets, .?042

Fosphenytoin sodium, 2045
injection, 2047

Fructose, 2048
injection, 2049
and sodium chloride injection, 2049

Fuchsin
basic, 2050,6141,6168

pyrogallol TS, 6229
sulfurous acid TS, 6229

Fuller's earth, chromatographic, 6152, 6168
Fulvestrant, 2050
Fumaric acid, 5780
Fuming

nitric acid, 6168
sulfuric acid, 6168

Furazolidone, 2052
oral suspension, 2052
tablets, 2053

Furfural, 6168
Furosemide, 2053

injection, 2054
oral solution, 2055
tablets, 2056

G
G designations, 6168
Ga 67 injection, gallium citrate, 2088
Gabapentin, 2057

capsules, 2058
tablets, 2060

Gadodiamide, 2061
injection, 2064

Gadolinium (Gd III) acetate hydrate, 6168
Gadolinium sulfate, 6168
Gadopentetate dimeglumine injection, 2065
Gadoteridol,2067

injection, 2069
Gadoversetamide, 2070

injection, 2073
Galactose, 5781
Galaqeenan, 5782
Galantamine

extended-release capsules, 2074
hydrobromide, 2083
oral solution, 2079
tablets, 2081

Gallamine triethiodide, 2087
injection, 2087

Gallium citrate Ga 67 injection, 2088
Gamma cyclodextrin, 5739
Ganciclovir, 2088

for injection, 2089
oral suspension, 2090

Ganoderma lucidum fruiting body, 5004
Ganoderma lucidum fruiting body powder,

5008
Garcinia cambogia, 5011

powdered, 5012
Garcinia hydroxycitrate

extract, powdered, 5014
Garcinia indica, 5015

powdered, 5016
Garlic, 5018

delayed-release tablets, 5024
extract, powdered, 5022
fluidextract, 5023
powdered, 5020

Gaseous sterilization (1229.7), 8222
Gastric fluid, simulated, TS, 6234
Gauze

absorbent, 2091
petrolatum, 2092

Gel
Adapalene, 96
Aluminum hydroxide, 188
Aluminum hydroxide, dried, 189
Aluminum hydroxide capsules, dried, 190
Aluminum hydroxide tablets, dried, 190
Aluminum phosphate, 190
Aminobenzoic acid, 234
ascorbic acid chewable, 4765
Benzocaine, 506
Benzocaine, butamben, and tetracaine

hydrochloride, 514
Benzoyl peroxide, 526
Betamethasone benzoate, 545
cholecalciferol chewable, 4889
Chromatographic silica, 6152
Chromatographic silica mixture, 6152
Clindamycin phosphate, 1071
Cyanocobalamin chewable, 4931
Desoximetasone, 1275
Dimethyl sulfoxide, 141 3
Dyclonine hydrochloride, 1570
Erythromycin and benzoyl peroxide,

topical, 1692
Erythromycin, topical, 1686
Fluocinonide, 1938
Gelatin, 5783
Gelatin film, absorbable, 2092
Gelatin sponge, absorbable, 2093
Gelatin TS, 6229
Hydrocortisone, 2230
Indomethacin, topical, 2330
Metronidazole, 2935
Naftifine hydrochloride, 3066
Phenol topical, camphorated, 3501
Phenytoin compounded topical, 3525
Salicylic acid, 3972
Selegiline compounded topical, 4021
Silica, 6199
Silica, binder-free, 6199
Silica, chromatographic, 6152, 6199
Silica, impregnated glass microfiber sheet,

6199
Silica mixture, chromatographic, 6152,

6199
Silica mixture, chromatographic, with

chemically bound amino groups, 6199
Silica mixture, dimethylsilanized,

chromatographic, 6199
Silica mixture, octadecylsilanized

chromatographic, 6199
Silica mixture, octylsilanized,

chromatographic, 6199
Silica, octadecylsilanized chromatographic,

6199
Silica, porous, 6199
Sodium fluoride and phosphoric acid,

4075
Sodium sulfide topical, 4096
Stannous fluoride, 4115
Tolnaftate, 4426
Tretinoin, 4479

Gelatin, 5783, 6168
film, absorbable, 2092
sponge, absorbable, 2093
TS,6229

Gellan gum, 5785
Gemcitabine

for injection, 2094
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Gemcitabine (continued)
hydrochloride, 2093

Gemfibrozil, 2096
capsules, 2097
tablets, 2098

Gene therapy products (1047), 7426

General chapters
(1) Injections and implanted drug products

(parenterals)-product quality tests,
6405

(2) Oral drug products-product quality
tests, 6410

(3) Topical and transdermal drug
products-product quality tests, 6415

(4) Mucosal drug products-product
quality tests, 6423

(5) Inhalation and nasal drug products
general information and product quality
tests, 6427

(7) Labeling, 6435
(11) USP reference standards, 6442
(17) Prescription container labeling, 6445
(31) Volumetric apparatus, 6448
(41) Balances, 6449
(51) Antimicrobial effectiveness testing,

6449
(55) Biological indicators-resistance

performance tests, 6452
(60) Microbiological examination of

nonsterile products tests for Burkholderia
Cepacia complex, 6454

(61) Microbiological examination of
nonsterile products: microbial
enumeration tests, 6457

(62) Microbiological examination of
nonsterile products: tests for specified
organisms, 6463

(63) Mycoplasma tests, 6472
(71) Sterility tests, 6481
(81) Antibiotics-microbial assays, 6488
(85) Bacterial endotoxins test, 6508
(87) Biological reactivity tests, in vitro,

6514
(88) Biological reactivity tests, in vivo,

6516
(89.1) Collagenase I, 6524
(89.2) Collagenase II, 6529
(89) Enzymes used as ancillary materials in

pharmaceutical manufacturing, 6521
(90) Fetal bovine serum-quality attributes

and functionality tests, 6533
(91) Calcium pantothenate assay, 6536
(92) Growth factors and cytokines used in

cell therapy manufacturing, 6539
(111) Design and analysis of biological

assays, 6543
(115) Dexpanthenol assay, 6547
(121) Insulin assays, 6547
(121.1) Physicochemical analytical

procedures for insulins, 6550
(123) Glucagon bioidentity tests, 6552
(124) Erythropoietin bioassays, 6557
(126) Somatropin bioidentity tests, 6558
(127) Flow cytornetrk enumeration of

CD34+ cells, 6560
(129) Analytical procedures for

recombinant therapeutic monoclonal
antibodies, 6565

(130) Protein A quality attributes, 6570
(151) Pyrogen test, 6577

(161) Medical devices-bacterial endotoxin
and pyrogen tests, 6579

(162) Diphtheria antitoxin potency testing
for human immune globulins, 6582

(165) Prekallikrein activator, 6583
(171) Vitamin B12 activity assay, 6584
(181) Identification-organic nitrogenous

bases, 6587
(191) Identification tests-general, 6587
(193) Identification-tetracyclines, 6592
(197) Spectrophotometric identification

tests, 6593
(201) Thin-layer chromatographic

identification test, 6600
(202) Identification of fixed oils by thin

layer chromatography, 6601
(203) High-performance thin-layer

chromatography procedure for
identification of articles of botanical
origin, 6602

(206) Aluminum, 6605
(207) Test for 1,6-anhydro derivative for

enoxaparin sodium, 6605
(208) Anti-factor Xa and anti-factor lIa

assays for unfractionated and low
molecular weight heparins, 6611

(209) Low molecular weight heparin
molecular weight determinations, 6614

(210) Monosaccharide analysis, 6616
(211) Arsenic, 6621
(212) Oligosaccharide analysis, 6623
(221) Chloride and sulfate, 6636
(223) Dimethylaniline, 6636
(226) 4-Epianhydrotetracycline, 6636
(227) 4-Aminophenol in acetaminophen-

containing drug products, 6637
(228) Ethylene oxide and dioxane, 6639
(232) Elemental impurities-limits, 6641
(233) Elemental impurities-procedures,

6645
(241) Iron, 6648
(251) Lead, 6649
(261) Mercury, 6650
(267) Porosimetry by mercury intrusion,

6653
(268) Porosity by nitrogen

adsorption-desorption, 6655
(271) Readily carbonizable substances test,

6660
(281) Residue on ignition, 6660
(291) Selenium, 6661
(301) Acid-neutralizing capacity, 6661
(311) Alginates assay, 6662
(341) Antimicrobial agents-content, 6664
(345) Assayfor citric acid/citrate and

phosphate, 6668
(351) Assayfor steroids, 6669
(381) Elastomeric closures for injections,

6669
(391) Epinephrine assay, 6676
(401) Fats and fixed oils, 6676
(411) Folic acid assay, 6689
(413) Impurities testing in medical gases,

6692
(415) Medical gases assay, 6693
(425) lodometric assay-antibiotics, 6696
(429) Light diffraction measurement of

particle size, 6697
(431) Methoxy determination, 6702 .
(441) Niacin or niacinamide assay, 6704
(451) Nitrite titration, 6709
(461) Nitrogen determination, 6709
(466) Ordinary impurities, 6710
(467) Residual solvents, 6712

(469) Ethylene glycol, diethylene glycol,
and triethylene glycol in ethoxylated
substances, 6733

(471) Oxygen flask combustion, 6735
(481) Riboflavin assay, 6735
(501) Salts of organic nitrogenous bases,

6741
(503) Acetic acid in peptides, 6741
(503.1) Trifluoroacetic acid (TFA) in

peptides, 6743
(507) Protein determination procedures,

6744
(509) Residual DNAtesting, 6748
(511) Single-steroid assay, 6750
(525) Sulfur dioxide, 6751
(531) Thiamine assay, 6756
(541) Titrimetry, 6764
(551) Vitamin E assay, 6767
(561) Articles of botanical origin, 6774
(563) Identification of articles of botanical

origin, 6788
(565) Botanical extracts, 6798
(571) Vitamin A assay, 6801
(580) Vitamin C assay, 6805
(581) Vitamin D assay, 6808
(591) Zinc determination, 6817
(601) Inhalation and nasal drug products:

aerosols, sprays, and powders
performance quality tests, 6819

(602) Propellants, 6844
(603) Topical aerosols, 6845
(604) Leak rate, 6846
(610) Alternative microbiological sampling

methods for nonsterile inhaled and nasal
products, 6846

(611) Alcohol determination, 6848
(616) Bulkdensity and tapped density of

powders, 6850
(621) Chromatography, 6853
(630) Visiual Comparison, 6865
(631) Color and achromicity, 6865
(641) Completeness of solution, 6866
(643) Total organic carbon, 6867
(644) Conductivity of solutions, 6868
(645) Water conductivity, 6871
(651) Congealing temperature, 6874
(659) Packaging and storage requirements,

6876
(660) Containers-glass, 6881
(661) Plastic packaging systems and their

materials of construction, 6887
(661.1) Plastic materials of construction,

6893
(661.2) Plastic packaging systems for

pharmaceutical use, 6912 .
(670) Auxiliary packaging components,

6916
(671) Containers-performance testing,

6922
(691) Cotton, 6929
(695) Crystallinity, 6931
(696) Characterization of crystalline solids

by microcalorimetry and solution
calorimetry, 6931

(697) Container content for injections,
6934

(698) Deliverable volume, 6935
(699) Density of solids, 6938
(701) Disintegration, 6940
(705) Quality attributes of tablets labeled

as having a functional score, 6944
(711) Dissolution, 6945
(721) Distilling range; 6955
(724) Drug release, 6957
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General chapters (continued)
(729) Globule size distribution in lipid

injectable emulsions, 6963
(730) Plasma spectrochemistry, 6967
(731) Loss on drying, 6970
(733) Loss on ignition, 6970
(735) X-rayfluorescence spectrometry,

6971
(736) Mass spectrometry, 6975
(741) Melting range or temperature, 6980
(755) Minimum fill, 6982
(761) Nuclear magnetic resonance

spectroscopy, 6984
(771) Ophthalmic products-quality tests,

6993
(776) Optical microscopy, 6998
(781) Optical rotation, 7001
(782) Vibrational circular dichroism

spectroscopy, 7002
(785) Osmolality and osmolarity, 7008
(786) Particle size distribution estimation

by analytical sieving, 7010
(787) Subvisible particulate matter in

therapeutic protein injections, 7014
(788) Particulate matter in injections, 701 7
(789) Particulate matter in ophthalmic

solutions, 7020
(790) Visible particulates in injections,

7021
(791) pH, 7022
(795) Pharmaceutical compounding

nonsterile preparations, 7025
(797) Pharmaceutical compounding

sterile preparations, 7037
(800) Hazardous drugs-handling in

healthcare settings, 7071
(801) Polarography, 7089
(811) Powder fineness, 7093
(821) Radioactivity, 7094
(823) Positron emission tomography drugs

for compounding, investigational, and
research uses, 7100

(825) Radiopharmaceuticals-preparation,
compounding, dispensing, and
repackaging, 7109

(831) Refractive index, 713 7
(841) Specific gravity, 7137
(846) Specific surface area, 7139
(852) Atomic absorption spectroscopy,

7142
(853) Fluorescence spectroscopy, 7146
(854) Mid-infrared spectroscopy, 7151
(855) Nephelometry, turbidimetry, and

visual comparison, 7155
(856) Near-infrared spectroscopy, 7161
(857) Ultraviolet-visible spectroscopy, 7166
(861) Sutures-diameter, 7175
(871) Sutures-needle attachment, 7178
(881) Tensile strength, 7179
(891) Thermal analysis, 7180
(90S) Uniformity of dosage units, 7183
(911) Viscosity-capillary methods, 7187
(912) Viscosity-rotational methods, 7189
(913) Viscosity-rolling ball method, 7193
(914) Viscosity-pressure driven methods,

7195
(921) Water determination, 7196
(941) Characterization of crystalline and

partially crystalline solids by X-ray
powder diffraction (XRPD), 7201

(1004) Mucosal drug products-
performance tests, 7227

(1005) Acoustic emission, 7230
(1010) Analytical data-interpretation and

treatment, 7233

(1024) Bovine serum, 7260
(1025) Pancreatin, 7272
(1027) Flow cytometry, 7281
(1030) Biological assay chapters-overview

and glossary, 7300
(1031) The biocompatibility of materials

used in drug containers, medical
devices, and implants, 7313

(1032) Design and development of
biological assays, 7320

(1033) Biological assay validation, 7337
(1034) Analysis of biological assays, 7351
(1039) Chemometrics, 7363
(1041) Biologics, 7379
(1043) Ancillary materials for cell, gene,

and tissue-engineered products, 7381
(1044) Cryopreservation of cells, 7389
(1046) Cellular and tissue-based products,

7400
(1047) Gene therapy products, 7426
(1048) Quality of biotechnological

products: analysis of the expression
construct in cells used for production of
r-DNAderived protein products, 7452

(1049) Quality of biotechnological
products: stability testing of
biotechnological/biological products,
7454

(1050) Viral safety evaluation of
biotechnology products derived from
cell lines of human or animal origin,
7459

(1050.1) Design, evaluation and
characterization of viral clearance
procedures, 7472

(1051) Cleaning glass apparatus, 7481
(1052) Biotechnology-derived articles

amino acid analysis, 7481
(1053) Capillary electrophoresis, 7492
(1054) Biotechnology-derived articles
. isoelectric focusing, 7499

(1055) Biotechnology-derived articles
'peptide mapping, 7501

(1056) Biotechnology-derived articles
polyacrylamide gel electrophoresis, 7508

(1057) Biotechnology-derived articles
total protein assay, 7515

(1058) Analytical instrument qualification,
7522

(1059) Excipient performance, 7528
(1061) Color-instrumental measurement,

7553
(1062) Tablet compression

characterization, 7556
(1063) Shear cell methodology for powder

flow testing, 7566
(1064) Identification of articles of botanical

origin by high-performance thin-layer
chromatography procedure, 7578

(1065) Ion chromatography, 7588
(1066) Physical environments that promote

safe medication use, 7590
(1071) Rapid sterility testing of short life

products a risk based approach, 7602
(1072) Disinfectants and antiseptics, 7608
(1074) EXcipient biological safety

evaluation guidelines, 7613
(1078) Good manufacturing practices for

bulk pharmaceutical excipients, 7617
(1079.1) Storage and transportation of

investigational drug products, 7644
(1079) Good storage and distribution

practices for drug products, 7635
(1080) Bulk pharmaceutical excipients

certificate of analysis, 764,7

(1084) Glycoprotein and glycan analysis
general considerations, 7655

(1085) Guidelines on -endotoxlns test,
7665

(1086) Impurities in drug substances and
drug products, 7678

(1087) Apparent intrinsic dissolution
dissolution testing procedures for
rotating disk and stationary disk, 7681

(1088) In vitro and in vivo evaluation of
dosage forms, 7684

(1090) Assessment of drug product
performance-bioavailability,
bioequivalence, and dissolution, 7695

(1091) Labeling of inactive ingredients,
7706

(1092) The dissolution procedure:
development and validation, 7707

(1094) Capsules-dissolution testing and
related quality attributes, 7725

(1097) Bulk powder sampling procedures,
7732

(1099) Limit on number of large deviations
when assessing content uniformity in
large samples, 7744

(1102) Immunological test methods
general considerations, 7746

(1103) Immunological test methods
enzyme-linked immunosorbent assay
(ELISA), 7753

(1104) Immunological test methods
immunoblot analysis, 7763

(1105) Immunological test methods
surface plasmon resonance, 7773

(1106) Immunogenicity assays-design
and validation of immunoassays to
detect anti-drug antibodies, 7788

(1106.1) Immunogenicity assays-design
and validation of assays to detect anti
drug neutralizing antibody, 7802

(1111) Microbiological examination of
nonsterile products: acceptance criteria
for pharmaceutical preparations and
substances for pharmaceutical use, 7819

(1112) Application of water activity
determination to nonsterile
pharmaceutical products, 7820

(111 3) Microbial characterization,
identification, and strain typing, 7823

(1115) Bioburden control of nonsterile
drug substances and products, 7827

(1116) Microbiological control and
monitoring of aseptic processing
environments, 7833

(111 7) Microbiological best laboratory
practices, 7845

(1118) Monitoring devices-time,
temperature, and humidity, 7850

(1120) Raman spectroscopy, 7856
(1121) Nomenclature, 7862
(1125) Nucleic acid-based techniques

general, 7865
(1126) Nucleic acid-based techniques

extraction, detection, and sequencing,
7870

(1127) Nucleic acid-based techniques
amplification, 7879

(1128) Nucleic acid-based techniques
microarray, 7887

(1129) Nucleic acid-based techniques-
genotyping, 7893 .

(1130) Nucleic acid-based techniques
approaches for detecting trace nucleic
acids (residual DNA testing), 7897
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General chapters (continued)
(1132) Residual host cell protein

measurement in biopharmaceuticals,
7900

(1136) Packaging and repackaging-single
unit containers, 7919

(1151) Pharmaceutical dosage forms, 7929
(1152) Animal drugs for use in animal

feeds, 7952
(1160) Pharmaceutical calculations in

pharmacy practice, 7953
(1163) Quality assurance in pharmaceutical

compounding, 7979
(1168) Compounding for phase I

investigational studies, 7985
(1174) Powder flow, 7993
(1176) Prescription balances and

volumetric apparatus, 7997
(1177) Good packaging practices, 8003
(11 78) Good repackaging practices, 8006
(1180) Human plasma, 8008
(1181) Scanning electron microscopy,

8025
(1184) Sensitization testing, 8035
(1191) Stability considerations in

dispensing practice, 8044
(1195) Significant change guide for bulk

pharmaceutical excipients, 8049
(1197) Good distribution practices for bulk

pharmaceutical excipients, 8060
(1207.1) Package integrity and test

method selection, 8086
(1207.2) Package integrity leak test

technologies, 8097
(1207.3) Package seal quality test

technologies, 8111
(1207) Sterile product packaging-integrity

evaluation, 8079
(1208) Sterility testing-validation of

isolator systems, 8113
(1210) Statistical tools for procedure

validation, 8117
(1211) Sterility assurance, 8129
(1216) Tablet friability, 8137
(1217) Tablet breaking force, 8138
(1222) Terminally sterilized pharmaceutical

products-parametric release, 8142
(1223) Validation of alternative

microbiological methods, 8144
(1223.1) Validation of alternative methods

to antibiotic microbial assays, 8157
(1224) Transfer of analytical procedures,

8164
(1225) Validation of compendial

procedures, 8166
(1226) Verification of compendial

procedures, 8171
(1227) Validation of microbial recovery

from pharmacopeial articles, 8172
(1228.4) Depyrogenation by Rinsing,8187
(1228) Depyrogenation, 8176
(1228.1) Dry heat depyrogenation, 8181
(1228.3) Depyrogenation by filtration,

8184
(1228.5) Endotoxin indicators for

depyrogenation, 8190
(1229) Sterilization of compendial articles,

8194
(1229'.1) Steam sterilization by direct

contact, 8199
(1229.2) Moist heat sterilization of

aqueous liquids, 8202
(1229.3) Monitoring of bioburden, 8206
(1229.4) Sterilizing filtration of liquids,

8209

(1229.5) Biological indicators for
sterilization, 8216

(1229.6) Liquid-phase sterilization, 8219
(1229.7) Gaseous sterilization, 8222
(1229.8) Dry heat sterilization, 8225
(1229.9) Physicochemical integrators and

indicators for sterilization, 8227
(1229.1 0) Radiation sterillzatlon, 8228
(1229.11) Vapor phase sterilization, 8231
(1229.12) New sterilization methods, 8233
(1229.13) Sterilization-in-place, 8233
(1229.14) Sterilization cycle development,

8235
(1229.15) Sterilization filtration of gases,

8238
(1229.16) Prion inactivation, 8239
(1230) Water for hemodialysis applications,

8240
(1231) Water for pharmaceutical purposes,

8242
(1234) Vaccines for human use

polysaccharide and glycoconjugate
vaccines, 8276

(1235) Vaccines for human use-general
considerations, 8291

(1237) Virology test methods, 8319
(1238) Vaccines for human use-bacterial

vaccines, 8338
(1240) Virus testing of human plasma for

further manufacture, 8350
(1241) Water-solid interactions in

pharmaceutical systems, 8359
(1251) Weighing on an analytical balance,

8363
(1265) Written prescription drug

information-guidelines, 8368
(1285) Preparation of biological specimens

tor histologic and immunohistochemical
analysis, 8370

(1285.1) Hematoxylin and eosin staining of
sectioned tissue for microscopic
examination, 8374

(1430.1) Analytical methodologies based
on scattering phenomena-static light
scattering, 8379

(1430.1) Analytical methodologies based
on scattering phenomena- light
diffraction measurements of particle size,
8386

(1430.4) Analytical methodologies based
on scattering phenomena
electrophoretic light scattering
(determination of zeta potential), 8389

(1430.5) Analytical methodologies based
on scattering phenomena-small angle
x-ray scattering and small angle neutron
scattering, 8392

(1430) Analytical methodologies based on
scattering phenomena-general, 8376

(1467) Residual Solvents-Verification of
Compendial Procedures and Validation
of Alternative Procedures, 8404

(1601) Products for nebulization
characterization tests, 8407

(1602) Spacers and valved holding
chambers used with inhalation
aerosols-characterization tests, 8411

(1644) Theory and practice of electrical
conductivity measurements of,solutions,
8423 .

(1660) Evaluation of the inner surface
durability of glass containers, 8429

(1661) Evaluation of plastic packaging
systems and their materials of
construction with respect to their user
safety impact, 8434

(1663) Assessment of extractables
associated with pharmaceutical
packaging/delivery systems, 8442

(1664) Assessment of drug product
leachables associated with
pharmaceutical packaging/delivery
systems, 8455

(1664.1) Orally inhaled and nasal drug
products, 8467

(1724) Semisolid drug products
performance tests, 8473

(1730) Plasma spectrochemistry-theory
and practice, 8484

(1735) X-ray fluorescence spectrometry
theory and practice, 8490

(1736) Applications of mass spectrometry,
8508

(1761) Applications of nuclear magnetic
resonance spectroscopy, 8529

(1771) Ophthalmic products-performance
tests, 8549

(1782) Vibrational circular dichroism
spectroscopytheory and practice, 8549

(1787) Measurement of subvisible
particulate matter in therapeutic protein
injections, 8562

(1788) Methods for the determination of
particulate matter in injections and
ophthalinic solutions, 8575

(1790) Visual inspection of injections, 8587
(1821) Radioactivity-theory and practice,

8604
(1823) Positron emission tomography

drugs-information, 8617
(1850) Evaluation of screening

technologies for assessing medicine
quality, 8626

(1852) Atomic absorption spectroscopy
theory and practice, 8632

(1853) Fluorescence spectroscopy-theory
and practice, 8641

(1854) Mid-infrared spectroscopy-theory
and practice, 8650

(1857) Ultraviolet-visible spectroscopy
, theory and practice, 8670
(1911) Rheometry, 8679
(198) Nuclear magnetic resonance

spectroscopy identity testing of bacterial
polysaccharides used in vaccine
manufacture, 6596

(2021) Microbial enumeration tests
nutritional and dietary supplements,
8687

(2022) Microbiological procedures for
absence of specified microorganisms
nutritional and dietary supplements,
8692

(2023) Microbiological attributes of
nonsterile nutritional and dietary
supplements, 8698

(2030) Supplemental information for
articles of botanical origin, 8702

(2040) Disintegration and dissolution of
dietary supplements, 8711 .

(2091) Weight variation of dietary
supplements, 8718

(2232) Elemental.contaminants in dietary
supplements, 8719

(2250) Detection of irradiated dietary
supplements, 8722
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General chapters (continued)
(2251) Screening for undeclared drugs and

drug analogues, 8725
(2750) Manufacturing practices for dietary

supplements, 8742

General chapters
Applications of mass spectrometry (1736),

8508
Radiopharmaceuticals-preparation,

compounding, dispensing, and
repackaging (825), 7109

Acetic acid in peptides (503), 6741
Acid-neutralizing capacity (301), 6661
Acoustic emission (1005), 7230
Alcohol determination (611), 6848
Alginates assay (311), 6662
Alternative microbiological sampling

methods for nonsterile inhaled and nasal
products (610), 6846

Aluminum (206), 6605
4-Aminophenol in acetaminophen

containing drug products (227), 6637
Analysis of biological assays (1034), 7351
Analytical data-interpretation and

treatment (1010), 7233
Analytical instrument qualification (1058),

7522
Analytical methodologies based on

scattering phenomena-electrophoretic
light scattering (determination of zeta
potential) (1430.4), 8389

Analytical methodologies based on
scattering phenomena-general (1430),
8376

Analytical methodologies based on
scattering phenomena-light diffraction
measurements of particle size (1430.2),

.8386
Analytical methodologies based on

scattering phenomena-small angle x
ray scattering and small angle neutron
scattering (1430.5), 8392

Analytical methodologies based on
scattering phenomena-static light
scattering (1430.1), 8379

Analytical procedures for recombinant
therapeutic monoclonal antibodies
(129), 6565

Ancillary materials for cell, gene, and
tissue-engineered products (1043), 7381

Animal drugs for use in animal feeds
(1152), 7952

Antibiotics-microbial assays (81), 6488
Anti-factor Xa and anti-factor lIa assays for

unfractionated and low molecular
weight heparins (208), 6611 .

Antimicrobial agents-content (341), 6664
Antimicrobial effectiveness testing (51),

6449
Apparent intrinsic dissolution-dissolution

testing procedures for rotating disk and
stationary disk (1087), 7681

Applications of nuclear magnetic
resonance spectroscopy (1761), 8529

Application of water activity determination
to nonsterile pharmaceutical products
(1112), 7820

Arsenic (211), 6621
Articles of botanical origin (561), 6774
Assay for citric acid/citrate and phosphate

(345), 6668

Assay for steroids (351), 6669
Assessment of drug product

performance-bioavailability,
bioequivalence, and dissolution (1090),
7695

Assessment of drug product leachables
associated with pharmaceutical
packaging/delivery systems (1664), 8455

Assessment of extractables associated with
pharmaceutical packaging/delivery
systems (1663), 8442

Atomic absorption spectroscopy (852),
7142

Atomic absorption spectroscopy-theory
and practice (1852), 8632

Auxiliary packaging components (670),
6916

Bacterial endotoxins test (85), 6508
Balances (41), 6449
Bioburden control of nonsterile drug

substances and products (1115), 7827
The biocompatibility of materials used in

drug containers, medical devices, and
implants (1031), 7313

Biological assay chapters-overview and
glossary (1030), 7300

Biological assay validation (1033), 7337
Biological lndicators-e-resistance

performance tests (55), 6452
Biological indicators for sterilization (1229.

5),8216
Biological reactivity tests, in vitro (87),

6514
Biological reactivity tests, in vivo (88),

6516
Biologics (1041), 7379
Biotechnology-derived articles-amino acid

analysis (1052), 7481
Biotechnology-derived articles-isoelectric

focusing (1054), 7499
Biotechnology-derived articles-peptide

mapping (1055), 7501
Biotechnology-derived articles

polyacrylamide gel electrophoresis
(1056), 7508

Biotechnology-derived articles-total
protein assay (1057), 7515

Botanical extracts (565), 6798
Bovine serum (1024), 7260
Bulkdensity and tapped density of

powders (616), 6850
Bulk pharmaceutical excipients-certificate

of analysis (1080), 7647
Bulk powder sampling procedures (1097),

7732
Calcium pantothenate assay (91), 6536
Capillary electrophoresis (1053), 7492
Capsules-dissolution testing and related

quality attributes (1094), 7725
Cellular and tissue-based products (1046),

7400
Characterization of crystalline and partially

crystalline solids by X-ray powder
diffraction (XRPD) (941), 7201

Characterization of crystalline solids by
microcalorimetry and solution
calorimetry (696), 6931

Chemometrics (1039), 7363
Chloride and sulfate (221), 6636
Chromatography (621), 6853
Cleaning glass apparatus (1051), 7481
Collagenase I (89.1), 6524
Collagenase II (89.2), 6529
Color and achromicity (631), 6865

Color-instrumental measurement (1061),
7553

Completeness of solution (641), 6866
Compounding for phase I investigational

studies (1168), 7985
Conductivity of solutions (644), 6868
Congealing temperature (651), 6874
Container content for injections (697),

6934
Containers-glass (660), 6881
Containers-performance testing (671),

6922
Cotton (691), 6929
Cryopreservation of cells (1044), 7389
Crystallinity (695), 6931
Deliverable volume (698), 6935
Density of solids (699), 6938
Depyrogenation (1228), 8176
Depyrogenation by filtration (1228.3),

8184
Depyrogenation by Rinsing (1228.4), 8187
Design, evaluation and characterization of

viral clearance procedures (1050.1),
7472

Design and analysis of biological assays
(111), 6543

Design and development of biological
assays (1032), 7320

Detection of irradiated dietary supplements
(2250), 8722

Dexpanthenol assay (115), 6547
Dimethylaniline (223), 6636
Diphtheria antitoxin potency testing for

human immune globulins (162), 6582
Disinfectants and antiseptics (1072), 7608
Disintegration (701), 6940
Disintegration and dissolution of dietary

supplements (2040), 8711
Dissolution (711), 6945
The dissolution procedure: development

and validation (1092), 7707
Distilling range (721), 6955
Drug release (724), 6957
Dry heat depyrogenation (1228.1), 8181
Dry heat sterilization (1229.8), 8225
Elastomeric closures for injections (381),

6669
Elemental contaminants in dietary

supplements (2232), 8719
Elemental impurities-limits (232), 6641
Elemental impurities-procedures (233),

6645
Endotoxin indicators for depyrogenation

(1228.5), 8190
Enzymes used as ancillary materials in

pharmaceutical manufacturing (89),
6521

4-Epianhydrotetracycline (226), 6636
Epinephrine assay (391), 6676
Erythropoietin bioassays (124), 6557
Ethylene glycol, diethylene glycol, and

triethylene glycol in ethoxylated
substances (469), 6733

Ethylene oxide and dioxane (228), 6639
Evaluation of plastic packaging systems

and their materials of construction with
respect to their user safety impact
(1661), 8434

Evaluation of screening technologies for
assessing medicine quality (1850), 8626

Evaluation of the inner surface durability of
glass containers (1660), 8429

Excipient biological safety evaluation
guidelines (1074), 7613

Excipient performance (1059), 7528
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General chapters (continued)
Fats and fixed oils (401), 6676
Fetal bovine serum-quality attributes and

functionality tests (90), 6533
Flow cytometric enumeration of CD34+

cells (127), 6560
Flow cytometry (1027), 7281
Fluorescence spectroscopy (853), 7146
Fluorescence spectroscopy-theory and

practice (1853), 8641
Folic acid assay (411), 6689
Gaseous sterilization (1229.7), 8222
Gene therapy products (1047), 7426
Globule size distribution in lipid injectable

emulsions (729), 6963
Glucagon bioidentity tests (123), 6552
Glycoprotein and glycan analysis-general

considerations (1084), 7655
Good distribution practices for bulk

pharmaceutical excipients (1197), 8060
Good manufacturing practices for bulk

pharmaceutical excipients (1078), 7617
Good packaging practices (1177), 8003
Good repackaging practices (1178), 8006
Good storage and distribution practices for

drug products (1079), 7635
Growth factors and cytokines used in cell

therapy manufacturing (92), 6539
Guidelines on endotoxins test (1085),

7665
Hazardous drugs-handling in healthcare

settings (800), 7071
Hematoxylin and eosin staining of

sectioned tissue for microscopic
examination (1285.1),8374

High-performance thin-layer
chromatography procedure for
identification of articles of botanical
origin (203), 6602

Human plasma (1180), 8008
ldentitication of articles of botanical origin

(563), 6788
Identification of articles of botanical origin

by high-performance thin-layer
chromatography procedure (1064),
7578

Identification of fixed oils by thin-layer
chromatography (202), 6601

Identification-organic nitrogenous bases
(181), 6587

Identification tests-general (191), 6587
Identification-tetracyclines (193), 6592
Immunogenicity assays-design and

validation of assays to detect anti-drug
neutralizing antibody (1106.1), 7802

Immunogenicity assays-design and
validation of immunoassays to detect
anti-drug antibodies (1106), 7788

Immunological test methods-surface
plasmon resonance (1105), 7773

Immunological test methods-enzyme
linked immunosorbent assay (ELISA)
(1103), 7753

Immunological test methods-general
considerations (1102), 7746

Immunological test methods-immunoblot
analysis (1104), 7763

Impurities in drug substances and drug
products (1086), 7678

Impurities testing in medical gases (413),
6692

Inhalation and nasal drug products:
aerosols, sprays, and powders
performance quality tests (601), 6819

Inhalation and nasal drug products
general information and product quality
tests (5), 6427

Injections and implanted drug products
(parenterals)-product quality tests (1),
6405

Insulin assays (121), 6547
In vitro and in vivo evaluation of dosage

forms (1088), 7684
lodometric assay-antibiotics (425), 6696
Ion chromatography (1065), 7588
Iron (241), 6648
Labeling (7), 6435
Labeling of inactive ingredients (1091),

7706
Lead (251), 6649
Leak rate (604), 6846
Light diffraction measurement of particle

size (429), 6697
Limit on number of large deviations when

assessing content uniformity in large
samples (1099), 7744

Liquid-phase sterilization (1229.6), 8219
Loss on drying (731), 6970
Loss on ignition (733), 6970
Low molecular weight heparin molecular

weight determinations (209), 6614
Manufacturing practices for dietary

supplements (2750), 8742
Mass spectrometry (736), 6975
Measurement of subvisible particulate

matter in therapeutic protein injections
(1787), 8562

Medical devices-bacterial endotoxin and
pyrogen tests (161), 6579

Medical gases assay (415), 6693
Melting range or temperature (741),6980
Mercury (261), 6650
Methods for the determination of

particulate matter in injections and
ophthalmic solutions (1788), 8575

Methoxy determination (431), 6702
Microbial characterization, identification,

and strain typing (1113), 7823
Microbial enumeration tests-nutritional

and dietary supplements (2021), 8687
Microbiological attributes of nonsterile

nutritional and dietary supplements
(2023), 8698

Microbiological best laboratory practices
(111 7), 7845

Microbiological control and monitoring of
aseptic processing environments (1116),
7833

Microbiological examination of nonsterile
products: acceptance criteria for
pharmaceutical preparations and
substances for pharmaceutical use
(1111),7819

Microbiological examination of nonsterile
products: microbial enumeration tests
(61), 6457

Microbiological examination of nonsterile
products: tests for specified organisms
(62), 6463

Microbiological examination of nonsterile
products tests for Burkholderia Cepacia
complex (60), 6454

Microbiological procedures for absence of
specified microorganisms-nutritional
and dietary supplements (2022), 8692

Mid-infrared spectroscopy (854), 7151
Mid-infrared spectroscopy-theory and

practice (1854), 8650
Minimum fill (755), 6982

Moist heat sterilization of aqueous liquids
(1229.2), 8202

Monitoring devices-time, temperature,
and humidity (1118), 7850

Monitoring of bioburden (1229.3), 8206
Monosaccharide analysis (210), 6616
Mucosal drug products-performance tests

(1004), 7227
Mucosal drug products-product quality

tests (4), 6423
Mycoplasma tests (63), 6472
Near-infrared spectroscopy (856), 7161
Nephelometry, turbidimetry, and visual

comparison (855), 7155
New sterilization methods (1229.12), 8233
Niacin or niacinamide assay (441), 6704
Nitrite titration (451), 6709
Nitrogen determination (461), 6709
Nomenclature (1121), 7862
Nuclear magnetic resonance spectroscopy

(761), 6984
Nuclear magnetic resonance spectroscopy

identity testing of bacterial
polysaccharides used in vaccine
manufacture (198), 6596

Nucleic acid-based techniques
amplification (1127), 7879

Nucleic acid-based techniques
approaches for detecting trace nucleic
acids (residual DNAtesting) (1130),
7897

Nucleic acid-based techniques-extraction,
detection, and sequencing (1126), 7870

Nucleic acid-based techniques-general
(1125), 7865

Nucleic acid-based techniques
genotyping (1129), 7893

Nucleic acid-based techniques-microarray
(1128), 7887

Oligosaccharide analysis (212), 6623
Ophthalmic products-performance tests

(1771), 8549
Ophthalmic products-quality tests (771),

6993
Optical microscopy (776), 6998
Optical rotation (781), 7001
Oral drug products-product quality tests

(2), 6410
Orally inhaled and nasal drug products

(1664.1), 8467
Ordinary impurities (466), 6710
Osmolality and osmolarity (785), 7008
Oxygen flask combustion (471), 6735
Package integrity and test method

selection (1207.1), 8086
Package integrity leak test technologies

(1207.2), 8097
Package seal quality test technologies

(1207.3), 8111
Packaging and repackaging-single unit

containers (1136), 7919
Packaging and storage requirements (659),

6876
Pancreatin (1025), 7272
Particle size distribution estimation by

analytical sieving (786), 7010
Particulate matter in injections (788), 7017
Particulate matter in ophthalmic solutions

(789), 7020
pH (791), 7022
Pharmaceutical calculations in pharmacy

practice (1160), 7953
Pharmaceutical compounding-nonsterile

preparations (795), 7025
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General chapters (continued)
Pharmaceutical compounding-sterile

preparations (797), 7037
Pharmaceutical dosage forms (1151), 7929
Physical environments that promote safe

medication use (1066), 7590
Physicochemical analytical procedures for

insulins (121.1), 6550
Physicochemical integrators and indicators

for sterilization (1229.9), 8227
Plasma spectrochemistry (730), 6967
Plasma spectrochemistry-theory and

practice (1730), 8484
Plastic materials of construction (661.1),

6893
Plastic packaging systems and their

materials of construction (661), 6887
Plastic packaging systems for

pharmaceutical use (661.2), 6912
Polarography (801), 7089
Porosimetry by mercury intrusion (267),

6653
Porosity by nitrogen adsorption-desorption

(268), 6655
Positron emission tomography drugs for

compounding, investigational, and
research uses (823), 7100

Positron emission tomography drugs-
information (1823), 8617

Powder fineness (811), 7093
Powder flow (1174), 7993
Prekallikrein activator (165), 6583
Preparation of biological specimens for

histologic and immunohistochemical
analysis (1285), 8370

Prescription balances and volumetric
apparatus (1176), 7997

Prescription container labeling (17), 6445
Prion inactivation (1229.16), 8239
Products for nebulization-characterization

tests (1601), 8407
Propellants (602), 6844
Protein A quality attributes (130), 6570
Protein determination procedures (507),

6744
Pyrogen test (151), 6577
Quality assurance in pharmaceutical

compounding (1163), 7979
Quality attributes of tablets labeled as

having a functional score (705), 6944
Quality of biotechnological products:

analysis of the expression construct in
cells used for production of r-DNA
derived protein products (1048), 7452

Quality of biotechnological products:
stability testing of biotechnological!
biological products (1049), 7454

Radiation sterilization (1229.10), 8228
Radioactivity (821), 7094
Radioactivity-theory and practice (1821),

8604
Raman spectroscopy (1120), 7856
Rapid sterility testing of short life products

a risk based approach (1071), 7602
Readily carbonizable substances test (271),

6660
Refractive index (831), 7137
Residual DNA testing (509), 6748
Residual host cell protein measurement in

biopharmaceuticals (11 32), 7900
Residual solvents (467), 6712
Residual Solvents-Verification of

Compendial Procedures and Validation
of Alternative Procedures (1467), 8404

Residue on ignition (281), 6660

Rheometry (1911),8679
Riboflavin assay (481), 6735
Salts of organic nitrogenous bases (501),

6741
Scanning electron microscopy (1181),

8025
Screening for undeclared drugs and drug

analogues (2251), 8725
Selenium (291), 6661
Semisolid drug products-performance

tests (1724), 8473
Sensitization testing (1184), 8035
Shear cell methodology for powder flow

testing (1063), 7566
Significant change guide for bulk

pharmaceutical excipients (1195), 8049
Single-steroid assay (511), 6750
Somatropin bioidentity tests (126), 6558
Spacers and valved holding chambers used

with inhalation aerosols
characterization tests (1602), 8411

Specific gravity (841), 7137
Specific surface area (846), 7139
Spectrophotometric identification tests

(197), 6593
Stability considerations in dispensing

practice (1191), 8044
Statistical tools for procedure validation

(1210), 8117
Steam sterilization by direct contact (1229.

1), 8199
Sterile product packaging-integrity

evaluation (1207), 8079
Sterility Assurance (1211), 8129
Sterility testing-validation of isolator

systems (1208), 8113
Sterility tests (71), 6481
Sterilization cycle development (1229.14),

8235
Sterilization filtration of gases (1229.15),

8238
Sterilization-in-place (1229.13), 8233
Sterilization of compendial articles (1229),

8194
Sterilizing filtration of liquids (1229.4),

8209
Storage and transportation of

investigational drug products (1079.1),
7644

Subvisible particulate matter in therapeutic
protein injections (787), 7014

Sulfur dioxide (525), 6751
Supplemental information for articles of

botanical origin (2030), 8702
Sutures-diameter (861), 7175
Sutures-needle attachment (871), 7178
Tablet breaking force (1217), 8138
Tablet compression characterization

(1062), 7556
Tablet friability (1216), 8137
Tensile strength (881), 7179
Terminally sterilized pharmaceutical

products-parametric release (1222),
8142

Test for 1,6-anhydro derivative for
enoxaparin sodium (207), 6605

Theory and practice of electrical
conductivity measurements of solutions
(1644), 8423

Thermal analysis (891), 7180
Thiamine assay (531), 6756
Thin-layer chromatographic identification

test (201), 6600
litrimetry (541), 6764
Topical aerosols (603), 6845

Topical and transdermal drug products
product quality tests (3), 6415

Total organic carbon (643), 6867
Transfer of analytical procedures (1224),

8164
Trifluoroacetic acid (TFA) in peptides (503.

1), 6743
Ultraviolet-visible spectroscopy (857), 7166
Ultraviolet-visible spectroscopy-theory

and practice (1857), 8670
Uniformity of dosage units (905), 7183
USP reference standards (11), 6442
Vaccines for human use-bacterial vaccines

(1238), 8338
Vaccines for human use-general

considerations (1235), 8291
Vaccines for human use-polysaccharide

and glycoconjugate vaccines (1234),
8276

Validation of alternative microbiological
methods (1223),8144

Validation of compendial procedures
(1225), 8166

Validation of microbial recovery from
pharmacopeial articles (1227), 8172

Validation of alternative methods to
antibiotic microbial assays (1223.1),
8157

Vapor phase sterilization (1229.11), 8231
Verification of compendial procedures

(1226), 8171
Vibrational circular dichroism

spectroscopytheory and practice (1782),
8549

Vibrational circular dichroism spectroscopy
(782), 7002

Viral safety evaluation of biotechnology
products derived from cell lines of
human or animal origin (1050), 7459

Virology test methods (1237), 8319
Virus testing of human plasma for further

manufacture (1240), 8350
Viscosity-capillary methods (911), 7187
Viscosity-pressure driven methods (914),

7195
Viscosity-rolling ball method (913), 7193
Viscosity-rotational methods (912), 7189
Visible particulates in injections (790),

7021
Visual Comparison (630), 6865
Visual inspection of injections (1790), 8587
Vitamin A assay (571), 6801
Vitamin B12 activity assay (171), 6584
Vitamin C assay (580), 6805
Vitamin D assay (581), 6808
Vitamin E assay (551), 6767
Volumetric apparatus (31), 6448
Water conductivity (645), 6871
Water determination (921), 7196
Water for hemodialysis applications (1230),

8240
Water for pharmaceutical purposes (1231),

8242
Water-solid interactions in pharmaceutical

systems (1241), 8359
Weighing on an analytical balance (1251),

8363
Weight variation of dietary supplements

(2091), 8718
Written prescription drug information

guidelines (1265), 8368
X-ray fluorescence spectrometry (735),

6971
X-ray fluorescence spectrometry-theory

and practice (1735), 8490
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General chapters (continued)
Zinc determination (591), 6817

General notices and requirements, 1
Conformance to standards, 4
Monograph components, 6
Monographs and general chapters, 5
Official status and legal recognition, 3
Prescribing and dispensing, 12
Preservation, packaging, storage, and

labeling, 12
Terms and definitions, 9
Test results, 9
Testing practices and procedures, 8
Title and revision, 3

General tests for reagents, 6128
Geneticin, 6168
Gentamicin

injection, 2099
and prednisolone acetate ophthalmic

ointment, 2106
and prednisolone acetate ophthalmic

suspension, 2107
sulfate, 2100
sulfate and betamethasone acetate

ophthalmic solution, 2102
sulfate and betamethasone valerate

ointment, 2103
sulfate and betamethasone valerate otic

solution, 2104
sulfate and betamethasone valerate topical

solution, 2105
sulfate cream, 2101
sulfate ointment, 2101
sulfate ophthalmic ointment, 2102
sulfate ophthalmic solution, 2102
uterine infusion, 2099

Gentian violet, 2107
cream, 2108
topical solution, 2109

Ginger, 5026
capsules, 5032
powdered, 5028
tincture, 5030

Ginkgo, 5034
capsules, 5037
extract, powdered, 5038
tablets, 5041

Ginseng
American, 4750
Asian, 4774
capsules, American, 4754
extract, powdered American, 4753
extract, powdered Asian, 4776
powdered, American, 4752
powdered, Asian, 4775
tablets, American, 4757
tablets, Asian, 4778
Tienchi, root and rhizome, 5299
Tienchi, root and rhizome dry extract,

5307
Tienchi, root and rhizome powder, 5301

Girard reagent T, 6168
Gitoxin, 6168
Glacial acetic acid, 77, 6168

TS,6229
Glass wool, 6168
Glaze, pharmaceutical, 5786
Glimepiride, 2109

and pioglitazone tablets, 3554
tablets, 2111

Glipizide, 2113
and metformin hydrochloride tablets, 2116

tablets,2115
Globule size distribution in lipid injectable

emulsions (729), 6963
Globulin

immune, 2119
reagent, anti-human, 6139
RHo (D) immune, 2120

Glucagon, 2120
for injection, 2122

Glucagon bioidentity tests (123), 6552
Glucoamylase, 6168
o-Gluconic acid, 50 percent in water, 6168
Gluconolactone, 2123
Glucosamine

and chondroitin sulfate sodium tablets,
5043

chondroitin sulfate sodium, and
methylsulfonylmethane tablets, 5051

hydrochloride, 5045
and methylsulfonylmethane tablets, 5049
sulfate potassium chloride, 5047
sulfate sodium chloride, 5048
tablets, 5046

Glucose, 6168
enzymatic test strip, 2123
liquid, 5788
oxidase-chromogen TS, 6229

Glucose oxidase, 6168 '
p-Glucuronolactone, 6168
Glutamic acid, 5053, 6168
l-Glutamic acid, 6168

hydrochloride, 5789
Glutamine, 2123
l-Glutamine, 6168
Glutaral

concentrate, 2124
disinfectant solution, 5789

Glutathlone, 5054
Glyburide, 2125

and metformin hydrochloride tablets, 2128
tablets, 2126

Glycerin, 2132, 6168
base TS, 6229
ophthalmic solution, 2133
oral solution, 2134
suppositories, 2134

Glyceryl
behenate, 5790
dibehenate, 5791
distearate, 5792
monocaprylate, 5799
monocaprylocaprate, 5802
monolinoleate, 5804
monooleate, 5805
monostearate, 5807
tristearate, 5810

Glyceryl mono and dicaprylate, 5794
Glyceryl mono and dicaprylocaprate, 5796
Glyceryl monostearate, 6168
Glyceryl tricaprylate, 5808
Glycine, 2134

irrigation, 2136
Glycolic acid, 6168
Glycoprotein and glycan analysis-general

considerations (1084), 7655
Glycopyrrolate, 2136

injection, 2139
tablets, 2140

Glycyl-l-glutamine, 5058
Glycyl-l-tyrosine, 5059
Glyoxal solution, 6169
Gold

chloride, 6169
chloride TS, 6229
sodium thiomalate, 2142

sodium thiomalate injection, 2143
Goldenseal, 5061

extract, powdered, 5064
powdered, 5063

Gonadorelin
acetate, 2144
hydrochloride, 2146
for injection, 2143

Gonadotropin
chorionic, 2148
chorionic, for injection, 2149

Good distribution practices for bulk
pharmaceutical excipients (1197), 8060

Good manufacturing practices for bulk
pharmaceutical excipients (1078), 7617

Good packaging practices (1177), 8003
Good repackaging practices (1178), 8006
Good storage and distribution practices for

drug products (1079), 7635
Goserelin acetate, 2150
Goserelin Implants, 2152
Government liaisons to expert committees

and expert panels, xvi
Graftskin, 1162
Gramicidin, 2156

and neomycin and polymyxin B sulfates
cream, 3122

and neomycin and polymyxin B sulfates
and hydrocortisone acetate cream, 3123

and neomycin and polymyxin B sulfates
ophthalmic solution, 3123

and neomycin sulfate ointment, 3108
nystatin, neomycin sulfate, and

triamcinolone acetonide cream, 3222
nystatin, neomycin sulfate, and

triamcinolone acetonide ointment, 3222
Granisetron, 2156
Granisetron hydrochloride, 2158

injection, 2159
oral suspension, 2161
tablets, 2161

Granules
Flunixin meglumine, 1931
Montelukast sodium, oral, 3012

Grape seeds oligomeric proanthocyanidins,
5065

Gravity, specific (841), 7137
Green

brilliant, 6144, 6176, 6220
FCF, fast, 6165
soap, 2163
soap tincture, 2164

Green tea
extract, decaffeinated, powdered, 5067

Griseofulvin, 2164
capsules, 2165
oral suspension, 2166
tablets, 2166
tablets, ultramicrosize, 2168

Growth factors and cytokines used in cell
therapy manufacturing (92), 6539

Guaiacol, 6169
Guaifenesin, 2169, 6169

capsules, 2170
and codeine phosphate oral solution, 2172
compounded injection, veterinary, 2170
and dyphylline oral solution, 1575
and dyphylline tablets, 1575
and pseudoephedrine hydrochloride

capsules, 2174
pseudoephedrine hydrochloride,. and

dextromethorphan hydrobromide
capsules, 2175

and theophylline capsules, 4331
and theophylline oral solution, 4332
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Guaifenesin (continued)
for injection, 2171
oral solution, 2171
tablets, 2172

Guanabenz acetate, 2176
tablets, 21 77

Guanethidine monosulfate, 2178
tablets, 2179

Guanfacine
hydrochloride, 2180
tablets, 2180

Guanidine hydrochloride, 6169
Guanidine isothiocyanate, 6169
Guanine hydrochloride, 6169
Guar gum,5813
Guggul, 5069

extract, native, 5070
extract, purified, 5071
tablets, 5072

Guide to general chapters
charts, 6353
table of contents, 13

Guidelines on endotoxins test (1085), 7665
Gutta percha, 2182
Gymnema, 5074

extract, native, 5077
extract, purified, 5078
powdered, 5075

H
Halazone, 2182

tablets for solution, 2182
Halcinonide, 2183

cream, 2184
ointment, 2185
topical solution, 2186

Halobetasol propionate, 2187
Haloperidol, 2188

decanoate, 2191
injection, 2189
oral solution, 2189
tablets, 2190

Halothane, 2192
Hawthorn leaf

with flower, 5080
with flower, powdered, 5082

Hazardous drugs-handling in healthcare
settings (800), 7071

Heavy metals in reagents, 6130
Helium, 2193

oxygen certified standard, 6185
Hematein, 6169
Hematoxylin, 6169

TS, Delafield's, 6228
Hematoxylin and eosin staining of sectioned

tissue for microscopic examination (1285.
1), 8374

Hemoglobin, bovine, 6169
Heparin

lock flush solution, 2194
sodium, 2195
sodium injection, 2200

Hepatitis B
immune globulin, 2201

l-Heptadecanol, 6169
Heptafluorobutyric acid, 6169
Heptakis-(2,6-di-O-methyl)-P-cyclodextrin,

6169
n-Heptane, 6169

chromatographic, 6152, 6169

Heptyl p-hydroxybenzoate, 6169
Hesperidin, 5084
Hexachlorophene, 2201

cleansing emulsion, 2202
liquid soap, 2202

Hexadecyl hexadecanoate, 6169
Hexadecyltrimethylammonium bromide,

6169
Hexadimethrine bromide, 61 70
Hexamethyldisilazane, 6170
Hexamethyleneimine, 6170
Hexamethylenetetramine, 6170
n-Hexane, 6170
Hexane, solvent, 6170, 6189, 6207

chromatographic, 6152, 6170
Hexanes, 6170
Hexanitrodiphenylamine, 6162, 6170
Hexanophenon~6170
Hexylamine, 6170
Hexylene glycol, 5814
Hexylresorcinol, 2203

lozenges, 2204
High-performance thin-layer chromatography

procedure for identification of articles of
botanical origin (203), 6602

Histamine
dihydrochloride, 6170
phosphate, 2205
phosphate injection, 2205

Histidine, 2206
L-Histidine hydrochloride monohydrate, 6170
Holy basil leaf, 5085

extract, powdered, 5089
powdered, 5087

Homatropine
hydrobromide, 2207
hydrobromide ophthalmic solution, 2208
rnethylbrornlde, 2208
methylbromide and hydrocodone

bitartrate tablets, 2225
methylbromide tablets, 2210

Homosalate, 2210
Honey, purified, 5816
Horse chestnut, 4873

extract, powdered, 4876
powdered,4875

Horseradish peroxidase conjugated to goat
anti-mouse IgG, 6170

Human plasma (1180), 8008
Hyaluronidase

injection, 2211
for injection, 2211

Hydralazine hydrochloride, 2213
injection, 2214
oral solution, 2215
tablets, 2215

Hydrazine
dihydrochloride, 6170 (
hydrate, 85% in water, 6170
sulfate, 6170

Hydrindantin, 6170
Hydriodic acid, 6170
Hydrobromic acid, 6170
Hydrochloric acid, 5816, 6170

alcoholic, tenth-molar (0.1 M), 6242
buffer, 6145
diluted, 5817, 6159, 6170
half-normal (0.5 N), 6242
half-normal (0.5 N) in methanol, 6242
injection, 221 7 .
normal (1 N), 6242
0.001 N TS, 6229
0.01 M TS, 6229
0.025 N TS, 6229
0.36 N TS, 6229

0.05 N TS, 6229
2 N TS, 6229
3 N TS, 6229
5 N TS, 6229
6 N TS, 6230
0.01 N VS, 6241
0.1 N VS, 6242
0.02 N VS, 6241

Hydrochloric acid
25 percent, 6171

4 N Hydrochloric acid
TS,6229

0.08 N hydrochloric acid TS, 6230
0.125 N hydrochloric acid TS, 6230
Hydrochloride

fingolimod, 1891
nile blue, 6221

Hydrochlorothiazide, 2217
and amiloride hydrochloride tablets, 224
amlodipine, valsartan, tablets, 279
and bisoprolol fumarate tablets, 587
candesartan cilexetil, tablets, 719
capsules, 2219
and captopril tablets, 737
and enalapril maleate tablets, 1616
and fosinopril tablets, 2043
and irbesartan tablets, 2404
and Iisinopril tablets, 2646
and losartan potassium tablets, 2690
and methyldopa tablets, 2878
and metoprolol tartrate tablets, 2928
and moexipril hydrochloride and tablets,

2996
and propranolol hydrochloride tablets,

3751
and quinapril tablets, 3803
and spironolactone oral suspension, 4113
and spironolactone tablets, 411 3
tablets, 2222
and telmisartan tablets, 4246
and timolol maleate tablets, 4391
and triamterene capsules, 4496
and triamterene tablets, 4499
and valsartan tablets, 4580

Hydrocodone bitartrate, 2223
and acetaminophen tablets, 2224
and homatropine methyl bromide tablets,

2225
tablets, 2224

Hydrocodone diol, 6171
Hydrocortisone, 2228

acetate, 2236
acetate and chloramphenicol for

ophthalmic suspension, 932
acetate and colistin and neomycin sulfates

otic suspension, 1150
acetate cream, 2237
acetate lotion, 2237
acetate, neomycin and polymyxin B

sulfates, and bacitracin ointment, 3116
acetate, neomycin and polymyxIn B

sulfates, and bacitracin ophthalmic
ointment, 3116

acetate, neomycin and polymyxin B
sulfates, and bacitracin zinc ophthalmic
ointment, 3120

acetate and neomycin and polymyxin B
sulfates cream, 3125

acetate, neomycin and polymyxin B
sulfates, and gramidicin cream, 3123

acetate and neomycin and polymyxin B
sulfates ophthalmic suspension, 3125

acetate and neomycin sulfate cream, 3110
acetate and neomycin sulfate lotion, 3110
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Hydrocortisone (continued)
acetate and neomycin sulfate ointment,

3110
acetate and neomycin sulfate ophthalmic

suspension, 311 0
acetate ointment, 2238
acetate and oxytetracycline hydrochloride

ophthalmic suspension, 3363
acetate, penicillin G, neomycin, polymyxin

B, and hydrocortisone sodium succinate
topical suspension, 3430

acetate, penicillin G procaine, and
neomycin and polymyxin B sulfates
topical suspension, 3448

and acetic acid otic solution, 2235
and c1ioquinol cream, 1077
and c1ioquinol ointment, 1078
and neomycin and polymyxin B sulfates

ophthalmic suspension, 3123
and neomycin and polymyxin B sulfates

otic solution, 3124
and neomycin and polymyxin B sulfates

otic suspension, 3124
and neomycin sulfate cream, 3109
and neomycin sulfate ointment, 3109
and neomycin sulfate otic suspension,

3109
and oxytetracycline hydrochloride

ointment, 3364
and polymyxin B sulfate otic solution,

3592
butyrate, 2238
butyrate cream, 2239
cream, 2229
gel,2230
hemisuccinate, 2240
lotion, 2232
neomycin and polymyxin B sulfates and

bacitracin zinc ointment, 3118
neomycin and polymyxin B sulfates and

bacitracin zinc ophthalmic ointment,
3119

ointment, 2232
rectal suspension, 2233
sodium phosphate, 2241
sodium phosphate injection, 2242
sodium succinate, 2243
sodium succinate for injection, 2243
sodium succinate, penicillin G, neomycin,

polymyxin B, and hydrocortisone acetate
topical suspension, 3430

tablets, 2234
valerate, 2245
valerate cream, 2245
valerate ointment, 2246

Hydroflumethiazide, 2247
tablets, 2247

Hydrofluoric acid, 6171
Hydrogen

peroxide, 10 percent, 61 71
peroxide, 30 percent, 6171
peroxide, 30 percent, unstabilized, 6171
peroxide, 50 percent in water, 6171
peroxide concentrate, 2248
peroxide solution, 6171
peroxide topical solution, 2249
peroxide TS, 6230
sulfide, 6171
sulfide detector tube, 6171
sulfide TS, 6230

Hydrogenated lanolin, 5850
Hydrogenated polydextrose, 5936
Hydrogenated vegetable oil, 6099
Hydromorphone hydrochloride, 2249

injection, 2252

oral solution, 2252
tablets, 2254

Hydroquinone, 2255, 6171
cream, 2255
topical solution, 2255

Hydroxocobalamin, 2256
injection, 2257

Hydroxy naphthol blue, 6171
3'-Hydroxyacetophenone, 6171
4'-Hydroxyacetophenone, 6171
Hydroxyamphetamine hydrobromide, 2258

ophthalmic solution, 2258
Hydroxyanisole, butylated, 5651
p-Hydroxybenzoic acid, 6171
4-Hydroxybenzoic acid isopropyl ester, 6171
2-Hydroxybenzyl alcohol, 6171
4-Hydroxybutane-l-sulfonic acid, 6171
4-Hydroxy-2-butanone, 6171
Hydroxychloroquine sulfate, 2259

tablets, 2259
Hydroxyethyl cellulose, 5817
N-(2-Hydroxyethyl)piperazine-N'-(2

ethanesulfonic acid), 6171
Hydroxylamine hydrochloride, 6171

TS,6230
5-Hydroxymethylfurfural, 6172
1O~-Hydroxynorandrostenedione, 61 72
2'-(4-Hydroxyphenyl)-5-(4-methyl-l-

piperazinyl)-2,5'-bi-l H-benzimidazole
trihydrochloride pentahydrate, 6172

4-(4-Hydroxyphenyl)-2-butanone, 6172
3-Hydroxyphenyldimethylethyl ammonium

chloride, 6172
D-a-4-Hydroxyphenylglycine, 6172
4-Hydroxy-4-phenylpiperidine, 6171
Hydroxyprogesterone caproate, 2260

injection, 2261
Hydroxypropyl

betadex, 5818
cellulose, 5821
cellulose, low-substituted, 5822
cellulose ocular system, 2262
corn starch, 6045
pea starch, 6054
potato starch, 6060

Hydroxypropyl-j-cydodextrin, 6172
Hydroxypropyl cellulose, 6172
8-Hydroxyquinoline, 6172

TS,6230
Hydroxytoluene

butylated, 5652
butylated, reagent, 6146

Hydroxyurea, 2262
capsules, 2263

Hydroxyzine
hydrochloride, 2264
hydrochloride injection, 2265
hydrochloride oral solution, 2266
hydrochloride tablets, 2267
pamoate, 2269
pamoate capsules, 2271

Hymetellose, 5824
Hyoscyamine, 2273

hydrobromide, 2274
sulfate, 2275
sulfate elixir, 2276
sulfate injection, 2277
sulfate oral solution, 2277
sulfate tablets, 2278
tablets, 2273

Hypophosphorous acid, 5825
50 percent, 6172

Hypoxanthine, 6172
Hypromellose, 2279

acetate succinate, 5825

ophthalmic solution, 2281
'phthalate, 5828

I
1123

capsules, sodium iodide, 2365
injection, iobenguane, 2365
solution, sodium iodide, 2366

1125
albumin injection, iodinated, 2367
injection, iothalamate sodium, 2367

1131
albumin injection, lodlnated, 2368
capsules, sodium iodide, 2368
solution, sodium iodide, 2368

Ibuprofen, 2281
and diphenhydramine citrate tablets, 1421
diphenhydramine hydrochloride capsules,

1431
and pseudoephedrine hydrochloride

tablets, 2286
oral suspension, 2283
tablets, 2285

Ibutilide fumarate, 2287
Ichthammol, 2289

ointment, 2289
Idarubicin hydrochloride, 2290

injection, 2291
for injection, 2291

Identification
of articles of botanical origin (563), 6788
of articles of botanical origin by high

performance thin-layer chromatography
procedure (1064), 7578

of fixed oils by thin-layer chromatography
(202), 6601

organic nitrogenous bases (181), 6587
test, thin-layer chromatographic (201),

6600
tests-general (191), 6587
tests, spectrophotometric (197), 6593
tetracyclines (193), 6592

Idoxuridine, 2292
ophthalmic ointment, 2293
ophthalmic solution, 2293

Ifosfamide, 2294
for injection, 2296

IgG-coated red cells, 61 72
Imidazole, 6172
Imidurea, 5829
Iminodiacetic acid, 6172
Imipenem, 2296

and cilastatin for injectable suspension,
2298

and cilastatin for injection, 2297
Imipramine pamoate, 2303
Imipramine hydrochloride, 2300

injection, 2301
tablets, 2301

Imipramine pamoate
capsules, 2304

Imiquimod, 2307
cream, 2309

Immunogenicity assays-design and
validation of assays to detect anti-drug
neutralizing antibody (1106.1), 7802

Immunogenicity assays-'-design and
validation of immunoassays to detect anti
drug antibodies (1106), 7788
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Immunological test methods-surface
plasmon resonance (1105), 7773

Immunological test methods
enzyme-linked immunosorbent assay

(ELISA) (1103), 7753
general considerations (1102), 7746
immunoblot analysis (1104), 7763

Impurities
ordinary (466), 6710
testing in medical gases (413), 6692

Impurities in drug substances and drug
products (1086), 7678

Inamrinone, 2310
injection, 2311

Indapamide, 2313
tablets, 2314

Indene, 6172
Indicator and test papers, 6219
Indicators, 6220

indicator papers, 6219
reagents, and solutions, 6127
test papers, 6219

Indigo carmine, 6172
TS,6230

Indigotindisulfonate sodium, 2315
injection, 2316

Indinavir sulfate, 2316
Indium In 111

capromab pendetide injection, 2318
chloride solution, 2318
oxyquinoline solution, 2320
pentetate injection, 2320
pentetreotide injection, 2321

Indocyanine green, 2322
for injection, 2322

Indole, 6172
Indole-3-carboxylic acid, 6172
Indomethacin, 2323

capsules, 2324
extended-release capsules, 2325
for injection, 2330
topical gel, 2330
oral suspension, 2332
sodium, 2334
suppositories, 2331

Indophenol-acetate TS, 6230
Inhalant

amyl nitrite, 332
propylhexedrine, 3754

Inhalation
Acetylcysteine and isoproterenol

hydrochloride solution, 84
Cromolyn sodium powder, 1182
Cromolyn sodium solution, 1182
Epinephrine solution,1648
Fluticasone propionate aerosol, 1988
Fluticasone propionate powder, 1993
Isoetharine solution, 2416
Isoproterenol solution, 2431
Isoproterenol sulfate aerosol, 2437
Isoproterenol sulfate solution, 2438
Levalbuterol solution, 2576
Racepinephrine solution, 3825
Ribavirin for solution, 3865
Salrneterol powder, 3973
Sodium chloride, solution, 4068
Sterile water for, 4652
Tobramycin solution, 4406

Inhalation and nasal drug products: aerosols,
sprays, and powders-performance quality
tests (601), 6819

Inhalation and nasal drug products general
information and product quality tests (5),
6427

Injection
Acepromazine maleate, 37
Acetazolamide for, 74
Acyclovir for, 90
Adenosine, 99
Alcohol, dehydrated, 117
Alcohol in dextrose, 117
Alfentanil, 123
Alprostadil, 156
Alteplase for, 160
Amifostine for, 217
Amikacin sulfate, 221
Aminocaproic acid, 236
Aminohippurate sodium, 237
Aminopentamide sulfate, 240
Aminophylline, 243 .
Amiodarone hydrochloride, 254
Ammonium chloride, 288
Ammonium molybdate, 291
Amobarbital sodium for, 292
Amphotericin B for, 315
Ampicillin for, 323
Ampicillin and sulbactam for, 328
Anileridine, 339
Aprotinin, 367
Arginine hydrochloride, 373
Artitaine hydrochloride and epinephrine,

381
Ascorbic acid, 383
Atenolol, 406
Atracuriurn besylate, 426
Atropine sulfate, 430
Azaperone, 436
Azathioprine sodium for, 442
Azithromycin for, 451
Aztreonam, 462
Aztreonam for, 463
Bacitracin for, 466
Bacteriostatic sodium chloride, 4067
Bacteriostatic water for, 4652
Bendamustine hydrochloride, 495
Benztropine mesylate, 532
Benzylpenicilloyl polylysine, 536
Betamethasone sodium phosphate, 551
Bethanechol chloride, 562
Bleomycin for, 588
Bretylium tosylate, 590
Bretylium tosylate in dextrose, 591
Bromphehiramine maleate, 602
Bumetanide, 607
Bupivacaine hydrochloride, 611
Bupivacaine hydrochloride in dextrose, 612
Bupivacaine hydrochloride and

epinephrine, 612
Butorphanol tartrate, 656
Caffeine citrate, 662
Caffeine and sodium benzoate, 664
Calcitonin salmon, 674
Calcitriol, 677
Calcium chloride, 693
Calcium gluceptate, 697
Calcium gluconate, 700
Calcium levulinate, 705

Capreomycin for, 726
Carbenicillin for, 748
Carboplatin for, 769
Carboprost tromethamine, 772
Carmustine for, 784
Cefamandole nafate for, 819
Cefazolin, 822
Cefazolin for, 823
Cefepime for, 832
Cefmenoxime for, 839
Cefmetazole, 841
Cefmetazole for, 841
Cefonicid for, 842
Cefoperazone, 844
Cefoperazone for, 844
Ceforanide for, 846
Cefotaxime, 847
Cefotaxime for, 848
Cefotetan, 853
Cefotetan for, 854
Cefotiam for, 857
Cefoxitin, 859
Cefoxitin for, 860
Cefpiramide for, 862
Ceftazidime, 872
Ceftazidime for, 873
Ceftizoxime, 880
Ceftizoxime for, 881
Ceftriaxone, 881
Ceftriaxone for, 882
Cefuroxime, 886
Cefuroxime for, 886
Cephalothin, 901
Cephalothin for, 901
Cephapirin for, 903
Cephradine for, 908
Chloramphenicol, 928
Chloramphenicol sodium succinate for,

936
Chloroprocaine hydrochloride, 957
Chloroquine hydrochloride, 958
Chlorothiazide sodium for, 966
Chlorpheniramine maleate, 971
Chlorpromazine hydrochloride, 976
Chorionic gonadotropin for, 2149
Chromic chloride, 991
Cimetidine, 1006
Cimetidine in sodium chloride, 1007
Ciprofloxacin, 1012
Cisapride compounded, veterinary, 1024
Cisatracurium besylate, 1028
Cisplatin for, 1032
Cladribine, 1046
Clavulanic acid and ticarcillin, 4371
Clindamycin, 1062
C1indamycin for, 1063
Cloprostenol, 111 3
Codeine phosphate, 1138
Colchicine, 1144
Colistimethate for, 1149
Corticotropin, 11 70
Corticotropin for, 11 72
Corticotropin, repository, 11 74
Cr 51, sodium -chromate, 992
Cupric chloride, 1188
Cupric sulfate, 1190
Cyanocobalamin, 1191
Cyclophosphamide for, 1204
Cyclosporine, 1214
Cysteine hydrochloride, 1222
Cytarabine for, 1224
Dacarbazine for, 1226
Dactinomycin for, 1228
Dantrolene sodium for, 1238
Daunorubicin hydrochloride for, 1242
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Injection (continued)
Deferoxamine mesylate for, 1245
Dehydrated alcohol, 117
Deslanoside, 1259
Desmopressin acetate, 1266
Dexamethasone, 1286
Dexamethasone sodium phosphate, 1294
Dexamethasone sodium phosphate

compounded, 1295
Dexmedetomidine, 1304
Dextran 40 in dextrose, 1311
Dextran 40 in sodium chloride, 1312
Dextran 70 in dextrose, 1315
Dextran 70 in sodium chloride, 1316
Dextrose, 1323
Dextrose and sodium chloride, 1323
Diatrizoate meglumine, 1325
Diatrizoate meglumine and diatrizoate

sodium, 1326
Diatrizoate sodium, 1328
Diazepam, 1331
Diazoxide, 1334
Dibucaine hydrochloride, 1338
Dicyclomine hydrochloride, 1361
Digitoxin, 1381
Digoxin, 1384
Dihydroergotamine mesylate, 1389
Dihydrostreptomycin, 1391
Dimenhydrinate, 1409
Dimercaprol, 1412
Dinoprost tromethamine, 1416
Diphenhydramine hydrochloride, 1426
Dipyridamole, 1445
Dobutamine, 1468
Dobutamine for, 1469
Dobutamine in dextrose, 1470
Docetaxel, 1474
Dopamine hydrochloride, 1495
Dopamine hydrochloride and dextrose,

1495
Doxapram hydrochloride, 1503
Doxorubicin hydrochloride, 1514
Doxorubicin hydrochloride for, 1516
Doxycycline for, 1523
Droperidol, 1553
Dyphylline, 1573
Edetate calcium disodium, 1583
Edetate disodium, 1584
Edrophonium chloride, 1585
Electrolytes and dextrose type 1, multiple,

1598
Electrolytes and dextrose type 2, multiple,

1601
Electrolytes and dextrose type 3, multiple,

1605
Electrolytes type 1, multiple, 1593
Electrolytes type 2, multiple, 1595
Elements, trace, 1608
Enalaprilat, 1619
Enoxaparin sodium, 1626
Ephedrine sulfate, 1643
Epinephrine, 1648
Epirubicin hydrochloride, 1654
Ergonovine maleate, 1673
Ergotamine tartrate, 1677
Erythromycin, 1687
Erythromycin ethylsuccinate, 1698
Erythromycin lactoblonate for, 1703
Estradiol cypionate, 1738
Estradiol valerate, 1741
Ethacrynate sodium for, 1759
Ethiodized oil, 1770
Etomidate, 1790
Etoposide, 1795
Exenatide, 1803

Famotidine, 1816
Fenoldopam mesylate, 1842
Fentanyl citrate, 1849
Fentanyl citrate and bupivacaine

hydrochloride compounded injection,
1850

Fentanyl citrate compounded, 1848
Ferumoxides, 1866
Floxuridine for, 1901
Fluconazole, 1901
Fluconazole in dextrose, 1907
Fluconazole in sodium chloride, 1909
Fludarabine phosphate, 1919
Fludarabine phosphate for, 1921
Fludeoxyglucose F18, 1946
Flumazenil, 1926
Flunixin meglumine, 1932
Fluorescein, 1940
F 18, sodium fluoride, 1950
Fluorouracil, 1957
Fluphenazine decanoate, 1968
Fluphenazine enanthate, 1970
Fluphenazine hydrochloride, 1972
Folic acid, 2027
Fondaparinux sodium, 2033
Fosphenytoin sodium, 2047
Fructose, 2049
Fructose and sodium chloride, 2049
Furosemide, 2054
Gadodiamide, 2064
Gadopentetate dimeglumine, 2065
Gadoteridol, 2069
Gadoversetamide, 2073
Gallamine triethiodide, 2087
Gallium citrate Ga 67, 2088
Ganciclovir for, 2089
Gemcitabine for, 2094
Gentamicin, 2099
Glucagon for, 2122
Glycopyrrolate, 2139
Gold sodium thiomalate, 2143
Gonadorelin for, 2143
Gonadotropin, chorionic for, 2149
Granisetron hydrochloride, 2159
Guaifenesin compounded, veterinary, 2170
Guelfenesln for, 2171
Haloperidol, 2189
Heparin sodium, 2200
Histamine phosphate, 2205
Hyaluronidase, 2211
Hyaluronidase for, 2211
Hydralazine hydrochloride, 2214
Hydrochloric acid, 221 7
Hydrocortisone sodium phosphate, 2242
Hydrocortisone sodium succinate for, 2243
Hydromorphone hydrochloride, 2252
Hydroxocobalamin, 2257
Hydroxyprogesterone caproate, 2261
Hydroxyzine hydrochloride, 2265
Hyoscyamine sulfate, 2277
I 123, iobenguane, 2365
I 125, iothalamate sodium, 2367
I 125, albumin, iodinated, 2367
I 131, albumin, iodinated, 2368
Idarubicin hydrochloride, 2291 .
Idarubicin hydrochloride for, 2291
Ifosfamide for, 2296
Imipenem and cilastatin for, 2297
Imipramine hydrochloride, 2301
Inamrinone, 2311
Indigotindisulfonate sodium, 2316
Indium In 111 capromab pendetide, 2318
Indium In 111 pentetate, 2320
Indium In 111 pentetreotide, 2321
Indocyanine green for, 2322

Indomethacin for, 2330
injection, 1000
Insulin, 2338
Insulin aspart, 2341
Insulin glargine, 2344
Insulin human, 2348
Insulin, human, and human insulin

isophane suspension, 2349
Insulin Iispro, 2355
Inulin in sodium chloride, 2361
Invert sugar, 4133
lodipamide meglumine, 2370
lodixanol, 2373
lohexol, 2381
lopamidol, 2383
lopromide, 2386
lothalamate meglumine, 2387
lothalamate meglumine and iothalamate

sodium, 2388
loversol, 2390
loxaglate meglumine and ioxaglate

sodium, 2391
loxilan,2394
Irinotecan hydrochloride, 2409
Iron dextran, 2411
Iron sorbitex, 2412
Iron sucrose, 2413
Isoniazid, 2425
Isoproterenol hydrochloride, 2433
Isoxsuprine hydrochloride, 2462
Ivermectin, 2472
Ivermectin and c1orsulon, 2477
Kanamycin, 2501
Ketamine hydrochloride, 2506
Ketorolac tromethamine, 2514
labetalol hydrochloride, 2518
leucovorin calcium, 2568
leucovorin calcium for, 2569
levetiracetam, 2601
levocarnitine, 2599
levorphanol tartrate, 2614
lidocaine hydrochloride, 2625
lidocaine hydrochloride and dextrose,

2628
lidocaine hydrochloride and epinephrine,

2629
lincomycin, 2632
lorazepam, 2682
Magnesium sulfate, 2727
Magnesium sulfate in dextrose, 2727
Manganese chloride, 2731
Mannitol, 2736
Mannitol in sodium chloride, 2737
Mechlorethamine hydrochloride for, 2749
Meperidine hydrochloride, 2783
Mepivacaine hydrochloride, 2788
Mepivacaine hydrochloride and

levonordefrin, 2789
Meropenem for, 2798
Metaraminol bitartrate, 2817
Methadone hydrochloride, 2837
Methocarbamol, 2851
Methohexital sodium for, 2853
Methotrexate, 2857
Methotrexate for, 2858
Methotrimeprazine, 2861
Methyldopate hydrochloride, 2880
Methylene blue, 2882
Methylene blue, veterinary, 2884
Methylergonovine maleate, 2886
Methylprednisolone sodium succinate for,

2903
Metoclopramide, 2909
Metoprolol tartrate, 2923
Metronidazole, 2936
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Injection (continued)
Midazolam, 2953
Milrinone lactate, 2959
Minocycline for, 2963
Mitomycin for, 2986
Mitoxantrone, 2988
Morphine sulfate, 3027
Morphine sulfate compounded, 3028
Mycophenolate mofetil for, 3046
N 13, ammonia, 3183
Nafcillin, 3063
Nafcillin for, 3063
Nalorphine hydrochloride, 3067
Naloxone hydrochloride, 3068
Nandrolone decanoate, 3073
Neomycin Ior, 3102
Neostigmine methylsulfate, 3130
Niacin, 3140
Niacinamide, 3147
Nicardipine hydrochloride, 3149
Nitroglycerin, 3187
Norepinephrine bitartrate, 3198
Ondansetron, 3265
Orphenadrine citrate, 3284
Oxacillin, 3296
Oxacillin for, 3297
Oxaliplatin, 3301
Oxaliplatin for, 3303
Oxymorphone hydrochloride, 3353
Oxytetracycline, 3360
Oxytetracycline for, 3362
Oxytocin, 3367
Paclitaxel, 3370
Pamidronate disodium for, 3379
Pancuronium bromide, 3386
Papaverine hydrochloride, 3398
Paricalcitol, 3406
Particulate matter in injections (788), 7017
Pemetrexed, 3422
Penicillin G potassium, 3437
Penicillin G potassium for, 3437
Penicillin G sodium for, 3450
Pentazocine, 3465
Pentobarbital sodium, 3469
Phenobarbital sodium, 3500
Phentolamine mesylate for, 3509
Phenylbutazone, 3511
Phenylephrine hydrochloride, 3517
Phenytoin sodium, 3534
Physostigmine salicylate, 3535
Phytonadione injectable emulsion, 3538
Piperacillin for, 3565
Piperacillin and tazobactam for, 3567
Polymyxin B for, 3590
Potassium acetate, 3595
Potassium chloride concentrate for, 3604
Potassium chloride in dextrose, 3607
Potassium chloride in dextrose and sodium

chloride, 3608
Potassium chloride in lactated ringer's and

dextrose, 3610
Potassium chloride in sodium chloride,

3612
Potassium phosphates, 3629
Potassium phosphates compounded, 3629
Pralidoxime chloride for, 3637
Prednisolone sodium phosphate, 3667
Prednisolone sodium succinate for, 3668
Prilocaine and epinephrine, 3679
Prilocaine hydrochloride, 3678
Procainamide hydrochloride, 3690 .
Procaine hydrochloride, 3694
Procaine hydrochloride and epinephrine,

3694

Procaine and tetracaine hydrochlorides and
levonordefrin, 3695

Prochlorperazine edisylate, 3699
Progesterone, 3705
Promazine hydrochloride, 3712
Promethazine hydrochloride, 3716
Propofol injectable emulsion, 3742
Propoxycaine and procaine hydrochlorides

and levonordefrin, 3744
Propoxycaine and procaine hydrochlorides

and norepinephrine bitartrate, 3745
Propranolol hydrochloride, 3749
Protamine sulfate, 3758
Pyridostigmine bromide, 3780
Pyridoxine hydrochloride, 3783
Quinidine gluconate, 3809
Ranitidine, 3845
Ranitidine in sodium chloride, 3848
Repository corticotropin, 1174
Riboflavin, 3869
Rifampin for, 3877
Ringer's, 3887
Ringer's and dextrose, 3889
Ringer's and dextrose, half-strength

lactated, 3895
Ringer's and dextrose, lactated, 3893
Ringer's and dextrose, modified, lactated,

3898
Ringer's, lactated, 3891
Ritodrine hydrochloride, 3911
Ropivacaine hydrochloride, 3945
Rubidium chloride Rb 82, 3958
Sargramostim for, 3988
Scopolamine hydrobromide, 4012
Selenious acid, 4022
Sm 153 lexidronam, samarium, 3983
Sodium acetate, 4054
Sodium bicarbonate, 4060
Sodium bicarbonate compounded, 4061
Sodium bromide, veterinary, 4063
Sodium chloride, 4066
Sodium chloride, bacteriostatic, 4067
Sodium chromate Cr 51, 992
Sodium lactate, 4078
Sodium nitrite, 4082
Sodium nitroprusside for, 4084
Sodium phosphates, 4088
Sodium phosphates compounded, 4089
Sodium sulfate, 4096
Sodium thiosulfate, 4097
Somatropin for, 4099
Strontium chloride Sr 89, 4126
Streptomycin, 4125
Streptomycin for, 41 25
Succinylcholine chloride, 4129
Sufentanil citrate, 4133
Sugar, invert, 4133
Sulfadiazine sodium, 4152
Sulfamethoxazole and trimethoprim, 4162
Sumatriptan, 4182
Technetium Tc 99m albumin aggregated,

4226
Technetium Tc 99m bicisate, 4227
Technetium Tc 99m disofenin, 4227
Technetium Tc 99m exametazime, 4228
Technetium Tc 99m mebrofenin, 4229
Technetium Tc 99m medronate, 4230
Technetium Tc 99m mertiatide, 4231
Technetium Tc 99m oxiseonate, 4232
Technetium Tc 99m pentetate, 4232
Technetium Tc 99m pertechnetate,

sodium, 4233
Technetium Tc 99m pyrophosphate, 4234
Technetium Tc 99m (pyro- and trimeta-)

phosphates, 4235

Technetium Tc 99m red blood cells, 4235
Technetium Tc 99m sestamibi, 4236
Technetium Tc 99m succimer, 4237
Technetium Tc 99m sulfur colloid, 4238
Technetium Tc 99m tetrofosmin, 4238
Temozolomide for injection, 4256
Teniposide, 4259
Terbutaline sulfate, 4272
Teriparatide, 4280
Testosterone cypionate, 4289
Testosterone enanthate, 4290
Testosterone propionate, 4291
Tetracaine hydrochloride, 4297
Tetracaine hydrochloride for, 4298
Tetracaine hydrochloride in dextrose, 4300
Tetracycline hydrochloride for, 4307
Thallous chloride TI 201, 4318
Theophylline in dextrose, 4328
Thiamine hydrochloride, 4338
Thiopental sodium for, 4352
Thiotepa for, 4357
Thiothixene hydrochloride, 4360
Thiothixene hydrochloride for, 4361
Ticarcillin and c1avulanic acid, 4371
Ticarcillin and c1avulanic acid for, 4372
Ticarcillin for, 4370
Tigecycline for, 4381
TIletamine and zolazepam for, 4383
Tilmicosin, 4385
Tobramycin, 4402
Tobramycin for, 4403
Tolazoline hydrochloride, 4418
Tolbutamide for, 4419
Tranexamic acid, 4463
Trifluoperazine hydrochloride, 4512
Triflupromazine hydrochloride, 4515
Trimethobenzamide hydrochloride, 4525
Tripelennamine hydrochloride, 4531
Tromethamine for, 4538
Tubocurarine chloride, 4548
Tylosin, 4550
Urea for, 4557
Valproate sodium, 4572
Vancomycin, 4585
Vancomycin hydrochloride for, 4588
Vasopressin, 4593
Verapamil hydrochloride, 4607
Verteporfin for, 4617
Vinblastine sulfate for, 4624
Vincristine sulfate, 4626
Vincristine sulfate for, 4628
Vinorelbine, 4631
Warfarin sodium for, 4648
Water for, bacteriostatic, 4652
Water for, sterile, 4653 '
Water for, 4651
Xylazine, 4659
Yohimbine, 4664
Yttrium Y 90 ibritumomab tiuxetan, 4665
Zidovudine, 4675
Zinc chloride, 4684
Zinc sulfate, 4692
Zolazepam and tiletamine for injection,

4383

Injections and implanted drug products
(parenterals)-product quality tests (1),
6405

Inosine, 6172
Inositol, 5829, 6172
Insoluble matter in reagents, 6130
Insulin, 2335

aspart, 2339
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Insulin (continued)
assays (121), 6547
glargine, 2342
glargine injection, 2344
human, 2346
human injection, 2348
human isophane suspension and human

insulin injection, 2349
human suspension, isophane, 2352
injection, 2338
lispro, 2353
Iispro injection, 2355
suspension, isophane, 2351
zinc suspension, 2356
zinc suspension, extended, 2357
zinc suspension, prompt, 2359

Insulin aspart
injection, 2341

Intestinal fluid, simulated, TS, 6230, 6234
Intramammary infusion

amoxicillin, 302
cloxacillin benzathine, 1126

Intrauterine contraceptive system
progesterone, 3705

Intrinsic viscosity table, 6349
Inulin, 2360

in sodium chloride injection, 2361
Invert sugar, 5832
In vitro

and in vivo evaluation of dosage forms
(1088), 7684

biological reactivity tests (87), 6514
In vivo

biological reactivity tests (88), 6516
and in vitro evaluation of dosage forms

(1088), 7684
lobenguane

I 123 injection, 2365
sulfate, 6173

lodic acid, 6173
Iodinated

I 125 albumin injection, 2367
I 131 albumin injection, 2368

Iodine, 2362, 6172
diluted TS, 6230
hundredth-normal (0.01 N), 6242
I 123 capsules, sodium iodide, 2365
I 123 injection, iobenguane, 2365
I 123 solution, sodium iodide, 2366
I 125 albumin injection, iodinated, 2367
I 125 injection, iothalarnatesodlurn, 2367
I 131 albumin injection, iodinated, 2368
I 131 capsules, sodium iodide, 2368
I 131 solution, sodium iodide, 2368
monobromide, 6173
monochloride, 6173
monochloride TS, 6230
and potassium iodide TS 1, 6230
and potassium iodide TS 2, 6230
and potassium iodide TS 3, 6230
solution, strong, 2363
topical solution, 2362
tenth-normal (0.1 N), 6230, 6243
tincture, 2363
tincture, strong, 2364
TS,6230
twentieth-normal (0.05 N), 6242

lodipamide, 2369
rneqlumine injection, 2370

lodixanol, 2370
injection, 2373

lodobromide TS, 6230
lodochloride TS, 6230
lodoethane, 6173
Iodoform, 2376

lodometric assay-antibiotics (425), 6696
p-Iodonitrotetrazolium violet, 6173
lodoplatinate TS, 6230
lodoquinol, 2377

tablets, 2378
lohexol, 2378

'injection, 2381
Ion chromatography (1065), 7588
lon-exchange resin, 6173
lopamidol, 2382

injection, 2383
lopromide, 2384

injection, 2386
lothalamate

meglumine injection, 2387
meglumine and iothalamate sodium

injection, 2388
sodium I 125 injection, 2367
sodium and iothalamate meglumine

injection, 2388
lothalamic acid, 2389
loversol, 2390

injection, 2390
loxaglate

meglumine and ioxaglate sodium injection,
2391

sodium and ioxaglate meglumine injection,
2391

loxaglic acid, 2391
loxilan, 2392

injection, 2394
Ipecac, 2395

powdered, 2396
oral solution, 2397

Ipratropium bromide, 2398
Ipratropium bromide and albuterol sulfate

inhalation solution, 2399
Irbesartan, 2402

and hydrochlorothiazide tablets, 2404
tablets, 2403

Irinotecan hydrochloride, 2406
injection, 2409

Iron
carbonyl, 2410
dextran injection, 2411
phenol TS, 6230
powder, 6173
salicylate TS, 6230
sorbitex injection, 2412
sucrose injection, 241 3
wire, 6173

Iron (241), 6648
Isoamyl

alcohol, 6173
lsobutane, 5833
Isobutyl

acetate, 6173
alcohol, 5833, 6134, 6173

4-lsobutylacetophenone, 6173
, Isobutyl chloroformate, 6173
N-Isobutylpiperidone, 6173
Isoetharine

hydrochloride, 2415
inhalation solution, 2416
mesylate, 2416

Isoflupredone acetate, 2418, 61 73
injectable suspension, 2419
neomycin sulfate and tetracaine

hydrochloride ointment, 3111
neomycin sulfate and tetracaine

hydrochloride topical powder, 3112
Isoflurane, 2420
Isoleucine, 2422
L-lsoleucine, 6173
Isomalt, 5836

lsomaltotriose, 6173
Isometheptene mucate, 2423

dichloralphenazone, and acetaminophen
capsules, 2423

2-lsoniazid, 2424, 6173
injection, 2425
and rifampin capsules, 3878
rifampin, pyrazinamide, and ethambutol

hydrochloride tablets, 3881
rifampin and pyrazinamide tablets, 3879
oral solution, 2426
tablets, 2426

Isonicotinamide, 6173
Isonicotinic acid, 6173

hydrazide, 6173
Isooctane, 6174
Isopropamide iodide, 2427

tablets, 2428
Isopropyl

acetate, 6174
alcohol, 2428, 6134, 6174, 6194
alcohol, azeotropic, 2430
alcohol, dehydrated, 6134, 6174
alcohol, rubbing, 2430
ether, 6174
iodide, 6174
myristate, 5839, 6174
palmitate, 5840
salicylate, 6174

Isopropylamine, 6174
Isopropyl isostearate, 5838
Isopropyl stearate, 61 74
Isoproterenol

hydrochloride, 2431
hydrochloride and acetylcysteine inhalation

solution, 84
hydrochloride injection, 2433
hydrochloride tablets, 2434
inhalation solution, 2431
sulfate, 2436
sulfate inhalation aerosol, 2437
sulfate inhalation solution, 2438

Isorhamnetin, 6174
Isosorbide

concentrate, 2438
dinitrate extended-release capsules, 2441
dinitrate chewable tablets, 2444
dinitrate, diluted, 2440
dinitrate sublingual tablets, 2447
dinitrate extended-release tablets, 2445
mononitrate, diluted, 2448
mononitrate tablets, 2449
mononitrate extended-release tablets,

2451
oral solution, 2440

lsostearic acid, 6174
Isostearyl isostearate, 5840
Isotretinoin, 2457

capsules, 2458
Isovaleric acid, 6174
Isoxsuprine hydrochloride, 2462

injection, 2462
tablets, 2463

Isradipine, 2464
capsules, 2465
oral suspension, 2465

Itraconazole, 2466
capsules, 2468

Ivermectin, 2470
and c1orsulon injection, 2477
injection, 2472 .
paste, 2473
and pyrantel pamoate tablets, 2478
topical solution, 2476
tablets, 2474
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Ivermectin compounded
oral solution, veterinary, 2473

Ixabepilone, 2479

J
Japanese honeysuckle flower, 5091

dry extract, 5094
powder, 5097

Juniper tar, 2501

K
Kaempferol, 6174
Kanamycin

injection, 2501
sulfate, 2502
sulfate capsules, 2503

Kaolin, 2504
Kerosene, 6174
Ketamine hydrochloride, 2505

injection, 2506
Ketoconazole, 2506

oral suspension, 2507
tablets, 2508

Ketoprofen, 2509
capsules, 2510
extended-release capsules, 2511

Ketorolac tromethamine, 2513
injection, 2514
tablets, 2515

Krill oil
capsules, 5104
delayed-release capsules, 5107

L
L designations, 6174
Labeling (7), 6435
Labeling of inactive ingredients (1091), 7706
Labetalol hydrochloride, 2517

injection, 2518
oral suspension, 2519
tablets, 2519

alpha-Lactalbumin, 5841
Lactase, 2520
Lactic acid, 2520, 6174
Lactitol, 5845
Lactobacillus acidophilus

La-14, 5111
NCFM,5113

Lactobacillus paracasei LPC-37, 5115
Lactobacillus rhamnosus HN001, 5117
Lactobionic acid, 5846
Lactose, 61 74

anhydrous, 5847
beta, 6174
monohydrate, 5849
monohydrate, alpha, 6174

Lactulose
concentrate, 2521
solution, 2522

Lamivudine, 2523
oral solution, 2526
tablets, 2527
and abacavir tablets, 21
and zidovudine tablets, 2528

Lamotrigine, 2530
tablets, 2532

Lamotrigine
extended-release tablets, 2534
tablets for oral suspension, 2542

Lamotrigine compounded
oral suspension, 2545

Lanolin, 2545
alcohols, 5850
modified, 2548

Lansoprazole, 2551
delayed-release capsules, 2553

Lansoprazole compounded
oral suspension, 2556

Lanthanum
alizarin complexan mixture, 6175
chloride, 6175
nitrate hexahydrate, 6175
nitrate TS, 6230
oxide, 6175

Latanoprost, 2556
Lauric acid, 5852
Lauroyl polyoxylglycerides, 5852
Lauryl dimethyl amine oxide, 6175
Lead

acetate, 61 75
acetate paper, 6175
acetate test paper, 6222
acetate TS, 6230
acetate TS, alcoholic, 6231
monoxide, 6175
nitrate, 6175
nitrate, hundredth-molar (0.01 M), 6243
nitrate stock solution TS, 6231
perchlorate, 6175
perchlorate, hundredth-molar (0.01 M),

6243
perchlorate, tenth-molar (0.1 M), 6243
solution, standard, 6236
subacetate TS, 6231
subacetate TS, diluted, 6228, 6231
tetraacetate, 61 75 .

Lead (251), 6649
Leak rate (604), 6846
Lecithin, 5853, 6175
Leflunomide, 2558

tablets, 2560
Leflunomide compounded

oral suspension, 2560
Lemon

oil,5856
tincture, 5857

Letrozole, 2562
tablets, 2563

Leucine, 2565
Leucovorin calcium, 2566

compounded oral suspension, 2570
injection, 2568
tablets, 2571

Leucovorin calcium for injection, 2569
Leuprolide acetate, 2572
Levalbuterol

inhalation solution, 2576
Levalbuterol hydrochloride, 2574
Levamisole hydrochloride, 2578

tablets, 2579
Levetiracetam, 2580

extended-release tablets, 2587
injection, 2582
oral solution, 2583

tablets, 2584
Levmetamfetamine, 2593
Levobunolol hydrochloride, 2594

ophthalmic solution, 2595
Levocabastine hydrochloride, 2596
Levocarnitine, 2597

injection, 2599
oral solution, 2600
tablets, 2601

Levocetirizine dihydrochloride
tablets, 2603

Levodopa, 2604
Levodopa

and carbidopa extended-release tablets,
753

and carbidopa orally disintegrating tablets,
759

and carbidopa tablets, 751
Levofloxacin, 2606

oral solution, 2608
tablets, 2609

Levonordefrin, 2611
and mepivacaine hydrochloride injection,

2789
and procaine and tetracaine hydrochlorides .

injection, 3695
and propoxycaine and procaine

hydrochlorides injection, 3744
Levonorgestrel, 2612

and ethinyl estradiol tablets, 2612
Levorphanol tartrate, 2613

injection, 2614
tablets, 2614

Levothyroxine sodium, 2615
oral powder, 2618
tablets, 2618

L-alpha-glycerylphosphorylcholine, 5055
Licorice, 5119

extract, powdered, 5121
fluidextract, 5857
powdered, 5120

Lidocaine, 2620
topical aerosol, 2622
hydrochloride, 2623
hydrochloride and dextrose injection, 2628
hydrochloride and epinephrine injection,

2629
hydrochloride injection, 2625
hydrochloride jelly, 2625
hydrochloride oral topical solution, 2626
hydrochloride topical solution, 2627
neomycin and polymyxin B sulfates and

bacitracin ointment, 311 7
neomycin and polymyxin B sulfates and

bacitracin zinc ointment, 3120
and neomycin and polymyxin B sulfates

cream, 3126
ointment, 2622
and prilocaine cream, 2630
oral topical solution, 2623

Light diffraction measurement of particle size
(429), 6697

Lime, 2632
Limestone

ground, 5121
Limit on number of large deviations when

assessing content uniformity in large
samples, 7744

(R)-(+)-Limonene, 6175
Linalool, 6175
Lincomycin

hydrochloride, 2633
hydrochloride capsules, 2634
hydrochloride soluble powder, 2634
injection, 2632
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Lincomycin (continued)
oral solution, 2632

Lindane, 2634
cream, 2635
lotion, 2636
shampoo, 2636

Linezolid, 2637
Linoleic acid, 6175
Linoleic acids-free fatty acids

conjugated, 5123
Linolenic acid, 6175
Linoleoyl polyoxylglycerides, 5857
Liothyronine sodium, 2638

tablets, 2640
Liotrix tablets, 2640
Lipid injectable emulsion, 2641
Lipoic acid

alpha, 5124
capsules, alpha, 5125
tablets, alpha, 5126

a.-Lipoic acid, 6175
Liquid petrolatum, 6175
Liquid-phase sterilization (1229.6), 8219
Lisinopril, 2642

. and hydrochlorothiazide tablets, 2646
oral suspension, 2644
tablets, 2644

Lithium, 6175
carbonate, 2649
carbonate capsules, 2650
carbonate tablets, 2650
carbonate extended-release tablets, 2651
chloride, 6175
citrate, 2653
hydroxide, 2654, 6175
metaborate, 6175
methoxide, fiftieth-normal (0.02 N) in

methanol, 6243
methoxide, tenth-normal (0.1 N) in

chlorobenzene, 6243
methoxide, tenth-normal (0.1 N) in

methanol, 6244
methoxide, tenth-normal (0.1 N) in

toluene, 6244
nitrate, 6176
perchlorate, 6176
oral solution, 2648
sulfate, 6176

Lithocholic acid, 61 76
Litmus, 6176, 6221

paper, blue, 6222
paper, red, 6222
TS,6231

Litmus paper, neutral, 6222
Littorine hydrochloride (R)-(-)-, 6176
Locke-Ringer's

solution, 6231
TS,6231

Locust bean gum, 6176
Lomustine, 2655

capsules, 2656
Loperamide hydrochloride, 2658

capsules, 2660
oral solution, 2661
tablets, 2661

Lopinavir, 2663
Lopinavir

and ritonavir oral solution, 2666
and ritonavir tablets, 2670

Loratadine, 2672
chewable tablets, 2676
oral solution, 2674
tablets, 2675
orally disintegrating tablets, 2678

Lorazepam, 2680
injection, 2682
oral concentrate, 2683
tablets, 2684

Losartan potassium, 2686
and hydrochlorothiazide tablets, 2690
tablets, 2687

Loss on drying (731), 6970
Loss on drying for reagents, 6131
Loss on ignition (733), 6970

Lotion
Amphotericin B, 316
Benzoyl peroxide, 527
Benzyl benzoate, 535
Betamethasone dipropionate, 548
Betamethasone valerate, 554
Clotrimazole, 1119
Flurandrenolide, 1976
Fluticasone propionate, 1998
Hydrocortisone, 2232
Hydrocortisone acetate, 2237
Lindane, 2636
Malathion, 2730
Methylbenzethoniurn-chloride, 2873
Neomycin sulfate and flurandrenolide,

3108
Neomycin sulfate and hydrocortisone

acetate, 311 0
Nystatin, 3220
Padimate 0, 3372
Triamcinolone acetonide, 4485

Lovastatln, 2694
Low molecular weight heparin molecular

weight determinations (209), 6614
Loxapine

capsules, 2697
succinate, 2696

Lufenuron, 2697
Lumefantrine, 2699
Lutein, 5126

capsules, 51 28
preparation, 5128

Lycopene, 51 30
preparation, 51 31
tomato extract containing, 5133

Lysine
acetate, 2700
hydrochloride, 2701
hydrochloride tablets, 51 35

L-Lysine, 6176
Lysolecithin, 6176

M
Mafenide acetate, 2702

cream, 2703
for topical solution, 2704

Magaldrate, 2705
and simethicone chewable tablets, 2707
and simethicone oral suspension, 2706

Magnesia
alumina and calcium carbonate chewable

tablets, 169

alumina, calcium carbonate, and
simethicone chewable tablets, 170

alumina and calcium carbonate oral
suspension, 168

alumina and simethicone chewable tablets,
174

alumina and simethicone oral suspension,
173

and alumina oral suspension, 166
and alumina tablets, 167
aspirin and alumina tablets, 397
aspirin, codeine phosphate, and alumina

tablets, 404
calcium carbonate and simethicone

chewable tablets, 689
and calcium carbonate chewable tablets,

688
milk of, 2708
mixture TS, 6231
tablets, 2709

Magnesium, 6176
acetate, 6176
aluminometasilicate, 5858
aluminosilicate, 5859
aluminum silicate, 5861
and calcium carbonates oral suspension,

691
and calcium carbonates tablets, 691
carbonate, 2709
carbonate and citric acid for oral solution,

2710
carbonate, citric acid, and potassium

citrate for oral solution, 2711
carbonate and sodium bicarbonate for oral

suspension, 2712
carbonate, alumina, and magnesium oxide

tablets, 178
carbonate and alumina oral suspension,

176
carbonate and alumina tablets, 177
chloride, 2712, 6176
chloride, 0.01 M, 6244
citrate, 2713
citrate oral solution, 2714
citrate for oral solution, 2715
gluconate, 2716
gluconate tablets, 2717
hydroxide, 2718
hydroxide paste, 2719
nitrate, 6176
oxide, 2719, 6176
oxide, alumina, and magnesium carbonate

tablets, 178
oxide, aspirin, and alumina tablets, 399
oxide capsules, 2721
oxide, chromatographic, 6152, 6176
oxide, citric acid, and sodium carbonate

irrigation, 1044
oxide tablets, 2721
perchlorate, anhydrous, 6138, 6176
phosphate, 2722
salicylate, 2723
salicylate tablets, 2724
silicate, 5863
silicate, activated, 6133, 6176
silicate, chromatographic, 6176
stearate, 5864
sulfate, 2726, 6176
sulfate, anhydrous, 6138, 6176
sulfate in dextrose injection, 2727
sulfate injection, 2727
sulfate TS, 6231
trisilicate, 2728
trisilicate and alumina oral suspension, 179
trisilicate and alumina tablets, 180
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Magnesium (continued)
trisilicate tablets, 2729

Magnesium carbonate, 6176
Malabar-nut-tree, leaf, 5136

powdered, 51 37
extract, powdered, 5138

Malachite green
G,6176
oxalate, 6221
TS,6231

Malathion, 2729
lotion, 2730

Maleic acid, 5867, 6176
Malic acid, 5869
Mallory's stain, 6231
Malonic acid, 6176
Maltitol, 5869

solution, 5871
Maltodextrin, 5872
Maltol, 5875
Maltose, 5875
Maltotriose, 6176
Mandelic acid, 5876
Manganese, 6176.

chloride, 2731
chloride injection, 2731
chloride for oral solution, 2732
dioxide, 6176
dioxide, activated, 6176, 6177
gluconate, 2732
sulfate, 2734

Manganese chloride tetra hydrate, 6177
Manganese sulfate, 6176
Mannitol, 2734

injection, 2736
in sodium chloride injection, 2737

D-Mannitol, 6177
Manufacturing practices for dietary

supplements (2750), 8742
Maprotiline hydrochloride, 2737

tablets, 2739
Marbofloxacin compounded, veterinary

oral suspension, 2741
Marfey's reagent, 6177
Maritime pine, 5139

extract, 5141
Mass spectrometry (736), 6975
Mayer's reagent, 6231
Mazindol, 2742
Measurement of subvisible particulate matter

in therapeutic protein injections (1787),
8562

Mebendazole, 2742
oral suspension, 2744
tablets, 2744

Mebrofenin, 2746
Mecamylamine hydrochloride, 2747

tablets, 2748
Mechlorethamine hydrochloride, 2749

for injection, 2749
Meclizine hydrochloride, 2750

tablets, 2751
Meclofenamate sodium, 2753

capsules, 2754
Medical air, 100
Medical devlces-i-bacterlal endotoxin and

pyrogen tests (161), 6579
Medical gases assay (415), 6693
Medium-chain trigylcerides, 6095, 6177
Medroxyprogesterone acetate, 2754

injectable suspension, 2755
tablets, 2756

Mefenamic acid, 2757
capsules, 2758

Mefloquine hydrochloride, 2760
tablets, 2761

Megestrol acetate, 2762
oral suspension, 2763
tablets, 2764

Meglumine, 2765
Melamine, 6177
Melatonin, 5143

tablets, 5144
Melengestrol acetate, 2766
Meloxicam, 2767

oral suspension, 2770
tablets, 2771

Melphalan, 2773
tablets, 2774

Melting range or temperature (741), 6980
Memantine hydrochloride, 2774

tablets, 2776
Members of the United States Pharmacopeial

Convention, xviii
Menadiol sodium diphosphate, 2779
Menadione, 2780
Menaquinone-4, 5145
Menaquinone-7, 5146

capsules, 5147
extract, Bacillus subtilis subsp. subtilis, 5152
preparation, 5149
tablets, 5151

Menthol, 2781
and benzocaine topical aerosol, 518
lozenges, 2782
and tetracaine ointment, 4294

Meperidine hydrochloride, 2782
injection, 2783
oral solution, 2784
tablets, 2784

Mephobarbital, 2785
tablets, 2785

Mepivacaine hydrochloride, 2786
injection, 2788
and levonordefrin injection, 2789

Meprobamate, 2790
tablets, 2791

Meradimate, 2792
2-Mercaptoethanol, 6177
3-Mercaptopropionic acid, 6177
Mercaptopurine, 2793

tablets, 2794
Mercuric

acetate, 6177
acetate TS, 6231
ammonium thiocyanate TS, 6231
bromide, 6177
bromide test paper, 6222
bromide TS, alcoholic, 6226,6231
chloride, 6177
chloride TS, 6231
iodide, red, 6177
iodide, TS, 6231
nitrate, 6177
nitrate, tenth-molar (0.1 M), 6244
nitrate TS, 6231
oxide, yellow, 6177, 6219
potassium iodide TS, 6231
potassium iodide TS, alkaline, 6226, 6231,

6232
sulfate, 6177
sulfate TS, 6228, 6231
thiocyanate, 6177

Mercurous nitrate
dihydrate, 6177
TS,6231

Mercury, 6177
ammoniated, 2796

Mercury (261), 6650

Meropenem, 2796
for injection, 2798

Mesalamine, 2800
extended-release capsules, 2802
rectal suspension, 2803
delayed-release tablets, 2805

Mesityl oxide, 6177
Mesna, 2807

tablets, 2809
Mestranol, 2810

and ethynodiol diacetate tablets, 1781
and norethindrone tablets, 3203

Metacresol, 2811
Metanil

yellow, 6177
Metaphenylenediamine hydrochloride, 6177

TS,6231
Metaphosphoric-acetic acid TS, 6231
Metaphosphoric acid, 6177
Metaproterenol sulfate, 2812

oral solution, 2813
tablets, 2814

Metaraminol bitartrate, 2815
injection, 2817

Metaxalone, 2817
tablets, 2819

Metformin hydrochloride, 2821
extended-release tablets, 2824
and glipizide tablets, 2116
and glyburide tablets, 2128
and pioglitazone tablets, 3558
tablets, 2822

Methacholine chloride, 2833
Methacrylic acid, 6177

and ethyl acrylate copolymer, 5878
and ethyl acrylate copolymer, partially

neutralized, 5881
and methyl methacrylate copolymer, 5880

Methacycline hydrochloride, 2835
oral suspension, 2835

Methadone hydrochloride, 2836
injection, 2837
oral concentrate, 2836
oral solution, 2838
tablets, 2838
tablets for oral suspension, 2839

Methamphetamine hydrochloride, 2840
tablets, 2840

Methanesulfonic acid, 6177
Methanol, 6134, 6138, 6177

aldehyde-free, 6177
anhydrous, 6177
deuterated, 6155
spectrophotometric, 61 77

Methazolamide, 2841
tablets, 2842

Methenamine, 2843, 6170, 6177
hippurate, 2844
hippurate tablets, 2845
mandelate, 2845
mandelate tablets, 2846
tablets, 2843

Methimazole, 2847
tablets, 2848

Methionine, 2848
L-Methionine sulfoxide, 6177
Methocarbamol, 2850

injection, 2851
tablets, 2851

Methods for the determination of particulate
matter in injections and ophthalmic
solutions (1788), 8575

Methohexital, 2853
sodium for injection, 2853
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Methotrexate, 2854
injection, 2857
for injection, 2858
tablets, 2860

Methotrimeprazine, 2860
injection, 2861

Methoxsalen, 2862
capsules, 2863
topical solution, 2865

5-Methoxy-1 H-benzimidazole-2-thiol, 6178
Methoxyacetophenone p-, 6177
7-Methoxycoumarin, 6178
Methoxy determination (431), 6702
Methoxyethanol, 6178
2-Methoxyethanol, 6178
Methoxyflurane, 2866
5-Methoxy-2-methyl-3-indoleacetic acid,

6178
Methoxyphenylacetic acid, 6178
Methoxyphenylacetic TS, 6231
Methscopolamine bromide, 2866

tablets, 2868
Methsuximide, 2870

capsules, 2870
Methyclothiazide, 2871

tablets, 2872
Methyl

acetate, 6178
alcohol, 5882
4-aminobenzoate, 6178
arachidate, 6178
behenate, 6178
benzenesulfonate, 6178
caprate, 6178
caprylate, 6178
carbamate, 6178
chloroform, 6151, 6178, 6214
erucate, 6178
ethyl ketone, 6178
green, 6178
green-iodomercurate paper, 6222
heptadecanoate, 6178
iodide, 6179
isobutyl ketone, 5883, 6179
laurate, 6179
Iignocerate, 6179
linoleate, 6179
linolenate, 6179
methacrylate, 6179
methacrylate and ethyl acrylate copolymer

dispersion, 5760
myristate, 6179
oleate, 6179
orange, 6221
orange TS, 6231
palmitate, 6179
purple TS, 6231
red, 6179, 6221
red-methylene blue TS, 6231, 6232
red sodium, 6221
red TS, 6231
red TS 2, 6232
red TS, methanolic, 6232
salicylate, 5884
stearate, 6180
sulfoxide, 6180
violet TS, 6232
yellow, 6180, 6221
yellow-methylene blue TS, 6232
yellow paper, 6222
yellow TS, 6232

3-Methyl-2-benzothiazolinone hydrazone
hydrochloride TS, 6232

Methylamine, 40 percent in water, 6180
Methylamine hydrochloride, 6180

p-Methylaminophenol sulfate, 6180
Methylbenzethonium chloride, 2873

lotion, 2873
4-Methylbenzophenone, 6180
Methylbenzothiazolone hydrazone

hydrochloride, 6180
(R)-(+)-alpha-Methylbenzyl isocyanate, 6180
(S)-(-)-a-Methylbenzyl isocyanate, 6180
Methylcellulose, 2874

ophthalmic solution, 2876
oral solution, 2876
tablets, 2876

Methylcobalamin, 5153
tablets, 5154

Methyldopa, 2877
and hydrochlorothiazide tablets, 2878
tablets, 2878

Methyldopate hydrochloride, 2880
injection, 2880

Methyl cis-11-eicosenoate, 6178
Methylene

blue, 2881, 6180
blue injection, 2882
blue injection, veterinary, 2884
blue TS, 6232
chloride, 5885, 6157, 6180

5,5'-Methylenedisalicylic acid, 6180
Methylergonovine maleate, 2885

injection, 2886
tablets, 2887

3-0-Methylestrone, 6180
1-Methylimidazole, 6180
2-Methylimidazole, 6180 .
Methyl isobutyrate, 6179
Methyl 12-Ketostearate, 6179
Methyl methacrylate

and methacrylic acid copolymer, 5880
Methylnaltrexone bromide, 2888
2-Methyl-5-nitroimidazole, 6180
N-Methyl-N-nitroso-p-toluenesulfonamide,

6180
Methylparaben, 5886

sodium, 5887
4-Methylpentan-2-ol, 6180
2-Methylpentane, 6180
4-Methyl~2-pentanone,6179, 6180
3-Methyl-2-pentanone, 6180
Methylphenidate hydrochloride, 2890

tablets, 2892
extended-release tablets, 2892

Methylprednisolone, 2898
acetate, 2899
acetate injectable suspension, 2901
acetate and neomycin sulfate cream, 3113
hemisuccinate, 2901
sodium succinate, 2902
sodium succinate for injection, 2903
tablets, 2899

2-Methyl-2-propyl-1,3-propanediol, 6180
Methyl p-toluenesulfonate, 6180
N-Methylpyrrolidine, 6181
Methylpyrrolidone, 5888
Methylsulfonylmethane, 5049

and glucosamine tablets, 5049
glucosamine, and chondroitin sulfate

sodium tablets, 5051
tablets, 5156

Methyltestosterone, 2904
capsules, 2906
tablets, 2906

Methylthionine perchlorate TS, 6232
Methysergide maleate, 2907
Metoclopramide

hydrochloride, 2908
injection, 2909

oral solution, 2910
tablets, 2911

Metolazone, 2912
oral suspension, 2913
tablets, 2914

Metoprolol
fumarate, 2915
succinate, 291 7
succinate extended-release tablets, 2918
tartrate, 2922
tartrate and hydrochlorothiazide tablets,

2928
tartrate injection, 2923
tartrate oral solution, 2925
tartrate oral suspension, 2926
tartrate tablets, 2926

Metrifonate, 2930
Metronidazole, 2931

benzoate, 2932
capsules, 2934
gel,2935
injection, 2936
tablets, 2937
extended-release tablets, 2939

Metronidazole benzoate compounded
oral suspension, 2933

Metyrapone, 2941
Metyrosine, 2942

capsules, 2942
Mexiletine hydrochloride, 2943

capsules, 2944
Mibolerone, 2944

oral solution, 2945
Miconazole, 2946

compounded ophthalmic solution, 2946
nitrate, 2947
nitrate cream, 2949
nitrate topical powder, 2949
nitrate vaginal suppositories, 2951

Microbial characterization, identification, and
strain typing (1113), 7823

Microbial enumeration tests-nutritional and
dietary supplements (2021), 8687

Microbiological attributes of nonsterile
nutritional and dietary supplements
(2023), 8698

Microbiological best laboratory practices
(111 7), 7845

Microbiological control and monitoring of
aseptic processing environments (1116),
7833

Microbiological examination of nonsterile
products: acceptance criteria for
pharmaceutical preparations and
substances for pharmaceutical use (1111),
7819

Microbiological examination of nonsterile
products: microbial enumeration tests (61),
6457

Microbiological examination of nonsterile
products: tests for specified
microorganisms (62), 6463

Microbiological examination of nonsterile
products tests for Burkholderia Cepacia
complex (60), 6454

Microbiological procedures for absence of
specified microorganisms-nutritional and
dietary supplements (2022), 8692

Microscopy, optical (776), 6998
Midazolam, 2952

injection, 2953
Mid-infrared spectroscopy (854), 7151
Mid-infrared spectroscopy-theory and

practice (1854), 8650
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Midodrine hydrochloride, 2954
tablets, 2955

Milbemycin oxime, 2957
Milk thistle, 5157

capsules, 5162
extract, powdered, 51 60
powdered, 5159
tablets, 5163

Millon's reagent, 6232
Milrinone, 2958
Milrinone lactate

injection, 2959
Mineral

acid, 6181
oil,2961
oil emulsion, 2962
oil, light, 5889
oil, rectal, 2962
oil, topical light, 2962

Minerals
with calcium and vitamin D tablets, 4845
capsules, 5164
oil- and water-soluble vitamins with,

capsules, 5435
oil- and water-soluble vitamins with, oral

solution,5462
oil- and water-soluble vitamins with,

tablets, 5476
tablets, 51 72
water-soluble vitamins with, capsules, 5523
water-soluble vitamins with, oral solution,

5543
water-soluble vitamins with, tablets, 5552

Minimum fill (755), 6982
Minocycline

hydrochloride, 2964
hydrochloride capsules, 2965
periodontal system, 2970
hydrochloride oral suspension, 2966
hydrochloride tablets, 2966
hydrochloride extended-release tablets,

2967
for injection, 2963

Minoxidil, 2972
topical solution, 2975
tablets, 2974

Mirtazapine, 2976
tablets, 2978
orally disintegrating tablets, 2980

Mirtazapine compounded, veterinary
oral suspension, 2977

Misoprostol, 2981
dispersion, 2983

Mission
and preface, v
statement, v

Mitomycin, 2984
for injection, 2986

Mitotane, 2986
tablets, 2987

Mitoxantrone
hydrochloride, 2987
injection, 2988

Modafinil, 2990
tablets, 2991

Moexipril hydrochloride, 2992
Moexipril hydrochloride

and hydrochlorothiazide tablets, 2996
tablets, 2994

Moist heat sterilization of aqueous liquids
(1229.2), 8202

Molindone hydrochloride, 2999
tablets, 3000

Molybdenum, 6181
Molybdic acid, 6181

Molybdo-phosphotungstate TS, 6232
Mometasone furoate, 3001

cream, 3002
ointment, 3003
topical solution, 3005

Monensin, 3006
granulated, 3007
premix, 3008
sodium, 3009

Monitoring devices-time, temperature, and
humidity (1118), 7850

Monitoring of bioburden (1229.3), 8206
Monobasic

potassium phosphate, 5979, 6181
sodium phosphate, 4088, 6181

0.1 M Monobasic sodium phosphate
TS,6232

0.05 M Monobasic sodium phosphate
TS,6232

Monobenzone, 3009
Monochloroacetic acid, 6181
Mono- and di-glycerides, 5890
Monoethanolamine, 5891, 6181
Monoglyceride citrate, 5891
Monograph and reference material donors

2014 recognition, xxv
Monosaccharide Analysis, 6616
Monosodium glutamate, 5892, 6181
Monothioglycerol, 5892
Montelukast

sodium oral granules, 3012
sodium tablets, 3015
sodium chewable tablets, 3018

Montelukast sodium, 3010
Montelukast sodium hydrate, 6181
Morantel tartrate, 3021
Moricizine hydrochloride, 3021
Morin,.6181
Morphine SUlfate, 3023

extended-release capsules, 3024
injection, 3027
suppositories, 3028

Morphine sulfate
compounded injection, 3028

Morpholine, 6181
4-Morpholine propane sulfonic acid, 6181
Moxidectin, 3029
Moxifloxacin

hydrochloride, 3032
ophthalmic solution, 3034

.tablets, 3036
Mucosal drug products-performance tests

(1004), 7227
Mucosal drug products-product quality

tests (4), 6423
Mupirocin, 3038

calcium, 3038
cream, 3040
ointment, 3041
nasal ointment, 3042

Mycophenolate
sodium, 3052

Mycophenolate mofetil, 3043
capsules, 3044
for injection, 3046
for oral suspension, 3047
tablets, 3049

Mycophenolic acid
delayed-release tablets, 3054

Mycoplasma tests (63), 6472
Myristic acid, 5893
Myristyl alcohol, 5895
Myristyltrimethylammonium bromide, 6181
Myrrh, 3056

topical solution, 3057

N
N 13 injection, ammonia, 3183
Nabumetone, 3058

tablets, 3059
Nadolol, 3059

and bendroflumethiazide tablets, 3062
tablets, 3061

Nafcillin
injection, 3063
for injection, 3063
sodium, 3064

Naftifine hydrochloride, 3064
cream, 3065
gel, 3066

Nalorphine hydrochloride, 3066
injection, 3067

Naloxone
hydrochloride, 3067
hydrochloride injection, 3068
and pentazocine tablets, 3463

Naltrexone hydrochloride, 3069
tablets, 3071

Nandrolone
decanoate, 3072
decanoate injection, 3073

Naphazoline hydrochloride, 3074
nasal solution, 3075
ophthalmic solution, 3076
and pheniramine maleate ophthalmic

solution, 3076
Naphthalene, 6181
1,3-Naphthalenediol, 6181
2,7-Naphthalenediol, 6159, 6181
2-Naphthalenesulfonic acid, 6181
Naphthol

dipotassium disulfonate, 6181
disodium disulfonate, 6181

1-Naphthol, 6134, 6181
reagent, 6232
TS,6232

2-Naphthol, 6142, 6181
TS, 6227, 6232

p-Naphtholbenzein, 6182, 6221
TS,6232

~-Naphthoquinone-4-sodiumsulfonate, 6182
Naphthoresorcinol, 6182
1-Naphthylamine, 6182
1-Naphthylamine hydrochloride, 6182
2-Naphthyl chloroformate, 6182
N-(l-Naphthyl)ethylenediamine

dihydrochloride, 6182
TS,6232

Naproxen, 3077
sodium, 3082
sodium tablets, 3082
oral suspension, 3079
tablets, 3079
delayed-release tablets, 3081

Naproxen compounded
oral suspension, 3078

Naproxen sodium and pseudoephedrine
hydrochloride extended-release
tablets, 3084

Narasin
granular, 3088
premix, 3090

Naratriptan
hydrochloride, 3093
hydrochloride oral suspension, 3094
tablets, 3091
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Nasal solution
Calcitonin salmon, 675
Cromolyn sodium, 1184
Ephedrine sulfate, 1644
Epinephrine, 1649
Flunisolide, 1929
Naphazoline hydrochloride, 3075
Oxymetazoline hydrochloride, 3349
Phenylephrine hydrochloride, 3518
Tetrahydrozoline hydrochloride, 4315
Xylometazoline hydrochloride, 4661

Nasal spray
Butorphanol tartrate, 657
Desmopressin _acetate, 1267
Fluticasone propionate, 2000

Natamycin, 3095
ophthalmic suspension, 3096

Nateglinide, 3096
tablets, 3098

Near-infrared spectroscopy (856, 7161
Nefazodone hydrochloride, 3099

tablets, 3100
Neohesperidin dihydrochalcone, 5896
Neomycin

boluses, 3102
and colistin sulfates and hydrocortisone

acetate otic suspension, 1150
for injection, 3102
penicillin G, polymyxin B, hydrocortisone

acetate, and hydrocortisone sodium
succinate topical suspension, 3430

and polymyxin B sulfates, bacitracin, and
hydrocortisone acetate ointment, 3116

and polymyxin B sulfates, bacitracin, and
hydrocortisone acetate ophthalmic
ointment, 3116

and polymyxin B sulfates, bacitracin, and
lidocaine ointment, 311 7

and polymyxin B sulfates and bacitracin
ointment, 3115

and polymyxin B sulfates and bacitracin
ophthalmic ointment, 3115

and polymyxin B sulfates, bacitracin zinc,
and hydrocortisone ointment, 3118

and polymyxin B sulfates, bacitracin zinc,
and hydrocortisone ophthalmic
ointment, 3119

and polymyxin B sulfates, bacitracin zinc,
and hydrocortisone acetate ophthalmic
ointment, 3120

and polymyxin B sulfates, bacitracin zinc,
and lidocaine ointment, 3120

and polymyxin B sulfates and bacitracin
zinc ointment, 3118

and polymyxin B sulfates and bacitracin
zinc ophthalmic ointment, 3118

and polymyxin B sulfates cream, 3114
and polymyxin B sulfates and

dexamethasone ophthalmic ointment,
3121

and polymyxin B sulfates and
dexamethasone ophthalmic suspension,
3122

and polymyxin B sulfates and gramicidin
cream, 3122

and polymyxin B sulfates, gramicidin, and
hydrocortisone acetate cream, 3123

and polymyxin B sulfates and gramicidin
ophthalmic solution, 3123

and polymyxin B sulfates and
hydrocortisone ophthalmic suspension,
3123

and polymyxin B sulfates and
hydrocortisone otic solution, 3124

and polymyxin B sulfates and
hydrocortisone otic suspension, 3124

and polymyxin B sulfates and
hydrocortisone acetate cream, 3125

and polymyxin B sulfates and
hydrocortisone acetate ophthalmic
suspension, 3125

and polymyxin B sulfates and lidocaine
cream, 3126

and polymyxin B sulfates ophthalmic
ointment, 3114

and polymyxin B sulfates ophthalmic
solution, 3115

and polymyxin B sulfates, penicillin G
procaine, and hydrocortisone acetate
topical suspension, 3448

and polymyxin B sulfates and pramoxine
hydrochloride cream, 3126

and polymyxin B sulfates and prednisolone
acetate ophthalmic suspension, 3127

and polymyxin B sulfates solution for
irrigation, 3114

sulfate, 3102
sulfate and bacitracin ointment, 3104
sulfate and bacitracin zinc ointment, 3104
sulfate cream, 3103
sulfate and dexamethasone sodium

phosphate cream, 3104
sulfate and dexamethasone sodium

phosphate ophthalmic ointment, 3105
sulfate and dexamethasone sodium

phosphate ophthalmic solution, 3106
sulfate and fluocinolone acetonide cream,

3107
sulfate and fluorometholone ointment,

3107
sulfate and flurandrenolide cream, 3107
sulfate and flurandrenolide lotion, 3108
sulfate and flurandrenolide ointment, 3108
sulfate and gramicidin ointment, 3108
sulfate arid hyd rocortisone cream, 3109
sulfate and hydrocortisone ointment, 3109
sulfate and hydrocortisone otic suspension,

3109
sulfate and hydrocortisone acetate cream,

3110
sulfate and hydrocortisone acetate lotion,

3110
sulfate and hydrocortisone acetate

ointment, 3110
sulfate and hydrocortisone acetate

ophthalmic suspension, 3110
sulfate, isoflupredone acetate, and

tetracaine hydrochloride ointment, 3111
sulfate, isoflupredone acetate, and

tetracaine hydrochloride topical powder,
3112

sulfate and methylprednisolone acetate
cream, 3113

sulfate, nystatin, gramicidin, and
triamcinolone acetonide cream, 3222

sulfate, nystatin, gramicidin, and
triamcinolone acetonide ointment, 3222

sulfate, nystatin, thiostrepton, and
triamcinolone acetonide cream, 3223

sulfate, nystatin, thiostrepton, and
triamcinolone acetonide ointment, 3223

sulfate ointment, 3103
sulfate ophthalmic ointment, 3103

sulfate and prednisolone acetate
ophthalmic suspension, 3128

sulfate oral solution, 3103
sulfate tablets, 3104
sulfate and triamcinolone acetonide cream,

3129
Neostigmine

bromide, 3129
bromide tablets, 3129
methylsulfate, 3130
methylsulfate injection, 3130

Neotame, 5898
Nephelometry, turbidimetry, and visual

comparison (855), 7155
Nessler's reagent, 6232
Neutralized

alcohol, 6182
phthalate buffer, 6145

Neutral red, 6221
TS,6232

Nevirapine, 3131
Nevirapine

extended release tablets, 3135
oral suspension, 3132
tablets, 3134

New sterilization methods (1229.12), 8233
Niacin, 3138

extended-release tablets, 3141
injection, 3140
or niacinamide assay (441), 6704
tablets, 3140

Niacinamide, 3146
injection, 3147
or niacin assay (441), 6704
tablets, 3147

Nicardipine hydrochloride, 3148
injection, 3149

Nickel-aluminum catalyst, 6182
Nickel, 6182

standard solution TS, 6232
sulfate, 6182
(II) sulfate heptahydrate, 6182

Nickel nitrate hexahydrate, 6182
P-Nicotinamide adenine dinucleotide, 6182
Nicotinamide adenine dinucleotide

phosphate-adenosine-5'-triphosphate
mixture, 6182

Nicotine, 3152
polacrilex; 3156
polacrilex gum, 3159
transdermal system, 3153

Nicotinic acid, 6182
Nifedipine, 3160

capsules, 3161
extended-release tablets, 3163

Nile blue hydrochloride, 6221
Nilutamide, 3170
Nimodipine, 3171
Ninhydrin, 6182

TS,6232
Nitrate

mercurous, dihydrate, 6177
mercurous, TS, 6231
ophthalmic solution, silver, 4041
in reagents, 6131
silver, 4041, 6200
silver, TS, 6234
tenth-normal (0.1 N), silver, 6234, 6247
toughened silver, 4042

Nitric
acid, 5900, 6182
acid, diluted, 6159, 6182
acid, fuming, 6168, 6182
acid, lead-free, 6182
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Nitric (continued)
oxide-nitrogen dioxide detector tube,

6182
Nitric acid

0.01 N TS, 6232
0.2 N TS, 6232
1 N TS, 6232
2 N TS, 6232
ultratrace, 6182

Nltrllotriacetlc acid, 6182
Nitrite titration (451), 6709
4'-Nitroacetophenone, 6182
o-Nitroaniline, 6183
p-Nitroaniline, 6183

TS,6232
Nitrobenzene, 6183
p-Nitrobenzenediazonium tetrafluoroborate,

6183
4-Nitrobenzoic acid, 6183
p-Nitrobenzyl bromide, 6183
4-(p-Nitrobenzyl) pyridine, 6183
Nitrofurantoin, 3172

capsules, 3174
oral suspension, 3179
tablets, 3180

Nitrofurazone, 3181
ointment, 3182
topical solution, 3183

Nitrogen, 5900
97 percent, 5901
certified standard, 6183
compounds in reagents, 6131
determination (461), 6709
N 13 injection, ammonia, 3183

Nitroglycerin
diluted, 3186
injection, 3187
ointment, 3187
sublingual tablets, 3188

Nitromersol, 3189
topical solution, 3190

Nitromethane, 6183
5-Nitro-1,10-phenanthroline, 6182
Nitrophenanthroline TS, 6232
1-Nitroso-2-naphthol, 6183
Nitroso R salt, 6183
Nitrous

oxide, 3190
oxide certified standard, 6183

Nizatidine, 3191
capsules, 3192

Nomenclature (1121), 7862
Nonadecane, 6183
Nonanoic acid, 6183
Nonionic wetting agent, 6183, 6184
Nonoxynol 9, 3193, 6184
1-Nonyl alcohol, 6184
n-Nonylamine, 6184
Nonylphenol polyoxyethylene ether, 6184
Nonylphenoxypoly(ethyleneoxy)ethanol,

6184
Norelgestromin, 3196
Norepinephrine bitartrate, 3197

injection, 3198
and propoxycaine and procaine

hydrochlorides injection, 3745
Norethindrone, 3198

acetate, 3204
acetate and estradiol tablets, 1733
acetate and ethinyl estradiol tablets, 3208
acetate tablets, 3205
and ethinyl estradiol tablets, 3201
and mestranol tablets, 3203
tablets, 3199

Norgestimate, 3209
and ethinyl estradiol tablets, 3211

Norgestrel, 3212
and ethinyl estradiol tablets, 3214
tablets, 3213

Normal
butyl acetate, 6145
butyl alcohol, 6145
butylamine, 6184

Northern schisandra fruit, 5261
dry extract, 5263
powder, 5265

Nortriptyline hydrochloride, 3214
capsules, 3216
oral solution, 3216

Noscapine, 3217
Novobiocin

sodium, 3218
sodium intramammary infusion, 3218
sodium and penicillin G procaine

intramammary infusion, 3448
sodium, tetracycline hydrochloride, and

prednisolone tablets, 4312
sodium and tetracycline hydrochloride

tablets, 4312
Nuclear magnetic resonance spectroscopy

(761), 6984
Nuclear magnetic resonance spectroscopy

identity testing of bacterial polysaccharides
used in vaccine manufacture (198), 6596

Nucleic acid-based techniques
amplification (1127), 7879
approaches for detecting trace nucleic

acids (residual DNAtesting) (1130),
7897

extraction, detection, and sequencing
(1126), 7870

gen.eral (1125), 7865
genotyping (1129), 7893
microarray (1128), 7887

Nystatin, 3218
cream, 3219
lotion, 3220
lozenges, 3220
neomycin sulfate, gramicidin, and

triamcinolone acetonide cream, 3222
neomycin sulfate, gramicidin, and

triamcinolone acetonide ointment, 3222
neomycin sulfate, thiostrepton, and

triamcinolone acetonide cream, 3223
neomycin sulfate, thiostrepton, and

triamcinolone acetonide ointment, 3223
ointment, 3220
topical powder, 3220
oral suspension, 3221
for oral suspension, 3221
tablets, 3221
and tetracycline hydrochloride capsules,

4313
and triamcinoloneacetonide cream, 3224
and triamcinolone acetonide ointment,

3225
vaginal inserts, 3222
vaginal suppositories, 3220

o
n-Octadecane, 6184
Octadecyl silane, 6184
Octane-n, 6184
Octanesulfonic acid sodium salt, 6204

Mitri-Oil

Octanesulfonic acid sodium salt
monohydrate, 6184

1-0ctanol, 6184
Octanophenone, 6184
Octinoxate, 3225
Octisalate, 3226
Octocrylene, 3227
Octoxynol 9, 5901, 6184
Octreotide acetate, 3228
Octylamine, 6184
Octyldodecanol, 5904
(p-tert-Octylphenoxy)nonaethoxyethanol,

6163, 6184
(p-tert-Octylphenoxy)polyethoxyethanol,

6184
Octyl sulfate, sodium salt, 6184
Officers (2015-2020), ix
Ofloxacin, 3230

ophthalmic solution, 3231
tablets, 3232

Oil
Almond, 5609
Anise, 5624
Borage seed, 4830
Borage seed, capsules, 4831
Canola, 5664
Caraway, 5667
Cardamom, 5688
Castor, 802
Castor, aromatic, 807
Castor, capsules, 805
Castor, emulsion, 806
Castor, hydrogenated, 5691
Ceda~ 6149 .
Chia seed, 4877
Clove, 5718
Coconut, 5719
Coconut, hydrogenated, 5720
Cod liver, 1135
Cod liver, capsules, 4910
Coriander, 5723
Corn, 5723
Cottonseed, 5733
Cottonseed, hydrogenated, 5734
Crypthecodinium cohnii, 4922
Crypthecodinium cohnii, capsules, 4925
Ethiodized injection, 1770
Evening primrose, 4980
Evening primrose, capsules, 4980
Fats and fixed oils (401), 6676
Fennel, 5776
Flax seed, 4998
Flax seed, capsules, 4999
Krill, capsules, 5104
Krill delayed-release capsules, 5107
Lemon, 5856
Mineral, 2961
Mineral emulsion, 2962
Mineral, light, 5889
Mineral, rectal, 2962
Mineral, topical light, 2962
Olive, 5910
Orange, 5914
Palm, 5916
Palm, hydrogenated, 5916
Palm kernel, 5917
Peanut, 5921
Peppermint, 5923
Polyoxyl 35 castor, 5956
Polyoxyl 40 hydrogenated castor, 5958
Fully hydrogenated rapeseed, 5998
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Oil (continued)
Superglycerinated fully hydrogenated

rapeseed, 5999
Rose, 6001 .
Safflower, 3968
Schizochytrium, 5266
Schizochytrium, capsules, 5269
Sesame, 6003
Soybean, 4105
Soybean, hydrogenated, 6040
Star anise, 6043
Sunflower, 6085
Vegetable, hydrogenated, 6099
Vitamins capsules, oil- and water-soluble,

5389
Vitamins capsules, oil-soluble, 5346
Vitamins with minerals capsules, oil- and

water-soluble, 5435
Vitamins with minerals oral solution, oil

and water-soluble, 5462
Vitamins with minerals tablets, oil- and

water-soluble, 5476
Vitamins oral solution, oil- and water

soluble, 5409
Vitamins tablets, oil- and water-soluble,

5419
Vitamins tablets, oil-soluble, 5356

Oil-soluble vitamins
capsules, 5346
tablets, 5356

Oil- and water-soluble vitamins
capsules, 5389
with minerals capsules, 5435
with minerals oral solution, 5462
with minerals tablets, 5476
oral solution, 5409
tablets, 5419

Ointment
Acyclovir, 91
Alclometasone dipropionate, 112
Amcinonide, 215
Amphotericin B, 316
Anthralin, 344
Atropine sulfate ophthalmic, 431
Bacitracin ophthalmic, 467
Bacitracin zinc, 470
Bacitracin zinc and polymyxin B sulfate,

471
Bacitracin zinc and polymyxin B sulfate

ophthalmic, 471
Benzocaine, 509
Benzocaine, butamben, and tetracaine

hydrochloride, 516
Benzoic and salicylic acids, 521
Betamethasone dipropionate, 548
Betamethasone valerate, 556
Bland lubricating ophthalmic, 3273
Calcipotriene, 668
Chlorarnphenlcol and polymyxin B sulfate

ophthalmic, 933
Chloramphenicol ophthalmic, 929
Chlortetracycline hydrochloride, 980
Chlortetracycline hydrochloride

ophthalmic, 987
Ciprofloxacin ophthalmic, 1014
Clioquinol, 1076
Clioquinol and hydrocortisone, 1078
Clobetasol propionate, 1081

Coal tar, 1133
Desoximetasone, 1275
Dibucaine, 1337
Diflorasone diacetate, 1375
Erythromycin, 1688
Erythromycin ophthalmic,1689
Fluocinolone acetonide, 1935
Fluocinonide, 1938
Flurandrenolide, 1976
Fluticasone propionate, 2003
Gentamicin and prednisolone acetate

ophthalmic, 2106
Gentamicin sulfate, 2101
Gentamicin sulfate and betamethasone

valerate, 2103
Gentamicin sulfate ophthalmic, 2102
Halcinonide, 2185
Hydrocortisone, 2232
Hydrocortisone acetate, 2238
Hydrocortisone valerate, 2246
Hydrophilic, 3233
Ichthammol, 2289
Idoxuridine ophthalmic, 2293
Lidocaine, 2622
Mometasone furoate, 3003
Mupirocin, 3041
Mupirocin nasal, 3042
Neomycin and polymyxin B sulfates and

bacitracin, 3115
Neomycin and polymyxin B sulfates,

bacitracin, and hydrocortisone acetate,
3116

Neomycin and polymyxin B sulfates,
bacitracin, and hydrocortisone acetate
ophthalmic, 3116

Neomycin and polymyxin B sulfates,
bacitracin, and lidocaine, 3117

Neomycin and polymyxin B sulfates and
bacitracin ophthalmic, 3115

Neomycin and polymyxin B sulfates and
bacitracin zinc, 3118

Neomycin and polymyxin B sulfates,
. bacitracin zinc, and hydrocortisone,
3118

Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone
acetate ophthalmic, 3120

Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone
ophthalmic, 3119

Neomycin and polymyxin B sulfates,
bacitracin zinc, and lidocaine, 3120

Neomycin and polymyxin B sulfates and
bacitracin zinc ophthalmic, 3118

Neomycin and polymyxin B sulfates and
dexamethasone ophthalmic, 3121

Neomycin and polymyxin B sulfates
ophthalmic, 3114

Neomycin sulfate, 3103
Neomycin sulfate and bacitracin, 3104
Neomycin sulfate and bacitracin zinc, 3104
Neomycin sulfate and dexamethasone

sodium phosphate ophthalmic, 3105
Neomycin sulfate and fluorometholone,

3107 .
Neomycin sulfate and flurandrenolide,

3108
Neomycin sulfate and gramicidin, 3108
Neomycin sulfate and hydrocortisone,

3109
Neomycin sulfate and hydrocortisone

acetate, 3110
Neomycin sulfate, isoflupredone acetate,

and tetracaine hydrochloride, 3111
Neomycin sulfate ophthalmic, 3103

Nitrofurazone, 3182
Nitroglycerin, 3187
Nystatin, 3220
Nystatin, neomycin sulfate, gramicidin,

and triamcinolone acetonide, 3222
Nystatin, neomycin sulfate, thiostrepton,

and triamcinolone acetonide, 3223
Nystatin and triamcinolone acetonide,

3225
Oxytetracycline hydrochloride and

hydrocortisone, 3364
Oxytetracycline hydrochloride and

polymyxin B sulfate, 3364
Oxytetracycline. hydrochloride and

polymyxin B sulfate ophthalmic, 3365
Polyethylene glycol, 5941
Povidone-iodine, 3635
Prednicarbate, 3658
Resorcinol ointment, compound, 3861
Rosewater, 3946
Sodium chloride ophthalmic, 4068
Sulfacetamide sodium ophthalmic, 4142
Sulfacetamide sodium and prednisolone

acetate ophthalmic, 4144
Sulfur, 4176
Tetracaine, 4294
Tetracaine and menthol, 4294
Tetracycline hydrochloride, 4307
Tetracycline hydrochloride ophthalmic,

4308
Tobramycin and dexamethasone

ophthalmic, 4409
Tobramycin ophthalmic, 4405
Triamcinolone acetonide, 4485
Undecylenic acid, compound, 4554
White, 3233
Yellow, 3233
Zinc oxide, 4689

Olanzapine, 3234
and fluoxetine capsules, 3237
tablets, 3235

Olanzapine orally disintegrating
tablets, 3240

Olefin detector tube, 6184
Oleic acid, 5906
Oleoresin, capsicum, 730
Oleovitamin A and D, 3242

capsules, 3242
Oleoyl polyoxylglycerides, 5908
Oleyl

alcohol, 5909
oleate, 5910

Oligo-deoxythymidine, 6184
Oligosaccharide analysis (212), 6623
Olive leaf, 5181

dry extract, 5182
powder, 5184

Olive oil, 5910
Olmesartan medoxomil, 3242

and amlodipine tablets, 272
tablets, 3244

Olopatadine hydrochloride
ophthalmic solution, 3249

Omega-3
acids triglycerides, 5185
ethyl esters capsules, 3253
ethyl esters, 3250

Omega-3 free fatty acids, 5188
Omeprazole, 3256

delayed-release capsules, 3258
magnesium, 3260
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Ondansetron, 3262
compounded topical gel, 3272
hydrochloride, 3263
hydrochloride oral suspension, 3268
injection, 3265
oral solution, 3266
tablets, 3268
orally disintegrating tablets, 3271

Ophthalmic ointment
Atropine sulfate, 431
Bacitracin, 467
Bacitracin zinc and polymyxin B sulfate,

471
B~nd lubricating, 3273
Chloramphenicol, 929
Chloramphenicol and polymyxin B sulfate,

933
Chlortetracycline hydrochloride, 987
Ciprofloxacin, 1014
Erythromycin, 1689
Gentamicin and prednisolone acetate,

2106
Gentamiciqsulfate, 2102
Idoxuridine, 2293
Neomycin and polymyxin B sulfates, 3114
Neomycin and polymyxin B sulfates and

bacitracin, 3115
Neomycin and polymyxin B sulfates,

bacitracin, and hydrocortisone acetate,
3116

Neomycin and polymyxin B sulfates and
bacitracin zinc, 3118

Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone,
3119

. Neomycin and polymyxin B sulfates,
bacitracin zinc, and hydrocortisone
acetate, 3120

Neomycin and polymyxin B sulfates and
dexamethasone, 3121

Neomycin sulfate, 3103
Neomycin sulfate and dexamethasone

sodium phosphate, 3105
Oxytetracycline hydrochloride and

polymyxin B sulfate, 3365
Sodium chloride, 4068
Sulfacetamide sodium, 4142
Sulfacetamide sodium and prednisolone

acetate, 4144
Tetracycline hydrochloride, 4308
Tobramycin, 4405
Tobramycin and dexamethasone, 4409

Ophthalmic products-performance tests
(1771), 8549

Ophthalmic products-quality tests (771),
6993

Ophthalmic solution
Acetylcholine chloride for, 81
Apraclonidine, 359
Atropine sulfate, 432
Azelastine hydrochloride, 445
Benoxinate hydrochloride, 499
Betaxolol, 558
Carbachol, 739

Carteolol hydrochloride, 789
Chloramphenicol, 929
Chloramphenicol for, 930
Chymotrypsin for, 994
Ciprofloxacin, 1015
Cromolyn sodium, 1185
Cyclopentolate hydrochloride, 1201
Cyclosporine compounded, veterinary,

1217
Demecarium bromide, 1247
Dexamethasone sodium phosphate, 1296
Dipivefrin hydrochloride, 1442
Dorzolamide hydrochloride, 1497
Dorzolamide hydrochloride and timolol

maleate, 1499
Echothiophate iodide for, 1579
Emedastine, 1610
Epinephrine, 1649
Epinephrine bitartrate, 1651
Epinephrine bitartrate for, 1652
Epinephryl borate, 1652
Fluorescein sodium and benoxinate

hydrochloride, 1944
Fluorescein sodium and proparacaine

hydrochloride, 1945
Flurbiprofen sodium, 1982
Gentamicin sulfate, 2102
Gentamicin sulfate and betamethasone

acetate, 2102
Glycerin, 2133
Homatropine hydrobromide, 2208
Hydroxyamphetamine hydrobromide,

2258
Hypromellose, 2281
Idoxuridine, 2293
Levobunolol hydrochloride, 2595
Methylcellulose, 2876
Mlconazole compounded, 2946
Moxifloxacin, 3034
Naphazoline hydrochloride, 3076
Naphazoline hydrochloride and

pheniramine maleate, 3076
Neomycin and polymyxin B sulfates, 3115
Neomycin and polymyxin B sulfates and

gramicidin, 3123
Neomycin sulfate and dexamethasone

sodium phosphate, 3106
Ofloxacin, 3231
Olopatadine hydrochloride, 3249
Oxymetazoline hydrochloride, 3350
Phenylephrine hydrochloride, 3519
Physostigmine salicylate, 3536
Pilocarpine hydrochloride, 3543
Pilocarpine nitrate, 3545
Polymyxin B sulfate and trimethoprim,

3592
Prednisolone sodium phosphate, 3668
Proparacaine hydrochloride, 3739
Scopolamine hydrobromide, 401 3
Silver nitrate, 4041
Sodium chloride, 4068
Sulfacetamide sodium, 4143
Tetracaine hydrochloride, 4299
Tetrahydrozoline hydrochloride, 4.315
Timolol maleate, 4389
Tobramycin, 4408
Travoprost, 4471
Tropicamide, 4541
Voriconazole compounded, veterinary,

4645
Zinc sulfate, 4693

Ophthalmic
suspension

Brinzolamide, 594
Chloramphenicol and hydrocortisone

acetate for, 932
Dexamethasone, 1287
Fluorometholone, 1952
Gentamicin and prednisolone acetate,

2107
Natamycin, 3096
Neomycin and polymyxin B sulfates and

dexamethasone, 3122
Neomycin and polymyxin B sulfates and

hydrocortisone, 3123
Neomycin and polymyxin B sulfates and

hydrocortisone acetate, 3125
Neomycin and polymyxin B sulfates and

prednisolone acetate, 3127
Neomycin sulfate and hydrocortisone

acetate, 3110
Neomycin sulfate and prednisolone

acetate, 3128
Oxytetracycline hydrochloride and

hydrocortisone acetate, 3363
Prednisolone acetate, 3663
Rimexolone, 3887
Sulfacetamide sodium and prednisolone

acetate, 4145
Tetracycline hydrochloride, 4310
Tobramycin and dexamethasone, 4411
Tobramycin and fluorometholone acetate,

4412

Opium, 3273
powdered, 3274
tincture, 3274

Optical
microscopy (776), 6998
rotation (781), 7001

Oral drug products-product quality tests
(2), 6410 '

Orally inhaled and nasal drug products
(1664.1), 8467

Oral powder
Containing at least three of the

followinq-c-acetarnlnophen and (salts of)
chlorphenirarnlne, dextromethorphan,
and pseudoephedrine, 54

Levothyroxine sodium, 2618
Sodium bicarbonate, 4061

Oral solution
Abacavir, 19
Acacia syrup, 5597
Acetaminophen, 41
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 56

Acetaminophen and codeine phosphate,
54
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Oral solution (continued)
Acetaminophen, dextromethorphan

hydrobromide, doxylamine succinate,
and pseudoephedrine hydrochloride, 67

Acetaminophen for effervescent, 42
Amantadine hydrochloride, 212
Aminocaproic acid, 236
Aminophylline, 245
Amprolium, 331
Aromatic elixir, 5624
Ascorbic acid, 384
Ascorbic acid compounded, 385
Aspirin effervescent tablets for, 395
Atenolol,407
Beclomethasone dipropionate

compounded, 484
Benzaldehyde elixir, compound, 5634
Betamethasone, 542
Bethanechol chloride, 563
Bromodiphenhydramine hydrochloride,

599
Bromodiphenhydramine hydrochloride and

codeine phosphate, 600
Brompheniramine maleate, 602
Brompheniramine maleate and

pseudoephedrine sulfate, 603
Butabarbital sodium, 642
Caffeine citrate, 663
Calcium glubionate syrup, 695
Captopril, 734
C 13 for, urea, 767
Cetirizine hydrochloride, 912
Cherry syrup, 5709
Chloral hydrate, 924
Chloramphenicol, 930
Chlorpheniramine maleate, 971
Chlorpheniramine maleate and

pseudoephedrine hydrochloride, 973
Chlorpromazine hydrochloride syrup, 976
Chocolate syrup, 5716
Citalopram, 1034
Clindamycin hydrochloride, 1066
c1indamycin hydrochloride compounded,

1066
Clindamycin palmitate hydrochloride for,

1068
Cloxacillin sodium for, 11 30
Codeine phosphate, 1138
Codeine sulfate, 1141
Cyclosporine, 1216
Cyproheptadine hydrochloride, 1219
Dexamethasone, 1288
Dexamethasone elixir, 1286
Dexbrompheniramine maleate and

pseudoephedrine sulfate, 1298
Dexchlorpheniramine maleate, 1301
Dextromethorphan hydrobromide, 1321
Diclofenac potassium for, 1344
Dicyclomine hydrochloride, 1361
Didanosine for, 1366
Digoxin, 1385
Dihydrotachysterol, 1392
Diltiazem hydrochloride, 1405
Dimenhydrinate, 1410
Diphenhydramine hydrochloride, 1429
Diphenoxylate hydrochloride and atropine

sulfate, 1438
Docusate sodium syrup, 1481
Dolasetron mesylate, 1485
Doxepin hydrochloride, 1510
Doxylamine succinate, 1546
Dyphylline, 1573
Dyphylline and guaifenesin, 1575
Entecavir, 1636
Ephedrine sulfate, 1644

Ergocalciferol, 1667
Ergoloid mesylates, 1671
Escitalopram, 1706
Ethosuximide, 1776
Ferric ammonium citrate for, 290
Ferrous gluconate, 1860
Ferrous sulfate, 1863
Ferrous sulfate syrup, 1863
Fluoxetine, 1961
Fluphenazine hydrochloride, 1973
Fluphenazine hydrochloride elixir, 1971
Folic acid, compounded, 2027
Furosemide, 2055
Galantamine, 2079
Glycerin, 2134
Guaifenesin, 2171
Guaifenesin and codeine phosphate, 2172
Haloperidol, 2189
Hydralazine hydrochloride, 2215
Hydromorphone hydrochloride, 2252
Hydroxyzine hydrochloride, 2266
Hyoscyamine sulfate, 2277
Hyoscyamine sulfate elixir, 2276
Ipecac, 2397
Isoniazid, 2426
Isosorbide, 2440
Ivermectin compounded, veterinary, 2473
Lamivudine, 2526
Leucovorin calcium compounded, 2570
Levetiracetam, 2583
Levocarnitine, 2600
Levofloxacin, 2608
Lincomycin, 2632
Lithium, 2648
Loperamide hydrochloride, 2661
Lopinavir and ritonavir, 2666
Loratadine, 2674
Magnesium carbonate, citric acid, and

potassium citrate for, 2711
Magnesium carbonate and citric acid for,

2710
Manganese chloride for, 2732
Magnesium citrate, 2714
Magnesium citrate for, 2715
Meperidine hydrochloride, 2784
Metaproterenol sulfate, 2813
Methadone hydrochloride, 2838
Methylcellulose, 2876
Metoclopramide, 2910
Metoprolol tartrate, 2925
Mibolerone, 2945
Neomycin sulfate, 3103
Nortriptyline hydrochloride, 3216
Ondansetron, 3266
Orange syrup, 5915
Oxybutynin chloride, 3328
Oxycodone hydrochloride, 3337
Paromomycin, 3409
Penicillin G potassium for, 3439
Penicillin V potassium for, 3456
Phenobarbital, 3498
Piperazine citrate syrup, 3575
Polyethylene glycol 3350 and electrolytes

for, 3587
Potassium bicarbonate effervescent tablets

for, 3596
Potassium bicarbonate and potassium

chloride for effervescent, 3597
Potassium bicarbonate and potassium

chloride effervescent tablets for, 3597
Potassium bicarbonate, potassium chloride,

and potassium citrate effervescent
tablets for, 3609

Potassium bromide, veterinary, 3600
Potassium chloride, 3604

Potassium chloride for, 3605
Potassium citrate and citric acid, 3617
Potassium gluconate, 3619
Potassium gluconate and potassium

chloride, 3621
Potassium gluconate and potassium

chloride for, 3621
Potassium gluconate and potassium citrate,

3622
Potassium gluconate, potassium citrate,

and ammonium chloride, 3622
Potassium iodide, 3624
Potassium and sodium bicarbonates and

citric acid effervescent tablets for, 3598
Prednisolone, 3661
Prednisolone sodium phosphate

compounded, 3667
Prednisone, 3671
Prochlorperazine, 3697
Promazine hydrochloride, 3713
Promazine hydrochloride syrup, 3713
Promethazine and phenylephrine

hydrochloride, 3721
Promethazine and phenylephrine

hydrochloride and codeine phosphate,
3724

Promethazine hydrochloride, 3717
Pseudoephedrine hydrochloride, 3762
Pseudoephedrine hydrochloride,

carbinoxamine maleate, and
dextromethorphan hydrobromide, 3767

Pyridostigmine bromide, 3780
Ranitidine, 3846
Risperidone, 3905
Ritonavir, 3917
Saccharin sodium, 3967
Senna, 4026
Sertraline hydrochloride, 4032
Sodium benzoate compounded, 4056
Sodium bromide, veterinary, 4063
Sodium citrate and citric acid, 4069
Sodium fluoride, 4072
Sodium phosphates, 4090
Stavudine for, 4122
Sulfaquinoxaline, 4169
Syrup, 6087
Terpin hydrate, 4284
Terpin hydrate and codeine, 4284
Theophylline, 4325
Theophylline and guaifenesin, 4332
Theophylline sodium glycinate, 4334
Thiamine hydrochloride, 4338
Thiamine mononitrate, 4341
Thioridazine hydrochloride, 4354
Thiothixene hydrochloride, 4361
Tolu balsam syrup, 6090
Triamcinolone diacetate, 4491
Tricitrates, 4504
Trifluoperazine, 4511
Trihexyphenidyl hydrochloride, 4519
Trikates, 4521
Trimeprazine, 4522
Triprolidine hydrochloride, 4533
Triprolidine and pseudoephedrine

hydrochlorides, 4534
Valproic acid, 4574
Vancomycin hydrochloride for, 4590
Vancomycin hydrochloride compounded,

4589
Vehicle for, 5913
Vehicle for, sugar free, 5913
Verapamil hydrochloride, 4609
Vigabatrin for, 4619
Vitamins with minerals, oil-soluble, 5372
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Oral solution (continued)
Vitamins with minerals, oil- and water

soluble, 5462
Vitamins with minerals, water-soluble,

5543
Vitamins, oil-soluble, 5353
Vitamins, oil- and water-soluble, 5409
Zidovudine, 4676
Zinc acetate, 4682
Zinc sulfate, 4693

Oral suspension
Acetaminophen, 42
Acetaminophen and codeine phosphate,

56
Acetazolamide, 76
Acyclovir, 92
Albendazole, 102
Allopurinol, 133
Alprazolam, 145
Alumina and magnesia, 166
Alumina, magnesia, and calcium

carbonate, 168
Alumina, magnesia, and simethicone, 173
Alumina and magnesium carbonate, 176
Alumina and magnesium trisilicate, 179
Amiodarone hydrochloride, 257
Amlodipine, 264
Amoxicillin, 303
Amoxicillin and c1avulanate potassium for,

308
Amoxicillin for, 303
Amoxicillin tablets for, 306
Ampicillin for, 324
Ampicillin and probenecid for, 326
Atenolol compounded, 408
Atenolol compounded, veterinary, 409
Atovaquone, 423
Azathioprine, 440
Azithromycin for, 454
Baclofen, 473
Benazepril hydrochloride compounded,

veterinary, 490
Bethanechol chloride, 564
Biotin compounded, 571
Bismuth subsalicylate, 582
Calcium carbonate, 686
Calcium and magnesium carbonates, 691
Captopril, 735
Carbamazepine, 742
Cefaclor for, 810
Cefadroxil for, 816
Cefdinir for, 830
Cefixime for, 837
Cefpodoxime proxetil for, 864
Cefprozil for, 869
Cefuroxime axetil for, 888
Cellulose sodium phosphate for, 896
Cephalexin for, 898
Cephalexin tablets for, 899
Cephradine for, 909
Chloramphenicol palmitate, 934
Chloroquine phosphate, 960
Chlorothiazide, 963
Chlorothlazlde compounded, 963
Cholestyramine for, 990
Ciprofloxacin for, 1019
Cisapride compounded, veterinary, 1025
Clarithromycin for, 1049
Clavulanate potassium and amoxicillin for,

308

Clomipramine compounded, veterinary,
1091

Clonazepam, 1097
Clonidine hydrochloride compounded,

1103
Clopidogrel compounded, 1111
Colestipol hydrochloride for, 1147
Colistin sulfate for, 1150
Cyclophosphamide compounded, 1208
Dapsone, 1240
Diazoxide, 1335
Didanosine tablets for, 1367
Diltiazem hydrochloride, 1406
Dipyridamole, 1445
Dolasetron mesylate, 1485
Doxycycline for, 1525
Doxycycline calcium, 1529
Doxycycline compounded, veterinary,

1530
Enalapril maleate, 1613
Enalapril maleate compounded, veterinary,

1613
Enrofloxacin compounded, veterinary,

1630
Erythromycin estolate, 1693
Erythromycin estolate for, 1694
Erythromycin estolate and sulfisoxazole

acetyl, 1695
Erythromycin ethylsuccinate, 1698
Erythromycin ethylsuccinate for, 1699
Erythromycin ethylsuccinate and

sulfisoxazole acetyl for, 1701
Ethambutol hydrochloride compounded,

1763
Famciclovir compounded, 1812
Famotidine for, 1818
Felbamate, 1822
Ferumoxsil, 1868
Flecainide acetate, 1897
Fluconazole for, 1912
Flucytosine, 191 7 .
Furazolidone, 2052
Ganciclovir, 2090
Granisetron hydrochloride, 2161
Griseofulyin, 2166
Ibuprofen, 2283
Indomethacin, 2332
lsradlplne, 2465
Ketoconazole, 2507
labetalol hydrochloride, 2519
lamotrigine compounded, 2545
lamotrigine tablets, 2542
lansoprazole compounded, 2556
leflunomide compounded, 2560
lisinopril, 2644
Magaldrate and simethicone, 2706
Magnesium carbonate and sodium

bicarbonate for, 2712
Marbofloxacin compounded, veterinary,

2741
Mebendazole, 2744
Megestrol acetate, 2763
Meloxicam, 2770
Methacycline hydrochloride, 2835
Methadone hydrochloride tablets for, 2839
Metolazone, 2913
Metoprolol tartrate, 2926
Metronidazole benzoate compounded,

2933
Minocycline hydrochloride, 2966
Mirtazapine compounded, veterinary, 2977
Mycophenolate mofetil for, 3047
Naproxen, 3079
Naproxen compounded, 3078
Naratriptan hydrochloride, 3094

Nevirapine, 3132
Nitrofurantoin, 3179
Nystatin, 3221
Nystatin for, 3221
Ondansetron hydrochloride, 3268
Oxcarbazepine, 3317
Oxfendazole, 3322
Penicillin G benzathine, 3433
Penicillin V for, 3452
Penicillin V benzathine, 3454
Pentoxifylline, 3470
Pergolide, veterinary, 3478
Phenobarbital, 3498
Phenoxybenzamine hydrochloride

compounded, 3504
Phenytoin, 3526
Phytonadione compounded, 3538
Piroxicam compounded, 3579
Prazosin hydrochloride compounded, 3655
Prednisolone compounded, veterinary,

3664
Primidone, 3684
Propylthiouracil, 3755
Psyllium hydrophilic mucilloid for, 3771
Pyrantel pamoate, 3774
Pyrazinamide, 3776
Pyrimethamine, 3787
Pyrvinium pamoate, 3789
Quinidine sulfate, 3814
Rifabutin, 3874
Rifampin, 3877
Sildenafil citrate, 4040
Simethicone, 4045
Sodium phenyl butyrate, 4086
Sotalol hydrochloride, 4104
Spironolactone, 4111
Spironolactone and hydrochlorothiazide,

4113
Spironolactone compounded, 4111
Sulfadimethoxine, 4153
Sulfamethizole, 4158
Sulfamethoxazole, 4161
Sulfamethoxazole and trimethoprim, 4163
Sulfisoxazole acetyl, 4175
Sumatriptan succinate, 4188
Tacrolimus, 4202
Tadalafil compounded, 4207
Temozolomide, 4257
Terbinafine, 4267
Terbutaline, 4273
Tetracycline, 4302
Tetracycline hydrochloride, 4310
Theophylline, 4327
Thiabendazole, 4335
Tiagabine hydrochloride, 4367
Topiramate compounded, 4436
Tramadol hydrochloride, 4443
Tramadol hydrochloride and

acetaminophen, 4452
Tramadol hydrochloride compounded,

veterinary, 4443
Triflupromazine, 4514
Trisulfapyrimidines, 4536
Ursodiol, 4559
Valacyclovir, 4561
Vehicle for, 5913
Verapamil hydrochloride, 4609
Zonisamide compounded, 4721

Orange
G, 6184
oil, 5914
peel tincture, sweet, 5915
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Orange (continued)
spirit, compound, 5914
syrup, 5915

Orbifloxacin, 3275
tablets, 3276

Orcinol, 6185
Ordinary impurities (466), 6710
Organic

nitrogenous bases-identification (181),
6587

nitrogenous bases, salts of (501), 6741
Orlistat, 3277

capsules, 3280
Orphenadrine citrate, 3281

aspirin and caffeine tablets, 3288
injection, 3284
extended-release tablets, 3285

Orthophenanthroline, 6185
TS,6232

Oseltamivir phosphate, 3291
capsules, 3293

Osmium tetroxide, 6185
Osmolality and osmolarity (785), 7008
Otic solution

acetic acid, 78
antipyrine and benzocaine, 352
antipyrine, benzocaine, and phenylephrine

hydrochloride, 354 .
benzocaine, 510
chloramphenicol, 931
gentamicin sulfate and betamethasone

valerate, 2104
hydrocortisone and acetic acid, 2235
neomycin and polymyxin B sulfates and

hydrocortisone, 3124
polymyxin B sulfate and hydrocortisone,

3592
Otic suspension

Ciprofloxacin and dexamethasone, 1021
Oxacillin

injection, 3296
for injection, 3297
sodium, 3294

Oxalic acid, 6185
tenth-normal (0.1 N), 6244
TS,6232

Oxaliplatin, 3297
injection, 3301
for injection, 3303

Oxandrolone, 3306
tablets, 3308

Oxaprozin, 3310
tablets, 3311

Oxazepam, 3312
capsules, 3314

Oxcarbazepine, 3315
oral suspension, 3317
tablets, 3319

Oxfendazole, 3322
oral suspension, 3322

Oxidized cellulose, 893
regenerated, 894

Oxprenolol hydrochloride, 3323
extended-release tablets, 3324

Oxtriphylline, 3324
extended-release tablets, 3325

Oxybenzone, 3326
and dloxybenzone cream, 1418

Oxybutynin chloride, 3326
oral solution, 3328
tablets, 3328
tablets, extended-release, 3329

Oxycodone
and acetaminophen capsules, 3341
and acetaminophen tablets, 3343

and aspirin tablets, 3344
terephthalate, 3345

Oxycodone hydrochloride, 3335
oral solution, 3337
tablets, 3338
extended-release tablets, 3339

3,3'-Oxydipropionitrile, 6185
Oxygen, 3347

21 percent certified standard, 6185
93 percent, 3347
93 percent certified standard, 6185
certified standard, 6185
flask combustion (471), 6735
helium certified standard, 6185

Oxymetazoline hydrochloride, 3348
nasal solution, 3349
ophthalmic solution, 3350

Oxymetholone, 3350
tablets, 3351

Oxymorphone hydrochloride, 3352
injection, 3353
tablets, 3354
extended-release tablets, 3356

Oxyquinoline sulfate, 5915
Oxytetracycline, 3359

for injection, 3362
hydrochloride, 3361
hydrochloride capsules,' 3362
hydrochloride and hydrocortisone acetate

ophthalmic suspension, 3363
hydrochloride and hydrocortisone

ointment, 3364
hydrochloride and polymyxin B sulfate

ointment, 3364
hydrochloride and polymyxin B sulfate

ophthalmic ointment, 3365
hydrochloride and polymyxin B sulfate

topical powder, 3365
hydrochloride and polymyxin B sulfate

vaginal inserts, 3366
hydrochloride soluble powder, 3363
injection, 3360
tablets, 3361

Oxytocin, 3366
injection, 3367

p

Package integrity and test method selection
(1207.1), 8086

Package integrity leak test technologies
(1207.2), 8097

Package seal quality test technologies (1207.
3), 8111

Packaging and repackaging-single unit
containers (1136), 7919

Packaging and storage requirements (659),
6876

Paclitaxel, 3367
injection, 3370

Padimate 0, 3371
lotion, 3372

Paired ion chromatography reagent, 6185
Paliperidone, 3373
Palladium

catalyst, 6185
chloride, 6185
chloride TS, buffered, 6232

Palladous chloride, 6185
Pallida

echinacea, 4944

extract, powdered echinacea, 4948
powdered echinacea, 4946

Palm
oil, 5916
oil, hydrogenated, 5916
kernel oil, 5917

Palmitic acid, 5918
Palonosetron

hydrochloride, 3374
Pamabrom, 3376
Pamidronate disodium, 3377

for injection, 3379
Pancreatic digest of casein, 6185, 6216
Pancreatin, 3379, 6185

tablets; 3381
Pancreatin (1025), 7272
Pancrelipase, 3382

capsules, 3384
delayed-release capsules, 3384
tablets, 3385

Pancuronium bromide, 3385
injection, 3386

Panthenol, 3388
Pantoprazole sodium, 3388

delayed-release tablets, 3391
Papaic digest of soybean meal, 6185
Papain, 3396

tablets for topical solution, 3396
Papaverine hydrochloride, 3397

injection, 3398
tablets, 3398

Paper
lead acetate, 6175

Para-aminobenzoic acid, 6135, 6185
Parachlorophenol, 3399

camphorated, 3399
Paraffin, 5920

synthetic, 5921
Paraformaldehyde, 6186
Paraldehyde, 3400
Paregoric, 3401
Paricalcitol, 3402

capsules, 3404
injection, 3406

Paromomycin
oral solution, 3409
sulfate, 3408
sulfate capsules, 3408

Paroxetine
hydrochloride, 3409
tablets, 3412
extended-release tablets, 3413

Partially-neutralized methacrylic acid and
ethyl acrylate copolymer, 5881

Particle size distribution estimation by
analytical sieving (786), 7010

Particulate matter in injections (788), 7017
Particulate matter in ophthalmic solutions
(789~ 7020 .

Peanut oil, 5921
Pea starch, 6053
Pectate lyase, 6186
Pectin, 3418

. Pemetrexed
disodium, 3420
for injection, 3422

Penbutolol sulfate, 3424
tablets, 3425

Penicillamine, 3426
capsules, 3427
tablets, 3429

Penicillin
G benzathine, 3432
G benzathine injectable suspension, 3433
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Penicillin (continued)
G benzathine and penicillin G procaine

injectable suspension, 3434
G benzathine oral suspension, 3433
G benzathine tablets, 3434
G, neomycin, polymyxin B, hydrocortisone

acetate, and hydrocortisone sodium
succinate topical suspension, 3430

G potassium, 3436
G potassium injection, 3437
G potassium for injection, 3437
G potassium for oral solution, 3439
G potassium tablets, 3439
G procaine, 3441
G procaine, dihydrostreptomycin sulfate,

chlorpheniramine maleate, and
dexamethasone injectable suspension,
3445

G procaine and dihydrostreptomycin
sulfate injectable suspension, 3444

G procaine and dihydrostreptomycin
sulfate intramammary infusion, 3444

G procaine, dihydrostreptomycin sulfate,
and prednisolone injectable suspension,
3447

G procaine injectable suspension, 3443
G procaine for injectable suspension, 3443
G procaine intramammary infusion, 3442
G procaine, neomycin and polymyxin B

sulfates, and hydrocortisone acetate
topical suspension, 3448

G procaine and novobiocin sodium
intramammary infusion, 3448

G procaine and penicillin G benzathine
injectable suspension, 3434

G sodium, 3449
G sodium for injection, 3450
V, 3451
V benzathine, 3453
V benzathine oral suspension,' 3454
V potassium, 3454
V potassium for oral solution, 3456
V potassium tablets, 3456
V for oral suspension, 3452
V tablets, 3453

Penicillinase, 6186
Pentadecane, 6186
l-Pentadecanol, 6186
Pentafluoropropionic acid, 6186
Pentamidine isethionate, 3457
Pentane, 6186
l-Pentanesulfonic acid sodium salt, 6186
2-Pentanone, 6186
Pentazocine, 3458

and acetaminophen tablets, 3460
and aspirin tablets, 3461
hydrochloride, 3459
injection, 3465
and naloxone tablets, 3463

Pentetic acid, 3466
Pentobarbital, 3467

sodium, 3468
sodium injection, 3469

Pentoxifylline, 3469
oral suspension, 3470
extended-release tablets, 3471

People, ix
Peppermint, 5922

oil, 5923
spirit, 3474
water, 5923

Pepsin, 6186
purified, 6188

Peptic digest of animal tissue, 6188
Peptone, dried, 6163, 6188

Perchloric acid, 6189
tenth-normal (0.1 N) in dioxane, 6244
tenth-normal (0.1 N) in glacial acetic acid,

6244
TS,6233

Perflubron, 3474
Perflutren protein-type A microspheres

injectable suspension, 3475
Pergolide

mesylate, 3477
oral suspension veterinary, 3478
tablets, 3478

Perindopril
erbumine, 3480
erbumine tablets, 3483

Periodic acid, 6189
Periodontal system

minocycline, 2970
Peroxidase, 6189
Perphenazine, 3485

and amitriptyline hydrochloride tablets,
3487

tablets, 3486
Pertussis

immune globulin, 3488
Petrolatum, 3488

hydrophilic, 3489
white, 3489

Petroleum benzin, 6189
Petroleum ether, 6189
pH (791), 7022
Pharmaceutical calculations in pharmacy

practice (1160), 7953
Pharmaceutical compounding

nonsterile preparations (795), 7025
sterile preparations (797), 7037

Pharmaceutical dosage forms (1151), 7929
Phellandrene

(R)-(-)-alpha, 6189
Phenacetin, 6189
1,10-Phenanthroline, 6185, 6189
o-Phenanthroline monohydrochloride

monohydrate, 6189
Phenazopyridine hydrochloride, 3490

tablets, 3491
Phendimetrazine tartrate, 3492

capsules, 3493
tablets, 3494

Phenelzine sulfate, 3495
tablets, 3496

Pheniramine maleate, 3497
and naphazoline hydrochloride ophthalmic

solution, 3076
Phenobarbital, 3497

sodium, 3499
sodium injection, 3500
sodium for injection, 3500
oral solution, 3498
oral suspension, 3498
tablets, 3499
theophylline and ephedrine hydrochloride

tablets, 4330
Phenol, 3501, 6189

alcohol TS, 6225
topical gel, camphorated, 3501
iron, TS, 6230
liquefied, 3502
red, 6189, 6221
red, sodium, 6189
red TS, 6233
red TS, pH 4.7, 6233
camphorated, topical solution, 3502
TS,6233

Phenolated
calamine topical suspension, 665

Phenoldisulfonic acid TS, 6233
Phenolphthalein, 6221

paper, 6222
Phenolphthalein TS, 6233
Phenolsulfonphthalein, 5924, 6189
Phenoxybenzamine hydrochloride, 3503,

6189
capsules, 3503

Phenoxybenzamine hydrochloride
compounded
oral suspension, 3504

3-Phenoxybenzoic acid, 6189
2-Phenoxyethanol, 6189
Phenoxyethanol, 5925
Phentermine hydrochloride, 3505

capsules, 3506
tablets, 3507

Phentolamine mesylate, 3508
for injection, 3509

Phenyl
ether, 6189
isocyanate, 6189

2-Phenylacetamide, 6189
Phenylacetic acid, 6189
Phenylalanine, 3509, 6189
dl-Phenylalanine, 6189
Phenylbutazone, 3510

boluses, 3511
injection, 3511
tablets, 3512

p-Phenylenediamine
dihydrochloride, 6189
hydrochloride, 6189

o-Phenylenediamine dihydrochloride, 6189
Phenylephrine

bitartrate, 3513
diphenhydramine,· hydrochloride tablets,

1433
hydrochloride, 3515
hydrochloride, antipyrine, and benzocaine

otic solution, 354
hydrochloride and promethazine and

codeine phosphate oral solution, 3724
hydrochloride and promethazine oral

solution, 3721
hydrochloride injection, 3517
hydrochloride nasal jelly, 3518
hydrochloride nasal solution, 3518
hydrochloride ophthalmic solution, 3519
hydrochloride tablets, 3520

Phenylethyl alcohol, 3522
Phenylglycine, 6190
Phenylhydrazine, 6190

acetate TS, 6233
hydrochloride, 6190
sulfuric acid TS, 6233

Phenylmercuric
acetate, 5926
nitrate, 5926

Phenylmethylsulfonyl fluoride, 6190
3-Phenylphenol, 6190
Phenylpropanolamine

hydrochloride, 3522
Phenyltoloxamine citrate, 3523
Phenytoin, 3524

chewable tablets, 3528
sodium, 3529
sodium capsules, extended, 3531
sodium injection, 3534
oral suspension, 3526

Phenytoin compounded topical
gel,3525

pH indicator paper, short-range, 6222
Phloroglucinol, 6190

TS,6233
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Phloxine B, 6190
Phosphatase enzyme, alkaline, 6134, 6190
Phosphate

acidulated, and sodium fluoride topical
solution, 4074

buffer, 6145
diethylamine, 6158
in reagents, 6131

Phosphatic enzyme, 6190
TS,6233

Phosphomolybdic acid, 6190
TS,6233

Phosphoric acid, 5927, 6190
diluted, 5927
and sodium fluoride gel, 4075
0.01 % TS, 6233
0.05 M TS, 6233
0.06 M TS, 6233
10 TS, 6233
1 N TS, 6233
20% TS, 6233
0.01 M TS, 6233

18 N Phosphoric acid
TS,6233

1 M Phosphoric acid
TS,6233

0.75 M Phosphoric acid TS, 6233
0.02 M Phosphoric acid TS, 6233
1.5 M Phosphoric acid TS, 6233
Phosphorous acid, 6190
Phosphorus

pentoxide, 6190
red, 6190, 6197

Phosphotungstic acid, 6190
TS,6233

o-Phthalaldehyde, 6190
Phthalazine, 6191
Phthalic

acid, 6191
anhydride, 6191

Phthalimide, 6191
Phyllanthus amarus, 5191

powdered, 5193
Physical environments that promote safe

medication use (1066), 7590
Physicochemical analytical procedures for

insulins (121.1), 6550
Physicochemical integrators and indicators

for sterilization (1229.9), 8227
Physostigm ine

salicylate, 3535
salicylate injection, 3535
salicylate ophthalmic solution, 3536

Phytonadione, 3537
injectable emulsion, 3538
tablets, 3539

Phytonadione compounded
oral suspension, 3538

2-Picoline, 6191
Picrate TS, alkaline, 6226, 6233
Picric acid, 6191, 6215

TS,6233
Picrolonic acid, 6191
Pilocarpine, 3539

hydrochloride, 3542
hydrochloride ophthalmic solution, 3543
hydrochloride tablets, 3543
nitrate, 3545
nitrate ophthalmic solution, 3545
ocular system, 3541

Pimobendan, 3546
Pimozide, 3547

tablets, 3548
Pindolol, 3549

tablets, 3550

Pinene
(+)-alpha, 6191
beta, 6191

Pioglitazone
and glimepiride tablets, 3554
hydrochloride, 3551
and metformin hydrochloride tablets, 3558
tablets, 3553

Pipemidic acid, 6191
Piperacillin, 3562

for injection, 3565
sodium, 3564
and tazobactam for injection, 3567

Piperazine, 3573, 6191
adipate, 3573
citrate, 3574
citrate syrup, 3575
citrate tablets, 3575
dihydrochloride, 3575
phosphate, 3576

Piperidine, 6191
Piroxicam, 3577

capsules, 3578
cream, 3579

Piroxicam compounded
oral suspension, 3579

Plantago seed, 3580
Plant Stanol Esters, 5194
Plasma protein fraction, 3581
Plasma spectrochemistry (730), 6967
Plasma spectrochemistry-theory and

practice (1730), 8484
Plastic materials of construction (661.1),

6893
Plastic packaging systems and their materials

of construction (661), 6887
Plastic packaging systems for pharmaceutical

use (661.2), 6912
Platinic

chloride, 6191
chloride TS, 6233

Platinum
cobalt TS, 6233

Podophyllum, 3581
resin, 3582
resin topical solution, 3582

Polacrilin potassium, 5928
Polarography (801), 7089
Policies, USP, xxviii
Poloxalene, 3582
Poloxamer, 5929
Poly(dimethylsiloxane-co

methylphenylsiloxane), 6191
Polycarbophil, 3583

calcium, 713
Polydecene

hydrogenated, 5932
Polydextrose, 5933

hydrogenated, 5936
Polydimethylsiloxane, viscosity 0.65

centistokes, 6191
Polyethylene

glycol, 5939
glycol 200, 6191
glycol 600, 6191
glycol 20,000, 6191
glycol 3350 and electrolytes for oral

solution, 3587
glycol monomethyl ether, 5942
glycol ointment, 5941
oxide, 5944

Polyethylene glycol 3350, 3584
Polyethylene glycol 400, 6191
Polyethylene glycol 4000, 6191

Polyethylene glycol standards with molecular
weights of 1000, 2000, 3000, 4000, and
6000 daltons (g/mol), 6192

Polyglyceryl
3 diisostearate, 5948
dioleate, 5946

Polyisobutylene, 5949
Polymyxin B

for injection, 3590
and neomycin sulfates, bacitracin, and

hydrocortisone acetate ointment, 3116
and neomycin sulfates, bacitracin, and

hydrocortisone acetate ophthalmic
ointment, 3116

and neomycin sulfates, bacitracin, and
lidocaine ointment, 3117

and neomycin sulfates and bacitracin
ointment, 3115

and neomycin sulfates and bacitracin
ophthalmic ointment, 3115

and neomycin sulfates, bacitracin zinc, and
hydrocortisone acetate ophthalmic
ointment, 3120

and neomycin sulfates, bacitracin zinc, and
hydrocortisone ointment, 3118

and neomycin sulfates, bacitracin zinc, and
hydrocortisone ophthalmic ointment,
3119

and neomycin sulfates, bacitracin zinc, and
lidocaine ointment, 3120

and neomycin sulfates and bacitracin zinc
ointment, 3118

and neomycin sulfates and bacitracin zinc
ophthalmic ointment, 3118

and neomycin sulfates cream, 3114
and neomycin sulfates and dexamethasone

ophthalmic ointment, 3121
and neomycin sulfates and dexamethasone

ophthalmic suspension, 3122
and neomycin sulfates and gramidicin

cream, 3122
and neomycin sulfates, gramidicin, and

hydrocortisone acetate cream, 3123
and neomycin sulfates and gramidicin

ophthalmic solution, 3123
and neomycin sulfates and hydrocortisone

acetate cream, 3125
and neomycin sulfates and hydrocortisone

acetate ophthalmic suspension, 3125
and neomycin sulfates and hydrocortisone

ophthalmic suspension, 3123
and neomycin sulfates and hydrocortisone

otic solution, 3124
and neomycin sulfates and hydrocortisone

otic suspension, 3124
and neomycin sulfates and lidocaine

cream, 3126
and neomycin sulfates ophthalmic

ointment, 3114
and neomycin sulfates ophthalmic

solution, 3115
and neomycin sulfates, penicillin G

procaine, and hydrocortisone acetate
topical suspension, 3448

and neomycin sulfates and pramoxine
hydrochloride cream, 3126

and neomycin sulfates and prednisolone
acetate ophthalmic suspension, 3127

and neomycin sulfates solution for
irrigation, 3114

penicillin G, neomycin, hydrocortisone
acetate, and hydrocortisone sodium
succinate topical suspension, 3430

sulfate, 3588
sulfate and bacitracin topical aerosol, 468

www.webofpharma.com

https://nhathuocngocanh.com/



Combined Index to USP 43 and NF 38 lPolym-O.025 I-51

Polymyxin B (continued) ,
sulfate and bacitracin zinc topical aerosol,

3591
sulfate and bacitracin zinc ointment, 471
sulfate and bacitracin zinc ophthalmic

ointment, 471
sulfate and bacitracin zinc topical powder,

3591
sulfate and chloramphenicol ophthalmic

ointment, 933
sulfate and hydrocortisone otic solution,

3592
sulfate and oxytetracycline hydrochloride

ointment, 3364
sulfate and oxytetracycline hydrochloride

ophthalmic ointment, 3365
sulfate and oxytetracycline hydrochloride

topical powder, 3365
sulfate and oxytetracycline hydrochloride

vaginal inserts, 3366
sulfate and trimethoprim ophthalmic

solution, 3592
Polyoxyethylene 10 lauryl ether, 6192
Polyoxyethylene (20) sorbitan monolaurate,

6192
Polyoxyethylene (23) lauryl ether, 6192
Polyoxyl

10 oleyl ether, 5950
15 hydroxystearate, 5951
20 cetostearyl ether, 5955
35 castor oil, 5956
40 hydrogenated castor oil, 5958
lauryl ether, 5960
oleate, 5961
stearate, 5961
stearyl ether, 5962

Polypeptone, 6192
Polypropylene glycol 11 stearyl ether, 5963
Polysaccharide molecular weight standards,

6192
Polysorbate

20, 5965
40, 5966
60, 5966
80, 5967

Polysorbate 20, 6192
Polysorbate 80, 6192
Polystyrene

cation-exchange resin, 6192
Polytef, 6192
Polyvinyl

acetate, 5969
acetate dispersion, 5972
acetate phthalate, 5974
alcohol, 3593, 6192
alcohol and ethylene glycol graft

copolymer, 5769
Porosimetry by mercury intrusion (267),

6653
Porosity by nitrogen adsorption-desorption

(268), 6655
Positron emission tomography drugs for

compounding, investigational, and
research uses (823), 7100

Positron emission tomography drugs
information (1823) , 8617

Potash, sulfurated, 359:4-
Potassium

acetate, 3595, 6192
acetate injection, 3595
acetate TS, 6233
alginate, 5975
alum, 166, 6192
arsenate monobasic, 6192
arsenite, tenth-normal (0.1 N), 6245

benzoate, 5976
bicarbonate, 3596, 6192
bicarbonate effervescent tablets for oral

solution, 3596
bicarbonate and potassium chloride for

effervescent oral solution, 3597
bicarbonate and potassium chloride

effervescent tablets for oral solution,
3597

bicarbonate, potassium chloride, and
potassium citrate effervescent tablets for
oral solution, 3609

biphosphate, 6192
biphthalate, 6192
bismuth iodide TS, 6233
bisulfate, 6192
bitartrate, 3599
bromate, 6192
bromate, tenth-normal (0.1 N), 6245
bromide, 3600, 6192
bromide-bromate, tenth-normal (0.1 N),

6245
bromide oral solution, veterinary, 3600
carbonate, 3601, 6193
carbonate, anhydrous, 6138, 6193
carbonate TS, 6233
chlorate, 6193
chloride, 3601, 6193
chloride extended-release capsules, 3602
chloride in dextrose injection, 3607
chloride in dextrose and sodium chloride

injection, 3608
chloride for injection concentrate, 3604
chloride in lactated ringer's and dextrose

injection, 3610
chloride, potassium bicarbonate, and

potassium citrate effervescent tablets for
oral solution, 3609

chloride and potassium bicarbonate for
effervescent oral solution, 3597

chloride and potassium bicarbonate
effervescent tablets for oral solution,

'3597
chloride and potassium gluconate oral

solution, 3621
chloride and potassium gluconate for oral

solution, 3621
chloride in sodium chloride injection, 3612
chloride oral solution, 3604
chloride for oral solution, 3605
chloride extended-release tablets, 3605
chloroplatinate, 6193
chromate, 6193
chromate TS, 6234
citrate, 3613
citrate and citric acid oral solution, 3617
citrate, magnesium carbonate, and citric

acid for oral solution, 2711
citrate, potassium chloride, and potassium

bicarbonate effervescent tablets for oral
solution, 3609 ,

citrate, potassium gluconate, and
ammonium chloride oral solution, 3622

citrate and potassium gluconate oral
solution, 3622

citrate tablets, 5196
citrate extended-release tablets, 3614
cyanide, 6193
dichromate, 6193
dichromate, tenth-normal (0.1 N), 6245
dichromate TS, 6234
ferricyanide, 6193
ferricyanide TS, 6234
ferricyanide, twentieth-molar (0.05 M),

6245

ferrocyanide, 6193
ferrocyanide TS, 6234
gluconate, 3618
gluconate and potassium chloride oral

solution, 3621
gluconate and potassium chloride for oral

solution, 3621
gluconate, potassium citrate, and

ammonium chloride oral solution, 3622
gluconate and potassium citrate oral

solution, 3622
gluconate oral solution, 3619
gluconate tablets, 3620
guaiacolsulfonate, 3623
hyaluronate, 6193
hydrogen sulfate, 6193
hydroxide, 5977, 6193
hydroxide, alcoholic, half-normal (0.5 N),

6234, 6246
hydroxide, alcoholic, tenth-molar (0.1 M),

6246
hydroxide, methanolic, tenth-normal (0.1

N),6246
hydroxide, normal (1 N), 6246
hydroxide TS, 6234
hydroxide 2 N TS, 6234
hydroxide TS, alcoholic, 6234
hydroxide TS 2, alcoholic, 6234
iodate, 6193
iodate, twentieth-molar (0.05 M), 6246
iodide, 3624, 6193
iodide and iodine TS 1, 6230
iodide and iodine TS 2, 6230
iodide and iodine TS 3, 6230
iodide oral solution, 3624
iodide and starch TS, 6234
iodide tablets, 3624
iodide delayed-release tablets, 3625
iodide TS, 6234
iodide 20% TS, 6234
iodoplatinate TS, 6234
metabisulfite, 5978, 6193
metaphosphate, 5978
nitrate, 3625, 6193
nitrate solution, 3626
nitrite, 6193
perchlorate, 3627, 6193
periodate, 6193
permanganate, 3627, 6193
permanganate, tenth-normal (0.1 N),

6234, 6246
permanganate TS, 6234
persulfate, 6193
phosphate, dibasic, 3628, 6156, 6193
phosphate, dibasic, trihydrate, 6193
phosphate, monobasic, 5979, 6181, 6192,

6193
phosphate, tribasic, 6194
phosphates injection, 3629
pyroantimonate, 6194
pyroantimonate TS, 6234
pyrophosphate, 6194
pyrosulfate, 6194
and sodium bicarbonates and citric acid

effervescent tablets for oral solution,
3598

sodium tartrate, 3630, 6194
sorbate, 5980
sulfate, 6194
sulfate TS, 6234
tellurite, 6194
thiocyanate, 6194
thiocyanate, tenth-normal (0.1 N), 6247
thiocyanate TS, 6234

0.025 N Potassium dichromate VS, 6245
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Potassium hydroxide
1.8 N TS, 6234
45% TS, 6234
10 M TS, 6234
0.1 N VS, 6246

Potassium phosphate
0.02 M TS, 6234
0.2 M TS, 6234

Potassium phosphates
compounded injection, 3629

Potato starch, 6058, 6194
Povidone, 3631
Povidone-iodine, 3634

topical aerosol, 3635
cleansing solution, 3635
ointment, 3635
topical solution, 3636

Powder
Absorbable dusting, 1569
Ampicillin soluble, 323
Amprolium soluble, 330
Astragalus root, 4785
Bacitracin methylene disalicylate soluble,

467
Bacitracin zinc soluble, 470
Banaba leaf, 4803
Chinese skullcap root, 4885
Chlortetracycline and sulfamethazine

bisulfates soluble, 980
Chlortetracycline hydrochloride soluble,

987
Cinnamomum cassia twig, 4904
Compound c1ioquinol topical, 1076
Coix seed, 491 7
Cromolyn sodium inhalation, 1182
Echinacea species, 4966
Eleuthero root and rhizome, capsules,

4976
Fenugreek seed, 4984
Fluticasone propionate and salmeterol,

inhalation, 2010
Fluticasone propionate inhalation, 1993
Ganoderma lucidurn fruiting body, 5008
Iron, 6173
Japanese honeysuckle flower, 5097
Levothyroxine sodium oral, 2618
Lincomycin hydrochloride soluble, 2634
Miconazole nitrate topical, 2949
Neomycin sulfate, isoflupredone acetate,

and tetracaine hydrochloride topical,
3112

Northern schisandra fruit, 5265
Nystatin topical, 3220
Olive leaf, 5184
Oral, containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 54

Oxytetracycline hydrochloride and
polymyxin B sulfate topical, 3365

Oxytetracycline hydrochloride soluble,
3363

Polymyxin B sulfate and bacitracin zinc
topical, 3591 ,

Rhodio/a crenu/ata root and rhizome, 5216
St. John's wort flowering top, 5238
Salixspecies bark, 5249
Salmeterol inhalation, 3973
Sodium bicarbonate oral, 4061
Soy isoflavones, powdered extract, 5274
Sulfadimethoxine soluble, 4153

Tangerine peel, 5296
Tetracycline hydrochloride soluble, 4309
Tienchi ginseng root and rhizome, 5301
Tolnaftate topical, 4426
Valerian root, capsules, 5333
Vitamins with minerals oral, 5338
Zinc oxide, 4690 .

Powdered
American ginseng, 4752
American ginseng extract, 4753
andrographis, 4760
andrographis extract, 4762
ashwagandha root, 4771
ashwagandha root extract, 4768
Asian ginseng, 4775
Asian ginseng extract, 4776
bilberry extract, 481 3
black cohosh, 481 7
black cohosh extract, 4820
black pepper, 4827
black pepper extract, 4829
cat's claw, 4854
eat's claw extract, 4855
cellulose, 5700
Chinese salvia, 4880
digitalis, 1379
Echinacea angustifolia, 4938
Echinacea angustifo/ia extract, 4941
Echinacea pallida, 4946
Echinacea pallida extract, 4948
Echinacea purpurea, 4955
Echinacea purpurea extract, 4958
eleuthero, 4975
eleuthero extract, 4970
fenugreek seed, extract, 4987
feverfew, 4990
garlic, 5020
garlic extract, 5022
ginger, 5028
ginkgo extract, 5038
goldenseal, 5063
goldense'al extract, 5064
green tea extract, decaffeinated, 5067
gymnema, 5075
hawthorn leaf with flower, 5082
holy basil leaf, 5087
holy basil leaf extract, 5089
horse chestnut, 4875
horse chestnut extract, 4876
ipecac, 2396
licorice, 5120
licorice extract, 5121
malabar-nut-tree, leaf, 5137
milk thistle, 5159
milk thistle extract, 5160
opium, 3274
Phyllanthus amarus, 5193
rauwolfia serpentina, 3850
Rhodio/a rosea, 5220
Rhodio/a rosea extract, 5221
rosemary, 5232
saw palmetto, 5254
stinging nettle, 5288
stinging nettle extract, 5290
turmeric, 5316
turmeric extract, 5317
valerian, 5326
valerian extract, 5327
zinc chloride, anhydrous, 6219

Powder fineness (811), 7093
Powder flow (1174), 7993
Pralidoxime

chloride, 3636
chloride for injection, 3637

Pramipexole dihydrochloride, 3639
Pramoxine

hydrochloride, 3640
hydrochloride cream, 3641
hydrochloride jelly, 3642
hydrochloride and neomycin and

polymyxin B sulfates cream, 3126
Prasugrel hydrochloride, 3642
Pravastatin sodium, 3645

tablets, 3647
Praziquantel, 3649

tablets, 3650
Prazosin hydrochloride, 3651

capsules, 3653
Prazosin hydrochloride compounded

oral suspension, 3655
Prednicarbate, 3655

cream, 3656
ointment, 3658

Prednisolone, 3659
acetate, 3662
acetate and gentamicin ophthalmic

ointment, 2106
acetate and gentamicin ophthalmic

suspension, 2107
acetate injectable suspension, 3663
acetate and neomycin and polymyxin B

sulfates ophthalmic suspension, 3127
acetate and neomycin sulfate ophthalmic

suspension, 3128
acetate ophthalmic suspension, 3663
acetate and sulfacetamide sodium

ophthalmic ointment, 4144
acetate and sulfacetamide sodium

ophthalmic suspension, 4145
cream, 3660
hemisuccinate, 3665
penicillin G procaine, and

dihydrostreptomycin sulfate injectable
suspension, 3447

sodium phosphate, 3665
sodium phosphate injection, 3667
sodium phosphate ophthalmic solution,

3668
sodium succinate for injection, 3668
oral solution, 3661
tablets, 3661
tebutate, 3669
tebutate injectable suspension, 3670
tetracycline hydrochloride and novobiocin

sodium tablets, 4312
Prednisolone compounded oral suspension,

veterinary, 3664
Prednisolone sodium phosphate

compounded
oral solution, 3667

Prednisone, 3670
injectable suspension, 3672
oral solution, 3671
tablets, 3672

Preface
and mission, v

Pregabalin, 3674
Pregnenolone acetate, 6194
Prekallikrein activator (165), 6583
Preparation of biological specimens for

histologic and immunohistochemical
analysis (1285), 8370
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Prescription balances and volumetric
apparatus (1176), 7997

Prescription container labeling (17), 6445
Prilocaine, 3675

and epinephrine injection, 3679
hydrochloride, 3676
hydrochloride injection, 3678
and lidocaine cream, 2630

Primaquine phosphate, 3680
tablets, 3681

Primidone, 3683
oral suspension, 3684
tablets, 3685

Prion inactivation (1229.16), 8239
Probenecid, 3686

and ampicillin for oral suspension, 326
and colchicine tablets, 3687
tablets, 3687

Procainamide hydrochloride, 3688
capsules, 3689
injection, 3690
tablets, 3690
extended-release tablets, 3691

Procaine
hydrochloride, 3693
hydrochloride and epinephrine injection,

3694
hydrochloride injection, 3694
and propoxycaine hydrochlorides and

levonordefrin injection, 3744
and propoxycaine hydrochlorides and

norepinephrine bitartrate injection, 3745
and tetracaine hydrochlorides and

levonordefrin injection, 3695
Procarbazine hydrochloride, 3696

capsules, 3696
Prochlorperazine, 3697

edisylate, 3699
edisylate injection, 3699
maleate, 3700
maleate tablets, 3701
oral solution, 3697
suppositories, 3698

Procyclidine hydrochloride, 3703
tablets, 3704

Products for nebulization-characterization
tests (1601), 8407

Progesterone, 3704
injectable suspension, 3706
injection, 3705
intrauterine contraceptive system, 3705
vaginal suppositories, 3707

Proguanil hydrochloride, 3708
Proline, 3711
Promazine hydrochloride, 3712

injection, 3712
oral solution, 3713
syrup, 3713
tablets, 3714

Promethazine
and phenylephrine hydrochloride and

codeine phosphate oral solution, 3724
and phenylephrine hydrochloride oral

solution, 3721
Promethazine hydrochloride, 3714

injection, 3716
oral solution, 3717
suppositories, 3718
tablets, 3719

Propafenone hydrochloride, 3727
extended-release capsules, 3729
tablets, 3734

Propane, 5982
Propanediol, 5983

Propantheline bromide, 3736
tablets, 3737

Proparacaine hydrochloride, 3738
and fluorescein sodium ophthalmic

solution, 1945
ophthalmic solution, 3739

Propellants (602), 6844
Propionaldehyde, 6194
Propionic

acid, 5985
anhydride, 6194

Propionic acid, 6194
Propiophenone, 6194
Propofol, 3739

injectable emulsion, 3742
Propoxycaine

hydrochloride, 3743
and procaine hydrochlorides and

levonordefrin injection, 3744
and procaine hydrochlorides and

norepinephrine bitartrate injection, 3745
Propranolol hydrochloride, 3746

extended-release capsules, 3747
and hydrochlorothiazide tablets, 3751
injection, 3749
tablets, 3750

iso-Propyl alcohol, 6194
n-Propyl alcohol, 6134, 6194
Propyl gallate, 5985
Propylamine hydrochloride, 6194
Propylene

carbonate, 5986
glycol, 3753
glycol alginate, 5986
glycol dicaprylate/dicaprate, 5988
glycol dilaurate, 5989
glycol monocaprylate, 5990
glycol monolaurate, 5991
glycol monostearate, 5993

Propylene glycol, 6194
Propylene Glycol Diacetate, 5987
Propylhexedrine, 3754

inhalant, 3754
Propyliodone, 3754
Propylparaben, 5994, 6194

sodium, 5995
Propylthiouracil, 3755

oral suspension, 3755
tablets, 3756

Protamine sulfate, 3757
injection, 3758

Protein
molecular weight standard, 6194
standard solution (8 g/dL), 6194

Protein A quality attributes (130), 6570
Protein determination procedures (507),

6744
Protocatechuic acid, 6194
Protriptyline hydrochloride, 3759

tablets, 3760
Pseudoephedrine

chlorphenirarnlne, dextromethorphan (salts
of), and acetaminophen, capsules
containing at least three of the
following, 52

chlorphenlrarnine, dextromethorphan (salts
of), and acetaminophen, oral powder .
containing at least three of the
following, 54

chlorpheniramine, dextromethorphan (salts
of), and acetaminophen, oral solution
containing at least three of the
following, 56

chlorpheniramine, dextromethorphan (salts
of) and acetaminophen, tablets
containing at least three of the
following, 58

and diphenhydramine capsules, 1435
hydrochloride, 3761
hydrochloride, acetaminophen,

dextromethorphan hydrobromide, and
doxylamine succinate oral solution, 67

hydrochloride, acetaminophen, and
diphenhydramine hydrochloride tablets,
70

hydrochloride and acetaminophen tablets,
72

hydrochloride extended-release capsules,
3762

hydrochloride, carbinoxamine maleate,
and dextromethorphan hydrobromide
oral solution, 3767

hydrochloride and chlorpheniramine
maleate extended-release capsules, 972

hydrochloride and chlorpheniramine
maleate oral solution, 973

hydrochloride and guaifenesin capsules,
2174

hydrochloride, guaifenesin, and
dextromethorphan hydrobromide
capsules, 2175

hydrochloride and ibuprofen tablets, 2286
hydrochloride oral solution, 3762
hydrochloride tablets, 3763
hydrochloride extended-release tablets,

3764
hydrochloride and cetrizine hydrochloride

extended-release tablets, 917
hydrochloride and fexofenadine

hydrochloride extended-release tablets,
1876

sulfate, 3768
sulfate and brompheniramine maleate oral

solution, 603
sulfate and dexbrompheniramine maleate

oral solution, 1298
and triprolidine hydrochlorides oral

solution, 4534
and triprolidine hydrochlorides tablets,

4535
Psyllium

hemicellulose, 3768
husk, 3770
hydrophilic mucilloid for oral suspension,

3771
Pullulan, 5996
Pullulanase, 6194
5,800, 23,700, and 100,000 molecular

weight (MW) pullulan standards, 6181
Pumice, 3772, 6195
Pure steam, 4654
Purine, 6196
Purpurea

extract, powdered Echinacea, 4958
powdered Echinacea, 4955
root, Echlnacea, 4953

Putrescine dihydrochloride, 6196
Pygeum, 5198

capsules, 5200
extract, 5198

Pyrantel pamoate, 3772
and ivermectin tablets, 2478
oral suspension, 3774

Pyrantel tartrate, 3775
Pyrazinamide, 3776

rifampin, isoniazid, and ethambutol
hydrochloride tablets, 3881

rifampin and isoniazid tablets, 3879
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Pyrazinamide (continued)
oral suspension, 3776
tablets, 3777

Pyrazole, 6196
Pyrene, 6196
Pyrethrum extract, 3778
4-(2-Pyridylazo)resorcinol, 6196
Pyridine, 6196

dried, 6196
Pyridine, anhydrous, 6196
Pyridine-pyrazolone TS, 6234
Pyridostigmine bromide, 3778

injection, 3780
oral solution, 3780
tablets, 3781

Pyridoxal
hydrochloride, 6196
5-phosphate, 6196

Pyridoxamine dihydrochloride, 6196
Pyridoxine hydrochloride, 3782

injection, 3783
tablets, 3784

1-(2-Pyridylazo)-2-naphthol, 6196
3-(2-Pyridyl)-5,6-di(2-furyl)-1,2,4-triazine-5',

5" -disulfonic acid, disodium salt, 6196
Pyrilamine maleate, 3785

tablets, 3786
Pyrimethamine, 3786

and sulfadoxine tablets, 4155
oral suspension, 3787
tablets, 3787

Pyrogallol, 6196
TS, alkaline, 6234

Pyrogen test (151), 6577
Pyroxylin, 3788
Pyrrole, 6196
Pyruvic acid, 6196
Pyrvinium pamoate, 3789

oral suspension, 3789
tablets, 3790

Q
Quality assurance in pharmaceutical

compounding (1163), 7979
Quality attributes of tablets labeled as having

a functional score (705), 6944
Quality of biotechnological products

analysis of the expression construct in cells
used for production of r-DNA derived
protein products (1048), 7452

stability testing of biotechnological!
biological products (1049), 7454

Quazepam, 3790
tablets, 3791

Quercetin, 5202
Quetiapine

tablets, 3792
extended-release tablets, 3795

Quetiapine fumarate, 3800
Quinaldine red, 6221

TS, 6234
Quinapril

hydrochloride, 3802
and hydrochlorothlazide tablets, 3803
tablets, 3806

Quinhydrone, 6197
Quinidine gluconate, 3807

injection, 3809
extended-release tablets, 3810

Quinidine sulfate, 3812
capsules, 3813
oral suspension, 3814
tablets, 3814
extended-release tablets, 3816

Quinine sulfate, 3818
capsules, 3819
tablets, 3821

Quinone, 6197
TS,6234

R
Rabeprazole

sodium, 3822
Rabies

immune globulin, 3824
Racemethionine, 5997
Racemic

calcium pantothenate, 708
Racepinephrine, 3824

hydrochloride, 3826
inhalation solution, 3825

Ractopamine hydrochloride
suspension, 3826

Radiation sterilization (1229.1 0), 8228
Radioactivity (821), 7094
Radioactivity-theory and practice (1821),

8604

Radiopharmaceuticals
C 13, urea, 766
C 13, urea for oral solution, 767
C 14, urea capsules, 768
Cr 51, sodium chromate injection, 992
F 18, fludeoxyglucose injection, 1946
F 18, sodium fluoride injection, 1950
Ga 67 injection, gallium citrate, 2088
Indium In 111 capromab pendetide

injection, 2318
Indium In 111 chloride solution, 2318
Indium In 111 oxyquinoline solution, 2320
Indium In 111 pentetate injection, 2320
Indium In 111 pentetreotide injection,

2321
I 123, iobenguane injection, 2365
I 123, sodium iodide capsules, 2365
I 123, sodium iodide solution, 2366
I 125, iodinated albumin injection, 2367
I 125, iothalamate sodium injection, 2367
I 131, iodinated albumin injection, 2368
I 131, sodium iodide capsules, 2368
I 131, sodium iodide solution, 2368
N 13, ammonia injection, 3183
Rubidium chloride Rb 82 injection, 3958
Samarium Sm 153 lexidronam injection,

3983
Sr 89 injection, strontium chloride, 4126
Technetium Tc 99m albumin aggregated

injection, 4226
Technetium Tc 99m bicisate injection,

4227
Technetium Tc 99m disofenin injection,

4227
Technetium Tc 99m exametazime

injection, 4228
Technetium Tc 99m mebrofenin injection,

4229

Technetium Tc 99m medronate injection,
4230

Technetium Tc 99m mertiatide injection,
4231

Technetium Tc 99m oxidronate injection,
4232

Technetium Tc 99m pentetate injection,
4232

Technetium Tc 99m pertechnetate
injection, sodium, 4233

Technetium Tc 99m pyrophosphate
injection, 4234

Technetium Tc 99m (pyro- and trimeta-)
phosphates injection, 4235

Technetium Tc 99m red blood cells
injection, 4235

Technetium Tc 99m sestamibi injection,
4236

Technetium Tc 99m succimer injection,
4237

Technetium Tc 99m sulfur colloid injection,
4238

Technetium Tc 99m tetrofosmin injection,
4238

Thallous chloride TI 201 injection, 4318
Xenon Xe 133, 4656
Yttrium Y 90 ibritumomab tiuxetan

injection, 4665

Radiopharmaceuticals-preparation,
compounding, dispensing, and
repackaging (825), 7109

Raloxifene hydrochloride, 3828
tablets, 3830

Raltegravir
chewable tablets, 3835
tablets, 3834

Raltegravir potassium, 3832
Raman spectroscopy (1120), 7856
Ramipril, 3837

capsules, 3839
tablets, 3841

Ranitidine
hydrochloride, 3843
injection, 3845
in sodium chloride injection, 3848
oral solution, 3846
tablets, 3847

Rapeseed oil
fully hydrogenated, 5998
superglycerinated fully hydrogenated,

5999
Rapid sterility testing of short life products a

risk based approach (1071), 7602
Rat tail collagen, 6153
Rauwolfia serpentina, 3849

powdered, 3850
tablets, 3851

Rayon, 6197
purified, 3851

Rb 82
injection, rubidium chloride, 3958

Readily carbonizable substances test (271),
6660

Reagents, 6128
arsenic in, 6128
boiling or distilling range for, 6128
chloride in, 6129
flame photometry for, 6129
general tests for, 6128
heavy metals in, 6130
indicators and solutions, 6127
insoluble matter in, 6130
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Reagents (continued)
loss on drying for, 6131
nitrate in, 6131
nitrogen compounds in, 6131
phosphate in, 6131
residue on ignition in, 61 31
sulfate in, 6131

Rectal solution
aminophylline, 246
sodium phosphates, 4090

Red
80, direct, 6197
phosphorus, 6197

Red-cell lysing agent, 6197
Red clover

aerial parts isoflavone aglycones dry
extract, 5206

Reference standards
USP (11), 6442

Reference tables, 6259
Alcoholometric, 6346
Atomic weights, 6344
Container specifications for capsules and

tablets; 6259
Description and relative solubility of USP

and NFarticles, 6273
Intrinsic viscosity table, 6349
Relative atomic masses and half-lives of

selected radionuclides, 6345
Solubilities, 6334

Refractive index (831), 7137
Rehydration salts, oral, 3851
Relative atomic masses and half-lives of

selected radionuclides, 6345
Repaglinide, 3854

tablets, 3856
Resazurin (sodium), 6197
Reserpine, 3857

and chlorothiazide tablets, 3859
tablets, 3858

Residual DNA testing (509), 6748
Residual host cell protein measurement in

biopharmaceuticals (1132), 7900
Residual solvents (467), 6712
Residual Solvents-Verification of Compendial

Procedures and Validation of Alternative
Procedures, 8404

Residue on ignition (281), 6660
Residue on ignition in reagents, 6131

Resin
Anion-exchange, 50- to 100-mesh,

styrene-divinylbenzene, 6138, 6208
Anion-exchange, chloromethylated

polystyrene-divinylbenzene, 6138, 6151
Anion-exchange, strong, .lightly cross

linked, in the chloride form, 6138
Anion-exchange, styrene-divinylbenzene,

6138
Capsicum oleoresin, 730
Carboxylate (sodium form) cation

exchange (50- to 100-mesh), 6148
Catlon-exchanqe, 6149
Cation-exchange, carboxylate (sodium

form) 50- to 100-mesh, 6148, 6149
Cation-exchanqe, polystyrene, 6149, 6192
Cation-exchange, styrene-divinylbenzene,

6149
Cation-exchange, styrene-divinylbenzene,

strongly acidic, 6149, 6208
Cation-exchange, sulfonic acid, 6149,

6209

Chloromethylated· polystyrene-
divinylbenzene anion-exchange, 6151

Cholestyramine, 989
lon-exchange, 6173
Podophyllum, 3582
Podophyllum topical solution, 3582
Polystyrene cation-exchange, 6192
Styrene-divinylbenzene anion-exchange,

50- to 1OO-mesh, 6208
Styrene-divinylbenzene cation-exchange,

strongly acidic, 6208
Sulfonic acid cation-exchange, 6209

Resorcinol, 3861, 6197
monoacetate, 3862
ointment, compound, 3861
and sulfur topical suspension, 3862
TS,6234

6Z-retinoic acid, 6197
Retinyl palmitate, 6197
Reverse transcriptase, 6197
Rheometry (1911), 8679
Rhodamine 6G, 6197
Rhodamine B, 6197
Rhodiola crenulata

root and rhizome dry extract, 5215
root and rhizome powder, 5216

Rhodiola crenuJata
root and rhizome, 5213

Rhodiola rosea, 5218
capsules, 5224
extract, 5221
powdered, 5220
tablets, 5227
tincture, 5223

Ribavirin, 3863
capsules, 3863
for inhalation solution, 3865
tablets, 3866

Riboflavin, 3869
assay (481), 6735
injection, 3869
5'-phosphate sodium, 3870
tablets, 3870

Ribonuclease inhibitor, 6197
Ribose, 5229
Rifabutin, 3872

capsules, 3873
oral suspension, 3874

Rifampin, 3875
capsules, 3876
for injection, 3877
and isoniazid capsules, 3878
isoniazid, pyrazinamide, and ethambutol

hydrochloride tablets, 3881
isoniazid, and pyrazinamide tablets, 3879
oral suspension, 3877

Riluzole, 3882
tablets, 3883

Rimantadine hydrochloride, 3884
tablets, 3885

Rimexolone, 3886
ophthalmic suspension, 3887

Ringer's
and dextrose injection, 3889
and dextrose injection, half-strength

lactated, 3895
and dextrose injection, lactated, 3893·
and dextrose injection, modified lactated,

3898
injection, 3887
injection, lactated, 3891
irrigation, 3900

lactated, and dextrose injection, potassium
chloride in, 3610

Risedronate sodium, 3900
tablets, 3902

Risperidone, 3904
oral solution, 3905
tablets, 3907
orally disintegrating tablets, 3908

Ritodrine hydrochloride, 3910
injection, 3911
tablets, 3911

Ritonavir, 3912
capsules, 3914
and lopinavir oral solution, 2666
and lopinavir tablets, 2670
oral solution, 3917
tablets, 3920

Rivastigmine, 3922
Rivastigmine tartrate, 3924

capsules, 3925
Rizatriptan benzoate, 3927

tablets, 3928
orally disintegrating tablets, 3930

Rocuronium bromide, 3932
Root and rhizome

dry extract capsules and eleuthero, 4972
dry extract and Rhodiola crenulata, 5215
dry extract tablets and eleuthero root,

4973
powder capsules and eleuthero, 4976
powder and Rhodiola crenulata, 5216
and Rhodiola crenulata, 5213

Ropinirole
tablets, 3934
extended-release tablets, 3936

Ropinirole hydrochloride, 3940
Ropivacaine hydrochloride, 3943

injection, 3945
Rose

bengal sodium, 6197
oil, 6001
water ointment, 3946
water, stronger, 6001

Rosiglitazone maleate, 3946
Rosuvastatin

tablets, 3950
Rosuvastatin calcium, 3948
Rotigotine, 3953
Rotigotine transdermal system, 3955
Roxarsone, 3957
Rubidium chloride Rb 82 injection, 3958
Rufinamide, 3959

tablets, 3960
Rules and procedures, xxviii
Ruthenium red, 6198

TS,6234
Rutin, 5235

s
Sabinene, 6198
Saccharin, 6001

calcium, 3963
sodium, 3965
sodium oral solution, 3967
sodium tablets, 3968

Saccharose, 6198
Safflower oil, 3968
Safranin 0, 6198
St. John's wort flowering top, 5237

dry extract capsules, 5242
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St. John's wort flowering top (continued)
extract, dry, 5240
powder, 5238
dry extract tablets, 5244

Salicylaldazine, 6198
Salicylaldehyde, 6198
Salicylamide, 3969
Salicylic acid, 3970, 6198

and benzoic acids ointment, 521
collodion, 3972
gel, 3972
plaster, 3973
topical foam, 3972
and zinc paste, 4690

Saline TS, 6202, 6234
pyrogen-free, 6234

Salix species bark, 5245
dry extract, 5247
powder, 5249

Salmeterol
fluticasone propionate, inhalation aerosol,

2005
fluticasone propionate, inhalation powder,

2010
inhalation powder, 3973

Salmeterol xinafoate, 3978
Salsalate, 3980

capsules, 3981
tablets, 3982

Salt
octanesulfonic acid sodium, 6204

Salts of organic nitrogenous bases (501),
6741

Samarium Sm 153 lexidronam injection,
3983

Sand
standard 20- to 30-mesh, 6198, 6207
washed, 6198, 6218

Saquinavir mesylate, 3983
capsules, 3984

Sargramostim, 3985
for injection, 3988

Sawdust, purified, 6198
Saw palmetto, 5251

capsules, 5259
extract, 5256
powdered, 5254

Scaffold
bovine dermis, 3990
human dermis, 3998
porcine bladder, 4001
silk fibroin, 4006

Scaffold human amniotic membrane
allograft, 3993

Scandium oxide, 6198
Scanning electron microscopy (1181), 8025
Schizochytrium oil, 5266

capsules, 5269
Schweitzer's reagent, 6234
Scopolamine hydrobromide, 4010

injection, 4012
ophthalmic solution, 4013
tablets, 4013

Screening for undeclared drugs and drug
analogues (2251), 8725

S designations, 6198
Secobarbital, 4013

sodlurn, 4014
sodium capsules, 4015

Secondary butyl alcohol, 6198
Selamectin, 4016
Selegiline hydrochloride, 4017

capsules, 4018
tablets, 4020

Selegiline hydrochloride compounded
topical gel, 4021

Selenious acid, 4022, 6198.
injection, 4022

Selenium, 6199
sulfide, 4023
sulfide topical suspension, 4023

Selenium (291), 6661
Selenomethionine, 5272, 6199
Semisolid drug products-performance tests

(1724), 8473
Senna

fluidextract, 4025
leaf,4023
pods, 4025
oral solution, 4026

Sennosides, 4026
tablets, 4028

Sensitization testing (1184), 8035
Serine, 4029
Sertraline

hydrochloride, 4030
hydrochloride oral solution, 4032
hydrochloride tablets, 4033

Sesame oil, 6003
Sevoflurane, 4036
Shear cell methodology for powder flow

testing (1063), 7566 .
Shellac, 6005
Significant change guide for bulk

pharmaceutical excipients (1195), 8049
Sildenafil

tablets, 4038
Sildenafil citrate, 4039

oral suspension, 4040
Silica

calcined diatomaceous, 6199
chromatographic, silanized, flux-calcined,

acid-washed, 6199
colloidal, hydrophobic, 6007
dental-type, 6006
gel, 6199
gel, binder-free, 6152, 6199
gel, chromatographic, 6152, 6199
gel-impregnated glass microfiber sheet,

6199·
gel mixture, chromatographic, 6152, 6199
gel mixture, chromatographic, with

chemically bound amino groups, 6199
gel mixture, dimethylsilanized,

chromatographic, 6199
gel mixture, octadecylsilanized

chromatographic, 6199
gel mixture, octylsilanized,

chromatographic, 6199
gel, octadecylsilanized chromatographic,

6199
gel, porous, 6199
microspheres, 6199

Silica gel, pre-coated plates, with
fluorescence indicator F254, 6199

Siliceous earth
chromatographic, 6152, 6199
chromatographic, silanized, 6152, 6200
purified, 6008

Silicic
acid, 6200
acid-impregnated glass microfilament

sheets with fluorescent indicator, 6200
Silicon .

carbide, 6200
dioxide, 6009
dioxide colloidal, 6009

Silicone
75 percent phenyl, methyl, 6200

Silicotungstic acid, n-hydrate, 6200
Silicified

microcrystalline cellulose, 5699
Silver

diethyldithiocarbamate, 6200
diethyldithiocarbamate TS, 6234
nitrate, 4041, 6200
nitrate ophthalmic solution, 4041
nitrate, tenth-normal (0.1 N), 6234, 6247
nitrate, toughened, 4042
nitrate TS, 6234
oxide, 6200

Silver-ammonia-nitrate TS, 6234
Silver-ammonium nitrate TS, 6234
Silver nitrate

0.002 N VS, 6247
0.05 N VS, 6247

Silver sulfate, 6200
Simethicone, 4042

alumina, magnesia, and calcium carbonate
chewable tablets, 170

alumina and magnesia oral suspension,
173

alumina and magnesia chewable tablets,
174

calcium carbonate and magnesia chewable
tablets, 689

capsules, 4043
emulsion, 4044
and magaldrate chewable tablets, 2707
and magaldrate oral suspension, 2706
oral suspension, 4045
tablets, 4045

Simulated gastric fluid TS, 6234
Simulated intestinal fluid TS, 6234
Simvastatin, 4046

tablets, 4047
Single-steroid assay (511), 6750
Sipuleucel-T, 4049 .
Sitagliptin

phosphate, 4052
tablets, 4051

P-Sitosterol, 6200
Six-month implementation guideline, ii
Sm 153 lexidronam injection, samarium,

3983
Soda lime, 6010, 6201
Sodium phosphate

tribasic, anhydrous, 6205
Sodium, 6201

acetate, 4053, 6201
acetate, anhydrous, 6138, 6201
acetate injection, 4054
acetate solution, 4055
acetate TS, 6234
alendronate, tablets, 120
alginate, 6011
alizarinsulfonate, 6201
alizarinsulfonate TS, 6235
aminoacetate TS, 6235
ammonium phosphate, 6201
arsenate, 6201
arsenite, 6201
arsenite, twentieth-molar (0.05 M), 6247
ascorbate, 4055
azide, 6201
benzoate, 6011
benzoate and caffeine injection, 664
bicarbonate, 4056, 6201
bicarbonate injection, 4060
bicarbonate and magnesium carbonate for

oral suspension, 2712
bicarbonate oral powder, 4061
bicarbonate tablets, 4062
biphenyl, 6201
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Sodium (continued)
biphosphate, 6202
bisulfite, 6202
bisulfite TS, 6235
bitartrate, 6202
bitartrate TS, 6235
borate, 6012, 6202
borohydride, 6202
bromide, 4062, 6202
bromide injection, veterinary, 4063
bromide oral solution, veterinary, 4063
butyrate, 4064
caprylate, 601 3
carbonate, 6014, 6202
carbonate, anhydrous, 6138, 6202
carbonate, citric acid, and magnesium

oxide irrigation, 1044
carbonate, monohydrate, 6202
carbonate TS, 6235
carboxymethylcellulose, 773
carboxymethylcellulose, and

microcrystalline cellulose, 5698
carboxymethylcellulose, paste, 774
carboxymethylcellulose, tablets, 774
carboxymethylcellulose, 12, 5684
cefazolin, 824
cefmetazole, 842
cefoperazone, 845
cefotaxime, 850
cetostearyl sulfate, 6014
chloride, 4064, 6202
chloride and dextrose injection, 1323
chloride and fructose injection, 2049
chloride inhalation solution, 4068
chloride injection, 4066
chloride injection, bacteriostatic, 4067
chloride injection, dextran 40 in, 1312
chloride injection, dextran 70 in, 1316
chloride injection, mannitol in, 2737
chloride injection, potassium chloride in,

3612
chloride injection, potassium chloride in

dextrose injection and, 3608
chloride injection, ranitidine in, 3848
chloride irrigation, 4067
chloride ophthalmic ointment, 4068
chloride ophthalmic solution, 4068
chloride solution, isotonic, 6202
chloride tablets, 4068
chloride tablets for solution, 4069
chloride TS, alkaline, 6235
cholate hydrate, 6202
chromate, 6202
chromate, Cr 51 injection, 992
chromotropate, 6202
cilastatin, 1001
citrate, 4069
citrate and citric acid oral solution, 4069
citrate dihydrate, 6203
citrate TS, 6235
citrate TS, alkaline, 6235
cobaltinitrite, 6203
cobaltinitrite TS, 6235
cyanide, 6203
dalteparin, 1230
l-decanesulfonate, 6203
dehydroacetate, 6016
desoxycholats, 6203
dichromate, 6203
diethyldithiocarbamate, 6203
2,2-dimethyl-2-silapentane-5-sulfonate,

6203
dithionite, 6203
dodecyl sulfate, 6203, 6204
ethylparaben, 5773

ferrocyanide, 6203
fluconazole, chloride injection, 1909
fluorescein, 6203
fluoride, 4071, 6203
fluoride and acidulated phosphate topical

solution, 4074
fluoride F18 injection, 1950
fluoride and phosphoric acid gel, 4075
fluoride oral solution, 4072
fluoride tablets, 4073
fluoride TS, 6235
formaldehyde sulfoxylate, 601 7
gluconate, 4076
glycocholate, 6203
l-heptanesulfonate, 6203
l-heptanesulfonate, monohydrate, 6203
l-hexanesulfonate, 6203
l-hexanesulfonate, monohydrate, 6203
hydrogen sulfate, 6203
hydrosulfite, 6203
hydrosulfite TS, alkaline, 6226, 6235
hydroxide, 6018, 6204
hydroxide, alcoholic, tenth-normal (0.1 N),

6248
hydroxide, normal (1 N), 6248
hydroxide TS, 6235
hydroxide TS 2, 6235
hydroxide TS 3, 6235 .
hypobromite TS, 6235
hypochlorite solution, 4076, 6235
hypochlorite topical solution, 4077
hypochlorite TS, 6235
iodate, 6204
iodide, 4077
iodide I 123 capsules, 2365
iodide I 123 solution, 2366
iodide I 131 capsules, 2368
iodide I 131 solution, 2368
iodohydroxyquinolinesulfonate TS, 6235
lactate injection, 4078
lactate solution, 4078
lauryl sulfate, 6019, 6204
low-substituted carboxymethylcellulose,

5682
metabisulfite, 6020, 6204
metaperiodate, 6204
methoxide, 6204
methoxide, half-normal (0.5 N) in

methanol, 6248
methoxide, tenth-normal (0.1 N) in

toluene, 6248
molybdate, 6204
monofluorophosphate, 4079
montelukast, oral granules, 3012
montelukast, tablets, 3015
montelukast, chewable tablets, 3018
mycophenolate, 3052
nitrate, 6204
nitrite, 4080, 6204
nitrite injection, 4082
nitrite, tenth-molar (0.1 M), 6249
nitroferricyanide, 6204
nitroferricyanide TS, 6235
nitroprusside, 4083
nitroprusside for injection, 4084
l-octanesulfonate, 6204
oxalate, 6204
(tri) pentacyanoamino ferrate, 6204
l-pentanesulfonate, 6186, 6205 .
l-pentanesulfonate, anhydrous, 6205
perchlorate, 6205
peroxide, 6205
pertechnetate Tc 99m injection, 4233
phenylbutyrate, 4085
phenylbutyrate oral suspension, 4086

phosphate, dibasic, 4087, 6205
phosphate, dibasic, anhydrous, 6138, 6205
phosphate, dibasic, dihydrate, 6205
phosphate, dibasic, dodecahydrate, 6205
phosphate, dibasic, heptahydrate, 6205
phosphate, dibasic, TS, 6235
phosphate, monobasic, 4088, 6181, 6205
phosphate, monobasic, anhydrous, 6205
phosphate, monobasic, dihydrate, 6205
phosphates injection, 4088
phosphates oral solution, 4090
phosphates rectal solution, 4090
phosphate, tribasic, 6021, 6205
phosphite pentahydrate, 6205
phosphotungstate TS, 6235
picosulfate, 4090
polystyrene sulfonate, 4092
polystyrene sulfonate suspension, 4092
and potassium bicarbonates and citric acid

effervescent tablets for oral solution,
3598

propionate, 6022
pyrophosphate, 6205
pyruvate, 6205
rabeprazole, 3822
salicylate, 4093, 6205
salicylate tablets, 4094
selenite, 6206
starch glycolate, 6022
stearate, 6024
stearyl fumarate, 6025
sulfate, 4095, 6206
sulfate, anhydrous, 6138, 6206
sulfate decahydrate, 6206
sulfate injection, 4096
sulfide, 4096, 6206
sulfide topical gel, 4096
sulfide TS, 6235
sulfite, 6027, 6206
sulfite, anhydrous, 6138, 6206
p-sulfophenylazochromotropate, 6206
tartrate, 6028, 6206
tartrate TS, 6235
tetraphenylborate, 6206
tetra phenylboron, 6206
tetraphenylboron, fiftieth-molar (0.02 M),

6249
tetraphenylboron TS, 6236
thioglycolate, 6206
thioglycolate TS, 6236
thiosulfate, 4097, 6207
thiosulfate injection, 4097
thiosulfate, tenth-normal (0.1 N), 6236,

6249
thiosulfate TS, 6236
l-thyroxine, 6207
3-(trimethylsilyl)-1-propane sulfonate,

6203, 6207
tungstate, 6207

Sodium benzoate compounded
oral solution, 4056

Sodium bicarbonate
compounded injection, 4061

Sodium butyrate, 6202
Sodium chloride

TS,6235
0.5 M TS, 6235

0.1 N Sodium chloride
TS,6235

Sodium l-dodecanesulfonate, 6203
Sodium ferrous citrate, 5273
Sodium hydroxide

0.0025 N TS, 6235
0.2 N, TS, 6235
0.02 N TS, 6235
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Sodium hydroxide (continued)
10 N TS, 6235
2.5 N TS, 6235
2 N TS, 6235
5 N, TS, 6235
0.025 N VS, 6247
0.1 N VS, 6248
0.01 N VS, 6247
0.5 N VS, 6247

50 percent sodium hydroxide
TS,6235

Sodium oleate, 6204
Sodium phenylbutyrate, 4085
Sodium phosphate, 6205
Sodium phosphates

compounded injection, 4089
Sodium propionate, 6205
Sodium succinate, 6026
Sodium taurocholate, 6206
Sodium taurodeoxycholate, 6206
Sodium thiosulfate

0.002 N VS, 6249
0.01 M VS, 6249

Solubilities, 6334
Soluble starch, 6207

Solution
Acetaminophen and codeine phosphate

oral, 54
Acetaminophen, dextromethorphan

hydrobromide, doxylamine succinate,
and pseudoephedrine hydrochloride
oral, 67

Acetaminophen for effervescent oral, 42
Acetaminophen oral, 41
Acetic acid otic, 78
Acetylcholine chloride for ophthalmic, 81
Acetylcysteine, 82 .
Acidulated phosphate and sodium fluoride

topical, 4074
Aluminum acetate topical, 181
Aluminum chlorohydrate, 183
Aluminum dichlorohydrate, 186
Aluminum sesquichlorohydrate, 191
Aluminum subacetate topical, 193
Aluminum sulfate and calcium acetate for

topical, 194
Aluminum sulfate and calcium acetate

tablets for topical, 195
Aluminum zirconium octachlorohydrate,

196
Aluminum zirconium octachlorohydrex gly,

198
Aluminum zirconium pentachlorohydrate,

199
Aluminum zirconium pentachlorohydrex

gly, 201
Aluminum zirconium tetrachlorohydrate,

203
Aluminum zirconium tetrachlorohydrex

gly, 204
Aluminum zirconium trichlorohydrate, 206
Aluminum zirconium trichlorohydrex gly,

207
Amantadine hydrochloride oral, 212
Aminocaproic acid oral, 236
Aminophylline oral, 245
Aminophylline rectal, 246
Ammonia, diluted, 6136
Ammonia, strong, 5616
Amprolium oral, 331
Anticoagulant citrate dextrose, 345

Anticoagulant citrate phosphate dextrose,
347

Anticoagulant citrate phosphate dextrose
adenine, 348

Anticoagulant heparin, 2194
Anticoagulant sodium citrate, 350
Antipyrine and benzocaine otic, 352
Antipyrine, benzocaine, and phenylephrine

hydrochloride otic, 354
Apraclonidine ophthalmic, 359
Aromatic elixir, 5624
Ascorbic acid oral, 384
Aspirin effervescent tablets for oral, 395
Atenolol oral, 407
Atropine sulfate ophthalmic, 432
Benoxinate hydrochloride ophthalmic, 499
Benzaldehyde elixir, compound, 5634
Benzalkonium chloride, 5636
Benzethonium chloride topical, 501
Benzocaine, butamben, and tetracaine

hydrochloride topical, 517
Benzocaine otic, 510
Benzocaine topical, 511
Betamethasone oral, 542
Betaxolol ophthalmic, 558
Bethanechol chloride oral, 563
Bromodiphenhydramine hydrochloride and

codeine phosphate oral, 600
Bromodiphenhydramine hydrochloride

oral, 599
Brompheniramine ·maleate and

pseudoephedrine sulfate oral, 603
Brompheniramine maleate oral, 602
Buprenorphine compounded buccal,

veterinary, 615
Butabarbital sodium oral, 642
Caffeine citrate oral, 663
Calcitonin salmon nasal, 675
Calcium hydroxide topical, 702
Captopril oral, 734
Carbachol intraocular, 739
Carbachol ophthalmic, 739
Carbamide peroxide topical, 747
Carbol-fuchsin topical, 765
C 13 for oral, urea, 767
Carteolol hydrochloride ophthalmic, 789
Cetylpyridinium chloride topical, 923
Chloral hydrate oral, 924
Chloramphenicol for ophthalmic, 930
Chloramphenicol ophthalmic, 929
Chloramphenicol oral, 930
Chloramphenicol otic, 931
Chlorhexidine gluconate, 948
Chlorpheniramine maleate and

pseudoephedrine hydrochloride oral,
973

Chlorpheniramine maleate oral, 971
Cholecalciferol, 987
Chymotrypsin for ophthalmic, 994
Ciprofloxacin ophthalmic, 1015
Clindamycin hydrochloride oral, 1066
Clindamycin palmitate hydrochloride for

oral, 1068
Clindamycin phosphate topical, 1072
Clobetasol propionate topical, 1082
Clotrimazole topical, 1122
Cloxacillin sodium for oral, 11 30
Coal tar topical, 1133
Cocaine hydrochloride tablets for topical,

1134
Codeine sulfate oral, 1141
Cromolyn sodium ophthalmic, 1185
Cupriethylenediamine hydroxide, 1.0 M,

6154

Cyclopentolate hydrochloride ophthalmic,
1201

Cyclosporine oral, 1216
Cyproheptadine hydrochloride oral, 1219
Demecarium bromide ophthalmic, 1247
Dexamethasone elixir, 1286
Dexamethasone oral, 1288
Dexamethasone sodium phosphate

ophthalmic, 1296
Dexbrompheniramine maleate and

pseudoephedrine sulfate oral, 1298
Dexchlorpheniramine maleate oral, 1301
Dextromethorphan hydrobromide oral,

1321
Diatrizoatemeglumine and dlatrlzoate

sodium, 1327
Diatrizoate sodium, 1329
Dichlorophenol-indophenol, standard,

6240
Dicyclomine hydrochloride oral, 1361
Diethyltoluamide topical, 1373
Digoxin oral, 1385
Dihydrotachysterol oral, 1392
Diltiazem hydrochloride oral, 1405
Dimenhydrinate oral, 1410
Dimethyl sulfoxide topical, 1414
Diphenhydramine hydrochloride oral, 1429
Diphenoxylate hydrochloride and atropine

sulfate oral, 1438
Dipivefrin hydrochloride ophthalmic, 1442
Docusate sodium, 1480
Dolasetron mesylate oral, 1485
Dorzolamide hydrochloride and timolol

maleate ophthalmic, 1499
Doxepin hydrochloride oral, 1510
Doxylamine succinate oral, 1546
Dyclonine hydrochloride topical, 1571
Dyphylline and guaifenesin oral, 1575
Dyphylline oral, 1573
Ecamsule, 1576
Echothiophate iodide for ophthalmic, 1579
Emedastine ophthalmic, 1610
Ephedrine sulfate oral, 1644
Epinephrine bitartrate for ophthalmic,

1652
Epinephrine bitartrate ophthalmic, 1651
Epinephrine ophthalmic, 1649
Epinephryl borate ophthalmic, 1652
Ergocalciferol oral, 1667
Ergoloid mesylates oral, 1671
Erythromycin topical, 1690
Escitalopram oral, 1706
Ethosuximide oral, 1776
Fehling's, 6229
Ferric ammonium citrate for oral, 290
Ferric subsulfate, 1852
Ferrous gluconate oral, 1860
Ferrous sulfate oral, 1863
Fluocinolone acetonide topical, 1936
Fluocinonide topical, 1939
(+)-1-(9-Fluorenyl) ethyl chloroformate,

6166
Fluorescein sodium and benoxinate

hydrochloride ophthalmic, 1944
Fluorescein sodium and proparacaine

hydrochloride ophthalmic, 1945
Fluorouracil topical, 1957
Fluoxetine oral, 1961
Fluphenazine hydrochloride elixir, 1971
Fluphenazine hydrochloride oral, 1973
Flurbiprofen sodium ophthalmic, 1982
Formaldehyde, 2035, 6167, 6229
Furosemide oral, 2055
Gentamicin sulfate and betamethasone

acetate ophthalmic, 2102
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Solution (continued)
Gentamicin sulfate and betamethasone

valerate otic, 2104
Gentamicin topical, 2105
Gentamicin sulfate ophthalmic, 2102
Gentian violet topical, 2109
Glutaral disinfectant, 5789
Glycerin ophthalmic, 2133
Glycerin oral, 2134
Guaifenesin and codeine phosphate oral,

2172
Guaifenesin oral, 2171
Halazone tablets for, 2182
Halcinonide topical, 2186
Haloperidol oral, 2189
Heparin lockflush, 2194
Homatropine hydrobromide ophthalmic,

2208
Hydralazine hydrochloride oral, 2215
Hydrocortisone and acetic acid otic, 2235
Hydrogen peroxide, 6171
Hydrogen peroxide topical, 2249
Hydroquinone topical, 2255
Hydroxyamphetamine hydrobromide

ophthalmic, 2258
Hydroxyzine hydrochloride oral, 2266
Hyoscyamine sulfate elixir, 2276
Hyoscyamine sulfate oral, 2277
Hypromellose ophthalmic, 2281
Idoxuridine ophthalmic, 2293
Indium In 111 chloride, 2318
Indium In 111 oxyquinoline, 2320
Iodine, strong, 2363
Sodium iodide I 123, 2366
Sodium iodide I 131, 2368
Iodine topical, 2362
Ipecac oral, 2397
Ipratropium bromide and albuterol sulfate

inhalation, 2399
Isoniazid oral, 2426
Isosorbide oral, 2440
Ivermectin topical, 2476
Lactulose, 2522
Lead, standard, 6236
Levalbuterol inhalation, 2576
Levobunolol hydrochloride ophthalmic,

2595
Levocarnitine oral, 2600
Levofloxacin oral, 2608
Lidocaine hydrochloride topical, 2627
Lincomycin oral, 2632
Lithium oral, 2648
Locke-Ringer's, 6231
Loperamide hydrochloride oral, 2661
Loratadine oral, 2674
Mafenide acetate for topical, 2704
Magnesium carbonate and citric acid for

oral, 2710
Magnesium carbonate, citric acid, and

potassium citrate for oral, 2711
Manganese chloride for oral, 2732
Magnesium citrate for oral, 2715
Magnesium citrate oral, 2714
Maltitol, 5871
Meperidine hydrochloride oral, 2784
Metaproterenol sulfate oral, 2813
Methadone hydrochloride oral, 2838
Methoxsalen topical, 2865
Methylcellulose ophthalmic, 2876
Methylcellulose oral, 2876
Metoclopramide oral, 2910
Metoprolol tartrate oral, 2925
Mibolerone oral, 2945
Minoxidil topical, 2975
Mometasone furoate topical, 3005

Moxifloxacin ophthalmic, 3034
Myrrh topical, 3057
Naphazoline hydrochloride ophthalmic,

3076
Naphazoline hydrochloride and

pheniramine maleate ophthalmic, 3076
Neomycin and polymyxin Bsulfates and

gramicidin ophthalmic, 3123
Neomycin and polymyxin B sulfates and

hydrocortisone otic, 3124
Neomycin and polymyxin Bsulfates for

irrigation, 3114
Neomycin and polymyxin B sulfates

ophthalmic, 3115
Neomycin sulfate and dexamethasone

sodium phosphate ophthalmic, 3106
Neomycin sulfate oral, 3103
Nickel standard TS, 6232
Nitrofurazone topical, 3183
Nitromersoltopical, 3190
Nortriptyline hydrochloride oral, 3216
Ofloxacin ophthalmic, 3231
Olopatadine hydrochloride ophthalmic,

3249
Ondansetron, oral, 3266
Oral, containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 56

Oxybutynin chloride oral, 3328
Oxycodone hydrochloride oral, 3337
Oxymetazoline hydrochloride ophthalmic,

3350
Papain tablets for topical, 3396
Paromomycin oral, 3409
Penicillin G potassium for oral, 3439
Penicillin V potassium for oral, 3456
Phenobarbital oral, 3498
Phenol, topical, camphorated, 3502
Phenylephrine hydrochloride ophthalmic,

3519
Physostigmine salicylate ophthalmic, 3536
Pilocarpine hydrochloride ophthalmic,

3543
Pilocarpine nitrate ophthalmic, 3545
Podophyllum resin topical, 3582
Polyethylene glycol 3350 and electrolytes

for oral, 3587
Polymyxin B sulfate and hydrocortisone

otic, 3592
Polymyxin Bsulfate and trimethoprim

ophthalmic, 3592
Potassium bicarbonate effervescent tablets

for oral, 3596
Potassium bicarbonate and potassium

chloride for effervescent oral, 3597
Potassium bicarbonate and potassium

chloride effervescent tablets for oral,
3597

Potassium bicarbonate, potassium chloride,
and potassium citrate effervescent
tablets for oral, 3609

Potassium bromide oral, veterinary, 3600
Potassium chloride for oral, 3605
Potassium chloride oral, 3604
Potassium citrate and citric acid oral, 3617
Potassium gluconate and potassium

chloride for oral, 3621
Potassium gluconate and potassium

chloride oral, 3621
Potassium gluconate, potassium citrate,

and ammonium chloride oral, 3622
Potassium gluconate and potassium citrate

oral, 3622
Potassium gluconate oral, 3619

Potassium iodide oral, 3624
Potassium nitrate, 3626
Potassium and sodium bicarbonates and

citric acid effervescent tablets for oral,
3598

Povidone-iodine cleansing, 3635
Povidone-iodine topical, 3636
Prednisoloneoral, 3661
Prednisolone sodium phosphate

compounded oral, 3667
Prednisolonesodium phosphate

ophthalmic, 3668
Prednisone oral, 3671
Prochlorperazine oral, 3697
Promazine hydrochloride oral, 3713
Promethazine and phenylephrine

hydrochloride and codeine phosphate
oral, 3724

Promethazine and phenylephrine
hydrochloride oral, 3721

Promethazine hydrochloride oral, 3717
Proparacaine hydrochloride ophthalmic,

3739
Protein standard (8 g/dL), 6194
Pseudoephedrine hydrochloride,

carbinoxamine maleate, and
dextromethorphan hydrobromide oral,
3767

Pseudoephedrine hydrochloride oral, 3762
Pyridostigmine bromide oral, 3780
Ranitidine oral, 3846
Risperidone oral, 3905
Saccharin sodium oral, 3967
Scopolamine hydrobromide ophthalmic,

4013
Senna oral, 4026
Silver nitrate ophthalmic, 4041
Sodium acetate, 4055
Sodium bromide oral, veterinary, 4063
Sodium chloride, isotonic, 6202
Sodium chloride ophthalmic, 4068
Sodium chloride tablets for, 4069
Sodium citrate and citric acid oral, 4069
Sodium fluoride and acidulated phosphate

topical, 4074
Sodium fluoride oral, 4072
Sodium hypochlorite, 4076, 6235, 6235
Sodium hypochlorite topical, 4077
Sodium lactate, 4078
Sodium phosphates oral, 4090
Sodium phosphates rectal, 4090
Sorbitol, 4101
Sorbitol noncrystallizing, 6036
Sorbitol sorbitan, 6038
Stavudine for oral, 4122
Sulfacetamide sodium ophthalmic, 4143
Sulfaquinoxaline oral, 4169
Terpin hydrate and codeine oral, 4284
Terpin hydrate oral, 4284
Tetracaine hydrochloride ophthalmic, 4299
Tetracaine hydrochloride topical, 4299
Tetracycline hydrochloride for topical,

4309
Tetrahydrozoline hydrochloride

ophthalmic, 4315
Tetramethylammonium hydroxide, in

methanol, 6211
Theophylline and guaifenesin oral, 4332
Theophylline oral, 4325
Theophyllinesodium glycinate oral, 4334
Thiamine hydrochloride oral, 4338
Thiamine mononitrate oral, 4341
Thimerosal topical, 4347
Thioridazine hydrochloride oral, 4354
Thiothixene hydrochloride oral, 4361
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Solution (continued)
TImolol maleate ophthalmic, 4389
Tobramycin ophthalmic, 4408
Tolnaftate topical, 4427
Travoprost ophthalmic, 4471
Tretinoin topical, 4479
Triamcinolone diacetate oral, 4491
Tricitrates oral, 4504
Trifluoperazine oral, 4511
Trihexyphenidyl hydrochloride oral, 4519
Trikates oral, 4521
Trimeprazine oral, 4522
Triprolidine hydrochloride oral, 4533
Triprolidine and pseudoephedrine

hydrochlorides oral, 4534
Tropicamide ophthalmic, 4541
Valproic acid oral, 4574
Valrubicin intravesical, 4577
Vancomycin hydrochloride for oral, 4590
Vehicle for oral, 5913
Vehicle for oral, sugar free, 5913
Verapamil hydrochloride oral, 4609
Vitamins with minerals, water-soluble oral,

5543
Vitamins with minerals, oil- and water-

soluble oral, 5462
Vitamins, oil- and water-soluble oral, 5409
Xanthan gum, 6104
Zidovudine oral, 4676
Zinc sulfate ophthalmic, 4693
Zinc sulfate oral, 4693

Solutions,
reagents, and indicators, 6127

Solvent hexane, 6207
Somatropin, 4098

for injection, 4099
Somatropin bioidentity tests (126), 6558
Sorbic acid, 6029
Sorbitan

monolaurate, 6030
monooleate, 6031
monopalmitate, 6032
monostearate, 6033
sesquioleate, 6033
sorbitol, solution, 6038
trioleate, 6034

Sorbitol, 6035, 6207
solution, 4101
solution noncrystallizing, 6036
sorbitan solution, 6038

Sotalol hydrochloride, 4102
oral suspension, 4104
tablets, 4105

Soybean oil, 4105
hydrogenated, 6040

Soy isoflavones
capsules, 5276
powdered extract, 5274
tablets, 5278

Spacers and valved holding chambers used
with inhalation aerosols-characterization
tests (1602) , 8411

Specific gravity (841), 7137
Specific surface area (846), 7139
Spectinomycin

hydrochloride, 4108
for injectable suspension, A108

Spectrophotometric identification tests (197),
6593

Spironolactone, 4109
and hydrochlorothiazide oral suspension,

4113

and hydrochlorothiazide tablets, 4113
tablets, 4112

Spironolactone compounded
oral suspension, 4111

Spironolactone compounded, veterinary
oral suspension, 4111

Spirulina, 5279
tablets, 5283

Squalane, 6041
Sr 89 injection, strontium chloride, 4126
Stability considerations in dispensing practice

(1191), 8044
Stachyose hydrate, 6207
Standard sand, 20- to 30-mesh, 6207
Stannous

chloride, 6041, 6207
chloride acid, stronger, TS, 6225, 6236
chloride acid TS, 6225, 6236
fluoride, 4114
fluoride gel, 4115

Stanozolol, 4117
tablets, 4118

Star anise
oil, 6043

Starch
corn, 6044
corn, pregelatinized hydroxypropyl, 6047
hydrolysate, hydrogenated, 6049
hydroxypropyl corn, 6045
iodate paper, 6222
iodide-free TS, 6236
iodide paper, 6222
iodide paste TS, 6236
modified, 6052
pea, 6053
pea, pregelatinized hydroxypropyl, 6056
potassium iodide TS, 6236
potassium iodide and, TS, 6234
potato, 6058, 6194, 6207
potato, pregelatinized hydroxypropyl,

6061
pregelatinized, 6063
pregelatinized modified, 6064
sodium, glycolate, 6022
soluble, 6207
soluble,' purified, 6207
tapioca, 6066
topical, 4119
TS,6236
wheat, 6066

Stavudine, 4119
capsules, 4120
for oral solution, 4122

Steam, pure, 4654
Steam sterilization by direct contact

(1229.1),8199
Stearic acid, 6068, 6207

purified, 6070
Stearoyl polyoxylglycerides, 6071
Stearyl alcohol, 6072, 6207

Sterile
Erythromycin ethylsuccinate, 1698
Erythromycin gluceptate, 1702
Erythromycin lactobionate, 1703
Pharmaceutical compounding-sterile

preparations (797), 7037 .
Sterile product packaging-integrity

evaluation (1207), 8079
Sterility assurance (1211), 8129
Sterility testing-validation of isolator

systems (1208), 8113

Water, purified, 4654
Water for inhalation, 4652
Water for injection, 4653
Water for irrigation, 4653

Sterile product packaging-integrity
evaluation (1207), 8079

Sterility
testing-validation of isolator systems

(1208), 8113
tests (71), 6481

Sterility assurance (1211), 8129
Sterilization cycle development, 8235
Sterilization filtration of gases, 8238
Sterilization-in-place (1229.13), 8233
Sterilization of compendial articles (1229),

8194
Sterilizing filtration of liquids (1229.4), 8209
Stinging nettle, 5286

extract, powdered, 5290
powdered, 5288

Storax, 4123
Streptomycin

injection, 4125
for injection, 4125
sulfate, 4124

Stronger
ammonia water, 6207
cupric acetate TS, 6236

Strontium
acetate, 6207
chloride Sr 89 injection, 4126
hydroxide, 6208

Strychnine sulfate, 6208
Styrene-divinylbenzene

anion-exchange resin, 50- to 100-mesh,
6208

cation-exchange resin, strongly acidic,
6208

copolymer beads, 6208
Subvisible particulate matter in therapeutic

protein injections (787), 7014
Succinic acid, 6074, 6208
Succinylcholine chloride, 4127

injection, 4129
Sucralfate, 4130

tablets, 41 31
Sucralose, 6074
Sucrose,' 6076

octaacetate, 6077
palmitate, 6078
stearate, 6079

Sudan
11I,6208
III TS, 6236
IV, 6208
IVTS, 6236

Sufentanil citrate, 41 32
injection, 4133

Sugar
compressible, 6081
confectioner's, 6082
free suspension structured vehicle, 6087
injection, invert, 4133
spheres, 6083

Sulbactam
and ampicillin for injection, 328
sodium, 4134

Sulconazole nitrate, 41 35
Sulfa

vaginal cream, triple, 4137
vaginal inserts, triple, 4137

Sulfabenzamide, 4138
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Sulfacetamide, 4139
sodium, 4140
sodium ophthalmic ointment, 4142
sodium ophthalmic solution, 4143
sodium and prednisolone acetate

ophthalmic ointment, 4144
sodium and prednisolone acetate

ophthalmic suspension, 4145
sodium topical suspension, 4143

Sulfachlorpyridazine, 4146
Sulfadiazine, 4147

cream, silver, 4150
silver, 4149
sodium, 4151
sodium injection, 4152
tablets, 4148

Sulfadimethoxine, 4152
sodium, 4154
soluble powder, 4153
oral suspension, 4153
tablets, 4153

Sulfadoxine, 4154
and pyrimethamine tablets, 4155

Sulfaguanidine, 6209
Sulfamerazine, 6209
Sulfamethazine, 4156

and chlortetracycline bisulfates soluble
powder, 980

granulated, 4156
Sulfamethizole, 4157

oral suspension, 4158
tablets, 4158

Sulfamethoxazole, 4159
oral suspension, 4161
tablets, 4161
and trimethoprim injection, 4162
and trimethoprim oral suspension, 4163
and trimethoprim tablets, 4166

Sulfamic acid, 6209
Sulfan blue, 6209
Sulfanilamide, 6209
Sulfanilic

acid, 6209
acid, diazotized TS, 6236
acid TS, 6236
1-naphthylamine TS, 6236
a-naphthylamine TS, 6236

Sulfapyridine, 4167
tablets, 4167

Sulfaquinoxaline, 4168
oral solution, 4169

Sulfasalazine, 4169
tablets, 41 70
delayed-release tablets, 41 70

Sulfatase enzyme preparation, 6209
Sulfate

acid, ferrous, TS, 6225, 6229
and chloride (221), 6636
ferrous, TS, 6229
magnesium, TS, 6231
mercuric, TS, 6228, 6231
potassium, 6194
potassium, TS, 6234
in reagents, 6131
strychnine, 6208

Sulfathiazole, 41 71
sodium, 6209

Sulfinpyrazone, 4172
capsules, 41 72
tablets, 4173

Sulfiram, 6209
Sulfisoxazole, 41 74

acetyl, 41 75
acetyl and erythromycin estolate oral

suspension, 1695

acetyl and erythromycin ethylsuccinate for
oral suspension, 1701

acetyl oral suspension, 41 75
tablets, 4175

Sulfomolybdic acid TS, 6236
Sulfonic acid cation-exchange resin, 6209
2-(4-Sulfophenylazo)-l,8-dihydroxy-3,6-

naphthalenedisulfonic acid, trisodium salt,
6220, 6221

Sulfosalicylic acid, 6209
Sulfur, 6209

dioxide, 6084
dioxide detector tube, 6209
ointment, 4176
precipitated, 4176
and resorcinol topical suspension, 3862
sublimed, 4176

Sulfur dioxide (525), 6751
Sulfuric acid, 6084, 6209

diluted, 6159, 6209
fluorometric, 6209
fuming, 6168, 6209
half-normal (0.5N) in alcohol, 6250
nitrogen free, 6209
normal (1 N), 6250
phenylhydrazine, TS, 6233
TS,6236
0.02 N TS, 6236
0.2 N TS, 6236
0.5 N TS, 6236
1 M TS, 6236
2 N TS, 6236
6 N TS, 6236
7 N TS, 6236
0.01 N VS, 6250

0.02 N Sulfuric acid
VS,6250

10 N Sulfuric acid
TS,6236

Sulfuric acid-formaldehyde TS, 6236
0.05 N Sulfuric acid VS, 6250
Sulfurous acid, 6209
Sulindac, 41 77

tablets, 41 78
Sulisobenzone, 4180
Surnatrlptan, 4180

nasal spray, 4183
injection, 4182
succinate, 4187
succinate oral suspension, 4188
tablets, 4185

Sunflower oil, 6085, 6209
Supplemental information for articles of

botanical origin (2030), 8702

Suppositories
Acetaminophen, 44
Aminophylline, 247
Aspirin, 391
Bisacodyl, 573
Chlorpromazlne, 974
Ergotamine tartrate and caffeine, 1680
Glycerin, 2134
Indomethacin, 2331
Miconazole nitrate vaginal, 2951
Morphine sulfate, 3028
Nystatin vaginal, 3220
Prochlorperazine, 3698
Progesterone vaginal, 3707
Promethazine hydrochloride, 3718
Thiethylperazine maleate, 4342

Suspension
Acetaminophen and codeine phosphate

oral, 56
Acetaminophen oral, 42
Acetazolamide oral, 76
Acyclovir oral, 92
Albendazole oral, 102
Allopurinol oral, 133
Alprazolam oral, 145
Alumina, magnesia, and calcium carbonate

oral, 168
Alumina and magnesia oral, 166
Alumina, magnesia, and simethicone oral,

173
Alumina and magnesium carbonate oral,

176
Alumina and magnesium trisilicate oral,

179
Amoxicillin and c1avulanate potassium for

oral, 308
Amoxicillin for oral, 303
Amoxicillin for injectable, 302
Amoxicillin oral, 303
Amoxicillin tablets for oral, 306
Arnpklllin for injectable, 324
Ampicillin for oral, 324
Ampicillin and probenecid for oral, 326
Atenolol compounded oral, 408
Atenolol compounded oral, veterinary, 409
Atovaquone oral, 423
Aurothioglucose injectable, 434
Azathioprine oral, 440
Azithromycin for oral, 454
Baclofen oral, 473
Barium sulfate, 481
Barium sulfate for, 482
Benazepril hydrochloride compounded

oral, veterinary, 490
Betamethasone sodium phosphate and

betamethasone acetate injectable, 551
Bethanechol chloride oral, 564
Bisacodyl rectal, 574
Bismuth subsalicylate oral, 582
Brinzolamide ophthalmic, 594
Calamine topical, 665
Calamine topical, phenolated, 665
Calcium carbonate oral, 686
Calcium and magnesium carbonates oral,

691
Captopril oral, 735
Carbamazepine oral, 742
Cefaclor for oral, 810
Cefadroxil for oral, 816
Cefdinir for oral, 830
Cefixime for oral, 837
Cefpodoxime proxetil for oral, 864
Cefprozil for oral, 869
Cefuroxime axetil for oral, 888
Cellulose sodium phosphate for oral, 896
Cephalexin for oral; 898
Cephradine for oral, 909
Chloramphenicol and hydrocortisone

acetate for ophthalmic, 932
Chloramphenicol palmitate oral, 934
Chlorothiazide oral, 963
Cholestyramine for oral, 990
Ciclopirox olamine topical, 998
Ciprofloxacin and dexamethasone otic,

1021
Clarithromycin for oral, 1049
Clavulanate potassium and amoxicillin for

oral, 308
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Suspension (continued)
Clindamycin phosphate topical, 1072
Clonazepam oral, 1097
Clopidogrel compounded oral, 1111
Colestipol hydrochloride for oral, 1147
Colistin and neomycin sulfates and

hydrocortisone acetate otic, 1150
Colistin sulfate for oral, 1150
Desoxycorticosterone pivalate injectable,

1279
Dexamethasone acetate injectable, 1291
Dexamethasone ophthalmic, 1287
Diazoxide oral, 1335
Didanosine tablets for oral, 1367
Diltiazem hydrochloride oral, 1406
Dipyridamole oral, 1445
Dolasetron mesylate oral, 1485
Doxycycline calcium oral, 1529
Doxycycline compounded oral, veterinary,

1530
Doxycycline for oral, 1525
Enalapril maleate compounded oral,

veterinary, 1613
Erythromycin estolate for oral, 1694
Erythromycin estolate oral, 1693
Erythromycin estolate and sulfisoxazole

acetyl oral, 1695
Erythromycin ethylsuccinate for oral, 1699
Erythromycin ethylsuccinate oral, 1698
Erythromycin ethylsuccinate and

sulfisoxazole acetyl for oral, 1701
Estrone injectable, 1752
Famotidine for oral, 1818
Ferumoxsil oral, 1868
Flucytosine oral, 1917
Fluorometholone ophthalmic, 1952
Furazolidone oral, 2052
Ganciclovir oral, 2090
Gentamicin and prednisolone acetate

ophthalmic, 2107
Griseofulvin oral, 2166
Hydrocortisone rectal, 2233
Ibuprofen oral, 2283
Imipenem and cilastatin for injectable,

2298
Indomethacin oral, 2332
Isophane insulin human, 2352
Human insulin isophane and human insulin

injection, 2349
Isophane insulin, 2351
Insulin zinc, 2356
Insulin zinc, extended, 2357
Insulin zinc, prompt, 2359
Isoflupredone acetate injectable, 2419
Ketoconazole oral, 2507
Labetalol hydrochloride oral, 2519
Lamotrigine compounded oral, 2545
Lansoprazole compounded oral, 2556
Magaldrate and simethicone oral, 2706
Magnesium carbonate and sodium

bicarbonate for oral, 2712
Mebendazole oral, 2744
Medroxyprogesterone acetate injectable,

2755
Megestrol acetate oral, 2763
Meloxicam oral, 2770
Mesalamine rectal, 2803
Methacycline hydrochloride oral, 2835
Methadone hydrochloride tablets for oral,

2839
Methylprednisolone acetate injectable,

2901
Metolazone oral, 2913
Metoprolol tartrate oral, 2926

Metronidazole benzoate compounded oral,
2933

Minocycline hydrochloride oral, 2966
Naproxen oral, 3079
Natamycin ophthalmic, 3096
Neomycin and polymyxin B sulfates and

dexamethasone ophthalmic, 3122
Neomycin and polymyxin B sulfates and

hydrocortisone otic, 3124
Neomycin and polymyxin B sulfates and

hydrocortisone acetate ophthalmic, 3125
Neomycin and polymyxin B sulfates and

hydrocortisone ophthalmic, 3123
Neomycin and polymyxin B sulfates and

prednisolone acetate ophthalmic, 3127
Neomycin sulfate and hydrocortisone otic,

3109
Neomycin sulfate and hydrocortisone

acetate ophthalmic, 3110
Neomycin sulfate and prednisolone acetate

ophthalmic, 3128
Nevirapine oral, 31 32
Nitrofurantoin oral, 3179
Nystatin for oral, 3221
Nystatin oral, 3221
Ondansetron hydrochloride oral, 3268
Oxfendazole oral, 3322
Oxytetracycline hydrochloride and

hydrocortisone acetate ophthalmic, 3363
Penicillin G benzathine injectable, 3433
Penicillin G benzathine and penicillin G

procaine injectable, 3434
Penicillin G benzathine oral, 3433
Penicillin G, neomycin, polymyxin B,

hydrocortisone acetate, and
hydrocortisone sodium succinate topical,
3430

Penicillin G procaine, dihydrostreptomycin
sulfate, chlorpheniramine maleate, and
dexamethasone injectable, 3445

Penicillin G procaine and
dihydrostreptomycin sulfate injectable,
3444

Penicillin G procaine, dihydrostreptomycin
sulfate, and prednisolone injectable,
3447

Penicillin G procaine, neomycin and
polymyxin B sulfates, and hydrocortisone
acetate topical, 3448

Penicillin G procaine injectable, 3443
Penicillin G procaine for injectable, 3443
Penicillin V benzathine oral,3454
Penicillin V for oral, 3452
Perflutren protein-type A microspheres

injectable, 3475
Pergolide, oral, veterinary, 3478
Phenoxybenzamine hydrochloride

compounded oral, 3504
Phenytoin oral, 3526'
Piroxicam compounded oral, 3579
Prednisolone acetate injectable, 3663
Prednisolone acetate ophthalmic, 3663
Prednisolone compounded oral, veterinary,

3664
Prednisone injectable, 3672
Prednisolone tebutate injectable, 3670
Primidone oral, 3684
Progesterone injectable, 3706
Psyllium hydrophilic mucilloid for oral,

3771
Pyrantel pamoate oral, 3774
Pyrvinium pamoate oral,3789
Quinidine sulfate oral, 3814
Ractopamine hydrochloride, 3826
Resorcinol and sulfur topical, 3862

Rifampin oral, 3877
Rimexolone ophthalmic, 3887
Selenium sulfide topical, 4023
Simethicone oral, 4045 '
Sodium polystyrene sulfonate, 4092
Spectinomycin for injectable, 4108
Spironolactone compounded oral, 4111
Structured vehicle; 6086
Structured vehicle, sugar-free, 6087
Sulfacetamide sodium and prednisolone

acetate ophthalmic, 4145
Sulfacetamide sodium topical, 4143
Sulfadimethoxine oral, 4153
Sulfamethizole oral, 4158
Sulfamethoxazole oral, 4161
Sulfamethoxazole and trimethoprim oral,

4163
Sulfisoxazole acetyl oral, 4175
Sumatriptan succinate oral, 4188
Temozolomide oral, 4257
Testosterone injectable, 4287
Tetracycline hydrochloride ophthalmic,

4310
Tetracycline hydrochloride oral, 4310
Tetracycline oral, 4302
Thiabendazole oral, 4335
Tobramycin and dexamethasone

ophthalmic, 4411
Tobramycin and fluorometholone acetate

ophthalmic, 4412
Topiramate compounded oral, 4436
Triamcinolone acetonide injectable, 4490
Triamcinolone diacetate injectable, 4491
Triamcinolone hexacetonide injectable,

4493
Triflupromazine oral, 4514
Trisulfapyrimidines oral, 4536
Vehicle for oral, 591 3
Verapamil hydrochloride oral, 4609
Zinc sulfide topical, 4695

Suspension structured vehicle, 6086
sugar-free, 6087

Suture
absorbable surgical, 4189
nonabsorbable surgical, 4191

Sutures
diameter (861), 7175
needle attachment (871), 7178

Syrup
Acacia, 5597 ,
Calcium glubionate, 695
Cherry, 5709
Chlorpromazine hydrochloride, 976
Chocolate, 5716
Corn, 5724
Corn, solids, 5731
High fructose corn, 5727
Docusate sodium, 1481
Ferrous sulfate, 1863
Orange, 5915
Piperazine citrate, 3575
Promazine hydrochloride, 3713
Syrup, 6087
Tolu balsam, 6090
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T
Tablet breaking force (1217), 8138
Tablet compression characterization, 7556
Tablet friability (1216), 8137

Tablets
Abacavir, 6066
Abiraterone acetate, 26
Acarbose, 31
Acepromazine maleate, 38
Acetaminophen, 45
Containing at least three of the

following-acetaminophen and (salts of)
chlorpheniramine, dextromethorphan,
and pseudoephedrine, 58

Acetaminophen and aspirin, 48
Acetaminophen, aspirin, and caffeine, 49
Acetaminophen and caffeine, 51
Acetaminophen, chlorpheniramine

maleate, and dextromethorphan
hydrobromide, 60

Acetaminophen and codeine phosphate,
66

Acetaminophen and diphenhydramine
citrate, 69

Acetaminophen, diphenhydramine
hydrochloride, and pseudoephedrine
hydrochloride, 70

Acetaminophen extended-release, 47
Acetaminophen and hydrocodone

bitartrate, 2224
Acetaminophen and pseudoephedrine

hydrochloride, 72
Acetazolamide, 76
Acetohydroxamic acid, 79
Acyclovir, 92
Albendazole, 103
Albuterol, 105
Albuterol extended-release, 106
Alendronate sodium, 120
Alfuzosin hydrochloride extended-release,

125
Allopurinol, 134
Almotriptan, 138
Alosetron, 142
Alprazolam, 146
Alprazolam extended-release, 148
Alprazolam orally disintegrating, 152
Alumina and magnesia, 167
Alumina, magnesia, and calcium carbonate

chewable, 169
Alumina, magnesia, calcium carbonate,

and simethicone chewable, 170
Alumina, magnesia, and simethicone

chewable, 174
Alumina and magnesium carbonate, 177
Alumina, magnesium carbonate, and

magnesium oxide, 178
Alumina and magnesium trisilicate, 180
Aluminum hydroxide gel,dried, 190
Aluminum sulfate and calcium acetate for

topical solution, 195
Amiloride hydrochloride, 223
Arnilorlde hydrochloride and

hydrochlorothiazide, 224
Aminocaproic acid, 237
Aminopentamide sulfate, 240
Aminophylline, 248
Aminophylline delayed-release, 250
Amiodarone hydrochloride, 257

Amitriptyline hydrochloride, 263
amlodipine and atorvastatin, 265
Amlodipine and olmesartan medoxomil,

272
Amlodipine and valsartan, 275
Amlodipine besylate, 286
Amlodipine, valsartan and

hydrochlorothiazide, 279
Ammonium chloride delayed-release, 288
Amodiaquine hydrochloride, 294
Amoxapine, 297
Amoxicillin, 304
Amoxicillin and c1avulanic acid extended-

release, 310
Amoxicillin and c1avulanate potassium, 308
Amphetamine sulfate, 313
Ampicillin, 325
Anastrozole, 337
Anileridine hydrochloride, 341
Apomorphine hydrochloride, 358
Arginine, 4764
Aripiprazole, 375
Aripiprazole orally disintegrating, 377
Ascorbic acid, 385
Aspirin, 392
Aspirin, alumina, and magnesia, 397
Aspirin, alumina, and magnesium oxide,

399
Aspirin, buffered, 393
Aspirin and codeine phosphate, 403
Aspirin, codeine phosphate, alumina, and

magnesia, 404
Aspirin delayed-release, 394
Aspirin effervescent, for oral solution, 395
Aspirin extended-release, 396
Atenolol, 407
Atenolol and chlorthalidone, 409
Atorvastatln calcium, 418
Azatadine maleate, 438
Azathioprine, 441
Azithromycin, 457
Baclofen, 473
Barium sulfate, 483
Belladonna extract, 487
Benazepril hydrochloride, 491
Bendroflumethiazide, 497
benzphetamine hydrochloride, 530
Benztropine mesylate, 533
Betaxolol, 559
Bethanechol chloride, 564
Bicalutamide, 567
Biotin, 571
Bisacodyl delayed-release, 574
Bismuth subsalicylate, 583
Bisoprolol fumarate, 586
Bisoprolol fumarate and

hydrochlorothiazide, 587
Black cohosh, 4823
Bromocriptine mesylate, 597
Brompheniramine maleate, 603
Bumetanide, 608
Buprenorphine and naloxone sublingual,

616
Bupropion hydrochloride, 620 .
Bupropion hydrochloride extended-release,

621
Buspirone hydrochloride, 637
Busulfan, 640
Butabarbital sodium, 643
Butalbital, acetaminophen, and caffeine,

646
Butalbital and aspirin, 646
Butalbital, aspirin, and caffeine, 649
Cabergoline, 659
Calcium acetate, 682

Calcium carbonate, 687
Calcium carbonate, magnesia, and

simethicone chewable, 689
Calcium citrate, 4835
Calcium gluconate, 701
Calcium L-5-methyltetrahydrofolate, 4842
Calcium lactate, 703
Calcium and magnesium carbonates, 691
Calcium pantothenate, 707
Calcium phosphate, dibasic, 712
Calcium with vitamin D, 4843
Calcium and vitamin D with minerals,

4845
Candesartan cilexetil, 717
Candesartan cilexetil and

hydrochlorothiazide, 719
Capecitabine, 723
Captopril, 735
Captopril and hydrochlorothiazide, 737
Carbamazepine, 743
Carbamazepine extended-release, 746
Carbenicillin indanyl sodium, 749
Carbidopa and levodopa, 751
Levodopa and carbidopa extended-release,

753
Carbidopa and levodopa orally

disintegrating, 759
Carbinoxamine maleate, 763
Calcium carbonate and magnesia

chewable, 688
Carboxymethylcellulose sodium, 774
Carisoprodol, 777
Carisoprodol, aspirin, and codeine

phosphate, 780
Carisoprodol and aspirin, 778
Carprofen, 786
Carteolol hydrochloride, 790
Carvedilol, 793
Cascara, 800
Cat's claw, 4858
Cefaclor extended-release, 811
Cefadroxil, 817
Cefixime, 838
Cefpodoxime proxetil, 864
Cefprozil, 870
Cefuroxime axetil, 889
Cephalexin, 899
Cephalexin, for oral suspension, 899
Cephradine, 909
Cetirizine hydrochloride, 913
Cetirizine hydrochloride orally

disintegrating, 915
Cetrizine hydrochloride and

pseudoephedrine hydrochloride
extended-release, 917

Chlorambucil, 926
Chloramphenicol, 932
Chlordiazepoxide, 937
Chlordiazepoxide and amitriptyline

hydrochloride, 938
Chloroquine phosphate, 961
Chlorothiazide, 964
Chlorpheniramine maleate, 971
Chlorpromazine hydrochloride, 977
Chlorpropamide, 978
Chlortetracycline hydrochloride, 987
Chlorthalidone, 983
Chlorzoxazone, 984
Cholecalciferol, 988
Chondroitin sulfate sodium, 4897
Chromium picolinate, 4902
Cilostazol, 1004
Cimetidine, 1007
Ciprofloxacin, 1015
Ciprofloxacin extended-release, 1017
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Citalopram, 1035
Clarithromycin, 1049
Clarithromycin extended-release, 1051
Clemastine fumarate, 1059
Clomiphene citrate, 1090
Clonazepam, 1098
Clonazepam orally disintegrating, 1099
Clonidine hydrochloride, 1103
Clonidine hydrochloride and

chlorthalidone, 1104
Clopidogrel, 1111
Clorazepate dipotassium, 1115
Clover, red, 5212
Clozapine, 1132
Cocaine hydrochloride, for topical solution,

1134
Codeine phosphate, 1139
Codeine sulfate, 1142
Colchicine, 1145
Colestipol hydrochloride, 1147
Cortisone acetate, 1176
Curcuminoids, 4930
Cyanocobalamin, 1192
Cyclizine hydrochloride, 1195
Cyclobenzaprine hydrochloride, 1199
Cyclophosphamide, 1209
Cyproheptadine hydrochloride, 1220
Dapsone, 1241
Demeclocycline hydrochloride, 1249
Desipramine hydrochloride, 1256
Desloratadine, 1261
Desloratadine orally disintegrating, 1263
Desogestrel and ethinyl estradiol, 1270
Dexamethasone, 1289
Dexchlorpheniramine maleate, 1301
Dextroamphetamine sulfate, 1318
Diazepam, 1332
Dichlorphenamide, 1340
Diclofenac potassium, 1345
Diclofenac sodium and misoprostol

delayed-release, 1353
Diclofenac sodium delayed-release, 1348
Diclofenac sodium extended-release, 1350
Dicyclomine hydrochloride, 1362
Didanosine, for oral suspension, 1367
Diethylcarbamazine citrate, 1369
Diethylpropion hydrochloride, 1371
Diflunisal, 1376
Digitalis, 1380
Digitoxin, 1382
Digoxin, 1385
Dihydrotachysterol, 1393
Dihydroxyaluminum sodium carbonate

chewable, 1396
Diltiazem hydrochloride, 1406
Dimenhydrinate, 1410
Diphenhydramine citrate and ibuprofen,

1421
Diphenhydramine and phenylephrine

hydrochloride, 1433
Diphenoxylate hydrochloride and atropine

sulfate, 1439
Dipyridamole, 1446
Dirithromycin delayed-release, 1448
Disulfiram,.1452
Divalproex sodium delayed-release, 1457
Divalproex sodium extended-release, 1458
Docusate sodium, 1481
Donepezil hydrochloride, 1488
Donepezil hydrochloride orally

disintegrating, 1492
Doxazosin, 1506
Doxycycline, 1527
Doxycycline hyclate, 1537

Doxycycline hyclate delayed-release, 1539
Doxylamine succinate, 1546
Dronedarone, 1551
Drospirenone and ethinyl estradiol, 1556
Dydrogesterone, 1572
Dyphylline, 1574
Dyphylline and guaifenesin, 1575
Echinacea Species dry extract tablets, 4963
Efavirenz, 1591
Eleuthero root and rhizome dry extract,

4973
Enalapril maleate, 1614
Enalapril maleate and hydrochlorothiazide,

1616
Entacapone, 1632
Entecavir, 1637
Ergocalciferol, 1668
Ergoloid mesylates, 1671
Ergonovine maleate, 1674
Ergotamine tartrate, 1678
Ergotamine tartrate and caffeine, 1681
Ergotamine tartrate sublingual, 1679
Erythromycin, 1691
Erythromycin delayed-release, 1691
Erythromycin estolate, 1694
Erythromycin ethylsuccinate, 1699
Erythromycin stearate, 1706
Escitalopram, 1708
Estazolam, 1723
Estradiol, 1732
Estradiol and norethindrone acetate, 1733
Estrogens, conjugated, 1746
Estrogens, esterified, 1750
Estropipate, 1754
Eszopiclone, 1757
Ethacrynic acid, 1761
Ethambutol hydrochloride, 1764
Ethinyl estradiol, 1768
Ethionamide, 1771
Ethotoin, 1778
Ethynodiol diacetate and ethinyl estradiol,

1781
Ethynodiol diacetate and mestranol, 1781
Etidronate disodium, 1784
Etodolac, 1787
Etodolac extended-release, 1788
Ezetimibe, 1806
famciclovir, 1812
Famotidine, 1819
Felbamate, 1824
Felodipine extended-release, 1827
Fenofibrate, 1837
Fenoprofen calcium, 1845
Ferrous fumarate, 1855
Ferrous fumarate and docusate sodium

extended-release, 1856
Ferrous gluconate, 1861
Ferrous sulfate, 1864
Fexofenadine hydrochloride, 1872
Fexofenadlne hydrochloride and

pseudoephedrine hydrochloride
extended-release, 1876

Finasteride, 1890
Havoxate hydrochloride, 1894
Flecainide acetate, 1898
Fluconazole, 1914
Fludrocortisone acetate, 1923
Fluoxetine, 1962
Fluoxymesterone, 1966
Flurbiprofen, 1980
Fluvoxamine maleate, 2023
Folic acid, 2028
Fosinopril sodium, 2042
Fosinopril sodium and hydrochlorothiazide,

2043

Furazolidone, 2053
Furosemide, 2056
Gabapentin, 2060
Galantamine, 2081
Garlic delayed-release, 5024
Gemfibrozil, 2098
Ginkgo, 5041
Ginseng, American, 4757
Ginseng, Asian, 4778
Glimepiride, 2111
Glipizide, 2115
Glipizide and metformin hydrochloride,

2116
Glucosamine, 5046
Glucosamine and chondroitin sodium

sulfate, 5043
Glucosamine, chondroitin sulfate sodium,

and methylsulfonylmethane, 5051
Glucosamine and methylsulfonylmethane,

5049
Glyburide, 2126
Glyburide and metformin hydrochloride,

2128
Glycopyrrolate, 2140
Granisetron hydrochloride, 2161
Griseofulvin, 2166
Griseofulvin, ultramicrosize, 2168
Guaifenesin, 2172
Guanabenz acetate, 21 77
Guanethidine monosulfate, 2179
Guanfacine, 2180
Guggul, 5072
Halazone for solution, 2182
Haloperidol, 2190
Homatropine methylbromide, 2210
Hydralazine hydrochloride, 2215
Hydrochlorothiazide, 2222
Hydrochlorothiazide and amiloride

hydrochloride, 224
Hydrocodone bitartrate, 2224
Hydrocodone bitartrate and

acetaminophen, 2224
Hydrocodone bitartrate and homatropine

methylbromide, 2225
Hydrocortisone, 2234
Hydroflumethiazide, 2247
Hydromorphone hydrochloride, 2254
Hydroxychloroquine sulfate, 2259
Hydroxyzine hydrochloride, 2267
Hyoscyamine, 2273
Hyoscyamine sulfate, 2278
Ibuprofen, 2285
Ibuprofen and pseudoephedrine

hydrochloride, 2286
Imipramine hydrochloride, 2301
Indapamide, 2314
lodoquinol, 2378
Irbesartan, 2403
Irbesartan and hydrochlorothiazide, 2404
Isoniazid, 2426
Isopropamide iodide, 2428
Isoproterenol hydrochloride, 2434
Isosorbide dinitrate chewable, 2444
Isosorbide dinitrate extended-release, 2445
Isosorbide dinitrate sublingual, 2447
Isosorbide mononitrate, 2449
Isosorbide mononitrate extended-release,

2451
Isoxsuprine hydrochloride, 2463
lvermectin, 2474 
Ivermectin and pyrantel pamoate, 2478
Ketoconazole, 2508 ,
Ketorolac tromethamine, 2515
Labetalol hydrochloride, 2519
lamivudine, 2527
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Tablets (continued)
Lamivudine and zidovudine, 2528
Lamotrigine, 2532
Lamotrigine extended-release, 2534
Lamotrigine, for oral suspension, 2542
Leflunomide, 2560
Letrozole, 2563
Leucovorin calcium, 2571
Levamisole hydrochloride, 2579
Levetiracetam, 2584
Levetiracetam extended-release, 2587
Levocarnitine, 2601
Levocetirizine dihydrochloride, 2603
Levofloxacin, 2609
Levonorgestrel and ethinyl estradiol, 2612
Levorphanol tartrate, 2614
Levothyroxine sodium, 2618
Liothyronine sodium, 2640
Liotrix, 2640
Lipoic acid, alpha, 5126
Lisinopril, 2644
Lisinopril and hydrochlorothiazide, 2646
Lithium carbonate, 2650
Lithium carbonate extended-release, 2651
Loperamide hydrochloride, 2661
Lopinavir and ritonavir, 2670
Loratadine, 2675
Loratadine chewable, 2676
Loratadine orally disintegrating, 2678
Lorazepam, 2684
Losartan potassium, 2687 ',
Losartan potassium and

hydrochlorothiazide, 2690
Lysine hydrochloride, 5135
Magaldrate and simethicone chewable,

2707
Magnesia, 2709
Magnesium gluconate, 271 7
Magnesium oxide, 2721
Magnesium salicylate, 2724
Magnesium trisilicate, 2729
Maprotiline hydrochloride, 2739
Mebendazole, 2744
Mecamylamine hydrochloride, 2748
Meclizine hydrochloride, 2751
Medroxyprogesterone acetate, 2756
Mefloquine hydrochloride, 2761
Megestrol acetate, 2764
Melatonin, 5144
Meloxicam, 2771
Melphalan, 2774
Memantine hydrochloride, 2776
Menaquinone-7, 5151
Meperidine hydrochloride, 2784
Mephobarbital, 2785
Meprobamate, 2791
Mercaptopurine, 2794
Mesalamine delayed-release, 2805
Mesna, 2809
Metaproterenol sulfate, 2814
Metaxalone, 2819
Metformin hydrochloride, 2822
Metformin hydrochloride extended-release,

2824
Methadone hydrochloride, 2838
Methamphetamine hydrochloride, 2840
Methazolamide, 2842
Methenamine, 2843
Methenamine hippurate, 2845
Methenamine mandelate, 2846
Methimazole, 2848
Methocarbamol, 2851
Methotrexate, 2860
Methscopolamine bromide, 2868
Methyclothiazide, 2872

Methylcellulose, 2876
Methylcobalamin, 5154
Methyldopa, 2878
Methyldopa and hydrochlorothiazide,

2878
Methylergonovine maleate, 2887
Methylphenidate hydrochloride, 2892
Methylphenidate hydrochloride extended-

release, 2892
Methylprednisolone, 2899
Methylsulfonylmethane, 5156
Methyltestosterone, 2906
Metoclopramide, 2911
Metolazone, 2914
Metoprolol succinate extended-release,

2918
Metoprolol tartrate, 2926
Metoprolol tartrate and

hydrochlorothiazide, 2928
Metronidazole, 2937
Metronidazole extended-release, 2939
Midodrine hydrochloride, 2955
Milk thistle, 5163
Minerals, 5172
Minocycline hydrochloride, 2966
Minocycline hydrochloride extended-

release, 2967
Minoxidil, 2974
Mirtazapine, 2978
Mirtazapine orally disintegrating, 2980
Mitotane, 2987
Modafinil, 2991
Memantine hydrochloride, 2994
Moexipril hydrochloride and

hydrochlorothiazide, 2996
Molindone hydrochloride, 3000
Montelukast sodium, 3015
Montelukast sodium chewable, 3018
Moxifloxacin, 3036
Mycophenolate mofetil, 3049
Mycophenolic acid delayed-release, 3054
Nabumetone, 3059
Nadolol, 3061
Nadolol and bendroflumethiazide, 3062
Naltrexone hydrochloride, 3071
Naproxen, 3079
Naproxen delayed-release, 3081
Naproxen sodium, 3082
Naproxen sodium and pseudoephedrine

hydrochloride extended-release, 3084
Naratriptan, 3091
Nateglinide, 3098
Nefazodone hydrochloride, 3100
Neomycin sulfate, 3104
Neostigmine bromide, 3129
Nevirapine, 3134
Niacin, 3140
Niacinamide, 3147
Niacin extended-release, 3141
Nifedipine extended-release, 3163
Nitrofurantoin, 3180
Nitroglycerin sublingual, 3188
Norethindrone, 3199
Norethindrone acetate, 3205
Norethindrone acetate and ethinyl

estradiol, 3208
Norethindrone and ethinyl estradiol, 3201
Norethindrone and mestranol,3203
Norgestimate and ethinyl estradiol, 3211
Norgestrel, 3213
Norgestrel and ethinyl estradiol, 3214
Nystatin, 3221
Ofloxacin, 3232
Olanzapine, 3235
Olanzapine orally disintegrating, 3240

Olmesartan medoxomil, 3244
Ondansetron, 3268
Ondansetron orally disintegrating, 3271
Orbifloxacin, 3276
Orphenadrine citrate, aspirin, and caffeine,

3288
Orphenadrine citrate extended-release,

3285
Oxandrolone, 3308
Oxaprozin, 3311
Oxcarbazepine, 3319
Oxprenolol hydrochloride extended-

release, 3324
Oxtriphylline extended-release, 3325
Oxybutynin chloride, 3328
Oxybutynin chloride extended-release,

3329
Oxycodone and acetaminophen, 3343
Oxycodone and aspirin, 3344
Oxycodone hydrochloride, 3338
Oxycodone hydrochloride extended-

release, 3339
Oxymetholone, 3351
Oxymorphone hydrochloride, 3354
Oxymorphone hydrochloride extended-

release, 3356
Oxytetracycline, 3361
Pancreatin, 3381
Pancrelipase, 3385
Pantoprazole sodium delayed-release, 3391
Papain, for topical solution, 3396
Papaverine hydrochloride, 3398
Paroxetine, 3412
Paroxetine extended-release, 341 3
Penbutolol sulfate, 3425
Penicillamine, 3429
Penicillin G benzathine, 3434
Penicillin G potassium, 3439
Penicillin V, 3453
Penicillin V potassium, 3456
Pentazocine and acetaminophen, 3460
Pentazocine and aspirin, 3461
Pentazocine and naloxone, 3463
Pentoxifylline extended-release, 3471 .
Pergolide, 3478
Perindopril erbumine, 3483
Perphenazine, 3486
Perphenazine and amitriptyline

hydrochloride, 3487
Phenazopyridine hydrochloride, 3491
Phendimetrazine tartrate, 3494
Phenelzine sulfate, 3496
Phenobarbital, 3499
Phentermine hydrochloride, 3507
Phenylbutazone, 3512
Phenylephrine hydrochloride, 3520
Phenytoin chewable, 3528
Phytonadione, 3539
Pilocarpine hydrochloride, 3543
Pimozide, 3548
Pindolol, 3550
Pioglitazone, 3553
Pioglitazone and glimepiride, 3554
Pioglitazone and metformin hydrochloride,

3558
Piperazine citrate, 3575
Potassium and sodium bicarbonates and

citric acid effervescent, for oral solution,
3598

Potassium bicarbonate effervescent, for
oral solution, 3596

Potassium bicarbonate and potassium
chloride effervescent, for oral solution,
3597

Potassium chloride extended-release, 3605

www.webofpharma.com

https://nhathuocngocanh.com/



1-66 Table-Tadal Combined Index to USP 43 and NF 38
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Potassium chloride, potassium bicarbonate,

and potassium citrate effervescent, for
oral solution, 3609

Potassium citrate, 5196
Potassium citrate extended-release, 3614
Potassium gluconate, 3620
Potassium iodide, 3624
Potassium iodide delayed-release, 3625
Pravastatin sodium, 3647
Praziquantel, 3650
Prednisolone, 3661
Prednisone, 3672
Primaquine phosphate, 3681
Primidone, 3685
Probenecid, 3687
Probenecid and colchicine, 3687
Procainamide hydrochloride, 3690
Procainamide hydrochloride extended-

release, 3691
Prochlorperazine maleate, 3701
Procyclidine hydrochloride, 3704
Promazine hydrochloride, 3714
Promethazine hydrochloride, 3719
Propafenone hydrochloride, 3734
Propantheline bromide, 3737
Propranolol hydrochloride, 3750
Propranolol hydrochloride and

hydrochlorothiazide, 3751
Propylthiouracil, 3756
Protriptyline hydrochloride, 3760
Pseudoephedrine hydrochloride, 3763
Pseudoephedrine hydrochloride extended-

release, 3764
Pyrazinamide, 3777
Pyridostigmine bromide, 3781
Pyridoxine hydrochloride, 3784
Pyrilamine maleate, 3786
Pyrimethamine, 3787
Pyrvinium pamoate, 3790
Quazepam, 3791
Quetiapine, 3792
Quetiapine, extended-release, 3795
Quinapril, 3806
Quinapril and hydrochlorothiazide, 3803
Quinidine gluconate extended-release,

3810
Quinidine sulfate, 3814
Quinidine sulfate extended-release, 3816
Quinine sulfate, 3821
Raloxifene hydrochloride, 3830
Raltegravir, 3834
Raltegravir chewable, 3835
Ramipril, 3841
Ranitidine, 3847
Rauwolfia serpentina, 3851
Repaglinide, 3856
Reserpine, 3858
Reserpine and chlorothiazide, 3859
Rhodiola rosea, 5227
Ribavirin, 3866
Riboflavin, 3870
Rifampin, isoniazid, and pyrazinamide,

3879
Rifampin, isoniazid, pyrazinamide, and

ethambutol hydrochloride, 3881
Riluzole, 3883
Rimantadine hydrochloride, 3885
Rlsedronate sodium, 3902
Risperidone, 3907
Risperidone orally disintegrating, 3908.
Ritodrine hydrochloride, 3911
Ritonavir, 3920
Rizatriptan benzoate, 3928

Rizatr.iptan benzoate orally disintegrating,
3930

Ropinirole, 3934
Ropinirole extended-release, 3936
Rosuvastatin, 3950
Rufinamide, 3960
Saccharin sodium, 3968
St. John's wort flowering top dry extract,

5244
Salsalate, 3982
Scopolamine hydrobromide, 401 3
Selegiline hydrochloride, 4020
Sennosides, 4028
Sertraline hydrochloride, 4033
Sildenafil, 4038
Simethicone, 4045
Simvastatin, 4047
Sitagliptin, 4051
Sodium bicarbonate, 4062
Sodium chloride, 4068
Sodium chloride, for solution, 4069
Sodium fluoride, 4073
Sodium salicylate, 4094
Sotalol hydrochloride, 4105
Soy isoflavones, 5278
Spironolactone, 4112
Spironolactone and hydrochlorothiazide,

4113
Spirulina, 5283
Stanozolol, 4118
Sucralfate, 41 31
Sulfadiazine, 4148
Sulfadimethoxine, 4153
Sulfadoxine and pyrimethamine, 4155
Sulfamethizole, 4158
Sulfamethoxazole, 4161
Sulfamethoxazole and trimethoprim, 4166
Sulfapyridine, 4167
Sulfasalazine, 41 70
Sulfasalazine delayed-release, 4170
Sulfinpyrazone, 4173
Sulfisoxazole, 4175
Sulindac, 41 78
Sumatriptan, 4185
Tadalafil, 4205
Tamoxifen Citrate, 4210
Telmisartan, 4240
Telmisartan and amlodipine, 4242
Telmisartan and hydrochlorothiazide, 4246
Terazosin, 4263
Terbinafine, 4268
Terbutaline sulfate, 4273
Testolactone, 4286
Tetracycline hydrochloride, 4311
Tetracycline hydrochloride and novobiocin

sodium, 4312
Tetracycline hydrochloride, novobiocin

sodium, and prednisolone, 4312
Theophylline, 4328
Theophylline, ephedrine hydrochloride,

and phenobarbital, 4330
Theophylline sodium glycinate, 4334
Thiabendazole chewable, 4336
Thiamine hydrochloride, 4339
Thiethylperazine maleate, 4343
Thioguanine, 4350
Thioridazine hydrochloride, 4355
Thyroid,4364
Ticlopidine hydrochloride, 4378
Tienchi ginseng root and rhizome dry

extract, 5311
Tienchi ginseng root and rhizome powder,

5306
Timolol maleate, 4389

Timolol maleate and hydrochlorothiazide,
4391

Tizanidine, 4399
Tolazamide, 4417
Tolbutamide, 4419
Tolcapone, 4421
Tolmetin sodium, 4424
Topiramate, 4434
Torsemide, 4439
Tramadol hydrochloride, 4444
Tramadol hydrochloride and

acetaminophen, 4450
Tramadol hydrochloride extended-release,

4446
Trandolapril, 4454
Trandolapril and verapamil hydrochloride

extended-release, 4456
Tranexamic acid, 4464
Tranylcypromine, 4466
Trazodone hydrochloride, 4474
Triamcinolone, 4482
Triamterene and hydrochlorothiazide, 4499
Triazolam, 4502
Trifluoperazine hydrochloride, 4512
Triflupromazine hydrochloride, 4515
Trihexyphenidyl hydrochloride, 4519
Trimeprazine tartrate, 4523
Trimethoprim, 4526
Trioxsalen, 4529
Tripelennamine hydrochloride, 4531
Triprolidine hydrochloride, 4534
Triprolidine and pseudoephedrine

hydrochlorides, 4535
Trisulfapyrimidines, 4537
Trospium chloride, 4543
Ubidecarenone, 5321
Ursodiol, 4559
Valacyclovir, 4562
Valerian, 5329
Valganciclovir, 4566
Valsartan, 4579
Valsartan and hydrochlorothiazide, 4580
Venlafaxine, 4595
Verapamil hydrochloride, 4610
Verapamil hydrochloride extended-release,

4611
Vigabatrin, 4621
Vinpocetine, 5337
Vitamin A, 4635
Vitamins with minerals, oil-soluble, 5378
Vitamins with minerals, oil- and water-

soluble, 5476
Vitamins with minerals, water-soluble,

5552
Vitamins, oil-soluble, 5356
Vitamins, oil- and water-soluble, 5419
Vitamins, water-soluble, 5512
Warfarin sodium, 4650
Zalcitabine, 4667
Zidovudine, 4678
Zinc citrate, 5575
Zinc gluconate} 4686
Zinc sulfate, 4694
Zolmitriptan, 4706
Zolmitriptan orally disintegrating, 4709
Zolpidem tartrate, 4712
Zolpidem tartrate extended-release, 4714

Tacrolimus, 4193
capsules, 41 96
oral suspension, 4202

Tadalafil, 4203
tablets, 4205
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Tadalafil compounded
oral suspension, 4207

Tagatose, 6087
Talc,4207
Tamoxifen citrate, 4209

tablets, 4210
Tamsulosin hydrochloride, 4211

capsules, 421 3
Tangerine peel, 5292

dry extract, 5294
powder, 5296

Tannic acid, 4223, 6209
TS,6236

Tape, adhesive, 4223
Tapioca starch, 6066
Tartaric acid, 6088, 6209

TS, 6237
Taurine, 4223
Tazobactam, 4224

and piperacillin for injection, 3567
Tc 99m

albumin aggregated injection, technetium,
4226

bicisate injection, technetium, 4227
disofenin injection, technetium, 4227
exametazime injection, technetium, 4228
mebrofenin injection, technetium, 4229
medronate injection, technetium, 4230
mertiatide injection, technetium, 4231
oxidronate injection, technetium, 4232
pentetate injection, technetium, 4232
pertechnetate injection, sodium, 4233
(pyro- and trimeta-) phosphates injection,

technetium, 4235
pyrophosphate injection, technetium, 4234
red blood cells injection, technetium, 4235
sestamibi injection, technetium, 4236
succimer injection, technetium, 4237
sulfur colloid injection, technetium, 4238
tetrofosmin injection, technetium, 4238

T-dodecyl mercaptan ethoxylate, 6163
Technetium

Tc 99m albumin aggregated injection,
4226

Tc 99m bicisate injection, 4227
Tc 99m disofenin injection, 4227
Tc 99m exametazime injection, 4228
Tc 99m mebrofenin injection, 4229
Tc 99m medronate injection, 4230
Tc 99m mertiatide injection, 4231
Tc 99m oxidronate injection, 4232
Tc 99m pentetate injection, 4232
Tc 99m pertechnetate injection, sodium,

4233
Tc 99m pyrophosphate injection, 4234
Tc 99m (pyro- and trimeta-) phosphates

injection, 4235
Tc 99m red blood cells injection, 4235
Tc 99m sestamibi injection, 4236
Tc 99m succimer injection, 4237
Tc 99m sulfur colloid injection, 4238
Tc 99m tetrofosmin injection, 4238

Telmisartan, 4239
and hydrochlorothiazide tablets, 4246
tablets, 4240

Telmisartan and amlodipine
tablets, 4242

Ternazeparn, 4250
capsules, 4251

Temozolomide, 4252
capsules, 4253
for injection, 4256
oral suspension, 4257

Temperature
congealing (651), 6874

Teniposide, 4258
injection, 4259

Tensile strength (881), 7179
Terazosin

capsules, 4261
hydrochloride, 4264
tablets, 4263

Terbinafine
hydrochloride, 4269
oral suspension, 4267
tablets, 4268

Terbutaline
sulfate, 4271
sulfate injection, 4272
sulfate tablets, 4273
oral suspension, 4273

Terconazole, 4274
Teriparatide, 4275

injection, 4280
Terminally sterilized pharmaceutical

products-parametric release (1222), 8142
Terpin hydrate, 4283

and codeine oral solution, 4284
oral solution, 4284

tert-Butyl hydroperoxide solution, 6209
Tertiary butyl alcohol, 6134, 6209
Test for l,6-anhydro derivative for

enoxaparin sodium (20-7), 6605
Testolactone, 4285

tablets, 4286
Testosterone, 4287

benzoate, 6209
cypionate, 4288
cypionate injection, 4289
enanthate, 4289
enanthate injection, 4290
injectable suspension, 4287
propionate, 4290
propionate injection, 4291
topical solution, 4291

Test papers
and indicator, 6219
indicators and indicator, 6220

Test solutions, 6225
Tetanus

immune'globulin, 4292
2',4',5',7'-Tetrabromofluorescein, 6209
Tetrabromophenolphthalein ethyl ester, 6209

TS, 6237
Tetrabutylammonium

bromide, 6209
hydrogen sulfate, 6209
hydrogen sulfate ion pairing reagent, 6209
hydroxide, 1.0 M in methanol, 6210
hydroxide, 0.4 M aqueous, 6210
hydroxide 30-hydrate, 6210
hydroxide in methanol/isopropyl alcohol

(0.1 N), 6251
hydroxide, tenth-normal (0.1 N), 6250

. iodide, 6210
phosphate, 6210

Tetrabutylammonium hydrogen sulfate
0.02 M TS, 6237

Tetrabutylammonium hydroxide
25% TS, 6237

Tetrabutylammonium hydroxide, 40 percent
in water, 6210

Tetracaine, 4292
hydrochloride, 4295
hydrochloride, benzocaine, and butaniben

topical aerosol, 513
hydrochloride, benzocaine, and butamben

gel, 514
hydrochloride, benzocaine, and butamben

ointment, 516

hydrochloride, benzocaine, and butamben
topical solution, 517

hydrochloride cream, 4296
hydrochloride in dextrose injection, 4300
hydrochloride injection, 4297
hydrochloride for injection, 4298
hydrochloride, neomycin sulfate, and

isoflupredone acetate ointment, 3111
hydrochloride, neomycin sulfate, and

isoflupredone acetate topical powder,
3112

hydrochloride ophthalmic solution, 4299
hydrochloride topical solution, 4299
and menthol ointment, 4294
ointment, 4294
and procaine hydrochlorides and

levonordefrin injection, 3695
2,3,7,8-Tetrachlorodibenzo-p-dioxin, 13(_

labeled, 6210
2,3,7,8-Tetrachlorodibenzofuran, 13(-labeled,

6210
1,1,2,2-Tetrachloroethane, 6210
Tetracosane, 6210
Tetracycline, 4301

boluses, 4302
hydrochloride, 4303
hydrochloride capsules, 4305
hydrochloride for injection, 4307
hydrochloride, novobiocin sodium, and

prednisolone tablets, 4312
hydrochloride and novobiocin sodium

tablets, 4312
hydrochloride and nystatin capsules, 4313
hydrochloride ointment, 4307
hydrochloride ophthalmic ointment, 4308
hydrochloride ophthalmic suspension,

4310
hydrochloride soluble powder, 4309
hydrochloride for topical solution, 4309
hydrochloride oral suspension, 4310
hydrochloride tablets, 4311
oral suspension, 4302

Tetradecane, 6210
Tetradecylammonium bromide, 6210
Tetraethylammonium chloride, 6210
Tetraethylammonium perchlorate, 6210
Tetraethylene glycol, 6210
Tetraethylenepentamine, 6210
Tetraheptylammonium bromide, 6210
Tetrahexylammonium hydrogen sulfate, 6210
Tetrahydrofuran, 6211

peroxide-free, 6211
stabilizer-free, 6211

Tetrahydro-2-furancarboxylic acid, 6211
N-(2-Tetrahydrofuroyl)piperazine, 6211
l,2,3,4-Tetrahydronaphthalene, 6211
Tetrahydrozoline hydrochloride, 4314

nasal solution, 4315
ophthalmic solution, 4315

Tetramethylammonium
bromide, 6211
bromide, tenth-molar (0.1 M), 6251
chloride, 6211
chloride, tenth-molar (0.1 M), 6251
hydroxide, 6211
hydroxide, pentahydrate, 6211
hydroxide solution in methanol, 6211
hydroxide TS, 6237
nitrate, 6211

Tetramethylbenzidine, 6211
l,l,3,3-Tetramethylbutylamine, 6211
4,4'-Tetramethyldiaminodiphenylmethane,

6211
Tetramethylethylenediamine, 6211
Tetramethylsilane, 6211
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Tetrapropylammonium
chloride, 6211

Tetrasodium ethylenediaminetetraacetate,
6212

Thalidomide, 4316
capsules, 4318

Thallous chloride, 6212
TI 201 injection, 4318

Theobromine, 6212
Theophylline, 4319

capsules, 4321
extended-release capsules, 4322
in dextrose injection, 4328
ephedrine hydrochloride, and

phenobarbital tablets, 4330
and guaifenesin capsules, 4331
and guaifenesin oral solution, 4332
sodium glycinate, 4333
sodium glycinate oral solution, 4334
sodium glycinate tablets, 4334
oral solution, 4325
oral suspension, 4327
tablets, 4328

Theory and practice of electrical conductiVity
measurements of solutions (1644), 8423

Thermal analysis (891), 7180
Thiabendazole, 4335

chewable tablets, 4336
oral suspension, 4335

Thiamine
hydrochloride, 4337
hydrochloride injection, 4338
hydrochloride oral solution, 4338
hydrochloride tablets, 4339
mononitrate, 4340
mononitrate oral solution, 4341

Thiamine assay (531), 6756
Thiazole yellow, 6212

paper, 6222
Thiethylperazine maleate, 4342

suppositories, 4342
tablets, 4343

Thimerosal, 4344
topical aerosol, 4346
topical solution, 4347
tincture, 4348

Thin-layer chromatographic identification test
(201), 6600

Thioacetamide, 6212
TS,6237

Thioacetamide-glycerin base TS, 6237
2-Thiobarbituric acid, 6212
2,2'-Thiodiethanol, 6212
Thioglycolic acid, 6212
Thioguanine, 4349

tablets, 4350
Thionine acetate, 6212
Thiopental sodium, 4351

for injection, 4352
Thioridazine, 4353

hydrochloride, 4353
hydrochloride oral solution, 4354
hydrochloride tablets, 4355

Thiostrepton, 4355
nystatin, neomycin sulfate, and

triamcinolone acetonide cream, 3223
nystatin, neomycin sulfate, and

triamcinolone acetonide ointment, 3223
Thiotepa, 4356

for injection, 4357
Thiothixene, 4358

capsules, 4359
hydrochloride, 4360
hydrochloride injection, 4360
hydrochloride for injection, 4361

hydrochloride oral solution, 4361
Thiourea, 6212
Thorium nitrate, 6212

TS,6237
Threonine, 4362
Thrombin human, 6212
Thromboplastin, 6212
Thymidine, 6212
Thymol, 6088, 6212

blue, 6221
blue TS, 6237

Thymolphthalein, 6221
TS,6237

Thyroglobulin, 6213
Thyroid, 4362

tablets, 4364
Tiagabine hydrochloride, 4365

oral suspension, 4367
Tiamulin, 4368

fumarate, 4369
Ticarcillin

and c1avulanic acid injection, 4371
and c1avulanic acid for injection, 4372
disodium, 4373
for injection, 4370
monosodium, 4375

Ticlopidine hydrochloride, 4376
tablets, 4378

Tienchi ginseng root and rhizome, 5299
dry extract capsules, 5309
powder capsules, 5304
dry extract, 5307
powder, 5301
dry extract tablets, 5311
powder tablets, 5306

Tigecycline, 4379
for injection, 4381

Tiletamine
hydrochloride, 4382
and zolazepam for injection, 4383

Tilmicosin, 4384
injection, 4385

Timolol
maleate, 4387
maleate and hydrochlorothiazide tablets,

4391 .
maleate ophthalmic solution, 4389
maleate tablets, 4389

Timolol maleate
and dorzolamide hydrochloride ophthalmic

solution, 1499
Tin, 6213

Tincture
Belladonna, 488
Benzethonium chloride, 501
Benzoin, compound, 522
Capsicum, 732
Cardamom, compound, 5689
Ginger, 5030
Green soap, 2164
Iodine, 2363
Iodine, strong, 2364
Lemon, 5857
Opium, 3274
Orange peel, sweet, 5915
Rhodiola rosea, 5223
Thimerosal, 4348
Tolu balsam, 6090
Valerian, 5330

Vanilla, 6098

Tinidazole, 4392
Tioconazole, 4393
Tissue human amnion chorion membrane

dehydrated, 4395 .
Titanium

dioxide, 4396
tetrachloride, 6213
trichloride, 6213
trichloride-sulfuric acid TS, 6237
trichloride, tenth-normal (0.1 N), 6251
trichloride TS, 6237

Titration, nitrite (451), 6709
Titrimetry (541), 6764
Tizanidine

hydrochloride, 4397
tablets, .4399

TI201
injection, thallous chloride, 4318

Tobramycin, 4401
and dexamethasone ophthalmic ointment,

4409
and dexamethasone ophthalmic

suspension, 4411
and fluorometholone acetate ophthalmic

suspension, 4412
inhalation solution, 4406
injection, 4402
for injection, 4403
ophthalmic ointment, 4405
ophthalmic solution, 4408
sulfate, 4414

Tocopherols excipient, 6089
Tolazamide, 4415

tablets, 4417
Tolazoline hydrochloride, 4417

injection, 4418
Tolbutamide, 4418

for injection, 4419
tablets, 4419

Tolcapone, 4420
tablets, 4421

o-Tolidine, 6213
Tolmetin sodium, 4422

capsules, 4423
tablets, 4424'

Tolnaftate, 4425
topical aerosol, 4425
cream, 4426
gel,4426
topical powder, 4426
topical solution, 4427

Tolterodine tartrate, 4427
Tolualdehyde, 6213
p-Tolualdehyde, 6213
Tolu balsam, 4429

syrup, 6090
tincture, 6090

Toluene, 6213
p-Toluenesulfonic acid, 6213

TS, 6237
p-Toluenesulfonyl-l-arginine methyl ester

hydrochloride, 6213
p-Toluic acid, 6213
Toluidine

blue, 6213
blue 0, 6213

a-Toluidine, 6213
p-Toluidine, 6213
Tomato extract containing Iycopene, 5133
Topical aerosols (603), 6845
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Topical and transdermal drug products
product quality tests (3), 6415

Topical solution
Aluminum acetate, 181
Aluminum subacetate, 193
Aluminum sulfate and calcium acetate for,

194
Aluminum sulfate and calcium acetate

tablets for, 195
Benzethonium chloride, 501
Benzocaine, 511
Benzocaine, butamben, and tetracaine

hydrochloride, 517
Calcium hydroxide, 702
Carbamide peroxide, 747
Carbol-fuchsin, 765
Cetylpyridinium chloride, 923
Chlorhexidine acetate, 947
Chlorhexidine gluconate, 951
Ciclopirox, 996
Clindamycin phosphate, 1072
Clobetasol propionate, 1082
Clotrimazole, 1122
Coal tar, 1133
Cocaine hydrochloride tablets for, 1134
Diclofenac sodium, 1352
Diethyltoluamide, 1373
Dimethyl sulfoxide, 1414
Dyclonine hydrochloride, 1571
Erythromycin, 1690
Fluocinolone acetonide, 1936
Fluocinonide, 1939
Fluorouracil, 1957
Gentamicin sulfate and betamethasone

valerate, 2105
Gentian violet, 2109
Halcinonide, 2186
Hydrogen peroxide, 2249
Hydroquinone, 2255
Iodine, 2362
Ivermectin, 2476
lidocaine hydrochloride, 2627
Mafenide acetate for, 2704
Methoxsalen, 2865
Minoxidil, 2975
Mometasone furoate, 3005
Myrrh,3057
Nitrofurazone, 3183
Nitromersol, 3190
Papain tablets for, 3396
Phenol, camphorated, 3502
Podophyllum resin, 3582
Povidone-iodine, 3636
Sodium fluoride and acidulated phosphate,

4074
Sodium hypochlorite, 4077
Testosterone, 4291
Tetracaine hydrochloride, 4299
Tetracycline hydrochloride for, 4309
Thimerosal, 4347
Tolnaftate, 4427
Tretinoin, 4479

Topical suspension,
Calamine, 665
Calamine, phenolated, 665
Ciclopirox olamine, 998
Clindamycin phosphate, 1072

Penicillin G, neomycin, polymyxin B,
hydrocortisone acetate, and
hydrocortisone sodium succinate, 3430

Penicillin G procaine, neomycin and
polymyxin B sulfates, and hydrocortisone
acetate, 3448

Resorcinol and sulfur, 3862
Selenium sulfide, 4023
Sulfacetamide sodium, 4143
Zinc sulfide, 4695

Topiramate, 4429
capsules, 4432
tablets, 4434

Topiramate compounded
oral suspension, 4436

Torsemide, 4437
tablets, 4439

Tosylchloramide sodium, 6213
Total organic carbon (643), 6867
Tragacanth, 6091
Tramadol hydrochloride, 4441

and acetaminophen oral suspension, 4452
and acetaminophen tablets, 4450
oral suspension, 4443
tablets, 4444
extended-release tablets, 4446

Tramadol hydrochloride compounded,
veterinary
oral suspension, 4443

Trandolapril, 4453
tablets, 4454

Trandolapril and verapamil hydrochloride
extended-release tablets, 4456

Tranexamic acid, 4462
injection, 4463

Transdermal system
c1onidine, 1105
nicotine, 3153

Transfer of analytical procedures (1224),
8164

Tranylcypromine
sulfate, 4468
tablets, '4466

Travoprost, 4469
ophthalmic solution, 4471

Trazodone hydrochloride, 4472
tablets, 4474

Trehalose, 6091
Trenbolone acetate, 4476
Tretinoin, 4478

cream, 4478
gel, 4479
topical solution, 4479

Triacetin, 4480, 6213
n-Triacontane, 6213
Triamcinolone, 4481

acetonide, 4482
acetonide cream, 4484
acetonide dental paste, 4485
acetonide injectable suspension, 4490
acetonide topical aerosol, 4483
acetonide lotion, 4485
acetonide and neomycin sulfate cream,

3129
acetonide and nystatin cream, 3224
acetonide, nystatin, neomycin sulfate, and

gramicidin cream, 3222
acetonide, nystatin, neomycin sulfate, and

gramicidin ointment, 3222
acetonide, nystatin, neomycin sulfate and

thiostrepton cream, 3223

acetonide, nystatin, neomycin sulfate, and
thiostrepton ointment, 3223

acetonide and nystatin ointment, 3225
acetonide ointment, 4485
acetonide nasal spray, 4485
diacetate, 4490
diacetate injectable suspension, 4491
diacetate oral solution, 4491
hexacetonide, 4492
hexacetonide injectable suspension, 4493
tablets, 4482

2,4,6-Triamino-5-nitrosopyrimidine, 6213
Triamterene, 4494

capsules, 4495
and hydrochlorothiazide capsules, 4496
and hydrochlorothiazide tablets, 4499

Triazolam, 4501, 6213
tablets, 4502

Tribasic calcium phosphate, 5657
Tribasic sodium phosphate, 6021
Tributyl

citrate, 6093
phosphate, 6213

Tributylethylammonium hydroxide, 6214
Tributyrin, 6214
Trichlormethiazide, 4502
Trichloroacetic acid, 6214
Trichloroethane, 6214
TrichloroethanoI2,2,2-, 6214
Trichlorofluoromethane, 6214
Trichloromonofluoromethane, 6093
Trichlorotrifluoroethane, 6214
Tricitrates oral solution, 4504
Triclocarban, 4505
Triclosan, 4507
Trientine hydrochloride, 4509

capsules, 4510
Triethanolamine, 6214
Triethylamine, 6214

hydrochloride, 6214
phosphate, 6214

Triethylammonium Acetate
lM,6214

Triethyl citrate, 6094
Triethylenediamine, 6214
Triethylene glycol, 6214
Trifluoperazine

hydrochloride, 4511
hydrochloride injection, 4512
hydrochloride tablets, 4512
oral solution, 4511

Trifluoroacetic
acid, 6214
anhydride, 6214

Trifluoroacetic.,acid ethyl ester, 6214
Trifluoroacetic acid (TFA) in peptides (503.1),

6743
0.1% Trifluoroacetic acid TS, 6237
2,2,2-Trifluoroethanol, 6215
2,2,2-Trifluoroethyldifluoromethyl ether,

6215
(m-Trifluoromethylphenyl)

trimethylammonium hydroxide in
methanol, £1215

5-(Trifluoromethyl)uracil, 6215
CJ.,CJ.,CJ.-Trifluoro-p-cresol, 6215
Trifluorovinyl chloride polymer, 6215
Triflupromazine, 451 3

hydrochloride, 4514
hydrochloride injection, 4515
hydrochloride tablets, 4515
oral suspension, 4514

Trifluridine, 4516
Triglycerides medium-chain, 6095
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Trihexyphenidyl hydrochloride, 4517
extended-release capsules, 4518
oral solution, 4519
tablets, 4519

Trikates oral solution, 4521
Triketohydrindene hydrate

TS, 6232, 6237
Trimeprazine

oral solution, 4522
tartrate, 4521
tartrate tablets, 4523

Trimethobenzamide hydrochloride, 4524
capsules, 4524
injection, 4525

Trimethoprim, 4525
and polymyxin B sulfate ophthalmic

solution, 3592
and sulfamethoxazole injection, 4162
and sulfamethoxazole oral suspension

4163 '
and sulfamethoxazole tablets, 4166
sulfate, 4527

. tablets, 4526
Trimethylacethydrazide ammonium chloride

6168, 6215 '
Trimethylamine hydrochloride, 6215
Trimethylchlorosilane, 6215
2,2,4-Trimethylpentane, 6174, 6215
2,4,6-Trimethylpyridine, 6215
N-(Trimethylsilyl)-imidazole, 6215
Trimethyltin bromide, 6215
Trimipramine maleate, 4527
2,4,6-Trinitrobenzenesulfonic acid 6215
Trinitrophenol, 6215 '

TS, 6233, 6237
Trioctylphosphine oxide, 6215
Trioxsalen, 4529

tablets, 4529
Tripelennamine hydrochloride, 4530

injection, 4531
tablets, 4531

l,3,5-Triphenylbenzene, 6215
Triphenylene, 6215
Triphenylmethane, 6215
Triphenylmethanol, 6216
Triphenylphosphine oxide, 6216
Triphenyltetrazolium

chloride, 6216
chloride TS, 6237

Triprolidine
hydrochloride, 4532
hydrochloride oral solution, 4533
hydrochloride tablets, 4534
and pseudoephedrine hydrochlorides oral

solution, 4534
and pseudoephedrine hydrochlorides

tablets, 4535
Tris(2-aminoethyl)amine, 6216
Trlsthydroxymethyljaminomethane, 6216

acetate, 6216
hydrochloride, 6216

N-Tris(hydroxymethyl)methylglycine 6216
Trisulfapyrimidines '

oral suspension, 4536
tablets, 4537 .

Tritirac~ium album proteinase' K, 6216
Trolarnine, 6097

salicylate, ,4537
Tromethamine, 4538, 6216

carboprost, 771
carboprost, injection, 772
for injection, 4538

Tropaeolin 00, 6216
Tropic acid, 6216

Tropicamide, 4539
ophthalmic solution, 4541

Tropine, 6216
Trospium chloride, 4541

tablets, 4543
Trypan blue, 6216
Trypsin, crystallized, 4545
Tryptamine hydrochloride, 6216
Tryptone, 6216
Tryptophan, 4546

5-Hydroxy-L-, 5313
L-Tryptophane, 6216
Tuberculin purified protein derivative

(Tuberculin PPD), 6216
Tubocurarine chloride, 4547, 6217

injection, 4548
Tungstic acid, 6217
Turmeric, 5314

powdered, 5316
extract, powdered, 531 7

Turmeric paper, 6222
Tylosin, 4548

granulated, 4549
injection, 4550
tartrate, 4550

Tyloxapol, 4551
Tyrosine, 4553
L-Tyrosine disodium, 6217
Tyrosol, 6217
Tyrothricin, 4554

u
Ubidecarenone, 5319

capsules, 5320
tablets, 5321

Ubiquinol, 5322
capsules, 5323

Ultraviolet-visible spectroscopy (857), 7166
Ultraviolet-visible spectroscopy-theory and

practice (1857), 8670
Undecylenic add, 4554

ointment, compound, 4554
Uniformity of dosage units (905), 7183
Uracil, 6217
Uranyl acetate, 6217

cobalt, TS, 6227
zinc, TS, 6237

Urea, 4555, 6217
C 13,766
C 13 for oral solution, 767
C 14 capsules, 768
for injection, 4557

Urea compounded irrigation, 4556
Urethane, 621 7
Uridine, 6217
Ursodiol, 4557

capsules, 4558
oral suspension, 4559
tablets, 4559

USP and NF excipients listed by category,
5584

USP policies, xxviii
USP reference standards (11), 6442

v
Vaccines for human use

bacterial vaccines (1238), 8338
general considerations (1235), 8291
polysaccharide and. glycoconjugate
. vaccines (1234), 8276

Vaccinia immune globulin, 4561
Valacyclovir

oral suspension, 4561
tablets, 4562

Valacyclovir hydrochloride, 4563
Valerian, 5324

extract, powdered, 5327
powdered,5326
tablets, 5329
tincture, 5330

Valerian root
powder capsules, 5333

Valerian root dry
extract capsules, 5332

Valeric acid, 6217
Valerophenone, 6217
Valganciclovir

hydrochloride, 4568
tablets, 4566

Validation
of alternative microbiological methods

(1223), 8144
of compendial procedures (1225), 8166
of microbial recovery from pharmacopeial

articles (1227), 8172
Validation of alternative methods to

antibiotic microbial assays (1223.1) 8157
Valine, 4571 '
Valproate sodium

injection, 4572
Valproic acid, 4572

capsules, 4573
oral solution, 4574

Valrubicin, 4575
intravesical solution, 4577

Valsartan, 4577
tablets, 4579
amlodipine, and hydrochlorothiazide

tablets, 279
and amlodipine tablets, 275
and hydrochlorothiazide tablets; 4580

Vanadium pentoxide, 6217
Vanadyl sulfate, 6217
Vancomycin, 4583

hydrochloride, 4586
hydrochloride capsules, 4588
hydrochloride for injection, 4588
hydrochloride for oral solution, 4590
injection, 4585

Vancomycin hydrochloride compounded
oral solution, 4589 . .

Vanilla, 6097 .
tincture, 6098

Vanillin, 6098
Vapor phase sterilization (1229.11), 8231
Varicella-zoster immune globulin, 4592
Vasopressin, 4592

injection, 4593
Vecuronium bromide, 4593
Vegetable oil, hydrogenated, 6099
Vehicle

for oral solution, 5913
for oral solution, sugar free, 5913
for oral suspension, 5913
suspension structured, 6086
suspension structured, sugar-free, 6087
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Venlafaxine
hydrochloride, 4597
hydrochloride extended-release capsules,

4598
tablets, 4595

Verapamil hydrochloride, 4604
extended-release capsules, 4605
injection, 4607
oral solution, 4609
oral suspension, 4609
tablets, 4610
extended-release tablets, 4611

Vardenafil
hydrochloride, 4590

Verification of compendial procedures
(1226), 8171

Verteporfin, 4615
for injection, 4617

Veterinary
Atenolol compounded oral suspension,

409
Benazepril hydrochloride compounded oral

suspension, 490
Buprenorphine compounded buccal

solution, 615
Doxycycline compounded oral suspension,

veterinary, 1530
Enalapril maleate compounded oral

suspension, 1613
Methylene blue injection, 2884
Pergolide oral suspension, 3478
Potassium bromide oral solution, 3600
Prednisolone compounded oral suspension,

3664
Sodium bromide injection, 4063
Sodium bromide oral solution, 4063
Spironolactone compounded oral

suspension, 4111
Tramadol hydrochloride compounded oral

suspension, 4443
Voriconazole compounded ophthalmic

solution, 4645

Vibrational circular dichroism spectroscopy
(782), 7002

Vibrational circular dichroism
spectroscopytheory and practice (1782),
8549

Vigabatrin, 4618
for oral solution, 4619
tablets, 4621

Vinblastine sulfate, 4623
for injection, 4624

Vincristine sulfate, 4625
injection, 4626
for injection, 4628

Vinorelbine
injection, 4631
tartrate, 4630

Vinpocetine, 5335
capsules, 5336
tablets, 5337

Vinyl acetate, 621 7
2-Vinylpyridine, 6218
Vinylpyrrolidinone, 6218
Viral safety evaluation of biotechnology

products derived from cell lines of human
or animal origin (1050), 7459

Virology test methods (1237), 8319

Virus testing of human plasma for further
manufacture (1240), 8350

Viscosity-capillary methods (911), 7187
Viscosity-pressure driven methods (914),

7195
Viscosity-rolling ball method (913), 7193
Viscosity-rotational methods (912), 7189
Visible particulates in injections (790), 7021
Visual Comparison (630), 6865
Visual inspection of injections, 8587
Vitamin

A,4632
A assay (571), 6801
A capsules, 4633
A oral liquid preparation, 4634
A tablets, 4635
B12 activity assay (171), 6584
C assay (580), 6805
C and zinc lozenges, 5576
D assay (581), 6808
D and calcium with minerals tablets, 4845
D with calcium tablets, 4843
E,4637
E assay (551), 6767
E capsules, 4639
E polyethylene glycol succinate, 6099
E preparation, 4641

Vitamins
capsules, oil-voluble, 5346
capsules, oil- and water-soluble, 5389
capsules, water-soluble, 5499
with minerals capsules, oil- and water

soluble, 5435
with minerals capsules, water-soluble,

5523
with minerals oral solution, oil- and water

soluble, 5462
with minerals oral solution, water-soluble,

5543
with minerals tablets, oil- and water-

soluble, 5476
with minerals tablets, water-soluble, 5552
with minerals capsules, oil-soluble, 5361
with minerals oral solution, oil-soluble,

5372
with minerals tablets, oil-soluble, 5378
oral solution, oil-soluble, 5353
oral solution, oil- and water-soluble, 5409
tablets, oil-soluble, 5356
tablets, oil- and water-soluble, 5419
tablets, water-soluble, 5512

Vitamins with minerals oral
powder, 5338

Volumetric
apparatus (31), 6448
solutions, 6237

Voriconazole, 4643
Voriconazole compounded, veterinary

ophthalmic solution, 4645

w
Warfarin sodium, 4646

for injection, 4648
tablets, 4650

Washed sand, 6218

Water
ammonia, stronger, 6207, 6207, 6226,

6226
ammonia, 25 percent, 6136
ammonia-free, 6218
carbon dioxide-free, 6218
cetyltrimethylammonium chloride, 25

percent in, 6150
conductivity (645), 6871
deaerated, 6218
determination (921), 7196
deuterated, 6155
D-Gluconic acid, 50 percent in, 6168
for hemodialysis, 4651
for hemodialysis applications (1230), 8240
hydrazine hydrate, 85% in, 6170
for inhalation, sterile, 4652
for injection, 4651
for injection, bacteriostatic, 4652
for injection, sterile, 4653
for irrigation, sterile, 4653
methylamine, 40 percent in, 6180
organic-free, 6218
particle-free, 6218
peppermint, 5923
for pharmaceutical purposes (1231), 8242
pure steam, 4654
purified, 4653
purified, sterile, 4654
rose, ointment, 3946
rose, stronger, 6001
solid interactions in pharmaceutical

systems (1241), 8359
soluble vitamins capsules, 5499
soluble vitamins with minerals capsules,

5523
soluble vitamins with minerals oral

solution, 5543
soluble vitamins with minerals tablets,

5552
soluble vitamins tablets, 5512
Stronger ammonia, 6207
vapor detector tube, 6218
vitamins capsules, and oil-soluble, 5389
vitamins with minerals capsules, and oil-

soluble, 5435
vitamins with minerals oral solution, and

oil-soluble, 5462
vitamins with minerals tablets, and oil

soluble, 5476
vitamins oral solution, and oil-soluble,

5409
vitamins tablets, and oil-soluble, 5419

Wax
carnauba, 6101
emuisifying, 6101
microcrystalline, 6101
white, 6102
yellow, 6103

Weighing on an analytical balance (1251),
8363

Weight variation of dietary supplements
(2091), 8718

Wheat
bran, 4654
starch, 6066

Witch hazel, 4656
Wound matrix small intestinal submucosa,

4002
Wright's stain, 6218
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Written prescription drug information
guidelines (1265), 8368

x
Xanthan gum, 6103

solution, 6104
Xanthine, 6218
Xanthydrol, 6218
Xenon Xe 133, 4656
X-ray fluorescence spectrometry (735), 6971
X-ray fluorescence spectrometry-theory and

practice (1735), 8490
Xylazine, 4656

hydrochloride, 4658
injection, 4659

Xylene, 6218
m-Xylene, 6218
o-Xylene, 6218
p-Xylene, 6218
Xylene cyanole FF, 6219
Xylenol orange, 6221

TS,6237
Xylitol, 6105
Xylometazoline hydrochloride, 4659, 6219

nasal solution, 4661
Xylose, 4662, 6219

y

Yeast extract, 6219
Yellow mercuric oxide, 6219
Yohimbine

hydrochloride, 4663
injection, 4664

Yttrium Y90 ibritumomab tiuxetan
injection, 4665

z
Zalcitabine, 4666

tablets, 4667
Zaleplon, 4668

capsules, 4669
Zanamivir, 4671
meso-Zeaxanthin, 5570

preparation, 5572
Zein, 6106
Zidovudine, 4673

capsules, 4674
injection, 4675
and lamivudine tablets, 2528
oral solution, 4676
tablets, 4678

Zileuton, 4679
Zinc, 6219

acetate, 4681, 6219
acetate oral solution, 4682
activated, 6219
amalgam, 6219
carbonate, 4682
chloride, 4683
chloride, anhydrous, powdered, 6219

chloride injection, 4684
citrate, 5574
citrate tablets, 5575
determination (591), 6817
gluconate, 4684 
gluconate tablets, 4686
oxide, 4687
oxide neutral, 4688
oxide ointment, 4689
oxide paste, 4690
oxide and salicylic acid paste, 4690
stearate, 4691
SUlfate, 4692
sulfate heptahydrate, 6219
sulfate injection, 4692
sulfateophthalmic solution, 4693
sulfateoral solution, 4693
sulfate tablets, 4694
sulfate, twentieth-molar (0.05 M), 6252
sulfide topical suspension, 4695
undecylenate, 4695
uranyl acetate TS, 6237
and vitamin C lozenges, 5576

Zinc oxide
powder, 4690

Zinc sulfate
0.02 M VS, 6252
0.1 M VS, 6252

Ziprasidone
capsules, 4695

Ziprasidone hydrochloride, 4699
Zirconyl

nitrate, 6219
Zolazepam

hydrochloride, 4701
and tiletaminefor injection, 4383

Zolmitriptan, 4702
nasal.spray, 4704
tablets, 4706
orally disintegrating tablets, 4709

Zolpidem tartrate, 4711
tablets, 4712
extended-release tablets, 4714

Zonisamide, 4718
capsules, 4719

Zonisamide compounded
oral suspension, 4721

'"\/

www.webofpharma.com

https://nhathuocngocanh.com/




